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INTRODUC'I'ION
The thirty-fifth session of the ~40 Executive Council (1983) approved
a proposal by the president of the Commission for Instruments and Methods of
Observation to organize a WMO Technical Conference on Instruments and
Cost-Effective Meteorological Observations (TECEMO).
The conference will be
held at the kind invitation of the Government of the Netherlands, in the
Conference Centre of Noordwijkerhout from 24 to 28 September 1984.
TECill10 is organized in particular for specialists in the field of
meteorological instruments, for conventional and automated measurements and
tor discussJ.ng 11letl:wds of Observation for <.jround-based and space-based
systems.
'l'hus TECbMO offers an excellent opportunity for an exchange of
experJ.ence amongst specialJ.sts on the effective use of instruments, measuring
systems and observing methods.
To this end TECEMU will contribute to an
improvement of standardization of meteorological data acquisition.
This pUblication, which contains all 70 papers to be presented at the
conference, is being issued in advance in order that the papers may be
available to participants for study prior to the conference.
At the same
time, the publication will place these papers on permanent record and make
them available to a much larger audience than the participants at the
conference.
'l'he arrangements for the conference were made by an international
organizing committee under the chairmanship of Mr. R. Brinkhuijsen, and a
local organizing committee from the Royal Netherlands Meteorological Institute
(KNl-U) •
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Session

1

OPERATIONAL ASPECTS

(Reference 1.1)

COST-EFFECTIVITY ASPECTS OF THE PURCHASE AND MAINTENANCE

OF

METEOROLOGICAL EQUIPMENT

Seppo Huovila
Finnish Meteorological Institute

1.

Introduction

The vast majority of meteorological equipment is purchased and maintained by government
offices and institutes under government supervision.
normally

specifies

the

main

features

of

the

National administrative

government' s

purchases

but

pro~edure

does

not

necessarily deal with the different components needed for evaluating an optimum among
the available purchasing alternatives.

Fortunately,
for

more advanced evaluation schemes have been compiled in several countries

contracting policy and guidelines.

Such schemes can also be used when purchasing

meteorological equipment of rather higher cost.
elements

are

identified

in a

Canadian

guide

As an example, the following four cost
for

the use

of Life Cycle Costing for

contracting:
Product Cost (P)
Resource Cost (R)
Operating Cost (0)
Contingency Cost (C)
The systematic consideration of

these elements and their relationship re suI ts in the

Total Life Cycle Costs (T):

T

=

P + R+ 0 + C

An attempt is made on the following pages to apply the essential parts of this scheme
to purchase and maintenance of meteorological equipment and to comment on related costeffectivity aspects when appropriate.

2.

Product Cost

The Product Cost contains,

in addition to the basic price quoted by the manufacturer,

several sub-elements which are often forgotten or omitted.
installation,

testing

and

documentation,

portation, taxes and duties etc.
may

turn

out

to

be

more

software

These expenditures include

programs,

packaging

and

trans-

In particular, individual software requests or changes

expensive

than

the

basic

price

and

the

costs of

software

- 4-

programs

tend to be underestimated.

Some customers may attempt to develop their own

software but this often leads to failure or long delay unless very competent programmers
are available.

3.

Resource Cost

The Resource Cost includes, among others, site acquisition and preparation costs which
can be very high.

A new building, road construction and ground excavation work, transetc~

formers and voltage stabilizers

may be needed.

Such constructions are sometimes

carried out and financed by another government branch and the costs may thus not appear
in the right place in the estimate of expenditures.

Costs of contract negotiation, monitoring and inspection are also often omitted if they
can be paid from the general travel and staff budget of the meteorological institute
or another government agency.

4.

Operating Cost

The

Operating

maintenance

Cost

and

consists

modification

of

direct

expenses.

and

indirect

The

direct

running

running

costs

costs

as

well

include

which can be estimated rather accurately whereas

direct

more

costs

contain

obscure

expenditure

such

as

support

of

bUilding,

equipment and personnel costs,
running

as

in-

capability,

training costs and updating of manuals.

The maintenance expenses include both preventive and remedial components and their share
of operating costs is largely dependent on the system as well as on the maintenance
policy.

A very careful maintenance plan is therefore necessary e. g. for remote auto-

mated meteorological
include

modernization

components.

stations such as ocean buoys and
of

equipment

or

systematic

platforms.

replacement

Modification costs
of

Large modifications may be included in capital costs.

lead to considerable savings,

defective

system

A modification can

if the mean time between failures (MTBF) of the system

can essentially be lengthened and maintenance costs thereby lowered.

5.

Contingency Cost

The

Contingency

Cost

primarily

contains

possible

risks

in

the

planned

purchase.

Commercial risks include contractor defaults such as defective products, late deliveries
or

inability

to

deliver

due

to

a

technical

or

financial

failure.

These

risks can

largely be eliminated or cut down by including in the contract fines for undue delays
and by protecting prepayment by a

bank guarantee.

cover the cost of lost time and efforts.

However,

these precautions do not

- 5 -

Another risk to be estimated when purchasing meteorological equipment is the possible
loss of or damage to the property due to severe weather or environmental conditions.
Typically,
and

complete losses are to be expected at times on the high seas or in space

upper-air

stormy

winds

activities whereas
or

lightning.

partial

damage can sometimes occur e.g.

because of

The possibility of vandalism may also have to

be taken

into account.

6.

Total Costs

The composition of the Total Life Cycle Costs depends largely on the relative weighting
of

the

components

and

on

the

type

of

the

equipment

to

be

purchased.

To

give

an

example, an automated system may very much increase the Product Cost but simultaneously
decrease

the Operating

Cost

by

reducing

the

number

of operators.

The target

level

of automation is thus a cost-effectivity appraisal in which several optima are possible
depending on the relations between investments and salary costs in different countries.

The

Product

Cost

and

the

Resource

Cost

can

roughly

be

proportional to the useful life time of the equipment.
of

the life

or

weather

time an
radar)

of electronics

expensive investment

may

be

very

to

be

inversely

This means that an extension

(main computer,

cost-effective.

estimated

telecommunication equipment

Unfortunately,

the

rapid

evolution

today offers resistance to this principle by making sophisticated and

expensi ve equipment very soon obsolete and outdated.

The sales policy of some manu-

facturers supports the same tendency if the company is no longer willing to sell spares
or

to

take

avoiding

care

too

of

these

young

but

dying

electronic

patients!

A sound

method

of

short life cycles is to include in the purchase contract a warranty of

the availability of maintenance and

spares for a period of, say, ten years.

The Operating Cost of some meteorological systems may be very high and several methods
of

improving

their

economy

are

being

investigated.

Ocean

air sounding stations are typically costly to operate.

weather

ships

and

upper

Reduction of manpower by auto-

mation, cheapening of consumables or replacement of present systems by a new technology
can be mentioned among ways

and means.

Clearly,

the WWW Integrated System Study of

the WMO will achieve some success within this study area.

7.

Other Considerations

Investments

in

meteorological

equipment

are

still

relatively

wi th the salary costs of meteorological services.

However,

of

useful

modern

systems

together

with

their

decreasing

life

adding to the relative share of investments in annual budgets.
therefore be given to a competent purchase and procurement.

modest

in

comparison

the increasing complexity
time

is

continuously

More attention should

- 6 -

Lawyers and commercial experts can be consulted in order to minimize commercial risks
discussed
advice

under

is

Contingency

normally

available,

an

appropriate

request

to

be relevant

or,

for

pr~ctically

A list

of

possibly,

On

in

that

requirements,

transmitters/receivers,

parts and maintenance,

equipment

(if

at

airports,

developing

happen

that

little

domestic

countries,

no

single

for

tender

expert

compiling
is

found

a contract is made but the purchase turns out

to

be

system)

appended

to

the

should contain e.g.

request

for

tenders

and,

information of power at the

stability), critical dimension (distance between
space

or

weight

limitations),

requirements

for

compatibility requirements with attached or neighbouring

the equipment is intended

part of another

very

the equipment never working properly and the invested money

installation site (voltage, frequency,

spare

in

hand,

lost.

technical

and

other

It may

to the contract documents,

sensors

the

particular

tenders.

still worse,

to be a complete failure,
being

Cost.

to replace a

part or

to

be a complementary

and possible interferences with other systems (in particular

observatories

or

telecommunication

and

computer

centers).

consideration of these and related items normally saves money and effort.

An

early

Also dubious

tenders and quotations are less likely to arrive.

Last

but not

equipment?

least:

what is the

order of

importance when purchasing meteorological

By that we mean the mutual importance of product groups and not of single

instruments or steps of procedure.

Good advice would be to first ensure the quality

of basic observations by purchasing compatible and reliable instruments together with
their

maintenance

improve

the

operations

and

situation
are

called

calibration
if
the

the

data

GIGO

equipment.
flow

(garbage

Even

contain
in

-

a

the
lot

garbage

best
of
out)

computers

cannot

much

rubbish.

Popularly

such

law of

computers.

Un-

fortunately, the importance of basic observations is sometimes forgotten when commercial
siren calls inveigle decision makers into premature purchases.

(Reference I.2)

FIELD CALIBRATION METHODS FOR AUTOMATIC WEATHER STATIONS
Julian M. Pike
National Center For Atmospheric Research*
Boulder, CO 80307 USA
ABSTRACT
The basic calibration of an automatic weather station should be carried out under
carefully controlled laboratory conditions, and repeated at regular intervals. The
actual calibration under operational conditions, however, can only be determined in the
natural environment, generally through the use of reference instruments and field
intercomparisons. To determine how well instruments hold their calibration under field
conditions and assess various methods of making this determination, four field
calibration experiments were run using both manual and automated reference instruments.
Simultaneous readings of weather stations and reference instruments were made. While
the overall mean differences indicate that calibrations are quite good, meteorological
conditions have been encountered during which instruments known to be in good
calibration appear to be seriously out of calibration. Therefore, field
intercomparisons must be done utilizing sound techniques with statistically valid data
sets while recognizing that erroneous results can be obtained under certain
meteorological conditions.
1.

I ntroducti on

A high quality calibration of an instrument requires adequate reference standards
and carefully executed procedures. Normally these are available only in the controlled
conditions of the calibration laboratory. Field instruments are subjected to rigors
which never occur under laboratory conditions. Assurance of correct calibration in the
field environment is of great concern to all who use instruments outside the laboratory.
After laboratory calibration, field instruments may be handled, packed, shipped,
transported over rough terrain, and installed, only to be exposed to the elements during
use. Temperature cycling, vibration, entrance of moisture, icing, and exposure to air
pollutants, dust and grit are common elements with which instruments must cope. How may
the user be assured that the instrument retains its calibration after operation in the
field for a period of time? There are two basic ways to verify calibration of field
instruments.
First, if an instrument is deployed as part of a network, it may be compared with
other instruments in the network by suitable analysis techniques. Reference instruments
may be i ncl uded among the instruments compared. Care must be taken to assure that there
is insignificant network bias if absolute measurements are sought and that local effects
are adequately accounted for, such as the elevation of a barometer, for instance. A
good intercomparision can only be made when the gradient in the desired variable is
small across the network and, as the dimensions of the network increase, the accuracy
diminishes. Further discussion of this technique will not be presented here.
A second method to verify the calibration of a field instrument is direct
intercomparison with a field reference. To the uninitiated, this intercomparison seems
like a simple and obvious procedure. However, the natural atmospheric environment is a
capricious laboratory in which to work, and care must be given to assure valid results.

*

The National Center for Atmospheric Research is
sponsored by the National Science Foundation.

- 8 Vari ance in the parameter
measurements must be made
meteorological conditions
instruments; the observer

to be measured generally indi cates that a number of
under cl ear stati sti cal gui del i nes. Furthermore,
can occur which generate unexpected differences between
must always be aware of this possibility.

Manually operated instruments have traditionally served as field reference
standards. However, the human observer is often unable to collect enough error-free
measurements to make a completely satisfactory i ntercompari son. In addition,
measurements by a human observer may be highly desirable when it is very inconvenient
(such as the middle of the night) 01" impossible to collect them (as during a wind storm
or very low temperatures). t-Ievertheless, within these limitations we have obtained very
useful intercomparisons with stations of the Portable Automated Mesonet (PAM) [1.J. A
successor system, PAM 11, was put in operation in 1983. Stated accuracies of ea.ch
system are given in Table 1. Two early experiments in 1977 and 1979, using a standard
Assmann psychrometer as reference, were designed to determine that the stated accuracy
was met. Simultaneous PAM and Assmann readings at individual stations were made, and
mean differences obtained. The mean differences, averaged for the 15 stations in each
experiment, were near -0.2°C; we felt that the stated accuracy had been met and that the
overall system calibration was stable. A third experiment in 1980 involving successive
measurements at a single station yielded a mean temperature difference of the same
magnitude.
TABLE 1

Stated PAN Specifications
System
PAM
PAM
PAM
PAM

I
I

11
11

Parameter
Air Temperature
Relative Humidity
Air Temperature
Relative Humidity

Sensor
Aspirated
Aspirated
Aspirated
Aspirated

Thermistor
Wet Bulb Thermistor
Platinum RTD
Wet Bulb RTD

Accuracy
±0.5°C
±2%
±0.25°C
±2%

RTD = Resistance Temperature Detector
To circumvent the limitati ons of a human observer, we have recently developed an
automated field reference standard system. This equipment collects data with a
battery-powered computer and can be employed under virtually any weather condition or
time of day with 1ittle practical 1imitation on the number of measurements. In the
first experiment with this system, the human effort was roughly equal to the effort in
each of the three experiments mentioned above. However, while the manual data in each
of the earlier experiments encompassed about 150 data points covering 2 1/2 hours, the
automatic standard took 26 hours of data with over 4000 data poi nts in the one
experiment. The overall mean difference between PAM 11 measurements and simultaneous
automated reference measurements was under 0.2°C.
As indicated, mean differences between a field reference and a weather station in
good calibration may be small when a large number of measurements are used. Obtaining
these data is tedious and time consuming for a human observer, and a tendency exists to
make observati ons when conveni ent, and to depend on i nsuffi ci ent measurements for the
results. The dangers of such an approach wi 11 be ill ustrated by two cases taken from
the third experiment mentioned above. Examination of the manually taken data, analyzed
carefully with appropriate statistical procedures, shows that erroneous conclusions can
be drawn regarding an instrument's calibration. While all examples use air temperature
measurements, the principles given can be applied to the intercomparison of any
atmospheric variable.
2.

Equipment and Procedures

The PAM system is a research network of electronic weather stations which telemeter
their data to a central data collection point [1.J. The system normally generates data
with one- or five-minute averages. A low-powered psychrometer senses air and wet-bulb
temperatures. The instrument is symmetrical in the horizontal plane to avoid wind
direction effects without mechanical motion, and is shielded from direct solar
radiation. A water supply system permits unattended operation, and the small blower
provides ventilation at about 3 m/so The psychrometer is arranged as an integrated
sensor in which all calibration information is stored in the integral microcomputer.
Further details are given by Pike, et a1. [2.J.

- 9 Manual reference observations are taken by a spring-wound Assmann psychrometer
using carefully developed field techniques. The automated field reference system
consists of the same sensors as used in the field psychrometer, but mounted in a
standard Assmann instrument. The sensor package communicates directly to an Epson HX-20
notebook computer via standard serial protocol. The machine has a small built-in tape
unit which provides entirely adequate data storage. Special measures are taken to
assure the continued calibration of the reference system while in field use, consisting
of a small temperature bath and independent temperature measurement system.
Some precautions are necessary in using the field reference instruments. The
sensors rust be shaded from the sun, the wicks kept clean, and sufficient time taken for
complete equilibrium with the air. Manual instruments are pointed into the wind with
the observer downwind to prevent a bias in temperature from body heat.
3.

Results

The first PAM intercomparison experiment in 1977 consisted of eleven manual Assmann
readings in a 10 minute period at each of 15 PAM stations, for a total of 165 points.
The mean air temperature difference was -0.16°C with a standard deviation of 0.19. A
similar 15 statien experiment was conducted in 1979 showing a mean error of -0.22° with
a standard deviation of 0.18. we concluded that the system as a whole was in good
calibration, and had not drifted significantly in the 2 year period. However, 10% of
the stations showed mean differences slightly in excess of the 0.5° stated accuracy, and
some standard deviations approached 0.5°. These results raised questions as to the
adequacy of an eleven reading average in determining the calibration of a single
station.
In 1980, four PAM stations were operated in a close-spaced array located in a flat
field with very long fetch. We determined that temperature differences between PAM
stations averaged over 24 hours were typically 0.2°C or less. This indicated that their
basic calibrations were quite close.
In this experiment, we took 66 simultaneous PAM and Assmann readings on different
days under a variety of conditions at a single PAM station. Ten minute data sets of 21
readings were also taken at all four stations in a single 50-minute period. As will be
shown, we found that 10-minute averages were not always reliable in determining the
calibration of a single station, even though the overall mean difference of -0.23°C for
the 66 measurements agreed well with the previous results. Two data sets from this
experiment, cases 1 and 2 in Table I, illustrate a wi de range of differences. Both
contain 20 measurements covering a 20-minute period so that the statistical tests
applied will be robust. We use the t test for paired measurements, since the
corresponding pairs of readings were taken simultaneously in time. In case 1, under
light-to-variable winds, the Assmann is collocated with station 1; we also compare
station 3 located 23m away with the Assmann as well as with station 1. The mean
difference between station 1 and the collocated Assmann is 0.03° while the two
differences for the distant station 3 are just under 1/4 degree. The t statistic shows
that. the difference for the collocated sensors is insignificant, while the differences
for the separated sensors are significant at the 1% level. All of these differences are
what one might expect for sensors in good calibration. This also illustrates "good"
meteorological conditions for intercomparison.
Another data set was taken under conditions of brisk steady winds which might be
supposed to produce good mixing and homogeneous temperatures. In case 2, Table 2,
instruments known to be in good calibration gave results, which indicate that they are
seriously out of calibration, differing by -0.72°. Even though the Assmann was located
within a few centimeters of the PAM psychrometer inlet, average differences served over
a 40-minute period amounted to over a half-degree. Analysis of readings for the four
PAM stations and the Assmann showed individual differences exceeding 1.5 degrees between
the Assmann and its coll ocated PAM stati on, and 2 degrees between the PAM stati ons.
While the differences between the PAM stations are not unreasonable, the differences
between the PAM and collocated Assmann were certainly not expected. The
micrometeorological conditions which cause differences such as this, are not yet clearly
understood; we simply point out that they may exist. Using purely statistical analysis,
the "range-neighbors" and "range-sigma" tests for outliers showed that these unexpected
differences were not out1iers statistically, and could not be rejected on that basis.
This case illustrates meteorological conditions which appear to be unacceptable for
i ntercompa ri son.
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The final examples, cases 3 and 4, shown in Table 2, are data taken with the new
PAM 11 system using the automated field reference equipment; each point is a 5-minute
average. In case 3 temperatures were slowly warming, but very steady. In case 4 there
were fluctuations of 2 degrees, but the trend was small. We do not have independent
determinations of the calibrations for these cases.
Case 1 illustrates what appear to be good intercomparison conditions. The
difference between the PAM and reference is significant statistically, but totally
insignificant meteorologically. Even though the number of data points available was
small, there is no indication of bad calibration. In case 4, the difference exceeds the
stated accuracy of ±0.25° for PAM 11, and it appears that this station is in poor
calibration.
TABLE 2
Intercomparison Results
Conditions
Case
Mean Diff.
t
deg C
Case 1
df=1.9

Night, wind light to variable
a} PAM/PAM separated 23m
b} PAM/Assmann separated 23m
c} PAM/Assmann collocated

0.21
0.24
-0.03

Case 2
df=19

Mid-morning, clear, brisk wind
PAM/Assmann, collocated

-0.72

10.4

Case 3
df=12

Morning, cloudy, steady wind and temperature
PAM/automated Assmann, collocated

0.05

11.6

Case 4
df=19

Mid-day, variable wind, fluctuating temperature
PAM/automated Assmann, collocated

0.30

6.7

t( .01,19}=2.9
4.

t{.01,12}= 3.1

6.7
5.9
0.70

df=number of degrees of freedom

Discussion

In case 1, the instruments separated by 23m show larger mean differences which are
statistically significant, while the collocated measurements show a very small mean
difference statistically insignificant. One might conclude from all three that the PAM
is in acceptable calibration.
In case 2, the mean difference is large and statistically significant so that the
obvious conclusion is that the station is out of calibration. However, the many other
measurements indicating good calibration suggest that this is an artifact of the
meteorological conditions.
Even though the small mean difference in case 3 is statistically significant, we
would not class this as a significant calibration difference, and conclude that the PAM
cal'ibration is correct. The data in case 4 indicate that this station is slightly out
of calibration.
Since the meteorological conditions which cause unexpected intercomparison
differences are not fully understood, we would therefore attempt to repeat measurements
indicating a bad calibration before taking action to correct it. Likewise, results
indicating a good calibration must be accepted with discretion, particularly if the data
set is not large.
5.

Conclusions

Valid intercomparison of field instruments and a field reference instrument can
only be accomplished by determining the means of a sufficiently large set of
measurements; it is both worthless and foolish to draw conclusions from single
measurements. A procedure to determine the size of the data set needed, which is a
function of the meteorological conditions, must be developed. Meteorological conditions
may exist (and this may not be evident to the observer) which produce large differences
in intercomparison means when the instruments are actually in good calibration, and the
number of measurements appears to be adequate. Techniques need to be developed to
identify such conditions so that they may be avoided for intercomparison work. Finally,
field reference data is best collected by an automated intercomparison instrument.
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CALIBRATION
OF TRADITIONAL METEOROLOGICAL INSTRUMENTS
IN DEVELOPING COUNTRIES
BY
A.A. MAKSOUD
METEOROLOGICAL AUTHORITY,CAIRO, EGYPT
1-

INTRODUCTION
In developing countries the calibration of meteorological
instruments is very important to be sure that these instruments
give correct data for aeronautical,synoptic,agricultural,climatological and scientific applications purposes.
This paper presents the methods of calibration of some traditional meteorological instruments.These instruments, ar namely mercury barometers,thermographs and anemometers.AlsO a small indication about the comparison of national and international standard barometers will be presented.

2-

PERIODICAL MAINTENANCE AND CALIBRATION
Our experience in this field is to maintain all the instruments of meteorological stations every 2 years.During the course of maintenance a report is made about each instrument accompanied by a simple test. The report and the reflection of the
observer about each instrument is studied in the main centre.
The result of study determine either replacing the instrument
by a new calibrated one or leave it for the periodical calibration which is done every speciefied period depending upon the
type of the instrument and the location of the station in which
it operates.

3-

METHODS USED FOR CALIBRATION

3.1 Calibration of mercury barometers
Station mercury barometer should be calibrated against national standard barometer to determine its index correction to overcome the errors due to residual gases in its

vacuu~space

and

the impurities of its mercury.
The apparatus used for the above mentioned purpose is shown
in figure (3.1)
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FIG

(3.

1)

Barometer ,calibrathYn ;'appanatus
1-

Standard.a~ometer

2- Calibration chamber
3- Oil/air pump

By using oil/air vacuum pump we can change the pressure
inside the chamber which is connected to the standard barometer and fix it for any value within meteorological range.
By means of a small D.C motor provided with a gear box
attached to the vernier we can take the readings of the barometer under calibration against the standard barometer.
We take the pressure readings of both the standard barometer and the station barometer under calibration in 10 mb
steps in the range from 950 mb to 1050 mb,apply the temperature corrections for both barometers readings,apply index
correction for the national standard barometer and calculate
the index correction of the station barometer under calibration in each pressure step.
We take the values of the index correction of the station
barometer at different pressure values into consideration
with both temperature and gravitational corrections to
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calculate the correct atmospheric pressure at station level
3.2

COMPARISON BETWEEN NATIONAL AND INTERNATIONAL STANDARD
BAROMETERS.
According to WMO regulations the national stanard barometer should be compared with an international standard barometer in a developed country at least once every 2 years.
Before carrying on this comparison the national standard
barometer must be maintained and its mercury must be purified.and this can be made in the factory or in the regional
centre.

3.3

CALIBRATION OF THERMOGRAPHS.
The thermograph is calibrated against standard mercury
thermometer using calibration chamber in which we can vary
the temperature and fix it at any value within the meteorological temperature range.To achieve a proper calibration
we do the foliliowing procedure.

3.3.1 The necessary maintenance is made for the instrument. The
zero setting screw is moved to see that the recording pen
covers the whole range.
3.3.2

The instrument is adjusted to the reading of the standard
thermometer.

3.3.3

Putting the instrument together with the standard thermometer inside the calibration chamber,decrease the temperature inside the chamber to say OOC,take readings, increase
the temperature to say SOOC and ·take readings.
If the readings of the standard thermometer are OOC,50 o C
as shown be solid lines and the readings of the instrument
under calibration are shown by the dashed lines in figures
(3.3.1)to(3.3.4) then we will find the following cases.
1 st case:

(Figure 3.3.1)

If the readings of the instrument is
above the upper standard reading and

...................................................

50 o C

o· c

below the lower standard reading by.
equal amounts, the range is large and
must be decreased.
2 nd case;( Figure 3.3.2)
If the readings of the instrument is
below the upper standard reading and
above the lower standard reading by
equal amounts then the range is smaII and must be increased.

50·e

r/ C
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3 rd Case: (Figure 3.3.3)
If the readings of the instrument are
above both the upper and lower standard readings or below both the upper
and lower standard readings by equal
amounts then the recording pen needs
to be cen-tred in the proper position.

4 th Case: (Figure 3.3.4)
If the amounts of diviation between
the standard and instrument readings
in the upper and lower positions are
not equal then the range must be
adjusted and the recording pen must
be centered.
3.3.4

After adjusting the range of the instrument and centering the
recording pen as explained in(3.3.3}we vary the temperature
inside the calibration chamber and fix it in steps of IOoC to
cover the usable range and take the readings of both the standard thermometer and instrument under calibration.

3.3.5

The result of calibration can be used for making calibration
certificate to the instrumentwhi~h include the correction to
be applied to its readings.

4-

CALIBRATION OF ANEMOMETERS
Anemometers should be calibrated in wind-tunnels in which we
can get a homogeneous and continuous stream of air in its middle part. against standard manometer connecting to Pitot-Static
tube.
Because of the non existance of such system in most of the
developing countries we use a hydrolic motor pump which gives
different regular RPM. Using the standard

calib~ation

table of

each anemometer which gives RPM against wind speed we can adjust either the indicator or the generator.
Such a process is useful for generators of considerable output but cannot be used for wind-run or hand anemameters which
can be checked by comparison.
5-

FUTURE NEEDS FOR CALIBRATION
Many of the developing countries operates now a considerable
number of automatic stations. such stations contain a new sensors
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and need a new methods of calibrations.These sensors need
electronic bridges or simulators connected to them and then
calibrated in the proper chambers.
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AIR TRANSPORT EFFECTS ON N & Z PRECISION ANEROID BAROMETERS
USED AS TRANSFER STANDARDS IN HIGH ACCURACY COMPARISONS
A.F. Young
Australian Bureau of Meteorology
1.

INTRODUCTION

Tests made in 1967 (1) indicated that Negretti and Zambra (N&Z) type M1991 preclslon
barometers (range 900 to 1050 mb) would be suitable for use as transfer standards in both
international and intranational high accuracy barometer comparisons. However, although the
Bureau has conducted many of these successfully, unexpected results obtained in a recent
international comparison suggested that the ear'lier work should be checked and also extended
to include the later-version (type M2236) of the barometer. In addi tion, the time required
for barometers of these types to adjust to ambient pr'essures after air transport was
re-examined because of time constraints imposed on field inspections.
2.

TESTS

Four N&Z type barometers, two each of types M1991 and M2236 , were exposed to 800 mb
pressures at laboratory temperatures of 19 to 25°C for 1, 3, 18 and 39 hour periods to
simulate typical commercial air transport, and index errors were determined at 0.01, 0.03,
0.1, 0.3, 1, 3 and about 5 hours after each exposure period. Readings were also made over
a 7 day period following the 39 hour exposure. The inlet tubes of two barometers (one with
a typical casing leak rate of 0.1 mb/minute and the other with an artificial leak of 9 mb/
minute) were closed off before exposure, and the other two left unsealed in order to assess
the degree of protection offered by sealing.
Two very stable M1991 type barometers, having index errors steady to well within
:!:O.l mb over the last 10 years, were maintained as references at ambient pressures throughout the tests. Their readings were corrected to agree with those of the WMO Regional
Association V standard held by the Bureau, and temperature corrections were applied to the
readings of the six barometers.
3.

RESULTS

Index error shifts.
Some of the index errors (i.e. differences between readings of
the barometers and the two references) of the four barometers were observed to change
significantly after the 800 mb exposures. Table 1 shows the steady index error values
obtained after transient changes effectively ceased.
Table 1.
Serial'
Number
235

Type

M2236

Initial index errors and those after 800 mb exposures.

Casing leak
rate (800 mb)

Initial
values

0.1 mb/min

After exposures of:
1 hour

3 hours

18 hours

39 hours

+0.03 mb

+0.03 mb

-0.04 mb

+0.03 mb

0.00 mb

-0.06

-0.12

-0.13

-

102

~1991

9 mb/min

-0.19

-0.18

163

M2236

Unsealed

-0.02

-0.04

+0.08

+0.01

-0.06

19

M1991

Unsealed

-0.07

+0.03

+0.09

-0.03

+0.02

--
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Changes in index eI'ror values of Table 1 of up to .2:0.12 JIIb occurred following the
exposures, but these did not increase with exposur'eduration, and appear to be distributed
faiI'ly I'andomly ar'ound a 0.00 mb aver'age change. The changes were leas t for' 3er'ial No. 235,
possibly because of the sealing used. However', it is equally possible that this barometer
is simply the most stable of the four instruments.
The average index er'I'ors deteI'mined for' each of the vaI'ious periods over the 7 days
following the 39 houI' exposure are shown in Table 2, where N is the number of times all six
barometers weI'e read together. Individual index error values differ'ed fr'om the aver'age
values by up to:!:O.l lllb (Le. standard deviation of 0.05 lllb).
Table 2.

Date

1

Average index err'ors for' each barometer for periods within
the 7 days follOWing the 39 hour exposure.

Periods

Ser'ial Numbers

N
235

I

102

I

163

I

19

1 Oct 82

0820

to

1620

8

+0.01 mb

-0.19 mb

-0.08 mb

-0.04 mb

4 Oct 82

1010
1515

to
to

1015
1521

4
4

-0.05
-0.02

-0.20
-0.26

-0.06
-0.08

+0.01
0.00

5 Oct 82

1045
1510

to
to

1051
1516

4
4

+0.02
+0.02

-0.18
-0.26

-0.04
-0.12

0.00
-0.02

-0.04
-0.06

-0.02
-0.08

I
--1-

I

I

I

t

6 Oct 82

1110
1515

to
to

1116
1521

4
4

-0.06
+0.01

7 Oct 82

1130

to

1136

4

-0.01

-0.18

-0.04

-0.03

-0.01

-0.23

-0.07

-0.02

-0.31
-0.29

I
Average values:

--

The hourly and daily vaf'iations in index errors of up to :1::0.08 mb shown by Table 2
values for' ambient pressures result from minute changes within capsules and mechanisms,
and the larger variations of ±0.12 mb shown by Table 1 values would be expected for the
gr'eateI' range of pressur'es imposed on the baI'ometers. The values of Table 2 indicate that
the index errors for the test barometers will remain generally steady after any initial
transient changes disappear.
Pas~expeI'ience.
Changes in average index error values taken over' many days before
and after use at remote locations during comparisons since 1967 are shown in Table 3, with
results from the present tests shown for comparison.

Although the ranges of index error changes obtained in actual comparisons confirm
those for the tests, index errors appear in practice to become more positive with longer
flight durations. This may be partly the result of secular (capsule creep) changes over
the longer periods r'equired for RA. V comparisons. Interpolation of index errors determined
before and after use of barometer's at field stations can be used to obtain index cor'rections
applicable for the field observations, and so account for such calibration shifts. Checks
after field use can also assist in detecting possible malfunctions of transfer standards.
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Table 3.

Changes in average index errors for past comparisons as
compared to changes for the four test barometers.
,..--

Usage

No. of
cases

Period of
absence

Mean change
in index
error

Range of
index
errors

Range around
mean change

-Lab tests

16

-

0.00 mb

0.24 mb

Within
:!:0.12 mb

Within Aust.
(See Note 1)

49

1 month
(average)

+0.03 mb

0.32 mb

Within
:to.16 mb

Within RA.V
(See Note 1)

31

4 months
(average)

+0.09 mb

0.26 mb

Within
:to.15 mb

--1---

Note 1.

Two pressur-e reduction exposur-es, one each on the outward and r-eturn journeys.

The accuracy of estimating the index err-or of a field instrument using these
barometers and the interpolation method can be demonstrated by regarding each of the two
references as a "field barometer" for each period between two 800 mb exposures of the tests.
(For example, the 1 hour exposure - simulating an outward flight, and the 3 hour exposure simulating a return flight.) The index er-r-or for each "field barometer" should be 0.00 mb,
as it is known that readings agree with the base standards. The estimates of the index
errors for' the two barometers using the values of Table 1 ranged between -0.09 and +0.06 mb
for one, and -0.03 to +0.06 mb for the other. These results indicate that the index error-s
of field barometers can be determined with acceptable accuracy using interpolation of index
errors.
It should be noted that transport in unpressurised aircraft is considered undesirable
unless low-level flights are used. Changes in index errors of up to +0.2 mb have been
observed (in separ>ate tests) when barometers were exposed to pressures at 500 mb (i.e.
equivalent 5500 metre altitude) for periods longer than 1 hour. Flight times should
therefore be kept short and barometers kept sealed where barometers must be carried in these
aircraft.
Transient effects.
The four test barometers were read at various times after each
800 mb exposure to assess the time required for adjustment to ambient pressures. It was
necessary, in order to compare transient changes in index errors, to adjust all index error
values to obtain a 0.00 mb value at a common time of 3 hours after exposure. Lines of best
fit were first drawn through plotted index error values, as the random scatter of up to
:to.l mb of unsmoothed values tended to mask trends. The smoothed 3 hour index error values
for each barometer were then subtracted from the values for other observation times to
obtain the required changes in index error following each exposure. These are shown in
Table 4.
The results indicate that on average the index error will become more positive by
about +0.02 mb over the first 18 minutes after an 800 mb exposure, but only by a further
+0.03 mb over the next 5 hours. Table 2 values indicate, however, that the index
correction does not continue to change after that time. Readings at field stations could,
therefore, commence for inspection purposes from about 30 minutes after arrival; a period
more than adequate for the barometers to adjust to local temperature conditions.
Although Serial No. 235 (and to a lesser extent No. 102) appears to be more stable
than the two unsealed barometers, there is insufficient evidence to determine whether
sealing was effective or whether the barometer is simply not affected so much by 800 mb
exposures. Sealing is, however, considered desirable to reduce the range of pressures
imposed on aneroid capsules and to exclude dust from the mechanism.
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Table 4.

Transient changes (mb) in smoothed index errors, adjusted
to obtain 0.00 mb values at 3 hours after exposures.

Times (hours) after each 800 mb exposure
Period

Ser. No.

0.01

0.03

0.1

0.3

1

3

After
1 hour
exposure

235
102
163
19

-0.06
-0.13
-0.10
-0.07

-0.05
-0.11
-0.06
-0.05

-0.05
-0.09
-0.06
-0.04

-0.03
-0.06
-0.04
-0.02

-0.01
-0.04
-0.02
-0.01

0.00
0.00
0.00
0.00

235
102
163
19

+0.04
+0.02
-0.09
-0.08

+0.03
-0.01
-0.08
-0.07

+0.03
-0.01
-0.07
-0.06

+0.02
-0.01
-0.05
-0.04

+0.01
0.00
-0.03
-0.02

0.00
0.00
0.00
0.00

0.00
0.00
+0.01
+0.01

0.00
-0.02
-0.05
-0.05

0.00
-0.01
-0.03
-0.03

0.00
-0.01
-0.01
-0.02

0.00
0.00
0.00
0.00

0.00
0.00
+0.01
0.00

0.00
-0.05
-0.05
-0.02

0.00
-0.02
-0.04
-0.03

0.00
0.00
0.00
0.00

+0.01
+0.02
+0.04
+0.01

-0.03

-0.02

0.00

0.00

After
3 hours
exposure

I

5

-

-

-

~.

After
18 hours
exposure

235
102
163
19

-0.01
-0.03
-0.10
-0.07

-0.01
-0.02
-0.07
-0.06

235
102
163
19

+0.05
-0.09
-0.01
-0.01

+0.03
-0.09
-0.03
-0.01

+0.01
-0.07
-0.05
-0.02

Averages:

-0.05

-0.05

-0.04

After
39 hours
exposure

4.

I

I
I

CONCLUSIONS

The use of air transport for barometer comparisons using N&Z precision aneroid
barometers is confirmed as being practical, but pressurised or low-flying aircraft should
be used and the barometers should preferably be kept sealed during flight. Temperature
corrections should be applied. Index errors should be determined before and after the
barometers are used at the remote locations to help identify malfunctions and to allow the
effects of shifts in calibration to be reduced by the use of interpolated index corrections.
(These measures are employed by the Bureau for such comparisons.)
The readings of the barometers are then expected (with 95% confidence) to represent
·those of a base standard to within:
(a)

High accuracy comparisons:
Where index errors are determined over a mlnlmum
period of 10 days before and after the barometers are used at the remote
locations, and where comparison observations are made over similar periods at
these locations:
(i)

(11)

where three barometers ar'e used
to represent the base standard

+

where only one is used

:!: 0.2 mb

0.1 mb
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(b)

Field comparisons.
Hhece comparison readings are not made earlier than about
30 minutes after arrival, and each location is within about 5 hours flying time
range:
(i)

(ii)

where not less than 5 readings
are taken over a period of an hour
or more during the visit

+

where only one reading is taken

:!: 0.2 mb

0.15 to 0.2 mb

It should be noted that these values are not accuracies for an index error value
obtained for a field barometer during a comparison. The characteristics of the field
barometer and the number of readings made with it must be considered if the uncertainty to
be attached to a comparison result is required.
5.

REFERENCE
1.

Young A.F.
The use of high preclslon aneroid barometers in high-accuracy
barometer comparisons. Bureau of Meteorology Harking Paper No. 129, JUly 1970.

(Reference 1. 5)
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The paper presents field experience gained while working for the
UN DJ:' IWMO Project "Development of Flood Forecasting and Warning System" in
Bangladesh.
The name of the Project reflects the main goal of its activities. The
Project depended greatly on field data, their accurcy and availability in
required time. Therefore at the planning stage of the Project it was decided that the proper attention should be given to all elements which have
direct impact on the final outcome of the assumed undertaking. An upgrading of the measuring stations providing data for flood forecasting was one
of the initial project activities. In practical terms it meant:
- application of a bigger number of recording instruments
- training of personnel
- inspection and maintenance of field stations.
BACKGROUND

The Project has dealt with a significant part of Bangladesh territory
which amounts to 144 000 sq km with the exception of the south-west area
south of the Ganges river, which practically constitutes a huge delta and
estuary reaohes. From the flood forecasting point of view the territory
in question can be divided into three basic areas:
I. The western and north-western ar~i affected mainly by the lower
runs of the Ganges and Bramaputra. their tributarieS8uch as the
Atrai, Tessta and Dharla and also by their branches, for example
the Old-Bramaputra and Dhaleswari.
11. The Sylhet area and adjacent territories in the form of huge low
land surrounded from three sides by Assam and Tripura Hills
affected by the big flashy rivers such as the Kushiara, Surma
and Monu which originate in circumjacent mountains.
Ill. The hilly area streching from the south to the north along Burma
and India border affected by the flashy rivers such as for
example the Matamuhuri, Sangu or Feni which mostly originate
within the Bangladesh territory and flow in to the Bay of Bengal.
Bangladesh has a measuring network set up in various periods on the
basis of general hydrological principles. The said network is maintained
by the Bangladesh Water Development Board (BWDB). Moreover. complementary
stations have been established by various government agencies to meet local requirements, And while the existing network is quite dense. its evaluation indicated the need to improve representativeness of many stations.

*

In literature 0ne can encounter the names Padma and Jamuna which
refer accordingly to the said rivers in their lower runs.

- 26 In total 18 rainfall recorders and 14 water level recorders were to be
installed. The said stations are situated mainly within the belt running
along eastern and northern border. The map shows the proposed sites.
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selection of sites
The selection of sites for rain recorders did not encounter special
. difficulties. All of them have been placed within the existing BWDB
compounds or within the lots envisaged to be acquired for the construction
of SSB-shelters. The emphasis was set by the fulfillment of basic WMO
requirements concerning rain gauging sites.
The selection of sites for water level recorders was not an easy task.
The local rivers carry on an enormous amount of suspended and bed material
which is detrimental for all gauging structures. Another phenomenon is
bank erosion. Which. due to alluvial 80ils is observable almost everywhere.
It causes, the river banks to be unstable and gauging structures are lia.ble
to be washed away. Both factors i.e. silt and bank erosion cause the
rivers' behaviour to be erratic and at many rivers perennial channels are
either not very distinct or not existing at all. and each flood. even of
small size can change river cross section in a significant way.
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In the existing conditions the selection of sites had to be based on
far going compromise and had to be done in the close reference to the
measuring techniques. three kinds of installation were considered:
a. float type with bank stilling well
b. float type with river stilling well
c. pneumatic type lbubble gauge).
It is difficult to draw a strict separating line between areas of
application of these three techniques. Although type "a" is the simplest
one for the stations where in the remote rural areas one must rely on
low-qualified observers, the above mentioned 8il ting up and unstabili ty 01"
river banks make it not feasible everywhere. A certain modification of
such an installation is type "b" with the stilling well in the main river
channel which, although less exposed to silting-up, requires a very strong
and solid construction to resist river current. It makes it much more
costly in comparison with type "a". The pneumatic type offers several advantages such as easy and cheap installation, relatively easy transfer to
another site in case of significant shift of river channel. self-cleaning
of the nozzle. However, the experience of other projects has proved that
the pneumatic gauges required better qualified staff.
While selecting the sites, apart from river reach topography and the
configuration of the cross section, also observers availability and car
accessibility were taken into consideration. Finally 5 sites were proposeo
to be equipped with type "all, 1 site with type "b H and 2 sites with type
"c" .. 'l'he above refers to the programme for 1982. The plan for 1983 assumed
continuation of works with 4 pes of type "a" and 2-3 pes of type "C ll •
Selection of equipmen~
~or the selected sites the following equipment was proposed and
procured:
a.. Siphon Rainfall Hecorders for areas where rainfall does not have
direct and immediate correlation with water level in the river bed.
b.. Tipping-Bucket Rainfall Recorders for areas where water level closely depends on rainfall and "real-time" data are required.
c. Horizontal Water Level Hecorders for the site 13 wbere erection of
stilling wells was technologically feasible within reasonable costs.
d. Pneumatic Water 1evel Recorders for sites without perennial channels and cross sections where wa tar level amplitude was very high.'
l'~xecution of .!:'orks
All preparatory works were executed by the local contractors while
BWDB officers acted as the supervisors. When all the preparatory works
were completed. Instrument Installation mini-Teams went to the field to
put the instruments into operation.
MA INTI!~NANCE

Needs and possibili.ties
Scope and means of a given maintenance system depend on many elements
which vary from project to project. In case of the project which has been
carried on in Bangladesh these local elements were as fellows:
a .. TYEe of eguiEment. Instruments were of high quality and accuracy.
Tfieir-maintenance and most of repairs could be performed by
qualified personnel in the field conditions.
b. Number of instruments and their scatterine. In total 24 pieces
were-insta:llea-or-plaiinea-to-be·~installea
m ainly in remote areas.
c .. §!~ff_~!~!!~2!!!!;Y. Hydrologists, 'l'echnical Officers ('r.o.) and
Assistant Technical Officers (A.T .. O.) and the rest of the professional staff employed both in Dhaka and in the field units possessed high qualifications, however their experience in the instruments which had to be installed was rather scant ..
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d. WQ!~~~QE~~~_!~~o£~!~!y._f~~!!!!~e~.The field units did not have
li'echnl.caI means to carry on malntenance works. Central shop's facilities were limited mainly to heavy works and carpentry. Similarly transport means were very slim and not always provided the
possibility to go outside Dhaka for maintenance works.
e. g~9g!r~d_d~~r~~_o~L!~~~i~~~~. Because of the importance of measurement data for :Forecaatlng and warning system the highe at degree
of readiness has been required.
f. Instrument site accessibility..
.
.
---------------------------Sl.nce most of the lnstruments have
been installed in remote places. at least one day t 10-15 h) travel
was required to reach many sites by car. Some places did not have
road access in rainy season.
g. E:g~£E. Budget constructions not always allowed to allocate necessary sums for systema tic maintenance.
h. lYl~:!:~~!;~~£~_E!Q!!~!9n~_!n
... !~e _~~is!!n~L~~~:!ZE. BWDB has had a well
orgam.. zea system o·f the r:telu unIts uealing with hydrology run by
highly qualified officers. However. the existing set up did not
have a maintenance system for instruments at the field stations.
Inspection and Mainten~nce System
Taking into consideration the above mentioned elements and also being
guided by the other WMO Projects experience and achievements Inspection
and Maintenance System (IMS) had been proposed and suhsequently introduced
into practice. The three level structure of 1MS has been adop"ted:
Dhaka Units
leve 1 1
¥ield Units
level 11
Measuring ~tation8
level III
The IMS was based on the existing personnel. employed by various units
of HWDB, which was delegated to work for the 1MS either periodically for
systematic works or in case of emergency calls. The said personnel could
be classified according to the levels of maintenance as follows:
Level I
- employees working permanently in Dhaka Units which belonged to the Surface Water Hydrology of BWDB. This group
wa.s composed of:
- the officers of the Uonstruction and Instrumentation
Division (CID) who were responsible for overhauling.
trouble shooting and instruments repair.
- the officers of the Flood ~orecasting and Warning
Project tFFWP) who were responsible for inspection of
stations, installation of instruments and checking of
incoming data for flood forecasting purposes.
IJevel 11 - the field units officers who were responsible for routi·ne and periodical maintenance and also for trouble shooting and reporting the spotted malfunctionings to Dhaka.
Level 111 - the observers who were responsible for every day operation and reporting the spotted malfunctionings to higher
level officers by available means of communication.
rl'rainin~

The subject of training included: siphon rainfall recorder of UASELLA,
tipping-bucket raffell recorder of WEATHEHTRONICS. horizontal water level
recorder of SE BA , long range water level recorder of SUIKEN, pneumatic water level recorder of NEYRTEC. pneumatic water level recorder and pressure
water level recorder, both of OTT. The scope of training covered: A. instrument design and operation. B.. installation, C. every-day handling, D. periodical maintenance and checking. ~. malfunctionings and trouble shooting,
F. on-the-spot remedy steps, G. workshop repairs.
An assumption was made to achiew3 the best results through the three
level on-the-job training courses matched to the levels of the niS. b'oI' all
levels training was conducted in such a way that trainees of the higher
level after co,mpletion the course worked as instructors for the lower level.
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The Instrument Hoom was equipped with necessary facilities such as scaled water tanks to stimulate rainfall and water level variations, checking
gauges. tools. spare parts etc. All instruments were displayed in operation
with easy and unlimited access for trainees. Special attention was given
to provide the necessary manuals based on factory instructions and publications. They were mailed to the officers nominated for training 2-3 weeks
prior to the beginning of the course.
Three training courses were conducted and 18 persons completed the training for level I and lIt Each training course lasted 8 working days which
was sufficient for the assumed subject and scope. Several observers (level
Ill) were instructed at the measuring sites while visiting and inspecting
stations.
0,.Eeration
All works planned to be executed within the IM~ were grouped in three
periods: pre-monsoon. monsoon. post-monaoon.
All preparatory works such as overhauls. checking and installation were
to be completed in the first period by the end of April at the latest.
In the second period field units were requested to keep systematic
watch on the operation of the instruments and to remove malfunctionings if
possible. Remedy actions were initiated from Dhaka in case of serious bre~
downs when the field personnel was not yet qualified enough to do it themselves. In the third period which commenced at the end of September inspection works were carried on to evaluate technical conditions of installations, particularly stilli,ng wells. and to decide what work, improvements
and changes should be done before the next rainy season. Instruments were
overhauled and operation of some of them (rain recorders) suspended. The
general principle was recommended that all field work in the initial (1-2
years) phase of IMS operation should be executed by combined mini-teams
composed of trained employees of CID and E'F\Vl:' assisted by a trained officer
of the field unit concerned and the station observer. In this way, apart
from the execution of work, process of on-the-job training was continued.
Personnel from Vhaka also was not left without benefits. They were better acquainted with stations. measuring site s. river reaches and cross sections which was of a great help particularly for employees of FFWP while
processing the data for flood forecasting computations.
As it has been already mentioned observers and field officers were to
watch
and check
how the instruments work. But apart from that. the detection of errors through the checking of charts was also applied. For this
purpose all observers were requested to mail weekly charts. together with
conventional instrument readings. All charts were immediately analyzed and
in doubtful cases, the records were compared with previous charts, neighbouring stations. with general weather situation in order to find out the
source of error. In this phase of the project operation when the field
staff did not have yet enough experience many inaccuracies like e.g. mistakes in denoting the charts, jerks due to friction. delay in water recorder
operation due to silting up of intake pipes were detected in this way.
SUMMARY

l:'ost-monsoon assessment of the newly established recording stations pro'Ved that in many cases the environment had a harmful influence on the measuring installations and equipment. One should realize that neither through
modern instruments nor through expensive installation this problem can be
fUlly solved. In spite of the above mentioned difficulties most of the recording stations were working properly and about 80% of data (charts) received from the field were processable. This was possible thanks to the proper care of the instruments from the very begining of their operation provided in the form the active maintenance system. The training of the wide
range of employees was a base of measuring stati.on operations and IMS activities. The involvement of the local staff contributed a lot to the successful realization of the project.
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OBSERVATION OF THE SOLAR CONSTANT DURING THE FIRST FLIGHT OF SPACELAB-I

D. CROMMELYNCK
Royal Meteorological
Institute of Belgium
Brussels, Belgium

V. DOMINGO
Space Science Department of ESA
ESTEC
Noordwijk, The Netherlands

Introduction
The Solar constant was measured during the 10-day flight of Spacelab-l on the Columbia
Shuttle launched on November 28, 1983. The instrument used was an absolute radiometer
developped in collaboration between the Royal Meteorological Institute of Belgium and the
Space Science Department of the European Space Agency.
Principle of the Radiometer
The principle of the absolute radiometer (1) is based on the comparison of radiative
energy to electrical energy generated by the Joule effect. It is an improved version of the
radiometer built at the Royal Meteorological Institute of Belgium which is one of the three
i.nstruments which materialize the World Radiation Reference. The heart of the radiometer is
made of two heat fluxmeters mounted on a common thermal heatsi.nkj they are provided with two
identical absorbing cavities and heating elements. In front of each channel a calibrated
aperture and a shutter are mounted. A baffle limits the view angle of each channel to less
than 10·. A diagram of the main elements of the radiometer is shown in Figure 1. The
principle of operation of the radiometer is to achieve, continuously, a thermal balance
between the two channels, while replacing the solar energy by electrical energy in one of
them.
SHUTTER
APERTURE
CAVITY
HEATER~

U
1

SERVO POWER
CONTROL TO
ACHIEVE t:.tfJ= 0

Figure 1

Schematic diagram of radiometer showing main components.
~l' ~2 = heat fluxes detected by thermopiles.
V voltage
at leads of heater resistance in channel 2, I current
through heater in channel 2.

- 32 With both shutters closed a reference power is applied to channel 1. The heat flux,
detected by thermopile 1 ~l' is compared electronically with the heat flux detected by
thermopile 2 ~2' obtaining

M =

~l -

~2

This difference is input to a servo system that modifies the power provided to the heater of
channel 2 until ~~ = O. The voltage (V) at the ends of the heater resistance and the
current (I) give a measure of the power applied to channel 2, Wo' With the system in
equilibrium, the shutter of channel 2 is opened and the solar radiation that passes through
the aperture heats the cavity of channel 2. The servo system continues to adjust the power
in heater 2 to achieve the same heat flux as in channel 1. Since this has not changed, all
the heat introduced by the sun has to be reduced and the new measurement of V and I will
give a power value in channel 2
W = Wo - Wsun
Therefore the difference in the power supplied to channel 2 with shutter open and shutter
closed gives the solar radiation that has passed through the aperture. In the actual
experiment, channels 1 and 2 are interchangeable, i.e. the reference and the servo system
can be applied to either side. The servo system used in Spacelab-l has a response time of
4 s to reach 0.1% of a power step applied to side 2. Figure 2 shows a cut-away view of the
radiometer. The electronics, located in the box below the radiometer, includes the serve
system, data and control electronics, analogue-to-digital converters and shutter control
circuits. The radiometer is 45 cm high and has a square base of 16 cm side length. With
its power converter, its weight is 6.63 kg. It was the lightest payload element on the
pallet of Spacelab-l.

Figure 2

Cut-away view of the absolute
radiometer (experiment lES02l)
on Spacelab-l.

For the radiometer to be absolute it is necessary that the obtained measurements are
solely based on the knowledge of its mechanical, electrical, thermal and optical
characteristics, i.e. any calibration based on the utilisation of a radiation source or the
use of another reference detector is excluded. This implies that all the non-equivalence
parameters originating from the comparison of power sources different in nature, need to be
characterised. For that reason, the Laboratory for Absolute Radiometric Measurements of the
Royal Meteorological Institute has been equipped with an installation where these
determinations can be made either in air or vacuum with a high stability laser source. The
non-equivalence parameters take account of the difference in response of the radiometer to
the solar radiation that passes through the aperture and to the electrical power that
substitutes it when the shutter is closed .
The non-equivalence corrections to be applied to the electrical measurements are:
a) the radiation emitted to the sensor by the shutter of the exposed channel,
b) the diffraction on the front aperture of the radiometer,

- 33 c) the diffusion on the edge of the front aperture,
d) the effect of the radiation trapped into the view limiting enclosure that reaches
the detector,
e) the thermal consequences of the trapped radiation referred to in d),
f) the surface sensitivity of the bottom of the cavity,
g) the efficiency of the cavity,
h) the dissymetry of the electrical power generated in the leads connected to the
heaters,
i) the effective absorption coefficient of the cavity and of the coating,
j) the temperature sensitivity of the measuring sensor aperture area. The effects
e), f), g) are different in air and in vacuum, their knowledge is based on
characterisation as well as the effects c), d), h) and i). Effect b) has been
calculated by R. Brusa (PMOD, Davos, private communication) and effect a) has been
calculated and cross-checked during flight. In addition to these radiometric
features the proper operation of the radiometer is based on the thermal calibration
of the analogue-to-digital converters and termperature sensors.
Operation of the Radiometer on Space lab-l
The radiometer was mounted on a temperature controlled support (cold plate) on the
Spacelab pallet (Figure 3). The measurements were performed during the "hot phase" attitude
of the Shuttle, when its open cargo bay was pointed to the sun. During the operations the
radiometer was sun-pointed within a pointing error of less than 0.5 0 •
The instrument was commanded by an onboard computer using stored sequences of commands
prepared in advance. The data (digital and analog) produced by the instrument was
transferred to the same computer for onboard display and control by the payload specialist,
and telemetered down to the payload to the operations centre where the experimenter could
monitor the functioning of the experiment where it was stored and displayed in real time,
and decide changes in the command sequences of the radiometer in real time.

"'."

Figure 3

"

Cross-section of the Spacelab-l pallet showing location of
diverse experiments and subsystems. Arrow shows location of
the absolute radiometer (IES021). The dynamic envelope of
the space shuttle bay is shown by a dot-dashed line.

- 34 Strategy for the Monitoring of Small Solar Constant Variations Over a Long Time Period
It is known ,after the Solar Maximum Miss ion 0 ) and the Nimbus 7 (2) measurements,
that the solar cons-tant can vary as much asO. 25% over a period of 14 days, but the change
of the solar constant over longer periods, relevant to observed climatic changes, are as yet
unknown. To measure those changes a concerted strategy is required to overcome problems of
instrumentation drift or aging, that occur in instruments left for a long time in space.
The best strategy with present technology is to monitor the solar constant continuously from
a free-flying satellite, with stable radiometers which do not necessarily need to be
absolute. To identify drifts in their measurements and to scale them to absolute values, it
is require_d -to -fly, periodically, absolute radiometers of high accuracy, resolution and
stability in Shuttle flights outside the atmosphere. Before and after each flight
radiometric comparisons between the spaceborne instruments and other instruments of well
known precision and stability, kept on the ground, is necessary. Since the sun is the only
appropriate source for the comparisons ,these have to be done by simultane-ous observation of
the sun, and particular care has to be taken of the fact that the radiometers will respond
in a different manner when operated in space (vacuum) and on the ground (air). To implement
this strategy the same instrument flown in November 1983, or an improved version of it, will
be reflown on the Shuttle in June 1985, and thereafter regularly at one-year intervals,
within the Earth Observation Monitoring (EOM) program of NASA.
Results of Observations
As at the time of submittal of this paper the recorded data is not yet availab1eto the
experimenters,the final results will be presented at the TECEMO meeting.
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LIFE CYCLE COST IMPROVEHENT BY TECHNOLOGICAL MEANS
by
Pekka J. Kostamo
Manager
Upper-Air Systems
Vaisala Oy
Techno log ical developments make it possible to reduce the various lifetime cost
components related to purchase, installation, training, maintenance and effective
life length of an observing system. The impact on the design of an automatic
upper-air system is described in detail, as ~lell as a number of techniques developed for routine use.
1. THE LIFE CYCLE CONCEPT

To optimize the overall economy of an observing system, many variables need to
be considered. Some are one-time costs (i.e. the purchase price, the construction or installation ~70rk, and the initial personnel training for use and maintenance.
Other items are of a recurring nature; consumables, serv~c~ng and repairs, operator time, maintenance of competence (when personnel changes occur), transportationand comr~ullications.
The opt imum cost is achieved when the total cost is minimum. A major factor
is technological development. Meteorological data collection systems do benefit
greatly from the general technological progress.
Cost changes are constant. In some areas more rapid than others, however, and
contributions from different factors vary with respect to each other.
2.

OBJECTI\~

OF A SYSTEM DESIGN

System cost vs. performance is the most common trade-off analysis we are faced
with today. Life cycle cost is the appropriate measure in this context.
In establishment of an observation network, equipment cost is a relatively small
factor in the overall budget, in fact seldom exceeding 50%.
The other factors are, however, strongly dependent on equipment. They can be
influenced only if taken into account at an early stage of design. It is evident
that this may in fact lead to a higher initial purchase price.
Additional design effort, improved reliability, higher level of automation and
data quality assurance are real costs ~~hich must be accounted for. Investment
in these factors brings savings during the life cycle.
Technological means can then be used to reach the selected goals.
3. ROLE OF RELIABILITY
A meteorological observing system is, as a rule, installed in many environments.
This follows from the very basic requirement for even geographical distribution
of stations.

-36 Hany of these stations are found in remote areas ~7here conditions may not be
perfect,. The minimum requirement is that a system should operate continuously
where people can live (or, in the case of an Automatic Veather Station, even
where peupl:e find it too uncomfortable).
This isa reliability challenge. Dust, temperature and humidity vary far more
than in the typical office environment.
Cost of unreliability is very high. Spare p.arts area minor factor compared
to the travel and personnel costs and organizational overheads.
The best policy is certainly to eliminate the service calls. Prevention is much
better than (even efficient) .cure, though available means to facilitate repair
must beactiyely used.

3.1. Some reliability factors
Equipment reliability has improved dramatically over the past 10 y.earswith the
introduct ion of microelectronic technologies • This is baseclon two funclamenta 1
changes.
In FIG. l.

First, the electronic circuits have better protection than before.
there is a presentation of the r.mlti-layer protection available.
M.any cells have less than the maximum protection..
connectors in a system.
Integ I' at ion moves an increas ingpart
layers, thus improving reliability.

0

Consider for instance the

f t he elements into the best protected

The other f'actor is simplification of equipment.
In equipment based on older technologies a larg.e number of interface compon,ents
is needed to 'connect two a·ctive cells, as shown in FIG. 2.
In an integrat.ed system simplicity is achieved. As can be seen, a fourfold increase in 'Complexity in terms of active cells still results in the same overall
number of parts.
As these cells operate in a more protected envirDnment, reliability
eou sly improve·d.

1S

simultan-

Yet another trend is ,that mechanical parts are increasingly replaced by electronics, reducing wear and servicing needs.
It is oft:en said, that modern electronics are increasingly .complicated, and for
this reason less reliable. This is not true because of the developments described above.
There isa 1 so improvement in the environmental protection layers .themselves.
This becomes possible with decrease in equipment size and power consumption .•
The major influences are high humidity, high temperature, dust, electrical interference and in some cases, vibration.
Closed circuit, forced ventilation with a heat exchanger and some stand-by 1l7arming keeps the equipment clean, .cool and dry, and prevents formation of hot spots
around the p01l7er consuming components.
Pro t ec t ionsagains t ele ct rOJ:lagnet ic radiation as we 11 as mal.ns transients are
also economical and improve equipment reliability.
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The questions of facilities and personnel are both relevant for the installation. Small size, 10'7 "eight, Jot-, pO~ler consumption, fe~l cables, little need
for conmunicat ion during use, fet-l operators, are features which reduce cost of
fad 1it ies •
The personnel needs for installation and training are another consi.deration.
It helps if the system is delivered complete with a minimum of connections to
be made, well protected against damage and has a high automation level for simplicity of use and servicing.
Training is a cont inuing process: Net', personnel must be introduced from time
to time and procedures may change peri.odically. It is also common thk\t service
personnel skills deteriorate with time as they are not in constant use.
Availability of low cost COElputer pOt"er makes it possible to build systems t-7hich
have excellent performance in these respects, provided that the requirements
are identified and taken into account in system design.

5. LIFE LENGTH OF A SYSTEM
There are two quite separate concepts here. A manufacturer considers the time
a system rema ins in act i ve product ion, t-lhereas the user thinks in terms of useful
life in the field.
It is t.,ell known, that electronic products tend to have a short production life
cycle. At the extreme, cycles of 3 months were observed in the pocket calculator development sane years ago.
In the sma] 1 tOElputers market, production life cycles of tt-la years are quite
common today. After that time a system is not competitive any more in a rapidly
changing wadd and an up-grade, modification of replacement is necessary.
The useful Hfe of a system tends to be much longer: ten, twenty or more years.
In SOEle cases it IT.ay be limited by the rapid advance of technology. The costl
performance of net-7 systems improves and can make a system obsolete.
There have been cases where the yearl y maintenance cost for a (still usable)
meteorological system exceeds the purchase cost of new equipment, and a better
performance is also achieved by the replacement.
Availability of spare parts is a factor in this category. Board level maintenance is becooing increasingly used. It must be borne in mind, that replacement
with an exactly similar unit is best economy. Functional (or nearly similar)
repl.acements carry additional development and testing costs which are difficult
to estimate beforehand.
Using readily avai lable circuit boards as system components may allot" sharing
of development costs with other users. However, it brings also strong pressures
on quality and a dependence on the developments in the other markets.
At component level, the life cycles are typically much longer for the succesfu1l
parts. Twenty years is not exceptional.
The long field life can be assured by improvement in reliability combined t-lith
a design based on wide ly used standard component s.
Technology makes this possible today. Hith the aid of new computer assisted
tools, the design costs are rapidly decreasing. Special equipment can be produced even for the limited quantity markets.
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Automation has been discussed extensively over the past ten years. The consensus
is today that automation is desirable. Another new stage is nOY1 approaching.
In addition to duplicating methods and procedures carried out manually, automation permits design of systems which are far too complex to be operated manually,
regardless of human skill or dedication.
Navaid wind measuring systems are one of the first examples in this category.
The deve lompent is leading towards the Expert System concept, where the fruits
of the effort and experience of the best available team is made widely available
in an easy to use form.
This has direct impact on life cycle cost through improved user efficiency.
Sharing of operator resources becomes possible in many cases.
Availability of competent maintenance personnel is a world Y1ide problem. It
is not limited to the meteorological services. Expectat ions of support from
the outside may prove unrealistic. The reason is simply rapid growth in the
electronics related industries.
The only solution is to reduce amount of work through better reliability and
to improve efficiency of avai lable personnel.
This is achieved by automatic monitoring of system technical performance and
built-in diagnostics. Even remote diagnostics over telecommunications lines
is reality in the computer industry.

7. THE NEW OPPORTUNITIES
For the meteorological community, the technological development holds promise
of a better future. Our special requirements can be met in a cost effective
way by application of ne", technologies.
Heasurement and data communication are areas .,here improvements will be most
significant over the coming years.
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INTEGRATION, CALIBRATION AND INTERCOMPARISON OF WINDFINDING DEVICES
Antti A. Lange
Finnish Meteorological Institute
P. O. Box 503
SF-OOl01 Helsinki 10
Finland

1.

INTRODUCTION

The selection of an appropriate practical system for upper-air wind-tracking depends
on the type, quality and cost (including maintenance) of the measuring devices available.
By type is meant what parameters are measured by the devices, e.g.
slant-range,
hydrostatic height, elevation and azimuth angles, Time-Of-Arrival (TOA) differences of
hyperbolic Navaids, etc. By quality is meant the Root-Mean-Square (RMS) errors and error
correlations of the measured basic parameters. The resulted errors of the computed winds
d eperrl on the types and quality of the measurements as well as on the computational
methods used and in no simple way on the balloon distance.
The aim of this discussion is to formulate an optimal mathematical solution for
integrating various tracking sensors into a hybrid wind find ing system as well as to show
how the sensors may be calibrated by using the basic data from some tests, operational
soundings or large windfinding intercomparison experiments. An explicit expression will
be derived for estimating the systematic errors (calibration biases) of the tracking
sensors. Obviously, the proposed integrated hybrid system must comply with certain
requirements as regards the information content of the data to be collected. In other
words, the equation system on which the wind find ing is based must be truly overdetermined
in order to allow bias estimation. The various solutions to be presented are all based on
the Gauss-Markov's theory of least-squares estimators. Objective accuracy estimates have
also been derived for the various solutions by making use of Rao's (1) and Horns' (2) more
recent theories on variance component estimation.

2.

GENERAL MODEL OF A HYBRID TRACKING SYSTEM

Let us have an arbitrary set of wind tracking equipment e.g.
radars, theodolites,
altimetres, Navaid phase detectors etc. In the course of a wind sounding the values of
the parameters measured by the different devices obey the following mathematical mod el:

for i=1, •••• I

a .(t)
J

atan«x(t)-xj)/(y(t)-Yj))

+aj'(t)

for j=1, ••• ,J

atan«z(t)-zk)/,!(x(t)-x )2 +(y(t)-Yk)2)
k

+ek'(t)

for k=1, ••• ,K

for 1=1, ••• ,L

p (t) = acos(cos(X(t)-X ).cosY .cosY(t)+sinY .sinY(t))
m
m
m
m

etc •••

for all. t=O •••• ,N.

+p '(t)
m

for m=1, ••••M
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where the following notations have been used:
r
a
e
h
p

slant-range (from radars, transponders etc., I pieces)
azimulth (from radars, theodolites etc., J pieces)
elevation angle (from radars, theodolites etc., K pieces)
altimeter reading (hydrostatic computation etc., L pieces)
Navaid phase measurement (Omega, Loran-C, etc., M pieces;
observe that the potential lane ambiguity problem plays no
role because windfinding is based on relative positions,
and,
that one of the Navaid stations, say M+l:th, may serve as
the reference clock for the phase detector i.e. it is used
as the common station of hyperbolic navigation)
t
timepoint of measurement (t=O, ••• ,N; one-minute time steps
are usually taken but this smoothing or averaging interval
can be let to vary to prod~ce most representative values
for the basic measurements and to produce non-correlated
or low-correlated measurement errors)
N : last timepoint of a sounding or a tracking intercomparison
x, y, z : local Cartesian co-ordinates (radiosonde, devices)
X, Y : longitude and latitude (radiosonde, Navaid stations).

The measurement errors (') are assumed Gaussian with unknown systematic components
that result from calibration errors of the tracking devices. The calibration errors
themselves are assumed to be constant through the whole observing period whereas the
systematic errors are time-dependent. For example, an inaccurate levelling of an optical
theodolite causes varying errors on both the elevation and azimuth angles.
Euler's
formulae were used in modelling their functional relationships. Another example is a
biased bearing angle of the VLF Omega signals occuring in connexion with some distant
Omega stations. It causes errors on the observed phase increments that often depend in a
simple way on the respective position increments of the balloon being tracked (3).

For further elaborations we generalize the given non-linear
system even more, i.e. as follows:

Yft = F(f,t) +eft

overdetermined

equation

(f=I, ••• ,I+J+K+L+M; t=O, ••• ,N),

where the following notations have been used:
y
F

e

basic measurement (slant-range, azimuth, etc.)
analytic formula defined by index f giving the type of
a funtional relationship between basic measurements and
balloon co-ordinates at each timepoint t
measurement error.

3.

DIFFERENCING THE EQUATIONS

It has been quite a common practice to perform an analytic time differentiation on
the model equations above in order to obtain a new set of equations where the wind
velocity components are explicitely involved. After that the winds are computed from the
resulted overdetermined system on non-linear equations by using a Newton-Raphson technique
to
obtain
the
least-squares solution as outlined by Passi (4).
However, the
time-derivatives of the basic measurements are sometimes infinite, e.g.
in case of an
azimuth angle at zeni th overpass.
Under such conditions the Newton-Raphson iterative
solution becomes unstable. This problem is avoided by solving the consecutive balloon
positions instead of the respective instantaneous velocity components.
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The Newton-Raphson
equations:

process

is

to

be

constructed

along

the following system of

bYfn = F' x(f ,n-l) 'bxn+F' /f\n-1) 'byn+F' z(f ,n-l) .bzn+be fn
for f=l, ••• ,I+J+K+L+M and n=l, ••• ,N,
where the following notations have been used:
observed increment of the basic measurements
error increment of the basic measurements
F'X' F' Y' F' z : partial derivatives with respect to x, yand z
bXn

bYn' bZ n : position increment during each timestep n.

Once the balloon track has been determined
The
consecutive
position increments give
instantaneous wind values are' obtained through
spline fitting technique (5) provides us also
the time-derivatives 1. e. with the windfinding

4.

the wind profile is derived on its basis.
us the respective layer winds whereas
time-differentiation.
The least-squares
with straightforward accuracy estimates of
accuracy.

THE INTEGRATION

On the assumption that all tracking devices were correctly calibrated we shall get a
simple matrix formula for the maximum-likelihood estimates of the consecutive position
increments of the balloon. At first, we write the differenced equation system above into
a corresponding matrix representation, i.e.:

o

by 1
c,.y: 2

0

X

by. N

0

0

Xl

2

e ••

0
0

~

• b
l
b

+ be
b

2

.1
e. 2

bN

be .N

or shortly
Ay

= Xb + Ae

where
Ay , band
c,.e
are vector increments of the measurements, the positions and
the measureMent ~rrors, res~ectively, and' X is the Jacobian matrix of the F(f,t)
transformation for each timestep n . '
n
The Gauss-Markov theory on best linear unbiased estimates gives us the maximum
likelihood estimates of the consecutive position increments as follows:

which can usually be partitioned in the following way:
b

n

(n=l, ••• ,N)

where V=diag(V l' V2"" ,VN)=Cov( A e •• ).
Matrix V needs to be estimated.
A first guess is usually derived from the signal
filtering or smoothing processes because a computed balloon track is not very sensitive to
the accuracy of these variances and covariances. Sometimes an identity matrix would even
do.
Rao's (1) and Horns' (2) objective methods call for an efficient computer and a
sufficent degree of overdetermination.
The tracking system could then provide good
estimates of its own working accuracy.
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The Gauss-Markov theory yields the position location
covariance matrices of the position co-ordinates, i.e.:

accuracies in the form of

which can usually be partitioned as follows:
Cov(b ) = (X' V-I X )-1
n
n
n n

5.

(t=n=I, ••• N).

THE CALIBRATION

In this case a joint model on the position increments and the calibration errors is
to be constructed.
The Newton-Raphson solution is based on the following linearized
equation system:

.t-.e • 2

o

0

.t-.e .N

dc
or shortly
d.t-.y

= ZdB

+

.t-. e

where B is the joint vector of both the position increments and calibration errors c.
Z is the Jacobian matrix of the transformation from the sum space of the position
increments and the calibration errors into the space of the measurement increments.
Matrix G indicates how differential calibration adjustment dc contributes to the
measuremeRt increments during each timestep n (n=I, ••• ,N).
The least-squares solution of the overdetermined linear equation system
as follows:

is

obtained

and the accuracy of an iterated solution:

The presented computational solution of the calibration problem can be understood as
Its
a filter that suppresses the 'noise' induced by stationary calibration errors.
computer solution together with the explicit formulae have been reported by the author
(3). An efficient microcomputer can easily perform the computation.

6.

THE INTERCOMPARISON

An objective technique for estimating the error covariance matrix V in presence of
the calibration errors has also been developed on the basis of Rao's (1) and Horns' (2)
theories. TIle computed wind profile can now be furnished with its objectively estimated
confidence bands. Resulting accuracies can also be computed for any subsets of devices of
an intercomparison experiment. Thus, equipment comparisons can be based on their varying
accuracies that depend on prevailing flow conditions etc.
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A windfinding experiment with several radars, theodolites, Omega, laser etc. was
performed in Finland in 1972. Three graphs from a sounding illustrate how important it is
that tracking sensors have good geometry. The optical theodolites were located several
kilometers apart. Above the 10 km level the balloon was so far away that the Geometric
Dilution of Precision (GDOP) became the main reason for poor accuracy. The radar
maintained constant accuracy because of its slant-range (TOA) capability. The accuracies
are indicated by one-sigma confidence bands in the graphs below.
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CONCLUDING REMARKS

All the different computational solutions require advanced mathematical computing to
be performed on computers or efficient micros. Their prices have gone down and are still
going.
As time goes on, more and more of the suggested sophisticated procedures will be
able to be implemented on the enhancing micros resulting in improving use of various
different tracking devices at upper-air stations.
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A COMPARATIVE INVESTIGATION OF THREE COMMERCIAL RADIOSONDE SYSTEMS
K.H. Annema, W.A.A. Monna and S.H. Muller
Royal Netherlands Meteorological Institute,
De Bilt, The Netherlands
1. INTRODUCTION
Considering the purchase of an automatic radiosonde and
commercially available systems were compared. A similar
was carried out some years ago at Payerne (Phillips and
attention to windfinding, resolution of fine structures

windfinding system, three
comparison (except for windfinding)
Richner, 3). We have paid special
and operating convenience.

2. EXPERIMENTS
2.1 §y~t~~_4~sS£!~~i~n~
Three types of radiosounding systems were compared:
a. RS21-12C sonde with analog PTU recorder. ECC WF 100-5 3,2 cm Radar for windmeasurements. Manually operated system, since 1979 in use at KNMI. The observer feeds
the PTU and wind data into the central computer of KNMI, which calculates heights and
produces code messages.
b. RS80-15N sonde with Micro-cora system plus two options: an analoge PTU recorder and a
cassette recorder for post flight simulations (Vaisala News, 6).
c. BEUKERS Microsonde (BEUK) with Beukers W-8000 system plus two options: a plotter for
analog data and a cassette recorder for post flight simulations (Beukers and
Friedman, 1). In this sonde VIZ-sensors are used.
Height computation for RS80 and BEUK is a successive summing of small layers,
determined by a fixed time interval. For the RS21 significant levels are determined by the
operator, followed by height computations of the resulting layers.
The RS80 and BEUK use the radio navigation system Omega for wind measurement. Both
systems operate semi-automatically and contain a computer which calculates heights and code
messages. The communication with the computer is by teletype (RS80) or terminal (screen and
key board) (BEUK). The results are printed and/or punched (optional for BEUK).
2. 2 Q~!Lc_rl-l?~io_n_9Lt_h~_~Jg)_e.!"!1!!~I!..t§
The number of flights is summarized in table 1; radar measurements were carried out during
every flight. In table 2 the error types are summarized and an error description is given
in table 3. The flights at 00.00 and 12.00 GMT were combined with the routine synoptic
flights. Moreover a number of routine synoptic flights (RS21 only) carried out during the
test period was used to compare RS21 data with routine radar data and routine ECMWFanalyses. This explains the somewhat larger number of flights used for these comparisons.
During dual flights the RS80 or BEUK was suspended 5 m below the RS21; RS80 and BEUK were
horizontally separated by a 1.3 m long bar.
time 00.00 06.00 12.00 18.00 total
system number of PTU not wind not wind data
compar.
flights
complete complete useless *)
RS80
3
2
5
RS80
15
1
6
0
RS80-RS21
1
5
BEUK
16
7
8
16
6
3
RS80-BEUK
4
RS21
1
11
0
0
0
BEUK-RS21
5
5
Table 2. Error types. *) see section "Wlnd".
BEUK
2
5
7
Table 1. Number of flights.
"

Wind not explanation
complete
reception interference
1
1
Omega antenna cut off by operator
battery failure (wetted too long before launch?)
4
3
3 (2+1) program did not start; once the omega receiver was defective
software error (division by zero)
1
1
1
1
battery problems **)
program stopped because of pressure dip
1
1
reception interference
1
1
1
caused by operator
Table 3. Error description. **) three batterles of an old type were delivered with
sondes; once this led to an unsuccesfull flight.
PTU not
complete
1

Sonde
type
RS80

BEUK

the
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3. RESULTS
3.1 ~'!:.U:S-.S?~J2.'!.t3.!::!.<2.r:!.s
At four standard pressure levels we compare the PTU-values and the computed geopotential
height found by the three systems. The true values in the atmosphere being unknown, the
routine ECMWF-analysis is used as a height-reference. Here we must realise that the daily
soundings at De Hilt, as used by ECMWF, introduce some bias in favour of the RS21. In table
4 the differences in temperature and height are given. Only few dual soundings were carried
out succesfully, so the mean values and standard deviations shown are based on a few cases
only. No separation has been made between day and night soundings; the numbers of flights
were too small and in November and December the difference is small anyhow.
temperature ( ·C)
RS80-RS21
BEUK-RS21
BEUK-RS80
RS21-ECMWJi'
-0,7 + 0,6 -0,8 .:±:. 0,3 -0,3 .:±:. 0,3 + 7,2 + 9,0
-0,2.:±:. 0,7 -0,7 .:±:. 0,9 -0,5 .:±:. 0,2 + 9,2 + 12,5
-0,1 + 0,9 -0,2.:±:. 1,9 -1,2 .:±:. 0,8 + 3,7 .:±:. 16,6
-0,3 .:±:. 0,9 +0,7 + 3,3 -1,5.:±:. 0,4 +11,0.:±:. 28,2
n = 6
n = 2
n =3
n = 29
Table 4. Temperature and helght comparlson.

level
mbar
700
500
300
100

height (gpm)
RS80-ECMWF
BEUK-ECMWF
+5,3 + 12,8
-1,0 +
+4,2 + 13,1
-3,5+2,1
-4,5 -:+ 9,6 -16,0 + 12,7
+7,7 + 5,0 +11,0 + 31,1
n~2
n = 6

°

height
(m)
3000
5550
9150
16100

Realizing that a temperature difference of + 0,6 K causes a change in height of about
+0,2%, we see that the differences in computed height roughly correspond to the detected
temperature differences. This suggests that the pressure and humidity values of all systems
are sufficiently accurate for the computation of the height of standard pressure levels.
Here +0,1% in height corresponds to a constant offset of roughly +2 mbar or +10% RH below
and +25% RH or more above the 700 mbar level. The differences we found compare reasonably
well with the data from Phi lips and Richner (3). When we accept the ECMWF-analyses as
height-reference, we should conclude that the RS21 is "too warm", the BEUK "too cold" (only
two soundings) and the RS80 perhaps the best compromise.
The differences in table 4 should be compared with the accuracy required for
atmospheric radiosoundings. Many different requirements are given by WMO (8), and the
resolution of the international codes (7) also suggests accuracy-limits. It cannot be said
that all these requirements fully match. We thiI~ a consistent set of accuracy-requirements
for (synoptic) radiosoundings should be developed. Sensitivity test of Numerical Weather
Prediction Models could be useful for this purpose. We propose the following set of
consistent requirements as a first estimate of a compromise between meteorological
requirements and instrumental limitations: height 0,1%; temperature 0,3 K; pressure 2 mbar;
humidity 10% RH, 25% RH above 700 mbar level. The proposed height accuracy only holds for
standard pressure levels; the accuracy at significant levels will be at least one order of
magnitude worse unless the accuracy of the pressure measurement is one order of magnitude
better (Schmidlin et al., 4). Looking at the data in table 4 it now seems (the truth is
unknown) that none of the systems fully meets the requirements proposed here. However, the
results are so close to the requirements that the accuracy is acceptable for synoptic
purposes. The use of radar is attractive to measure radiosonde height independently, and so
discussed by several authors (Schmidlin et al., 4; Schmidlin and Finger,S). In addition to
the accuracy-requirements given before, we think it is useful to give a brief discussion of
the possible errors.
Errors in the pressure measurement of the sonde cause a difference between radar and
computed height. At standard pressure levels the geopotential height computation is only
little affected by a pressure error, but the radar height is read out at the moment the
sonde erroneously indicates being at a certain pressure level. So the height difference is
roughly given by the thickness of the layer which corresponds to the pressure error at the
level in question. So now the accuracy for the pressure measurement, given before as
2 mbar, should be about an order of magnitude better. For a significant level the radar
height is read out at the very moment this significant level is detected, so time
synchronism is important. Here one second corresponds to 5 m (ascent-rate of 300 m/min).
When recorder output is used, the resolution on the paper can be the limiting factor (RS21,
about 6 s). The computed geopotential height of a significant level is also affected by a
pressure error, as already mentioned before.
The radar itself also introduces errors. The accuracy in distance should be about
10 m, in elevation 0,1 - 0,01·, depending on distance and elevation. When no refraction
correction is taken into account, errors up to 100 m can occur. The distance between
radiosonde and radar reflector should not be forgotten (RS21: 60 m after one hour).
Unfortunately the accuracy of our radar is insufficiently for radar height
comparisons, but sufficiently good for the fundamentally relative wind measurements.
3.2 Sensor behaviour
Some-sfiiiple-tests-on the sensors were carried out in the laboratory. The results are shown
in table 5. Measurements were done using the factory calibration. Before real flights the
factory calibration is corrected by a ground check (RS21 and RS80).
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humidity
pressure
accuracy
accuracy
accuracy
accuracy
T
at 20·C
at -20·C
(s ec) at 20·C, 60%
at 30-1000 mbar
better than 1 mbar (n=2)
RS80 +0.2 ± 0.1 (n=10)
+0.1 ± 0.3 (n=10) 1,5
5% (n=3)
RS21 type -0.5 ± 0.5
6
BEUK ground check not possible (pressure switch antenna problems)
Table 5. Sensor accuracy and tlme constants T. *: depends on the batch chosen.
Apart from the laboratory tests we tried to interpret the sensor behaviour during the
flights. Very often inversions were present. This yielded the possibility to study the
dynamic behavior of the sensors. In figure 1 some typical examples are shown which will be
discussed in detail.
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Figure 1.

Temperature as a function of
pressure in inversions for
several combinations of sondes.
Also indicated are the humidity
changes.
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c: RS21 - BEUK, d: RS80 - BEUK
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In all figures relative humidity data are given around the inversion. Strange enough there
is often little agreement between the radiosondes about the level where the humidity
changes and the value of the humidity above the inversion. Some possible causes are:
- RS21 measurements are obtained manually from the recorder paper, which introduces rather
large errors.
- The humidity calibration of the RS21 is poor.
- Ground calibration of BEUK was impossible, so that the accuracy of the sensors could not
be checked. At least once (not shown here) the pressure measurement was obviously
erroneous.
Figure la shows an inversion on a partly clouded day. Probably the sonde did not pass
through a cloud. The agreement of the different curves is satisfactory. Comparing the
recorder data, we see that the time constant of the RS21 sensor is larger (compare table
5). But the Micro-cora program introduces an artificial time constant by its 10 second
averaging. This also influences the humidity measurement. Although the resulting broadening
of the inversion is not important for synoptic use, it should be kept in mind during
experiments.
Figure 1b, 1c and Id show inversions on completely clouded days, so the sonde had to
pass through a cloud layer. In these cases the RS21 sensor is superior to both the RS80 and
the VIZ sensor. Probably the sensors get (partly?) wet or iced while passing through the
cloud and something like a wet or ice bulb temperture will be indicated. Because of their
geometrical properties the small RS80 and VIZ sensors get wet for a relatively larger part
and therefore get colder. They are openly exposed to the surrounding air and have an
elliptical or cylindrical shape. That means that at least half of the surface of the sensor
will be covered with water or ice. The RS21 sensor is a large bimetallic ring mounted in a
duct. Only the front edge of the ring will get wet or iced, and this is only a small
percentage of the total surface of the sensor. So we may expect that the RS80 and VIZ
sensors will nearly indicate the wet (ice) bulb temperature, but that the RS21 sensor will
be only slightly too cold. Similar effects were observed by Phi1lips et al. (2). They also
measured drying times of several wet sensors, yielding times of t to 1 minute. Figure 1b
and 1c suggest drying times of 1 to 3 minutes. Possibly our sensors were covered with ice
instead of water, but we are not able to discriminate positively between wet or iced
sensors. All inversions during our comparisons started below zero so that we are not sure
that these large and prolonged effects also occur above freezing. No freezing or melting
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Fig. Id requires some additional attention. In this case no RS21 measurements are
available, but it seems that the real temperature rise, probably up to -1 or O°C, occurs at
810-820 mbar! The sharp peaks to the left at 815 mbar are caused by cooling of the iced
(wet) sensor as the relative humidity drops, followed by the warming up in the air above
the inversion. It is interesting to notice that the Micro-cora program has recognized this
peak as unrealistic, and has omitted it.
Conclusion: Although the modern small sensors offer advantages with respect to
radiation errors and corrections and time constant, the effect shown in this section is a
drawback, especially for experimental research. Because the RS21 and similar sensors will
probably disappear in due time, it is important that a modern temperature sensor is
developed which is not sensitive for this wetting error. A protection against water (cloud)
droplets during the first part of the flight might be a solution. The protection should be
removed at lower pressures, because it will increase the radiation error.
3.3 Wind
The -RS80 and BEUK use the Omega Navigation Network (8) for wind measurements. Both systems
use the s&me basic technique to measure the phase-differences, but there are some
differences.
a. RS80. The Micro-cora system uses all Omega stations (except Japan and Australia) which
can be received sufficiently strong (automatically decided by the system continuously).
Phase-differences between each station and the reference signal are measured and
averaged to 10 s mean values. Succescive averaged values are computed and yield together
wind speed and direction. TIlis system worked satisfactorily. Using a time averaging of
two minutes the systematic differences with the radar vary from less than 1 m/s (low
wind speed) to 3 m/so Peak values showed slightly larger differences. Generally the
radar wind speeds were higher. Vaisala offers the possibility to correct for propagation
fluctuations by use of the Omega reception by the ground-station. In our case this is
unwise, because the ground signals are weak and unstable.
b. BEUK. Only three Omega stations are used. Before the flight the operator must decide
which three are received best. Although the Omega stations were mostly (but not always)
strong enough during the flight, the wind data we obtained in this location were
absolutely useless. Two examples are shown in table 6 and 7. The errors in table 6
(jumps of about 60 degrees and 8 m/s) might be explained in the following ways.
1. In the averaging of the measured phase differences the BEUKERS system accepts to many
values. If sudden electromagnetic disturbances are present, completely wrong values
might be included, affecting the average. The use of the continuity of successive
averages should enable the system to exclude such spurious errors.
2. Using one station only the component of the wind speed in the direction of the
propagation speed can be measured accurately, provided that the wind is larger than
the propagation speed. The three stations which were always strong enough are nearly
on a straight line. Under unfavourable circumstances (low wind speed, wrong
direction) this will introduce errors in both wind speed and direction. The Vaisala
system uses all available stations and so reduces this error.
We have no explanation for the large jumps in table 7.

DD
310
346
14
12
299
13
306
14
324
15
Table 6.
10

11

RS80
FF
DD
FF
13.6
321
9.8
7.0
322 10.7
10.1
323 10.7
13.3
322 10.7
16.1
319 11.5
7.2
316 11.8
Wlnd example 1.

BEUK

time

radar
FF
330
8.3
330
9.4
330 10.0
321 11.6
314 11.1
319 12.7

DD

BEUK

radar
FF
FF
DD
212
11.6
10.5
214
35
20.3
215
8.8
227
36
13.8
232 106
227
37
38
124 412
236
16.6
18.8
297 499
243
39
243
20.0
234
40
35.7
Table 7. Wlnd example 2.
time

DD

3. 4 gQ..<!.e.:'!n~lLsjl.,.g,g§.

Both RS80 and BEUK system produce a complete temp-code message. These messages meet the WMO
requirements, exept for two minor details with regard to the BEUK system:
the tropopause level is not given as a significant level in sections 5 of temp-messages
Band D
- two different ways are used to round of the dewpoint-depression, for example 9,6°C as 60
at 100 mbar, but as 59 at tropopause level.
3. 5 QQ.e.J~!::!:.Q..nJl.L'!sy~£.!§'

In table 8 we summarize our experience with the operational use of the systems. Only those
properties are included in which differences between the systems were observed.
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RS~lJ
entering factory cal.
tape reading
barcode (laborious)
ground calibration
teletype
not possible
battery preparation
o minutes
10 minutes
time limits; min, max
20 minutes
30 minutes
sonde freq. tuning
choice Omega stations
automatic
manual, before launch 2)
entering ground data
any time
after launch
before launch 3)
correction ground data
1)
1)
actions during launch radar locking
no action
3)
data presentation
PTU
with recorder
PTU
during launch
wind
without rec.
wind
amount of data output analog only
sufficient
insufficient 4)
reception stability
Table 8. Evaluat10n of operat1onal propert1es; apprec1at1on 1nd1cated by number of dots.
1) impossible during flight; simulation takes too much time
2) only three stations are used; no change possible during flight
3) ground data must be entered less than 10 min. before launch
4) digital data output only after data reduction
RSLl
paper position
manual corr.
20 minutes
?
easy

·.
·.
··...
·..
·..
··..
·
··..

···......

·.
·.
··....
··..
·..
·.
·..
·.

·.
··.
·.
·.
·
·
··.
·..
·
··.

Additional remarks
RSZI:-The-manuai-extraction of data from the recorder-registration introduces large errors,
unavoidable for even the experienced operator. Especially the ground calibration must be
done very carefully, because an error at this point will influence all data. Moreover a
wrong calibration cannot be discovered and corrected afterwards.
BEUK: A flap on the sonde should open after launch. If this happens before launch while the
system is in the starting mode, the system wrongly detects a launch and a new start
preparation has to be made. Because the flap opens easily, this is very unpractical. During
launch the operator can watch either PTU or wind data on the screen. If PTU data are left
for more than about 25 minutes on the screen wind data are lost because the buffer is too
small. The flight simulations from the raw data on the cassette recorder were not exactly
identical to the real ascent. This is probably due to the use of an analog cassette
recorder without time synchronisation. The screen presentation with the possibility to add
or remove significant levels was very much appreciated by the observers.
4. SUMMARY AND CONCLUSIONS
- The accuracy of all three systems is acceptable for synoptic PTU soundings, but does not
fully meet the requirements we proposed. A reliable statistical comparison was not always
possible due to the limited number of successful flights.
- The wind measurements from RS80 and radar were found to be similar to such an extent that
one can hardly decide which one is the most accurate. BEUKERS produced unusable results.
- Small temperature sensors offer advantages with respect to radiation error and time
constant. Cloud passages followed by a humidity jump can cause wet (ice) bulb effects on
the temperature profile. Due to their geometry the old bimetal sensors in ducts were
hardly sensitive for this error.
- Operating convenience:
RS21 - simple system, demanding much manpower; large chance of operator induced errors.
RS80 - convenient to operate.
BEUK - except for several details convenient to operate; attractive display of
sounding on screen.
- A close cooperation between manufacturer and user of radiosonde systems is indispensable.
- A consistent set of accuracy requirements should be developed.
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MULTIPLE-FI,IGHT RADIOSONDE INTERCOMPARISON
,T.

Nash

U.K. Meteorological Office
1.

Introduction

Several series of radiosonde intercomparisons, in which two or three rAdiosonde
desi.gns are flown together have been performed during recent years by the MRteorologicAl
Office i.n the United Kingdom. The majority of these have bRen in conjunction with
operational soundings from the Crawley radiosonde station (WMO station No 03 774). ThiR
work has been performed to:a.
evaluate the performance of the UK RS3 radiosonde in relation to t.hat
of other radiosonde types widely used i.n northwestern Europe which are also
recognised to produce measurements of high consistency.
b.
investigate the pRrformance of rp.Gently introduced commp.rcial radiosonde
designs
Data presented here are taken from:
i.
twin flights between the UK RS3 and the FRG Graw 1'160,
performed in ,July 1981 and again in September 198?
twin flights between the UK RS3 and the Kaymont Airsonde
AS-TH (and occasionally triple flights with the Graw 1'160),
performed in February 1982 and again in September 198?

11.

Hi. twin flights between the UK RS3 and the Vaisala Rs80 (and

again using the GrRW 1'160 on occasions) performed in August and
September 1983.
2.

flight Configurations

During each series of flights at least two different configurations were flown in
order to check for inflight radio frequency interacti.on between the radiosondes. In twin
flights the sondes were either flown side-by-side (using a bamboo spacer to ensure a 2.5 m
horizontal separation) or with one sonde suspended ?O m above the other in the vertical.
In triple flights all three were flown side-by-side or two flown side-by-side with the
other displaced 20 m in the vertical. A 40 m suspension from the balloon was used in I'll]
cases. Ascent rates were close to 5 ms- 1 •
In practice, differences in rell'itive radiosonde performance between the configurations were found to be negligible. Consequently data from the different configurations
are treated similarly in the following analyses once f1 ight times have been adjusted to
account for vertical offsp.ts in flight positions.
The radiosondes flown in these exercises were not specially prepared, but were taken
from normal operat.ional stock. The UK RS3 were those used for the standard operat.ionl'll
flights, thR Graw 1'160 were from stock used operati.onally at GibraltAr, and the Vaisala
system was loaned t.o t.he UK Met Office by the British Antarctic Survey before installEltion
at Halley Bay.
3.

Comparison of geopotent.ial

meaSllr(~ments

i)

Differences between measurements of geopotential (A
from the twin flights Ilre
summarised in Table 1. Data are presented for selected standard pressure levels t.ogether
with the associated standard deviation in the differences and the number of comparisons
(N) obtained. This number decreases Elt higher levels because of early balloon burst on
some occasions. Data are available for daytime (Graw 1'160-RS3) comparison but have not
yet been analysed.
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Pressure Toevel
hP8

(Graw M60-RB3)
l::lif. s.d.

850

0

2

700
500
300
200
100

1

3

50
30
20
T8ble 1.

1

4
7
9
7
2

-7

4
7
9
13

18
20
30

(OO~)

N

il
il
il
il
8
8

(BsIl0-RB3) (001',)
~.2> s.d.
N

3

2

5

3

I)

19
19
19
19

8

19

12
17
20
32

17

9
19
31

4

54

8
6

98

(-

III

77

16
15
13

(RB80-RB3) 021',)
L:J,. ij

s .. n.

N

9
15
23

7

21
21
21
21

10

21

34
46

11+
18

21
20

.57

22
33

16

5

3

(.,

3
5

60

14

CompR.rison of measured geopotentials (unitR - geopotential
metres) at selected Rtandard pressure levels.

It. can be seen that the Graw M60 andUK RS3 produce very similar results at night
but that discrepancies between the Vaisala and the RB3 increase rapidly above the 500 hPa
preRRure level. The UK RS3 has no corT'Flction appl ied to its nighttime temperature
measurement,"l, because of the eSRentially instantaneous response of its tungsten wire
temperature sensor. The Graw M60 temperature senRor i8 a bimetallic element with time
constant of response of at least 5 s and the data in Table J have been adjusted in
accordance with oper8tional practice to compFlnsate the resultant tempFlrl'lture lag. The
Vai8ala Rsllo useR a thermocapacitive temperl'lture sensor whi.ch again has a time constant
of re8ponse of about 5 s, but the correction whichwHS appUFld to nighttimFl data by the
Micro CORAground station software was in the opposite sense to that required tocompensate
the thermal lag Rnd is intended to compensatFl for nighttime infra-red radiation errors
(personal communication from VaisalaenginFlers). This RsRo correction WRS 7.ero at the
surface and rose to +0.8 C at 100 hPa and higher levels. further analYBi.s of the twin
flight results has shown that the rFl8ultant HsRo temperatures were 1.1 G (s.d. 0.3G)
higher tha.n thoSFl of the RB3 at levels of around 100 hPI'l. ThuR, if the Rs80 correction
(whirh appel'lr8 'to be empirical 8nn not based ana theorFlticl'Il model of radiatJ:ve transfer
in thFl f'tmosphere) WFlre removed, agrFlement between the RS3 and thFl RB80wonld bFl markFldly
imnroved.
In naytimFl f] ightR the UK BS3 temperature data are corrected (by operational softwa.rpl to Rc:count for soJaI' radiation errors. ThFl corrpctionswere dprivpd from ]8borRtory
experimFlnts ,with thFl tempFlrature sensor n luminated over a range of air pressurFls. The
mea" di fference bFltween J 27. 8.nd OOZ operationa.l. oh."lFlrvati.ons of 100 hPa geopotential over
thp 11K is within 5 m of ZFlro (8ep Na8h (1)), as should be the case given the amplitude
and phase of the atmsonhed c: diurnal tide at t.his lati tudFl. Thus these corrections appear
valid. The Vaisala Rs80 observations are in closFlr agreement with the RB3 observations
rlurine; t.he day, bllt. Additional ana1ysis of thFl twin night d"da has shown 1;hat at 100 hPa.
t.he RB80 tFlmperatureR WFlre W,'lrmFlr than those of' t.he RS3 by 0.5 C on average.
Tn conclusion, the intercomparison flight.R have dFlmonstrated that all thFl radiof>andeR used produce vFlry confdstent measurements. 'T'hFl worRt. performance it. appeFlrs
rFl!3ROMJble to attrihllte to any of the radioRonde type,s is a sondFl error of 12 m at 100 hPa
(sonrle error refprs to the HcattAr of individual sonde measurements about the average for
that 80ndp typFl and does not refer to syst.emati c offset from ab801ute truth). The,se
compare favourFlble W1 th thFl sonde error est.imates derived from timFl .series of operational
dat~ in Na8h (1) which arFl 13 m for HK RS3, 14 m for VaisalaRS80 and 17 m for thp Graw

MhO.

4.

Compflri8on of tFlmpFlraturp measurementR

The Kaymont Ai rsonde AS-TH was purcha.sed for evaluation as a boundary layer Bonde;
thi8 version has no nre8sure SFlnsor. 'T'hU8 the resultR were derived in tprms of temperature
difference (A T) Rt spt time8 during the night, but. whicharFlpresented in Table?
aSRociatFld W1 th an approximate preRRure Jpvpl. ThFl8Fl differences are 8verage val UFlS tl'lken
fltminutp irterv81s from levels close to thFl RtAtpd pressure level. The relative timFl
scale8 WFlre adjusted to takFl account of displ acement in the vprti r:.'ll. wherFl the radioRondes
were not f1ownside-by-sidFl.
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Pressure level
hPa

Kaymont AS-TH-UK RS3 (OOZ I'lnd 12Z)
February 191:S2
September 191:S2
ATC
s.d.
s.d.
AT C
0.0
-0.2
-0·5
-2.0

900
700
500
300
Number of flights
Table 2

0.1
0.2
0.3
0.6

0.3
0·3
0.3
-0.2

Grllw M6o-RS3 (OOZ)

0·3
O.?
0.2
0.3

6

ATe

s.d.

0.1
0.2
0.3
0.4

0.3
0.3
0·3
0.3

h

(j

Comparison of temperature measurements at set times since launch
(minute values)

Data from the Graw M60-RS3 twin flights are included to provide a comparison reference
for the data from the Kaymont AS-TH-RS3 flights.
It was found that the difference bet.ween the relative performancp. of the Kaymont
AS-TH and RS3 in February and September 1982 was larger thl'ln any differences between OOZ
and 12Z so that the data in Table 2 have been separated on this basis. In the September
data, the relative performance of the two sondes does not alter signi.ficantly below 300
hPa, but in the February data the temperature measurements of the two sondes clearly
diverge above the 500 hPa level. Laboratory investigation of the Kaymont AS-TH
demonstrated that it read too Iowa temperature once the temperature of the internal
electronics fell to about -20 C. The interpretation of the results in Table 2 is t.hat.
the internal temperature of the Kaymont AS-TH fell faster in the February conditions than
in the September conditions, so that the temperature under-read became apparent at an
earlier stage of the February flights.

5.

Comparison of relative humidity measurements

Of the three widely used operational radiosondes used in t.he flights the Graw M60
has been chosen as the reference standard for relative humidity measurements. This is
because it has been found that. on average the Graw M60 reads closest to 100 per cent
relative humidity (+1 per cent, s.d. 3 per cent) when passing through layers below 700 hPa
where the air is clearly saturated.
The relative humidi ty (II) comparisons are summarised in Table 3. Data were taken
from regions where there was no marked hydrolaps.e in the vertical, so that the influence
of the response time of the humidity sensors has been minimised.
Data levels
hPa

Graw M60 U
.:::. 10 per cent

100-800

90
70
50
20

-13
- 8

7
4

- 1

-

?

-

90
70
50
20

-17
-13

-ll

- 3

9
5
6
4

75
50
20

-26
-13
- 4

11

5

-16
- 7

1+

- 1

700-500

400-300

Number of
flights
Table 3

RS3-Graw M60
s.d.

AU

- 9

22

RS80-Graw M60
,6U
s.d.

6

- 7
- ?
- 3

7
7

-

- 8
- 3

- 3

Kaymont AS-TH-Graw M60
s.d •
6.U
0

5

-

-

-

3

7
6
6
4

-

-

3
4

3
6
12

5

.5

6
El
10
30

Comparison of measured relative humidities

7

- 56 From Table 3 it ~an be seen that, on average, the UK RS3 Reriously under-reads
relative humidity at the wet end of the scale at all levels in the troposphere, whereas
its measurements at the dry end of the scale appear acceptable. Si.milarly, al though the
overall peTformance of the VaisalA RSRO sensor (flown with a protective cap in place) i.s
better than that of the RS3, a significant mean underestimate of at least 5 per cent
occur8 in mO'ist layers near thf! ground. This underestimate relative to the Graw M60
increases with altitude.
J\t levelR near the ground the Kaymont AS-TH produces relative humiditie8 across the
whole humidi.ty scale which arf! close to those of the Graw M60. The Kaymont AS-TH uses a
dry and wet bulb temperaturemeasurement to derive relative humidity. Data are lost
dt1ring the ascEmt when the latent heat of fusion from the freezing of the wet bulb wick
is being rlissipated; measurements which were contaminated by this process have been
eliminated from the dat.a set. between 700 and 500 hPa, but d8t.a with t.he. wick frozen (ie
icebulb action) are included. The result1=!nt 'l.greement. at the upper levels is still
acceptRble. The tendency to overread may be due to the longer response time (about 12 s)
of the wet bulb sen80r relative to the dry bulb sensor and consequently more favourable
results would have been obtained if a lower rate of ascent had been used in the comparison
flight.s.
6.

Conclusion

The mul tiple flights report.ed here have demonstrated the high performance (sonde
error less than 12 m at the 100 hP1=!, level) of the UK RS3, the Graw M60 and the Vaisala
Rs80. However, wherea,s the RS3 and Graw M60 geopotential measurements appear comparable
to within 10 m the Vaisala Rs80 measurements require significant adjustment (particularly
at night) before t.hey are comparable with those of the other sondes.
A significant underread in the UK RS3 relative humidity measurements at the 'wet end
of the scale (and also to a lesser extent the VaisaJ.a Rs80 relative humidity measurements)
was found.
The Kaymont AS-TH relative humidity observations were very reliable close to the
ground and thus make it an appropriate tool for boundary layer measurements a..c;sociated
with forecasting the formation and dissipation of fog and low stratus cloud.
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COMPARISON OF EVAPORATION LOSSES FROM STANDARD PRECIPITATION GAUGES
Boris Sevruk
Institute of Geography, Federal Institute of Technology,

Zurich, Switzerland

A b s t r a c t : The evaporation losses from the container of standard precipitation gauges
are in general small if the container is placed in a protecting can. They are difficult to
estimate theoretically because of the complex configuration of the gauge but they can be
computed using empirical formulae and graphical functions. This paper presents a comparison
of such indirect approaches for various types of standard precipitation gauges with a
practical application in the Swiss national precipitation network (Hellmann gauge).

Introduction
'The knowledge that the evaporation may be an error source in precipitation
measurement can be traced back to the 18th century /16/. Yet the first experiments were
carried out only in the last century /5/ /6/. Since than it is known that tlle evaporation
loss from the container of a properly designed standard precipitation gauge is in qeneral
small /16/, although on some occasions it can exceed 1.0 mm per day for a particular type
of gauge. 'The evaporation losses from other types of precipitation gauges than the standard
gauge can be a more serious problem. For example, in the case of a storage gauge the water
surface, if not sufficiently protected, is exposed to evaporation over a period
considerably longer than one day /14/. Further, the snow deposited in a heated
precipitation gauge evaporates very quickly if the heating system is not properly adjusted
(see /18/ for references). However, in both cases evaporation losses can be kept under
control using an oil layer 4-5 mm thick in storage gauges or adjusting the heating system
of recording gauges.
In this paper only the systematic evaporation losses of standard precipitation gauges
are dealt with. Much has been done in this field in the last 20 years mainly in the
U.S.S.R.'The chronology of the problem and the literature up to 1979 is reviewed in /16/
/17/. Of recent date are contributions /3/ /7/ /19/ /20/ /21/. 'They show small evaporation
losses for rain, as follows: It is 0.1 mm/day for the Norwegian gauge /7/, between 2 and 3
% for the Bulgarian Wild gauge /20/ and it is negligible for the Romanian 's IMC gauge /3/
and the Australian gauge /21/ /19/. However, -the evaporation loss for snow is 0.4 mm/day
and it can amount even to 3 rnm/day if the precipitation is measured using the Norwegian
snow gauge without funnel /7/. A comparison of the pit gauge and various types of standard
gauges shows also small evaporation losses /19/.
In this study the correction procedures of evaporation losses of standard
precipitation gauges of various types are reviewed and compared with the aim of their
application in the national networks. As an example the Swiss experience with the HelJluann
gauge is presented.
Methods
Correction for evaporation loss can be made, as follows:

Ll Pe
where:

i

e

= i

e

't e

(1)

intensity of evaporation (mm/h)
duration of evaporation (h), i.e. the time elapsed between the end of the
precipitation and the measurement of precipitation.

As Figure 1 shows,

i
depends on the
type of the gauge i.e: on its construction, material and colour, on the form
and amount of precipitation, the saturation deficit of the air and on wind
speed ( U h ) at the level of the gauge
rim durin~ evaporation. It is difficult
to estimate i theoretically because
of the complexeconfiguration of a precipitation gauge. However, i
can be
computed using empirical eqUations or
graphical functions as shown in Table 1
and Figure 1. 't
can be estimated using
precipitation-r~cordinggauges. It depends on the number of precipitation observations per day and may be assessed
to be equal to 3-6 hours for rain if
precipitation is measured twice per day.
In contrast, 't
is 6 hours for snow because the snoweevaporates in the gauge
also during snowfall.
In Switzerland the Hellmann
gauge is used as the standard gauge.
It shows small evaporation /1//15/ (Fig.
1). There are four methods to estimate
them empirically for rain. ( /13//15//16/
Table 1 and diagram 4, Fig. 1). Here,
three methods have been compared using 5year April-September data from stations
Altdorf, Lausanne and Schaffhausen situated in different parts of Switzerland.
The fourth method /1/ (eq./13/) has been
excluded from the comparison because of
data problems. rlhe variables needed to
compute -the evaporation losses according
to the three selected methods, the air
temperatur and humidity have been taken
from the year-books of the Swiss Meteorological Institute and the monthly duration of precipi·tation and evaporation
was available from the records of recording precipitation gauges. The best
method from the three above-mentioned
methods has been further chosen to evaluate the evaporation losses from April to
September 1965-1970 in the Swiss network.
For this aim 12 stations have been selected as shown in Tab. 2.

- 58 -

18

17 16

0.14

I

I
I

ie

I

I

. I

I

,

, I

,,

I

I

10

I

I

I I
I
I I
I I
I
I I

0.06

I

I

I

0.08

11

,,

I
I

I
I

I

I

I

I

12

'SNOW

I

I

13

,
,,

I

,

14

I

I

I
I
I

I
I

0.10

,,

I

I

(mm/h)

15

I
I
I

I

9

I

8
7

0.04

6
5
4
3

0.02

2
1

000

°

5

10

15

20

25

d ( hPa )

Fig. 1: Intensity of evaporation (i ) for various
standard precipitation gauges depending on the air
saturation deficit (d), wind speed, quantity of
water in the gauge (p) and the form of precipitation. Compiled accortling to data by /10//12//20/
/21/.
Rain:
1,2, 7, 11 Australian gauge for P ,;;; 1 mm,
1.1 to 20 ~T and> 20 mm fO~lwindgspeed
u ,;;; 4 m s a n d u > 4 m s , respectively.
e
3,e6 , 8 Snowdon gauge in a pit for P ,;;; 1 mm,
1.1 to 10 mm and
> 10 mm, respectTvely.
4, 7 Hellmann gaug;r for wind speed u < 2 m/s
e
and
2 to 4 m s , respectively.
5 Polish and Bulgarian (Wild) gauges
9 Hungarian gauge
10, 12, 13, 14 Tretyakov gauge for wind speeas at
the level of the gauge rim above ground (u ) of
h
o to 2, 2 to 4, 4 to 6 and 6 to 8 m -I
s , respect.
Snow:
15, 16, 17, 18 Tretyakov gauge without funnel for
wind speed~l (u ) of 1 to 2, 2 to 4, 4 to 6 and
h
6 to 8 m s , respectively.

Results
The evaporation losses estimated using equation /15/ (Tab. 1) considerably exceeded
those estimated using either equation /16/ or diagram 4 in Figure 1. In contrast, both
latter methods showed fairly good agreement as illustrated in the plot in Figure 2.
Considerable scatter showed only months with amounts of precipitation less than 55 mm. Yet
the evaporation losses of the three stations were very different, Schaffhausen showing the
highest values (1. 4%), Lausanne the average values (1%) and Altdorf the lowest values
(0.8%) .
Because of fairly good results, the evaporation losses in 12 selected stations have
finally been computed according to equation /16/ (Tab.l) developed originally in
Switzerland. They average only 1.1 mm per month or 0.07 mm per day which makes roughly 1%
of measured precipitation (Tab.2). The range between the stations is from 0.8% to 1.4%. In
general the evaporation losses are slightly larger in June and July than in the other
months of the summer (Fig. 3). Consequently, the magnitude and the spatial and temporal
variability of evaporation losses in Switzerland seems to be too small as to make
corrections necessary.
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Equations used for the estimation of intensity of evaporation (i ) and
e
evaporation losses ( ~p ) for various standard precipitation gauges.
e

No.
2

3

Equation

= 25.4(-0.021 +
et
+0.005 t )
2
= 0.025(0.791 +
i
et
+0.0856 t - 0.064 U
2
+ 0.119' '1: )
s
i

4

i

5

i

e
e

0.014 + 0.010 u

eh

e

e

eh

= delO.Ol + 0.004 u )
eh
e
+ 0.0005 u
eh

8

i

9

i

max.

-e)u h
e

i

= 0.0065(e

11

i

12

i

et
et
et

max.

e)u

= d (0.0008+0.0005 u

e
- 0.0005(d
i

13

0.0013 (e

e

e

4'3)

e

U.S.A.

/ 8/

Tretyakov

/12/

Tretyakov
(rain)

+ 0.004

7

10

U.S.A.

/13/

i

e

/13/

Leg end
Cl - c

/ 2/

Tretyakov
(rain)

/12/

Tretyakov
(snow)

/ 2/

Tretyakov
(snow)

/12/

Nipher

d

e

m

e
e

/11/

Hellmann

/15/

Hellmann

0.216 E - 0.05

/15/

Hellmann

0.013 E 2

/ 1/

Hellmann

0.029 t

t

3

- 0.196

2

14

0.1(cl+c2St+c3uS )d t

/ 4/

Swedish

15

0.072 d

/11/

Hellmann

16

0.57S '1: 't

- 0.205 /15/

Hellmann

17

0.004d·u.M rain

/9/

Tretyakov

IS

0.02 d· u . M
e e

/ 9/

Tretyakov

m

e

e

- 0.034
-1

p

e

snow

average daily air saturation deficit in (mm) or (hPa)
air humidity in (hPa)
max.water vapour pressure in (hPa)

Llp

U

P

average air saturation deficit during the period of evaporation {hPa)
monthly air saturation deficit (mm)

max
E
Penman potential evapotranspiration
p in (mm) or (hPa).
E
daily potential evapotranspiration
according to evaporimeter in (mm)
i
intensity of evaporation in (mm/h)
e
i
daily intensity of evaporation (mm/day)
et
monthly number of days with precipiM
ta t ion l!::: 0.1 mm cons ide ring two observations per day
monthly evaporation loss in (mm) or
e
(mm/day) (No. 15) or (% of monthly precipitation) (No. 16)
-2
daily insolation in (cal·cm )

- 7)

0.072 d

empirical coefficients (see

Re~erences)

d

6

et

Gauge

2 3
d (0.002+0.0013u h / )

+ 0.0015 u
e

Reference

daily air temperature 0.5 (t - t . )
o .
max rrun
in ( F).
daily air temperature 0.33 (t + tu
07
+t
) in (OF)
19
daily relative humidity of air in
percent

u

eh mean wind speed during the period
of evaporation at the level of the
gauge rim above ground, in lm/s)
mean daily wind speed at a level of
8 m above ground, in (m/s)
'1:e monthly duration of evaporation from
the gauge container in (h)
monthly duration of precipitation in
(h)
daily duration of insolation

Discussion
The agreement between the evaporation losses from the container of Hellmann gauges
as computed by two different methods needs explanation. One method as chosen for the application at the Swiss stations is very simple, based on the monthly duration of precipitation
and evaporation (eg. /1/ Tab. 1) and the other one is more complex, based on the daily
values of saturation deficit of the air (diagram 4, Fig. 1). The reasons are, in general,
low values of both the mean monthly air saturation deficit ( ~ 6 hPa) and wind speed ( ~ 2
m/s) in Switzerland. Consequently -the mean monthly evaporation loss depends considerably on
the duration of evaporation. On the other hand the mean monthly precipitation depends also
on the duration of precipitation. Thus the ratio of duration of precipitation and

- 60 evaporation gives a suitable charac·teristic of the percentage mean monthly evaporation loss
from a precipitation gauge. Of course, this method probably does not yield the best results
in dry windy regions with large values of the air saturation deficit. In such a case the
regression coefficient of 0.58 (eq. /16/, Tab. 1) could be too small.

Table 2
Evaporation losses from the Hellmann gauge in 12 Swiss stations.
April-September 1965-1970.
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Legend: (d
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Fig. 2. Plot of monthly and seasonal evaporation losses from the Hellmann
gauge as computed by two different
methods: • Altdorf,
x Lausanne,
A Schaffhausen, (in percent of precipitation sums). The period is from
April to September 1965-1970. The
rings indicate seasonal values and
the squares the monthly values with
the monthly precipitation sum smaller than 55 mm. LI P G and LIp S
show evaporation los~es computed
using diagram 4 in Fig. 1 and equation /16/ in Table 1 respectively.

Fig. 3. Seasonal pattern of the evaporation duration a), evaporation loss
from the Hellmann gauge b) and the
precipitation duration c). Average
values from 12 selected Swiss stations over the period from April to
September 1965-1970.

Summary
Evaporation losses from April to September of
the Hellmann precipitation gauge as determined
for 12 Swiss stations using a simple method
based on the monthly duration of rainfall and
evaporation, average 1%. 'TI1e 5-year results of
this simple method agree with those obtained
using a more complex method based on daily values of the air saturation deficit.
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THE INTERACTION OF SOLAR ENERGY WITH 'l'HE GREEN PLANTS
AND 'fHE INSTRUf.1ENTS FOR ITS MEASUREr·lENT."
J. Martinez Guerrero,
Institute of Geophysics, Natl. Univ. of Mexico.
O. Dominguez Espinoza and C. Gomez Amado.
CONSENSO, S. A. de C. V., Mexico City.

I.-INTRODUCTION.-The long established text book expression alleging that
"between 1% and 3% of the light falling upon a green plant is transfor-med into chemical energy", must be critically revised to see what is the
physical meaning of the word light. For example, Efimova (1) is of the opinion that the photosynthetical energy of the solar spectrum can be me
asured by means of an ordinary diffusometer and a pyrheliometer, imply-ing that all frequencies of the solar radiation enter into this consideration. Loomis and Williams (2) base their estimate taking into account
only the visible part of the spectrum. Obviously, the values of the effi
ciency changes radically with the amount of the incident energy.
From the mid-1920 to the early 1960s, a prodigious amount of work
to determine the actual value of the plant efficiency has been done; -theoretically is generally accepted that 8 quanta totalling 320 kiloca-lories, suffice to store the equivalent of 112 kilocalories in terms of
organic matter. 'l'he net efficiency of the photosynthetical process ther£
fore, is about 35%. As it is clearly seen, the status of the methodology
to estimate the photosynthetic activity lacks the correct accuracy. For
example, the demrmination of the primary sugars must be immediately done,
otherwise they are quickly transformed in other compounds that evade the
chemical analysis. Similar situation is found in the case of the measure
ment of the water absorption by means of the traditional forms, it is ve
ry difficult to ascertain what water portion is absorbed and how much is
lost by evaporation and by infiltration to the sUbsoil; for these reasons
it was decided to try a different approach under the following hypothesis:
1.-The green plants absorb from the solar radiation only the ener
gy carried out by the violet band limited by the wavelengths 365 to 475
nanometers and that of the red band limited by 600 and 675 nanometers. These bands coincide strictly with the absorption bands of the isolated
chlorophyllS as Engelmann (3) demonstrated for the case of the green al[me Oe.doo,oni...u.m .-;jp.; therefore, the sum of the energy carried hy both
bao
.
.~
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nds is capable

pe~

4e,

to sustain the Hill reaction, i.e., the produc--

tion of carbohydrates from the fusion of carbon dioxide with water under
the action of the radiation.
2.-Any other radiation different from the violet and red bands are incapable to sustain the ;)lant metabolism.
3.-Water is essential for the maintenance of photosynthesis. In
this work the water is directly conducted to the inner vascular system _
of the plant without any loss and it is considered that all this water enters in the Hill reaction, this operation has been possible by the inJ

troduc tion of the Agrostoichiometric s Techniques (AST@'Y deve loped by C0.!2
sensa. In these techniques it is employed a microporous ceramic injector
or implant tightly adjusted into a small perforation in the xylem. The implant remains isolated from the bark and the phloem by means of sealing
epoxy or silicone wax, that at the same time check any water leakage.
II.-INSTRUfI-1ENTATIO!;! • .::.:(a):- Ri\diation Sensors.-For this experiment a new
type of precision pyranometer \'las designed, the sensor is a double thin
film thermopile vacuum evaporated on the same substrate. The thermopiles
are made of 8i 2 Te 2 /Bi and of different sensitivity and they are connected
in opposition, after the design principle described by Nartinez Guerrero
(4). This sensor is known as a Differential Pyranometer and its description is in preparation for its publication.
(b): Spectral windoVls.-The measurement of the violet and red bands in -the specified v'lavelengths interval s, were made wi th the aid of glass fi1:
ters manufactured locally. The energy information is obtained by means of the sUbstracting method: the energy of the violet band is obtained -by the substraction of the indication of a violet pyranometer

(Cyanopyr~

nometer) and a dark red pyranometer. The energy of the red band on the other hand, is obtained from the difference of indications of a light -red pyranometer (Erythropyranometer) and the saT:1e dark red pyranometer.
(c): Water absorption measurements.-The volume of the absorbed water during a period of time, was measured by means of a semimicropipette

inst~

lIed at the end of a plastic hose in continuity vTi th the microporous implant.
Ill. -I;iETHODOLOGY. -The plant or plants under study have been adapted to the AST

C'P ....)

during several days without any other water source to be sure -

that the absorbed water en.,ters only throu.zh the implant. A set of Cyanoand Erythropyranometers, Cyano- and Erythrodiffusometers, a pyranometer
and a diffusometer, were placed around the trees to monitor continuosly
the falling radiation. The vlater readings were made at intervals of one
minute in order to obtain consistent readings with the radiation changes.
'l'he fi[',ure 1 shows a segment of a typical graph obtained in a rather cle
ar sky interspersed with sone cumulus humilis.
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1.0

VIOLET BAND

Figure i.-Exploded view of the graphs obtained in a typical Mexico City
sky \'li th cumulus humilis. The upper graph corresponds to the violet band,
and in a descending order to the red band and that of the water absorbed
by Ce.d/l.e.J..J..a 4p. and finally the absorbed by Fi..CU4 11.e.;tu4a.
To document that any other radiation different from the violet -and red bands is equivalent to the darkness, the plants were enclosed in
a dark room to be illuminated during long intervals by yellow light, afterwards by green light and finally by infrared radiation. No water absorption was registered during the thre.e separated or simultaneous irra-diations, but as soon as day light, red or violet radiations incided on
the trees, water was readily absorbed at the normal rate. To check up -that the radiation transmitted by a living leaf does not sustain the ph£
tosynthetical activity, the following experiment was made: the leaves of
a Fi..cu4 e.J..a4;ti..ca were sandwiched between leaves of the same specie and black cardboard. In this way the only radiation that penetrates the en-closed leaf is the transmitted by the first leaf. The result was equivalent to that obtained with full darkness, meaning that the first leaf
absorbed selectively the photosynthetical active part of the incoming ra
diation. It is interesting to note, that the introduction of CO 2 through
the implant increases the water absorption by approximately a 50% under
the same value of radiation, and also that the moderate winds stop momen
tarily the water absorption may be due to the sudden change of the leaf
are exposed to the sun.

- 66 IV.-l1ESULTS.-From the integration of the results obtained with all radia
tion sensors, were extracted the values to establish the efficiency of
the studied plants. Table 1 shows these results:

Incident Reflex
energy

accum. Respir Leaf Area Effici
sugar
losses energy energy -33%
calcd. estim ncy.
2
11.5% *100.6
34.5 -23
0.71m 0.86{ft 22.9%

113.~

J!cm

Net

16.5%

IJ

lem

2

95.1

J !cm

Species:

Ced/l.ella .-Jp.

2

21.4

-14.3

0.44m

2

2
0.53m 15.1%

Fi..cu.-J /l.e:tu.-Ja

Dbviously, the validity of the results rest in the validity of
the hypothesis that all water absorbed enters in the Hill reaction:

The verification was made by chemical analysis of the synthetized sugars
by a kno"m surface area of a leaf during one hour, under measured radiation. The results show a clear stoichiometric relation bebveen the absor
bed water and the accumulated sugar. With this result of sugar concentra
tion

is possible to arrive to the effective leaf area from the volume -

of absorbed water. This datum is important because in the most part of
vegetals is practically impossible to have exact measurements of the leaf
area. On the other hand, when additional quantities of CO

were injected
2
to. the trees, the water absorption increased surely to maintain the stoi

chiometric proportion of the Hill reaction.
In the final experiment the integrated values

of the red and vio

let bands less the pyranometric estimated reflexion losses, were compared
with the difference of the energies obtained from the accumulated sugars
and that lost by the respiration process. This last value was consulted
from the current references (33%). The calculated leaf area was obtained
from the stoichiometric relation of the Hill reaction and all energies
considered are stipulated in Joules per square centimeter,the foliar
areas in square meters.
V.-l1EFEl1ENCES:
(1): Efimova, N.A., IIPhotosynthetically active radiation over the USSR II •
In A.A. Nichiporovich (Ed) Photosynthesis of productive
systems. Acad. of Sci. Moscow (1966)
(2): Loomis, R.S. and \'l.A. Williams, IIHaximum Crop productivity: an est!
mate. 1I Crop Sci., 3, 67-72 (1963).
(3): EngeImann, cit by Linder, H. ,-Biologie, I,'Ietzlersche Ver. (1971) p.53
(4): Hartinez, G.J., IIPyranometer with adjustable time constant and sens!
tivityll. \'1.1,1.0., Instr. e, observing Hethods. Report 9
(TEeINO 11) p. 271 (1981).
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METEOROLOGICAL INSTRUMENTATION WITH SPECIAL
REFERENCE TO THF NEEDS OF DEVELOPING COUNTRIES
S.M. KULSHRESTHA
India Meteorological Department
NEW DELHI-ll0003, INDIA
ABSTRACT : Cost effectiveness is very important in
meteorological observations. This consideration is
much more important to developing countries for
obvious economic reasons. The paper describes the
experience, in the field of meteorological instrumentation and observations gained in India which
has the unique position of a developing country
having a century old national meteorological service with a fairly dense observational network and
which has achieved self-reliance in meteorological
instruments including sophisticated systems like
radiosondes, radiotheodolites and radars. While
discussing the history and present status of meteorological instrumentation in India,
the role of
standardization is stressed.
Demands generated
by new usages and new technologies are indicated
and thrust areas, where further work is needed,
are pointed out.
1.

INTRODUCTION

2.

COST-EFFECTIVENESS IN THE CONTEXT
OF DEVELOPING COUNTRIES

While meteorological instruments
shoUld have the properties of measuring
The need for meteorological
instruments in general, the special
instruments and observations to be
conditions under which meteorological cost-effective to the maximum
instruments are used make the emphasis possible extent is much more relevant
somewhat different.
Meteorological
in the context of developing countries.
instruments have to operate at field
It is gratifying that the developing
stations in a nation-wide network,
countries, realizing the importance
have to be in continuous operation
of meteorology in their national
in most cases, are exposed wholly or
development, have not lost time in
partially to inclement weather, are
e~tablishing meteorological and/or
installed in distant and inhospitable hydrometeorological services, as is
locations, and are generally operated evident from the growth pattern of the
by persons less skilled than a labora- Membership of WMO. However it cannot
tory scientist. Interchangeability
be said that all or majority of the
of parts is a function of massMembers are able to manage their
production and is essential in any
meteorological instruments and obserobservational network. In view of the vation programmes in a cost-effective
large numbers of meteorological instru- manner. The problem in the context
ments deployed in a national network, of developing countries arises mainly
low initial investment and low cost of from the following factors.
maintenance are two very important
economic considerations in operating
Ca) Limited financial resources
a meteorological observation network. which in many cases make it difficult
Above all, meteorological instruments to make long term commitments.
should be standardized equipment to
. ..
ensure accuracy and uniformity of data.
Cb) Mult:pllClty.of types of
These are essential attributes to make lnstruments ln a natlonal network and
meteorological instruments and obser- the consequent problems of servicing
vations as economical as possible and ~nd main~enance, including large
thereby cost-effective.
lnventorles of spares.

- 70-

(c) Non-aiVailability or $hortage
scene presents a fascinating
of adequate installation and mainte- mentation
but
challenging
task to the planners
nance personnel.
in developing countries. No unique
solutions can be offered because these
(td ) Lac~ of infrhastrufcture alnd
will depend on local situations to a
suppor serVlces. suc as. ast te ecommunications, for modernization of very l~rge extent: Howe!er, t~e
instruments and methods of observation. followlng few baslc conslderatlons
have to be kept in view in relation to
meteorological instrumentation in
developing countries :
3.
IMPACT OF NEW DEMANDS AND NfW
TECHNOLOGY
(a) Uniformity of equipment is
Whil e these are some aspects of
es sential in the national network to
the conventional meteorological ins- , . the maximum possible extent to ensure
trumentation scene in developing coun- economy in maintenance expenditure.
tries, newer usages are demanding
(b) Extent of sophistication and
(and receiving) new meteorological
instrumentation and the newer techno- automation in meteorological instruments and methods of observation has
logy is having its own impact on tIle
to be decided in relation to the
design, manufacture and use of meteo- available
and projected infrastructure.
rological instruments. A few representative examples are listed below :
(c) Concept of self-reliance has
to be adopted by making a beginning
New Usages
with maintenance and repair work going
on to manufacture of conventional
Modelling and N.W.P.
meteorological instruments wherever
practicable. Until then, care has to
Pollutant dispersal
be taken to induct in the network only
Environmental monitoring
the standard field-proven equipment
with assured maintenance support at
Space launchings
reasonable cost.
Righ speed and high aH itude
(d) Standardization has to be
aircraft
introduced at an early stage of development before a variety of equipment
Ocean-weather studies
and practices become ingrained in the
Radiation and energy balance
system. This would involve two stages.
First, to replace the non-standard
Solar energy and wind energy
instruments, if any,' by standard type
of instruments and second, to ensure
New Technology
proper comparison/calibration of the
instruments in the national network.
Solid state electronics
Remote sensing tecIiniques

5.

Dedicated micro-processors

The India Meteorological Department, which is India's nationa1meteoro1ogica1 service, was formally established in 1875. Test, calibration
and comparison of meteorological insNew improved sensors
truments used to be done in those days
New dedicated platforms includ- by the Central Observatory at A1ipore
ing those over oceans and in
in Calcutta. Till 1912, there was not
space
much thrust in manufacture of meteorological instruments in India. When
Collection and rebroadcast of
interest developed in upper-air obserdata via satellites.
vations, it was realized that importing
large number of expendables for upperACTION PLAN FOP COST-EFFECTIVE
air
observations was not economical.
INSTRUMENTATION IN DEVELOPING
In
1914,
the Upper Air Observatory was
COUNTRIES
established at Agra. In 1928, an
Instruments Section was established
Thus the meteorological instruDigital signal processing
display

4.

INDIA'S EXPERIENCE

&
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at Pune for calibration and supply of
surface instruments. The Headquarters
of the upper air organisation were
shifted from Agra to Delhi in 1940.
By 1947, the Department had two fairly
well-equipped workshops and laboratories at Pune and New Delhi, the former specialising in surface-based
instruments and the latter in upperair instruments. Due to all round
development activity in the country,
the demand for more and new instrumentation has been on the increase .
and these two institutions have proved
their worth by meeting these requirements. The Pune Instruments Division,
apart from making all conventional
surface instruments, is now producing
sophisticated equipment like Current
Weather Instruments System for airports incorporating digital technology
for remote display and recording,
radiation measuring instruments,
instruments for measurement of surface
ozone and its vertical distribution,
and sensors for Data Collection Platforms (DCP) used in the INSAT programme. The New Delhi workshop produces radiosondes, windsondes, IC
i) Tata Institute of Fundamental
Research, Bombay
ii) Space Application Centre,
Ahmedabad
iii) National Aeronautical
Laboratory, Bangalore
iv) Gujarat Communications &
Electronics Ltd., Baroda
v) Bharat Electronics Limited,
Bangalore and Ghaziabad
vi) Electronics Corporation of
India Ltd., Hyderabad
vii) National Instruments Limited,
Calcutta
viii) National Physical Laboratory,
New Delhi
ix) Indian Institute of Science,
Bangalore
x) Indian Institute of Tropical
Meteorology, Pune

relays, hygristor sensors, radiorefracti vi ty-sondes, baroswi tches, stevenson screens and pilot balloon
accessories. APT Ground equipment
(for receiving satellite imagery)
are also made at New Delhi. In all,
the departmental workshops and
laboratories at New Delhi and Pune
make more than 100 different types
of meteorological instruments at
economical prices. These establishments meet the requirement of meteo,
rological instruments for various
government agencies, universities
and research institutes in India. A
few India made instruments have been
in use outside India as part of VCP
projects.
Apart from the India Meteorological Department, work on meteorological instrumentation has also been
done, or is being done, in other
scientific institutions in India
in close collaboration with the
Meteorological Department. A few
representative examples
are listed
below :
a) Radio-theodolites
b) Radar Video Processor
Sa tell i te - borne
techniques
a) Visibility measuring equipment
b) Radio reporting raingauge
a) Visibility measuring equipment
b) DCP stations
X-band and S-band
Meteorological Radar
including wind finding radars
Radiosonde Ground Equipment
a) Thermometers
b) Measuring Glasses for raingauge
c) Pyranometers
SODAR
Micrometeorological
instruments
Rocket borne sensors

Standardization is very desirable of meteorological instruments. In
for most types of instruments but it
India, the Meteorological Department
is essential and inescapable in case
has been working very closely with
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the Indian Standards Institution (ISI)
in the field of standardization of
meteorological instruments. So far,
21 Indian Standards have been published for meteorological instruments
and more are under preparation.
Before this standardization work Was
taken in hand, the India Meteorological Department completed the conversion of the meteorological instruments
and observing practices to the metric
system as early as 1957-58.
6.

PRESENT NETWORK IN INDIA

The existing meteorological
observation network in India is as
follows :
Surface Observatories

555

Rawinsonde Observatories

34

X-Band Storm Detection
Radars

11

S-Band Cyclone Detection
Radars

8

APT Stations

8

Evapotranspiration Stations
Radiation Observatories
Radiometersonde
Observatories

Ships of the Indian
Voluntary Observing Fleet

1
188
215
35
40
8

5
3

276

In addition, the Indian National
Geostationary Satellite (INSAT) which
is operational since October 1983 has
provided the facilities for day and
night full disk imagery and the associated Data Collection Platform (DCP)
System.
7.

Hydrometeorological
675
Observatories
Pilot Balioon Observatories 63

VHRR Station
Agrometeorological
Observatories
Evaporation Stations

Total Ozone &Umkehr
Stations
Ozonesonde Observatories

CONCLUSION

Before concluding this narrative
on meteorological instrumentation with
reference to the needs of developing
countries and India's experience in
this regard, it will be of interest to
quote the following excerpt from a
recent article by President of CIMO
(Huovila 1982)
"The best way to control and
monitor the real time flow of
meteorological information would
be to concentrate the total responsibility for observations in
one department of the Meteorological Service - responsibility
which would cover all links of
the chain from the sensor through
the telecommunication system to
the computer facility".
This is precisely the policy that has
been followed in the development and management of meteorological instruments and observation programme in the India Meteorological
Department silice long and this has yielded
very good results in a cost-effective manner.

Huovila, S., 1982, Meteorological
InstrumentationProblems & Challenges, WMO Bulletin, 31(4), pp 344-48

(The opinions expressed in
this note are
author's own,
and not necessarilx those
of the Organisation to which he is affiliated)

(Reference 11.2)
SAWO - AN EFFICIENT WEATHER OBSERVATION SYSTEM FOR AIRPORTS USED
IN SWEDEN
Leif Bergman
Swedish Meteorological and
Hydrological Institute
Norrkoping, Sweden
Alf Larsson
Board of Civil Aviation
Norrkoping, Sweden

1.

BACKGROUND

The 'Flygvader-80'-group
decided in 1980 to try new methods and
new technique to make staff-integration
between MET OBS and ATS possible.
During spring and summer,
the same year, three test-periods took
place in Jonkoping trying only to test
the possibility to reduce the workload
for the MET OBS-function. The result
from using SAWO (Semi-Automatic WeatherObservation system) showed that it was
possible to reduce the manual work by
more than 50%. Another effect was better
and more safe information, especially
for pressure values.

PRINCIPAL FUNCTIONS

2.

The principal functions of SAWO are:
- to collect MET-sensor data
- to process MET-sensor data
- to collect manual MET- and ATSinformation
- to display and log data
- to transmit and recieve telegrams
3.

TECHNICAL DESCRIPTION

3.1

SAWO 1601

Figure 1

In the beginning of 1982 the
BCA (Board of Civil Aviation) ordered
six systems able to handle both MET- and
ATS-data. One of these six was an extended system.
Successively more systems
have been ordered and the delivery
started in November 1983 and will continue in 1984.
These systems automatically
process information from ceilometer,
wind, temperature, humidity and pressure
sensors. The extended system processes
also RVR and MOR.
both
done
BCA,
well

The development of SAWO,
hardware and software, has been
in very close cooperation between
SMHI and staff representatives as
as trade union.

(LOUD

SAWO
BLOCK DIAGRAM

for airports
KIRUNA
NORRKOPING
VISBY
KARLSTAO
JONKOPING
BROMMA

ORNSKOLOSVIK
UMEA
HALMSTAD
KALMAR
SKELLEFTEA

- WIND
To SAWO is connected the existing wind
sensor equipment (ESSP: Vaisala, other:
SMHI) •
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- AIR TEMPERATURE AND
HUMIDITY
To SAWO is connected resistance thermometer (Rosemount Pt 100) and hair hygrometer (Lambrecht 809 L 100) via standard interface and amplifier.

3.2

SAWO 1602

Figure 2
METPR[(i
. . . ."

GRAPHICS

- PRESSURE
In. SAWO CPU two pressure sensors are
integrated (SETRA 270). One of these two
is the master, the other is back-up with
a separate display in TWR. These two are
watching each other and when the difference between them is greater than 0.3 mb
SAWO indicates 'pressure alarm'.
- CLOUD BASE
To SAWO is connected one ceilometer
(ASEA).
- OPERATORS EQUIPMENT
One alphanumerical display and keyboard
(TANDBERG 2220) is used for data control, editing and handling of the system.
SPEECH

One printer with different
size of digits (FACIT 4210) is used for
printing AFTN-telegrams and MET REPORT.

OEN

- SERVICE STAFF EQUIPMENT
Same as operators'. This equipment is
normally used for sensor check and system commands. This printer, display and
keyboard could also be used as a short
time back up for the TWR-position.
- CCTV
Same display as operators', normally
placed within the airport for crew and
company information.
- External TV
The information from ESSB is transferred
to ESSA via ADAT. At ESSA this information is included in ESSA CCTV-system.

MET/ATS
BLOCK DIAGRAM
STURUP AIRPORT

The extended version is in
big terms built up in the same way as
the standard version. The mainly differences are, however:

-

- AFTN
SAWO is connected to the AFTN-system
which transfers MET-telegrams as METAR
and SYNOP directly to ATESTO.
- ADAC
To make sure that SMHI gets necessary
information even when AFTN or ATESTO is
unable to serve, SAWO is connected to
the switched telephone network. Due to
this function we have no need of local
documentation of METAR and SYNOP reports.

-

The CPU consists of a
double data system.
3 pressure sensors
2 ceilometers, 0-10 000 FT
(ASEA QL 1212)
3 transmissiometers, RVR
25-2 000 m and MOR 257 500 m (ASEA)
A mass storage to each
CPU
2 possible operator positions (MET OBS + TWR)
Connection to APLOT (TAF
AMD and SIGMET)
Option: speech generator
(ATIS)
Option: colour graphic
display (sensor data the
latest 3 hours in MET FCST
position)
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4.

DESCRIPTION

4.1

Hardware

The computer is a microprocessor named ASEA SYSTEM 1600. This computer is built up as a modular system
which makes it very easy to add or
change modules in the system. The CPU is
INTEL 8086. The memory is 220 kbyte
PROM and 140 kbyte RAM in the basic version, and 300 kbyte PROM and 200 kbyte
RAM in the extended version.
4.2

Software

The software is developed in
a high level language PL/M-86 by SMHI.
It consists of a number of parallel
tasks controlled by the operating system
iRMX -86.
4.3

Communication

Display and keyboard communication speed is 4800 baud. AFTN communication speed is 100 baud full duplex.
ADAC communication speed is 600 baud
half duplex. Printer communication speed
is 300 baud.

5.

SAMPLING AND CALCULATING

WIND
is sampled every 1.5 s, and every 15 s
the following is calculated:

*
*
*
*

last 10 min mean wind
direction and speed
last 2 min mean wind direction and speed
last 10 min extreme values
in direction and speed
last 2 min tail-wind components in relation to the
runway direction

AIR TEMPERATURE AND HUMIDITY
is sampled every 5 s. Every 60 s SAWO
calculates the arithmetic mean for the
last minute and based on those figures
dewpoint is calculated.

PRESSURE
is sampled every 5 s. Every 60 s SAWO
calculates the arithmetic mean for the
last minute and based on that figure the
following is calculated:
- QFE (airport and each
threshold)
QNH

- QFF
- Tendency (expressed by 'a'
in the SYNOP-code')
- Difference (actual QFE-QFE
3 hours ago)
- TL
CLOUD BASE
is sampled every 15 s.
RVR AND MOR
is sampled and calculated every 2.8 s.
Every 15 s a mean RVR and MOR is
calculated.
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1984-03-15
1205 GMT
RWY MEAN02 MEAN10 VRH ~lNM/MAX COMP
18 150/13 150/14 130-160 07/24 -12L07
36 160/12 150/13 140.. 180 05/23 +12R04

KARLSTAD
B
RWY 18 MET REPORT 1150
150/13 MAX 24
VIS 10 KM

Figure 3

SHOWERS OF RAIN AND SNOW
1/8 500 FT
5/8 CB 1500 FT
T 01 DP MS 01
QNH 1012

TL 40
QNH 1012,3 QFE/18 1006,3 QFE/36 1006,1
QFE 1007,5 QFF 1013,4 TEND 3 DIFF 007

TL 40

T 1,2 DP -0,9 RH 86 MAX 10,2 MNM -5,3
CLD/18 0500 FT

RWY 18 B/A 27/26/29 UREA SPREAD ON RWY 18

P1=~lETAR P2=MET REPORT
6.

P3=SYNOP

PRESENTATION

The »asic display picture
presents the latest MET REPORT or SPECIAL and all sensor data together with
local ATS-information and system information.
The sensor data will be
renewed in the same time interval as
data are calculated, see chapter 5
above.

7.

EDITING

Through function keys the
following editing can be made:

P4=AFTN

WATCH
P8=MOORE P9=ESC

The editing form of METAR
and SYNOP is exactly the same as the
manual routine which makes the system
very easy to learn for the operators.
The editing in all meteorological messages is based on the principle of making changes in the previous report.

8.

OPERATIONAL EXPERIENCE

SAWO was operational at ESSP
in November, 1983 and ESNQ in February,
1984. These systems have proved to be
very reliable and still in March no
problems or errors have been reported to
the BCA.
9.

- SYNOP (including COR and
RTD)
- METAR (including SPECI,
COR and RTD)
- MET REPORT (including
SPECIAL)
National CLIMATE-reports
- AFTN-telegram (FLP, NOTAM,
NOWTAM, FREE EDITING,
etc)
- ATS-information
- COMPARE (sensor check)
- Change TIME
- Set ATTENTION-signal
- Set weather WATCH-signal
(to indicate special report)
- Exclude or recover sensors
and units

P5=ATS

CONCLUSIONS

The system design of SAWO
has proven to fulfil the requirements
set for the system. Staff integration
has been possible thanks to the decreased workload. Error risk in observing,
coding and transmitting wind, air temperature, humidity and pressure has been
eliminated.

(Reference 11.3)

INVESTIGATION OF THE ATMOSPHERIC BOUNDARY
LAYER BY TETHERSONDE SYSTEM TS - 2A
D. Koracin,

Z.

Basic and B. Cividini

Hydrometeorological Institute of Croatia, Zagreb, Gric 3, Yugoslavia

1.

Introduction

Tethersonde TS-2A (made by AIR Inc., USA) is small but efficient equipment for meteorological parameter measurements in the lowest kilometre
of the atmosphere. Data information about temperature, humidity, wind speed
and wind direction can be obtained with it. Various investigations of the
atmospheric boundary layer using the tethersonde (e.g. Whiteman /6/, Whiteman and McKee /7/) as well as comparison with meteorological tower data
(e. g. Kaimal et al /2/) have been performed to date. Five-years of working
experience and application in environmental and research studies are being
presented in this paper. Calibration of wind speed sensors for low wind
speeds (important in high pollution episodes) is described as well.
2. Concept of measuring system
The tethersonde TS-2A system consists of a sensor package attached to
an aerodynamical balloon, a tether line controlled by a winch, and a ground
station (Morris et al /5/, Kaimal et al /2/). A block diagram of the measuring system is shown in Figure 1.

if
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TS-'AR

I
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I
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I
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M'CROPROCESS

rS-1AR

FIGURE 1 MEASURING SYSTEM\

We have made measurements with two types of airborne sensor packages, the
TS-IAR (cca 1200 soundings) and the TS-IA-1SP (new one, with cca 800 soundings). Both types have similar sensor characteristics listed in Table 1. The
ground station was equipped with a wide periphery. A LED indicator, strip
chart recorder and a printer provide a real-time look at the data. A modified HP-97 printer calculator provides data calculation and the cassette
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recorder enables analysis on the computer afterwards. Most of our final analysis has been done with data recorded on cassette tapes and processed on an
HP-I000 computer.
Table 1. Sensor characteristics
Dry and Wet-bulb temp.
Pressure (p)
Wind Speed
Wind Direction

thermistor
aneroid capsule
cup anemometer
magnetic compass
and balloon

-50 0 to +SOoC ± O.SoC
o to 100 millibars ±lmb
0.4 to 20m/s ±0.25m/s
0-3600 :!:: 50

3. Application review
From August 1978 to January 1984 the Center for Meteorological Research of the Croatian Hydrometeorological Institute has performed a total
of 1990 soundings using the tethersonde TS-2A system. Measurements were
made on eleven different locations, mostly in Croatia.
Environmental studies for the towns of Zagreb (influence of a thermal gas
plant as well as of the future cre~atorium), Bjelovar and Varazdin have been
elaborated and meteorological conditions had been researched. Investigations
were also performed in the intensive comparison experiment on Kopaonik Mountain, on the Molve gas drilling location and in the coastal region Vir Island. Parameters for diffusion models applied to the environment of the coal
power plant in complex terrain (Plomin valley) were obtained from tethersonde and pibal data. Tethersonde measurements associated with two simultaneous pibal measurements in the long valley near the town of Varazdin have
provided a base for an environmental study around a planned cement factory.
In the great industry complex at the foot of a mountain valley (Zenica)
tethersonde location was in the middle of the town and three pibal locations were on the peaks of a imagined triangle with lines about thirty kilometres long.
Samples were taken in all seasons and have lasted two to five days each.
Soundings were performed everyone to three hours. Mean duration period of
a sounding was about half an hour.
All tethersonde measurements were carried out under the following range of
the ground level conditions:
-

Air pressure
Air temperature
Relative humidity
Wind speed

960.0 - 1026.6 mb
-8.9 - +33.8 0 C
28.1 - 100%
O. 0 - 7. 0 m/ s

The greatest height of a sounding has been 1093 meters. Maximum recorded
wind speed on the highest measuring level has been 14.0 m/so
4. Tethersonde data summary
Because descent-soundings usually show additional disturbances in
measurement data, ascent-soundings have been only taken into consideration
in our analysis. Up-soundings have been also preferedby the other authors
(e.g. Whiteman /6/).
After a logical control and the recording of measured data on a magnetic
·tape, a computer programme is applied and complex parameters are printed out
in seven tables. Identification of station, date, time of beginning, ordinal number of sounding, height above sea level, longitude, latitude and indication of visibility and cloudiness are written on each table. Ground level conditions: air pressure (mb), temperature (oC), relative humidity (%),

- 79 wind speed (m/s)

and direction (degree) can be also found in each Table.

Basic, corrected and smoothed parameters are presented in Table I - first
part (F igure 2 ):
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Figure 2. Example of data listing for a tethersonde
H-TLO/NN/ VRIJEME
DP
T/GT/
RT
DDD/GDDD/
DD
FFF
KFFF/GKFF/-

..

flight.

height above ground /sea level/ (m)
time after synchronization (min)
relative pressure differences between two successive points (mb)
air temperature /smoothed/ (oC)
dry and wet bulb temperature difference (oC)
wind direction /smoothed/ (degree)
ver'tical difference of a wind direction (degree)
wind speed (m/ s)
corrected land smoothed/ wind speed (m/s)

Table I-second part consists of wet bulb temperature, apsolute value of an
air pressure, saturated water vapour pressure, effective water vapour pressure, dew point temperature, mixing ratio, relative humidity, virtual temperature and potential temperature.
Gradients and parameters of a stability estimation are listed in Table 11:
vertical temperature rate, vertical wind speed rate, vertical wind direction
rate, vertical potential temperature rate, mean value of a potential temperature, Richardson number, bulk-Richardson number, mean value of an apsolute
temperature, static stability parameter and Hogstrom parameter.
Table III presents temperature, humidity and wind data at 30, 50, 100, ••• etc.
meters above ground as does Table V for 50, 100, 150 m, ... etc. above sea
level.
Gradients and parameters for the stability estimation in indicated layers
above ground (above sea level) 2-30, 2-50, 2-100, 50-100, 100-150 m, ••• etc.
can be found in Table IV (Table VI) •
One subroutine of the programme checks a characteristic of temperature lapse
rate with height and divides tethersonde measuring depth into layers (normal
decrease, isothermal or inversion).
Parameters from Tables II, IV and VI are calculated for each layer and presented in Table VII.
5. Some investigation results
Analysis of a vertical stability distribution in the lowest 100 m of
the atmospheric boundary layer (quasistationary synoptic situations) have teen
made for four seasonal five-day samples measured by t~thersonde. The average
absolute values Ri and RiB' for stability categories A-G, increase with
height, except for neutral stability category D when they are constant with
height. So, if the lowest part of the atmospheric boundary layer is stable
(unstable) then it becomes more stable (unstable) with height. Estimated

- 80 critical values of bulk-Richardson number Rise 0.02 (for 2-30 m layer) and
0.065 (for 30-50 layer) are notable lower than 0.50 (recommanded by Mahrt

141) •

Comparison of Pasquill"s stability categories estimated frOll a tanperamre gradi~
ent (measured by tethersond~ and temperature differences between two close
distant(~8.5 km apart) stations (Varazdin and Seketin) with 102 m vertical
distance have revealed significantly different daily variations in summer
and winter. The best fitted pattern is a polynom of the fifth order.
On the bases of the two-day (undisturbed synoptic situation) tethersonde
soundings in Zagreb, Loncar 131 found empirical coefficients for the power
law function (wind speed vs. height) in the first 500 m for night, morning
and afternoon. Characteristic mountain wind circulation (Zagreb is on the
foothills of mountain Medvednica) was observed up to 250 m.
6. Calibration for low wind speeds
After a five-year exploitation period we made calibration measurements
for low wind speeds 0-5 ml s. At this time the airborne sensor package TS-IAR
had about 1200 soundings and the new TS-IA-lSP had about 100 soundings. The
measuring principle was to compare discrete values of vehicle speed and
tethersonde wind speed. Precision of the special rail-vehicle speed was better than to.Ol m/s and it simulated reference wind speed. Comparison for the
8=t45° angle of attack (only TS-IA-lSP) was also made (Figure 3) .
Table 2. Starting speed
TS-IAR

e = 00
8 =+45 0
8 =-45 0

TS-IA-lSP

0.47 m/s
0.91 m/s
1.15 m/s

0.42 m/s
0.58 m/s
0.90 m/s
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FIGURE 3. SCATTER DIAGI'lAM OF TETHERSONDE WIND SPEED VS. VEHICLE SPEED

- 81 We have used the definition that starting speed ("threshold") is the airspeed at which a sensor can barely sustain rotation (Beckman /1/). We can
see in Table 2 that starting speed and the linearity of TS-IAR tethersonde
is spoiled because of wasted ballbearings, but still in a range of specified
limits.
Table 3. Statistical summary of the results from the tethersonde comparison.
Variable
T8-1AR
TS-IA-lSP

V(m/s),8=00
V (m/s) ,8=0 0

No.of
points

Vehicle
mean

Tethersonde
mean

rms
diff.

12

20457

2.508

1. 575

Correlation
0.998

22

3.340

1. 961

1. 937

0.999

V (m/s) ,8=+45 0

11

1. 857

1. 600

1.195

0.997

V(m/s) ,8=-45 0

10

2.499

1. 780

1.328

0.996

Analysis of the data from the comparison wind measurement (Table 3 ) has
shown that there is good agreement between tethersonde and vehicle.
7. Concluding remarks
Almost two thousand soundings by tethersonde TS-2A on various locations (from coastal to complex mountain terrain) were performed over the
five-year working period. A programme for processing basic data (as input)
has been developed. Output data are: corrected and smoothed basic parameters
as well as profile and complex parameters (indicators of a turbulence and
stability states). Processed data have been applied in environmental studies
as well as in a research of the atmospheric boundary layer.
Calibration for low wind speeds is in accordance with tethersonde technical
specifications.
Owing to the whole working experience it can be concluded that TS-2A is a
reliable measuring system over a long exploitation period.
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TECHNICAL DESCRIPTION OF THE AUTOMATED SHIPBOARD AEROLOGICAL PROGRAM (ASAP)
H. L. Cole
National Center for Atmospheric Research*
Boulder. Colorado
~-1. H. Keenan
National Oceanic and Atmospheric Administration
Rockville. Maryland

1.0

SUMMARY

C.P. AMBASSADOR. in the North Atlantic.
French have constructed a sea container
system and have run sea trials between
Le Havre/Bordeaux and Martinique.

The Automated Shipboard Aerological
Program (ASAP). see Cole. et al. (1983).
(1). is an international program. which
provides cost effective upper-air
observations from the world's oceans. The
program was initiated by the United States
and Canada in the fall of 1981 with the
development of a prototype. semi-automatic.
upper-air sounding system that is housed in
a standard sea-container. which can be
placed on merchant ships-of-opportunity.
This prototype system was completed in the
spring of 1982 and placed on a Japanese
automobile carrier. the M.V. FRIENDSHIP. in
April for test and evaluation. The positive
out-come of the tests resulted in the
operational use of the system in the North
Pacific for the past two winters. The
program is now receiving international
interest and support. as the United Kingdom
and France are conducting sea trials in the
Atlantic with ASAP type systems this summer
and fall. The prototype system. ASAP 1. is
being used by the U.K. Meteorological Office
and is undergoing sea trials on board the
Canadian Pacific container vessel.

In the two years of operation in the
North Pacific, some design and operational
changes have taken place. The purpose of
this paper is to present an evaluation of
the ASAP 1 system with the incorporated
changes. In addition, this paper will
outline the engineering design of the next
generation system. ASAP 2. which is now
under construction.
2.0

ASAP 1 SYSTEM DESCRIPTION AND
MAJOR CHANGES

ASAP 1 (Fig. 1) consists of the
following major subsystems:
• Mechanical and Launching
• Power
• Automatic Upper-air Sounding
Electronics
• Shipboard Computer Controller
• Satellite Transmitter
• Geostationary Operational
Environmental Satellite (GOES)
Ground Station
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The

ASAP 1 System Diagram

WThe National Center for Atmospheric Research is sponsored by the National Science
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- 84 • NCAR Ground Station Computer
Controller
• Canadian (AES) Data Center Computer
Controller
The first five subsystems are part of
the launch and tracking module (sea
container), placed on board ship. The
remaining three subsystems comprise the
ground station for receiving data from the
ship via the GOES satellite. Figure 2 is a
floor plan of the container showing the two
rooms (electronics and launch) where most of
the major equipment items are located.
Figure 3 shows the layout of the electronics
room, as presently configured, and identifies
the electrical and electronic hardware.
After the initial voyage of ASAP 1, two
major design changes were made in the
electronics room. First, was the addition of
a small, roof-mounted, recreational vehicle
(RV) air conditioner (2 kW hr) to remove heat
generated by the electronics equipment. This
equipment is continuously powered to reduce
corrosion. The electronics room is insulated
with 5.0 cm of urethane foam to provide ·the
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operator with a comfortable environment in
winter in the North Pacific. The air
conditioner is capable of maintaining a
room at 24°C during days when the outside
temperature is as high as 30°C. Second, was
the addition of vibration isolators under
all electrical and electronic equipment.
The container is positioned near the stern
of the ship over the main propeller drive
shaft, which causes a large amplitude,
low-frequency vibration (~0.5 G at 10 Hz)
when the ship is operating at or near
cruising speed (~8.75 m/s). Pneumatic
vibration isolators were installed at
three primary locations (see Fig. 3):
1) under the MicroCORA rack, 2) under the
transformer shelf, and 3) between the first
and second table tops of the large and
small tables.
3.0

EVALUATION OF THE FIRST SYSTEM

ASAP 1 with the incorporated changes
has operated for two winter seasons, see
Phillips (1984), (2). A second system, ASAP
2, has been designed and is presently being
constructed. Prior to designing the new
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system, each ASAP 1 subsystem was evaluated
to determine how well it operated and if a
change should be made. The following is an
analysis of those subsystems.
3.1

Air Conditioning

The externally mounted RV air
conditioner performed well but was replaced
after the second season of operation due to
extensive corrosion of metal parts.

Automatic Balloon Launcher and
Roof Hatch

3.3

Shock and Vibration Isolation

F~gure

4 shows the ASAP 1 balloon
launcher mounted on its lift table. The
launcher system and hatch cover have operated
well but have the following disadvantages:

The pneumatic vibration isolators,
installed under the electrical and
electronic equipment reduce the vibration
about an order of magnitude; however, the
vibration isolators do not withstand the
shock of ground transportation.

• weight of launcher and lift
table "'455 kg,
• lift table cost "'$2,500. (US),
• launch tank is mounted at 30°
which requires a 1.97 m opening in the roof,
• externally mounted two piece
sliding roof hatch (Fig. 4)
which can freeze when closed.

3.4

Power

The ASAP 1 container is designed to
operate from a 220 V, 60 Hz, three phase
alternating current (a.c.) source. Standard
merchant ship's power is 440 V, 60 Hz, three
phase a.c., which means that an additional
step down transformer must be provided on
each ship.
3.5

Sonde Receiving Antenna System

A primary goal of the ASAP system is
to reduce operator time per sounding to less
than one hour. The ASAP 1 sonde receiving
antenna (yagi) requires periodic
repositioning during the sonde flight.
4.0

Fig. 4.

ASAP 2 DESIGN

ASAP 2 consists of the same major
subsystems as ASAP 1. However, several of
the subsystems have either been redesigned
or upgraded.

ASAP 1 Balloon Launcher &
Hatch Cover
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ASAP 2 Elevation View

Figure 5 shows a floor plan of the ASAP 2
sea container. Figure 6 shows the elevation
view of the container. Figure 7 is a
perspective view of the electronics room
showing the equipment layout. As can be seen
in these figures, major changes have occurred
both in the launch and electronics room. The
following paragraphs give a brief description
of those changes.

also allows the hatch cover to retract
inside the container minimizing the effect
of icing on the open and close motions.
The vertical launch tank is lifted by
the lifting mechanism until the bottom of
the tank is about at the roof line. The
tank tilts to a 45° angle by pneumatic
cylinders. The balloon and sonde will be
ejected from the launch tank by pressurizing
the volume below the balloon with an air
amplifying valve (Transvector).
The lifting mechanism is manually
raised with a hand crank by the operator.
The tank and turn table are mounted on a
platform that is raised by a cable with the
hand crank mechanism. The platform is
supported and slides on two square steel
tubes.The lifting device weighs ~lOO kg and
costs ~$600 (US).
4.2

Fig. 7.
4.1

ASAP 2 Electronics Room

Automatic Balloon Launcher and
Roof Hatch

The balloon launcher, lifting
mechanism, and roof hatch design can be seen
in Figure 6. The launch tank is the same
diameter (107 cm), but it is mounted
vertically instead of at a 30° angle. This
change reduces the roof opening from 1.97 m
to 1.17 m. The hatch cover is a plug design
and retracts inside the container, moving
horizontally on slides. The plug design
eliminates any external protrusion that can
be damaged during shipment or operations. It

Helium Storage

Balloon inflation gas will be stored
in standard helium bottles. Eight bottles
will be contained in a commerciallyavailable, moveable-storage cart (Fig. 6).
The moveable-storage cart will be secured to
the container support structure. The cart
can be loaded on-deck using the ship's crane
and then rolled into the container on the
portable loading ramp, which is stored in
the container. Additional helium storage
can be provided by securing a second cart to
the ship's structure.
4.3

Air Conditioning

A split component (i.e., evaporator,
condenser) 2.9 kW hr room air conditioner
will be installed in the electronics room.
Both units will be inside the container to
reduce corrosion; however, the condenser
unit will be vented through the wall to the
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be mounted in the electronics room to remove
airborne particu1ate matter. The same type
filter was used on ASAP 1 and proved to be
quite effective.
4.4

Shock and Vibration

The ASAP 1 isolators reduced vibration
to an acceptable level for the electronic
equipment, but they did not provide any
reduction in vibration for the operator.
In addition, some failed in ground
transportation. The ASAP 2 concept is to
isolate the electronics room floor (Fig. 6)
with heavy-duty, industrial pneumatic
isolators. In addition, the floor will be
restrained in the vertical during transport
to limit the isolator travel. During
transport, critical electronics equipment
will be removed from the racks and placed in
foam-isolated shipping containers.
4.5

4.7

To solve the problem of frequent
repositioning of the 400 MHz sonde receiving
antenna throughout the flight, a new
omnidirectional antenna has been developed
for ASAP 2. This antenna, shown in Fig. 8,
has a nominal 6.5 dB of gain with circular
polarization and 9.5 dB of gain with linear
polarization over a 360 0 horizontal pattern
and a 56 0 vertical pattern. The antenna
will undergo extensive engineering testing
prior to and during the 84/85 winter
operation. A protective dome will probably
be placed over the antenna to prevent
balloons from bursting on the antenna
elements.

Power

A 440 V delta to 220 V wye tranformer
will be mounted in the electronics room to
provide both 220 V a.c. and 110 V a.c. power
for operation. With the transformer mounted
in the container, any merchant ship's 440 V,
60 Hz power supply can be used. The container
will be wired to the IEEE Recommended
Practice for Electric Installation on
Shipboard, IEEE Std. 45-1983 (3).
4.6

Sonde Receiving Antenna System

Automatic Upper-Air Sounding
Electronics

Fig. 8.
5.0

ASAP 2 Omnidirectional
Antenna
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THE OPERATION AND SUPPORT OF ASAP; COST EFFECTIVE UPPER AIR
DATA COLLECTION FROM THE NORTH PACIFIC
D.J. Phillips
Atmospheric Environment Service, Environment Canada
Chief Data Acquisition, Pacific Region (ASAP Operations Manager)
Summary
In the Fall of 1981 representatives of the Atmospheric Environment Service
(AES), the National Oceanic and Atmospheric Administration (NOAA) and the National
Centre for Atmospheric Research (NCAR) GAMP began the planning for the Automated
Shipboard Aerological Program (ASAP).
This joint effort led to the development of a
mobile upper air program using a commercial ship of opportunity operating on the North
Pacific. This paper describes three major aspects of ASAP:
1)

The history of the program up to July, 1984.

2)

A review of the results of both the 1982/83 and 1983/84 Winter Operations.

3)

An evaluation of the cost effectiveness of the program in comparison with other
Canadian upper air programs.

Background
The Canadian Weather Service has had at least two previous experiences with
shipboard aerological programs; the Ocean Weathership Papa Program (OWSP) terminated in
June 1981 and a mobile upper air program operated for nearly two years on the Canadian
Pacific ship, the Van Horne in the early 1970's. These programs were operated by the
Atmospheric Environment Service's Pacific Region and provided the experience to operate
ASAP and to provide the necessary support.
In addition, technical advances in micro
processors, satellite communications systems, miniturization of radiosondes and the
development of semi-automated upper air soundings systems using NAVAID provided the
opportunity to develop a cost-effective operational mobile upper air system.
The ASAP system developed by the team, headed by the GAMP group at NCAR in
Boulder, Colorado, was built around the Vaisala MicroCORA, a semi-automated balloon
launching system for all-weather releases and a communications link utilizing a
dedicated DCP channel on GOES West for the transmission in real-time of data and plain
language messages.
Portability was achieved by housing all of the shipboard equipment
in a standard 20 foot sea-container.
The system was only dependent on the ship for
electrical power.
The key was to have a system which achieved the highest level of
automation to reduce operators' time and level of training, portability so as to not
interfere with the ship's operation and dependability.
Over the two years of operation we believe these goals have been achieved,
particularly considering the distances that the container has been moved. Table 1 shows
the transportation schedule from April, 1982 to August, 1984, an impressive amount of
travel involving an estimated 18,000 km (12,000 miles) by road and 270,000 km (170,000
miles) by sea. The container is sent to Montreal for loading onto the M.V. Ambassador
for a five month test on the North Atlantic by the British Meteorological Service.

- 90 -

TABLE 1
ASAP Container Transport.ation - 1982 to 1984
DATE

ROUTE

April/82
April/82July/82
July-Aug/82

Boulder - Vancouver
North Pacific

1,900 km
48,000 km

Initial Loading
Engineering Test

Portland-BoulderPortland
8 North Pacific
Crossings
Richmond, California
Vancouver
Vancouver-Port Hardy
Vancouver
Vaneouver-Saskatoon,
Sask - Vancouver
North Pacific

3,200 km

Installation
Launcher

Aug/82April/83
April/83
May-June/83
July-Aug/83
Oct/83April/84
May-June/M
July-Dec/84

Vancouver-TorontoHalifax-Montreal
North Pacific

DISTANCE

PURPOSE

of

128,000 km
1,900 km
640 km

3,200 km
96,000 km
8,000 km.
5 crossings

Off-.loading
Port Hardy Intercomparisons
Central Canada
Tests
83/84 Winter
Operations 6 months
Demonstrations &
Atlantic Rgn. Tests
North Atlantic Test

ASAP Operations for 1982/83 and 1983/84
The first year of ASAP can be divided into three phases:
a)

A three month Engineering and Feasibility Test to determine whether the system
could operate at sea, to identify design deficiencies and to test most of the
components (with the exception of the launcher which was installed in July/82)
- April to July/82.

b)

A two to three month Engineering and Operational Study to obtain engineering
data and to determine the operational support required to provide real-time
data.
During this phase, a communications link between Boulder, Colorado and
Vancouver, Canada was established - August/82 to October /82.

c)

The success of the first two phases provided the justification to continue the
program in the 1982/83 Winter season and to provide real-time data - Oct/82 to
April/83.

The Feasibility Study achieved all of the identified goals, in fact,
exceeded the expectations of the team. Although there were initial problems with the
MicroCORA in the first three sailings, no further major problems have been encountered
up to June/84.
What was achieved was the development, testing and operation of a
portable, reliable and self-contained launching, data processing and communication
system.
The program was successfully operated and supported on a foreign commercial
vessel for two winter seasons. Data was provided in real-time with high reliability for
input to the GTS. A support structure was developed to serve a number of ports on the
West Coast of North America.
The 1982/83 program provided an excellent basis to further develop operating
procedures and gain additional experience which would serve as the basis for the future.
The DCP communications link had demonstrated how vital it was in providing real-time
one-way communications with the ASAP Operations Office and to assist in providing
logistics support, in particular for determining the ship's route and destination.
Support for ASAP has been provided through the ASAP Operations Office
located in Vancouver manned by Ron Webber, a senior technician formerly an Officer-in
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Charge on one of the Weather ships. The shipboard program has been assisted by the Port
Meteorological Officers and Electronics Technicians of the Data Acquisition Division.
Manning of the shipboard program has centered around Dennis Engemoen, an Upper Air
technician with wide experience at different stations and in different weather ships
programs and knowledge of numerous types of sounding systems. To support Dennis in the
first year of operation, a Japanese officer was provided in the first nine months of
operation. For the remainder of the 1982/83, we have had the assistance of former crew
members who have immigrated to Canada.
The second year's operation was somewhat easier, if for no other reason than
the fact we were returning to the same ship, the M.V. Friendship.
There were
nonetheless several differences in our operation between the two seasons. For 1983/84
we chose to .use AES technicians in order to broaden the base of experience and to give
us greater flexibility for the future. Our experience in the first year has been that
the present system remains too manual to be used by ship's crew, requiring too much time
for operation.
Considerable on the job training is still necessary and some
meteorological experience an advantage. Further development of this aspect of ASAP is
planned for the future.
The technicians used did have a variety of backgrounds. One in particular
had no previous upper air experience and had no difficulty with the program. Another,
an experienced upper air technician, had no previous sea experience but did have some
difficulty operating at sea.
In most instances we operated with two personnel on
board. There was one exception, Dennis Engemoen sailed on his own once and was assisted
by one of the crew members during heavy weather. This experience has led us to believe
that we can operate with one person, providing the technician on board is experienced,
and we have the confidence of the captain of the vessel. A crew member would have to be
available to assist wi th releases during heavy weather (this would only require a few
minutes of time).
The results for the 1983/84 season have been similar to those of the
previous year.
The results are summarized in Table 2. It continues to bear out our
earlier conclusions that ASAP can provide operational upper air data from the North
Pacific. Specifically, our success rate of 90% versus scheduled ascents is very similar
to the 92% of the previous year.
Similarly, the percent reaching the Pacific Weather
Centre (PWC) in Vancouver is about the same - 84% in 82/83 vs 80% for 83/84. Most of
our problems with missing data or garbling were due to problems in the communications
link - early in the season with a poor uplink transmitter and later with bad cable
connections.
It should be noted however that problems have been experienced transferring
data from the Apple micro computer to the Meteorological Communications system. This is
a manual process and at times requires the communicator to use two sets of data
transmissions to compose a complete message when there was garbling in the original
message.
Some errors have resulted where communicators, not understanding upper air
coding, have missed out data or included extra groups. This problem was brought to our
attention by the European Centre for Medium Range Forecasts in their Technical
Memorandum of March, 1984. Considerable improvement has been made by instructing the
communicators on the upper air coding. There still, however, remains the basic problem
of eliminating the need for manual transfer of the data.
There are a number of points of interest in the operation of ASAP in both
years. First, there have been a surprisingly low number of second releases - in 1982/83
an average of 1 per crossing and in 1983/84 there were 2. The slightly higher figure is
probably due to one voyage where there was a particularly enthusiastic technician who
attempted four releases for one scheduled ascent. The maximum wind experienced during
launch was 60 knots, apparent wind (wind as experienced on the deck of the ship). There
were a number of occasions when the apparent wind exceeded 50 knots, clearly
demonstrating the advantage of the ASAP launcher.
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TABLE 2
ASAP DATA SUMMARY BY SAILING
APRIL/82 TO APRIL/84 WITH BREAK MAY/83 - OCT/83
AV. HT
SAILING

*

DATE

ASCENTS
MADE
SKED

1 WEST
EAST
2 WEST
EAST
3 WEST
EAST

4/82
5/82
SI:82
6/82
6/82
7/82

14
2
8
12
18
12

4 WEST
EAST
5 WEST
EAST

8/82
9/82
9/82
10/82

16
16
16
17

6 WEST
EAST
7 WEST
EAST
8 WEST
EAST
9 WEST
EAST
10 WEST
EAST
11 WEST
EAST

10/82
11/82
11f82
12/82
12/82
1/83
1/83
2/83
2/83
3/83
3/83
4/83

18
14
14
19
16
12
10
15
10
14
15
17

AVERAGE FOR 82 15

12 WEST
EAST
13 WEST
EAST
14 WEST
EAST
15 WEST
EAST
16 WEST
EAST
17 WEST
EAST

10/83
11183
11/83
12/83
12183
1/84
1/84
2/84
2/84
3/84
3/84
4/84

17
13
20
17
14
16
13
14
20
16
19
17

AVERAGE FOR 83 16

WIND
T

%

(MB)

A

CKTSI

LAUNCH % TO
METHOD PWC
ICON1DK)

% TO
2ND
CMCRELSE

ENG I NEERI NG AND FEASIBILITY TEST (3 MONTHS)
19
74
74
32
14D
79
6
33
46
100
33
2D
16
126
50
50
11D
100
16
74
75
75
16D
100
20
91
90
90
20D
100
75
16
75
63
100
14D
OPERATIONAL TEST (2
96
84
17 25
64
100
19 21
100
67
17 24
94
81
25 31

MONTHS)
75
19C
SD/14C 100
2D/14C 100
1.D/20C 76

67
100
100
73

1982/83 WINTER OPERATIONS (6 MONTHS)
19
65
ID/23C 72
95
26 36
16
88
77
7D/11C 93
27 21
15
73
8D17C
93
26 23
64
19
100
63
8D/13C 84
29 22
16
63
3D/13C 100
100
20 24
15
80
48
3D/13C 100
29 37
12
67
83
20 18
13C
40
17
88
40
31 33
2D/17C 87
12
83
39
3D/12C 100
26 26
14
100
35
6D/9C
86
22 23
15
45
7D/11C 100
100
19 14
2D/18C 83
18
94
43
13 18

70
81
61
84
100
80
33
76
83
86
100
83

4
2

78

2

65
61
100
100
63
94
75
73
75
100
79

1
3
1
1
2
1
2
2
2
3
5
2

80

2

19
16
16
18

16

92

63

24

25

50D/143C 84

1983/84 WINTER OPERATIONS (6 MONTHS)
17
42
18C
65
100
21 27
3D/19C 72
18
52
72
17 24
44
2D/21C 100
22
91
29 37
17
100
37
5D/13C 71
17 21
76
8D1I0C 63
16
88
16 17
6D/11C 100
100
41
16
14 21
3D/16C 75
16
81
46
21 23
74
3D/18C 100
19
82
22 21
21
41
23C
100
95
19 26
41
6D/15C 67
18
89
34 28
19
100
37
ID/18C 79
23 33
7D/12C 67
18
94
44
23 20
(6V-ID)
18
49
90
21
25 43D/177C 80

2
3

2
1
1
2
3
1
3
2

79
2
56
82
17
91%
23 25
AVERAGE FOR 82 15
AND 83/84
V - VAI
1. LAUNCH METHODS
C - CONTAINER
NOTES
D - DECK (MANUAL)
2. WIND
T - TRUE A - APPARENT
3.
PERCENT OF ASCENTS REACHING PWC &: CMC ARE OF THE SCHEDULED AS

-

- 93 Cost Effectiveness of ASAP
The original intent of ASAP was to develop a system which could provide
upper air data from data sparse areas cost effectively. In Canada we can make several
cos t comparisons with ASAP; the Ocean Weathership Program and AES land upper ai r
stations for southern, northern and isolated locations where costs are higher.
The Weathership program was terminated in June, 1981 due to high operational
costs.
The figures used in the comparisons have been adjus ted to 1984 dollars.
The
program was composed of two full soundings and two RAWIN soundings.
The following
tables present a cost break-down of the three types of upper air program on the basis of
cost per ascent.
There has been no attempt to include capital costs.
However, it
should be noted that the mid life refit of the weatherships scheduled for 1985 was
estimated to cost $15 million per vessel. Also, capital costs for a land upper air site
is currently $1.25 million for a southern location and much higher for isolated sites.
Finally, the capital cost for an ASAP system is about $150,000.
TABLE 3
Cost Comparison of Upper Air Programs in Canada
Program

No of Ascents

OWS P.

1460/year

780/year
AES U/A Sites
Southern
Northern
Average of all
ASAP

35/month
210/6 months

Cost/Year or Season

Cost/Ascent

9,119K

$ 6,246

203.6K
474.6K
345.6K

279
650
474
355

75.0K

Conclusion
From the initial five to six months Feasibility Study, ASAP was determined
to be a viable system.
In addition, we have been able to demonstrate that the system
could be operated on ship of opportunity using AES technicians. The last 12 months of
operation during the 82/83 and 83/84 Winter seasons have provided a clear demonstration
that the system can be used operationally, providing scheduled upper air data.
l.vhat
remains to be shown is whether a multi vessel program can be developed and operated with
the same level of success.
There are concerns that we have yet to provide a clear
answer as to how such a program can be manned in view of the restrictions in
person-years. We are hopeful that this aspect can be investigated in the next season of
operation.
The cost analysis comparison does clearly show that ASAP can provide data at
a cost surprisingly comparable to AES land upper air sites, in fact less expensive than
for isolated sites and very significantly lower than for the Ocean Weathership Papa
Program.
The Future of ASAp
At the time writing this paper, the ASAP container was being readied for
loading on a CP vessel operating on the North Atlantic where the British Meteorological
Service will conduct a six-month trial. At the same time, a second container is being
prepared in Boulder, Colorado and should be ready for North Pacific Winter Operations by
October. In January 1985, the first container is expected to be ready for operation on
the Pacific, giving us a two ship operation. Tentative arrangements have been made to
return to the M. V. Friendship, a second vessel, the M. V.
Skeena, has been identified
for the second ship operation.
For future years, it is hoped that joint plans now being developed between
the United States and Canada will see the expansion of the program to a four or five
ship operation over the next three years.
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THE SEMI-AUTOMATIZATION OF THE CURRENT UPPER-AIR
SOUNDING SYSTEM IN CHINA

LIANG QIXIAN, ZHEN WEIDA, YA LIANGHE

ACADEMY OF METEOROLOGICAL SCIENCE
STATE METEOROLOGICAL ADMINSTRATION
JEIJING,

PRC.

ABSTRACT
The main Bounding system used in the upper-air network of China is
composed of a SMA-GZZ code type radiosonde and model 701 secondary windfinding
radar. It was designed to be operated manually. Now we have improved this
system by developing an automatic recorder (capable of converting code to BCD
code), which is linked to a microcomputer through an interface. This paper
introduces a cost-effective way to realize the semi-automatization of the
sounding system by using a microcomputer. The radiosonde data enter the microcomputer automatically and can be processed in real time, while the radar
readings are typed in to the processor. Because of the high cost for modifing
radar equipment, the operation of tracking the balloon is still manual. The
improved system would have the functions of data reducing, message compiling,
and archiving.
1.

GENERAL DESCRIPTION

In order to process the radiosonde data with high quality, we improve
the secondary windfinding radar as a semi-automatic system which includes the
sensitivity, the antenna control subsystem, digitalization of the signal, the
gain control, and an interface between the radar and the microcomputer type
CROMMCO. Then the data can be processed in real time. Its function shows in
the block diagram of Fig.1. The secondary radar is a 400MHz one channel for
the slant range and the radiosonde data detecting instrumentation.
The signals of radiosonde can be received by the secondary radar as far
as the region at a distance of 200 km and to a height of 30 km.
The automatic recorder can monitor the pressure, temperature, humidity
sounding data. The microcomputer can process the radiosonde data in real time
which include those at standard levels, significant levels, tropopause, maximum
wind level,wind and temp messages. The raw data are stored in the magnetic disc
,.
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for checking theresul ts and the messages:, and compiling.
The improved secondary radar can be install·ed in site or at the roof of
the building. Either radiosonde or wind or combinations of both are sui table.
To compute the horizontal winds in the vertical, the REA{ Range Elevation
Azimuth ) method is adopted at heigher elevations,and RHA{ Range Height
Azimuth ) method at lower elevations.

secondary
radar

2-80
microcomputer

interface

recorder

Block diagram of the system

Fig.1

2•

:&lffer

PROBLEMS SOLVED

2.1. The calibration charts
A file ,was made by the simulation 'method. If the values ofa certain
meteorological element at 7-10 points are given, then the fitting curve can
be expresHed by a polynomial, namely
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Where x is the code, y the parameter correspond to the code, n the order
of the polynome., m the test points, j: 1 ••• D, i: 1 ••• m, k: j-1, J-2, ••• 1.
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2.2. The interface
The signal output from the radar enters the input circuit and goes
through a filter and a converter, then the codes can be convert into BeD codes.
Radiosonde signal of time, pressure, and humidity can be expressed in byte.
they can pass through a buffer memory to the microcomputer.
2.3. Software
~

using the operational software CDOS of CROMMCO and

EXPANDED BASIC.

2.4. Quality control
According to the character of pressure, temperature ,humidity, we can
control the quality of them by using a logic method and 5-point smoothing
procedure.
2.5. Solar radiation correction
The solar radiation correction of SMA-GZZ radiosonde can be expressed by
the experimental formula:

when

19(

fW) ~4.067

when
Where h is the solar elevation, F(h) is the function of the solar
elevation, pw is the mass flux. The correction 4T due to the solar elevation
and f w can be obtained from the formula, if the launch time is given. So
the systematic errors can be reduced.
The other corrections are based on the GUIDE TO METEOROLOGICAL INSTRUMENT
AND OBSERVING PRACTICES published by WMO and GUIDE Qy the STATE METEOROLOGICAL
ADMINISTRATION of CHINA.

2.6.

Wind

There are several methods for calc~!ating the wind. The errors due to
different methods are all less than 10
• After comparing them, the
horizontal projection method is adopted. It shows in Fig.2.
Then,
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Where A is the azimuth, D the horizontal distance, V the wind velocity,
F the wind direction, n the sampling time, t the sampling time interval.
N

Ax

Fig.2

3.

wind determined method

DIAGRAM FLOW

3.1. At the sounding time, three parts for computation are adopted,
namely, from the surface to 500 hpa, then from 500 to 100 hpa, finally
from 100 hpa up until the balloon bursts.
&fore launching, according to the number of the radiosonde, we put
the coefficients of the calibration curve data, base line data and other
parameters. in the computer.
Cle·aning the buffer memory and after putting several constants, i f
the parameters are preset, the radiosonde data can get into the buffer
memory.
Take the instantaneous read.ings at the surface.
3.2. After launching, if the new data come to the buffer, then they
can be required by the computer and then get into it. We use a criteria
for pressure code to reject the false data.
Store the raw data in the magnitic disc.
3.3. We get a smooth profile of the pressure by the pressure correcting
program. Temperature and humidity smooth profiles can also be obtained by
5-point formula.
Store the three profiles in the magnetic disc.
3.4. The pressure, temperature, humidity parameters and thickness of
layers can be obtained by the standard calCUlating program.
Get the time, pressure, temperature, humidity, etc. by significant
selecting program.
Input the elevation, azimuth and the slant range to calculate the wind
velocity and direction by the wind calculating pro~am.
Store al.l data and the wind, temp messages in the magnetic disc.
3.5. After the 1st part of the sounding has been processed, the 2nd
part start. Then the tropopause, the maximum wind, etc. can be determined.
After the 3rd part of the sounding has been processed, the results can
be put out to the printer.

4=.

CONCLUSION

1. Af ter the secondary windf inding radar has been improved and the
radiosonde data has been passed through the interface to the microcomputer,
it is possible to process the data in real time.

I.
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2.

~

using the processing method objective data with high accuracy can

be obtained and the errors arising from the manual can be reduced apparently_

Owing to its readiness and inexpensiveness, the system shown in the diagram of
Fig.1 is suitable for CHINA.
3.There exists the potential to process the entire data in real time.
However, for the reason of cost and data quality, less artificial operation
is needed.

4. Owing to the problem existing in the current system in certain cases
of sounding, such as the signal interference and other mistakes, the
interference of the observer is needed.
In conclusion, all the results obtained in the above can also be used
as a basis of the next upper-air generation system.

(Reference 11.7)

ATMAS - AN AUTOMATIC UPPER-AIR SOUNDING SYSTEM
L. TUis, G. Tischendorf, K. Liebig
ESG, Elektronik-System-GmbH, Albing Sprenger KG GmbH & Co
1.

Introduction

The meteorological services require to know the state of the upper
atmosphere expecially for weather forecast.
For that reason the aerological parameters: temperature, humidity,
pressure and wind direction and velocity, as functions of hight are
measured using meteorological balloons with radiosondes.
The balloon path to compute wind direction and velocity can be
measured by using a tracking radar or by a suitable autonomous navigation
system. Using a radio navigation system, has the drawback that it requires
a wide transmission band width or accuracy requirements cannot be met. A
large number of meteorological services throughout the world still use
radar equipment for tracking balloons so that the aim in developing ATMAS
was to provide a modern and convenient-to-use system through automating
existing components.

Fig. 1: ATMAS Shelter with Radar

ATMAS is able to code TEMP, PILOT and STANAG-formatted meteorological
messages automatically.
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Introducing a new radiosonde system with a data interface has made it
possible to automate existing components and at the same time to integrate
all the necessary equipment in a new air-conditioned shelter.
2.

Description of Meteorological Radiosondes and their Recording Receiver

The ARWET receiver integrated in ATMAS is able to receive and evaluate
three different types of meteorological radiosondes. The characteristics of
these radiosonde types are:
1)

Radiosondes of Type E077:
'l'emperature radiosonde for altitudes

< 10 km

2)

Radiosondes of Type E085:
Temperature and humidity radiosonde for altitudes < 20 km

3)

Radiosondes of Type E076:
Temperature, humidity and pressure radiosondes for altitudes
~ 30 km

The requirements which these radiosondes have to meet are:
1)

Temperature measurement: Range +55°c - -90°C, max. error being
0,2 K between +45°C and -85°C.

2)

Humidity measurement: Range 0 % - 100 % relative humidity, max.
error being 5 % (optionally 2 %) between 10 % and 95 %.

3)

Pressure measurement: Range 5 hPa - 1060 hPa, resolution approx.
1,2 hPa, error < 1 hPa, reproducibility better than 0,2 hPa.

All these sensors used determine the frequency of related measuring
oscillators. The sensors employed are a bead thermistor for temperature,
VIZ carbon elements for humidity and a temperature-compensated aneroid
with step switch for pressure.
The receiver station consists of a folding short helix antenna with
conducting disc and the ARWET. A few simple opera"tions on the receiver
before starting the radiosonde are sufficient to match the electronics in
the sondee to the effects of aging and temperature. The measured values
transmitted by the radiosonde are displayed and recorded in correct dimen~
sions by the receiver. Automatic compensation is provided for the temperature dependence of the humidity sensor. The recording module provides a
hardcopy printout of the results on thermopaper in s"teps of 0,1 K, 1 %
reI. humidity and 1 hPa. The time which has elapsed since the start is
measured by a clock and printed out in figures. Standard interfaces V.24
(RS-232 C) are provided for connecting additional electronic systems. The
azimuth information of the balloon from radar or computer can be received
to provide automatic tracking of the receiver antenna.
3.

Description of Remaining Hardware components
Fig. 2 shows a system diagramm of the ATMAS system components.
- System components for automatic data receiving
o RADAR with radar electronics
o ARWET recording receiver for radiosonde signals
o ARWET antenna for receiving radiosonde signals
- System components for measuring meteorological ground data
o Wind mast for measuring ground wind with in-shelter indication
o Thermometer, aspiration psychometer, aneroid
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- System components for data evaluation and computation of meteorological messages
o Digital computer with two data interfaces to RADAR and ARWET with
bubble memory
System components for documentation of measuring data and computed
messages
o ARWET: Recording tape for radiosonde data
o RADAR: Printout of radar data
o Line printer: Ascent diagram, time profiles of the measuring data,
coded messages
o punched tape: codes messages

wind

balloon

measu rement

shelter
reflector
communication

RADAR

I--+ot-

L::::==....J

to+-_---lelectronics:

~~~~:~~~ +

air
condition

Fig. 2: ATMAS System Diagram
A radar set is used to track the balloon path to compute upper-air
winds. The radar electronics is located in the shelter. The data measured
for azimuth, elevation and slant range of the balloon are transmitted to
the computer in a one-second cycle through the V.24 (RS-232C) interface.
Radar data can be printed on a tape at various intervals at the radar
electronics. The radiosonde data are also transmitted in a one-second cycle
to the computer. Ground wind is measured at a plug-in mast with anemometer
and anemoscope. A indication of the ground wind is provided in the shelter.
Meteorological instruments for measuring other ground data such as tempera~
ture, relative humidity and pressure are also located in the shelter. The
radiosonde data and the radar data are processed in the computer. The program is loaded from a bubble memory. The operator makes his entries to
the computer with a terminal. A further peripheral is a line printer for
documenting the measuring pattern and the computed time profiles of the
measuring data, which are stored in the computer.
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4.

Scope of Software

The software for the computer is an essential part of ATMAS. The computer is operated in interactive communication using the terminal. The
entries being requested by the operator in clear text and checked for plausibility. Prior to a balloon ascent, a RADAR and ARWET equipment check is
possible to ensure that the data received by the computer are correct. The
location of the station, time and meteorological ground data also require
to be entered prior to a balloon start.
After a balloon start, the data from ARWET for temperature, humidity
and pressure and from RADAR for elevation, azimuth and slant angle are automatically received by the computer in a one-second cycle. The one-second
data are averaged, smoothed and processed into time profiles. Time profiles
for temperature, humidi-ty, pressure, wind velocity, wind direction and
height are stored in the computer. The resolution with which the data
pattern is recorded by the time profiles is better by at least the factor 2
than the accuracy requirements which apply to significant points in the
TEMP and PILOT messages.
These more finely resolved time profiles for radiosonde data and the
processed radar data can be output to the line printer.
During ascent of the balloon, the radiosonde data and the calculated
wind values can be output in the 20 s cycle in a pseudo graphic as functions of time to the line printer as a check of the measuring pattern.
The operator is advised of non-received data on the terminal and can
then decide whether to terminate or continue the balloon ascent. During
or after a balloon ascent, a command can be entered to compute the following messages from the stored time profiles and displayed in coded form
to the terminal: WMO-formatted TEMP, PILOT messages and STANAG-formatted
METB2, METB3, METCM, METTA, SW messages. The messages computed from a
balloon ascent can be stored for use at a later date. The coded messages
can be passed to the users by a teletype link, telephone or data transceiver.
5.

Conclusion

This paper has presented an automatic upper-air sounding system which
employs a new radiosonde system and the classical method of tracking meteorological balloons with radar.
A modification aimed at passive balloon tracking is currently under
development, with two paths being pursued. The first method provides for
a radar transmitter with precise time information being attached to the
balloon for use with existing radar equipment and slight modification
being made to the radar equipment for use only as a receiver.
In addition i t is intended to implement a radio direction finding
system (azimuth and range measurement by differences in delay times),
replacing the radar system.

(Reference 11.8)

ECONOMIC CONSIDERATIONS FOR AN UPPER-AIR SOUNDING

J. Beukers
Beukers Laboratories, Inc. U.S.A.
Additional and improved upper-air observations are required but the financial
resources for making radiosonde soundings have traditionally been in short supply and
the trend is downward. This paper identifies and analyzes the cost elements of
operating an upper-air station. It addresses the capital cost of equipment and location, the ongoing cost of personnel for operating and support and the daily costs for
expandables. The paper shows that because the upper-air global network is supported
by a relatively small and specialized industry, simplistic decisions made to achieve
operational economies may not produce the desired objective. Specific examples are
given. A discussion of balloon size and cost, lift, ascent rates and bursting altitudes
is given which is designed to dispel some common myths frequently encountered by the
author on this subject.
The paper concludes with some recommendations and projections for the next
25 years for atmospheric soundings.
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PROBLEMS ASSOCIATED WITH DEVELOPMENT
AND ACCEPTANCE OF NEW SENSORS
M. Mezosi
JI1eteorological Service of the Hungarian People's
Republic
Introduction'
The development of new meteorological sensors which provide electric
output signals and thus being suitable for telemetry, practically began on
Dutch soil in the middle of the last century, when BUYS-BALLOT proposed the
introduction of telemetering weather stations l"Aeroklinoskoop", 18681 and his
compatriot OLLAND - in collaboration with BAUMHAUER - displayed the "universal
telemeteorograph" using telegraph wires at the World's Fair in Philadelphia
in 1876; 16/.
At that time there were obvious technical limits to continue the construction of new sensors, based on some electrical conversion principles. The
rapid advance of electronics after World War II made it possible to redesign
some sensors, especially when AWS networks began operating almost 40 years
ago.
WMO has been played a stimulating role to accelerate development in this
field, devoting several Technical Conferences - in the framework of CIMO exclusively to the automation of meteorological observations. Reference is
made to TECAMS IWashington 1975/, TECIMO I IHamburg 1977/, "Automated Meteorological Systems" INorrkoping 1980/, TECIMO II IMexico City 1981/. All these
forums have proved both the importance of the topic for the world-wide meteorological community and the great number of unsolved problems.
TECM1S showed a rapid advance in the availability of the electronic
units of a modern AWS, consisting of "off-the-shelf" modules, while the reliable, proper sensors' assortment still remained inadequate. Though the situation has been improved, but in Norrkopping one keynote speaker still
complained: " ••. At least in the USA, the market for meteorological equipment
is too small to support an industry. Automation at any level depends upon
fallout from other markets ••• ", Ill.
Acceptance test
When a national meteorological service lor any other community interested in taking automated observations I prepares a tender for purchasing new sensors, or complete AWSs, it used to evaluate first of all the technical parameters, like: measuring range, accuracy, resolution, reproducibility, response
time, stability, reliability lin terms of MTBF/, power consumption, exchangeability, need and frequency of maintenance and recalibration, required qualification of servicing staff, etc., 111/.
In the practice, however, - after the installation of the new system or
sensor - the proud user is less interested in the compatibility of the measured data with those obtained earlier Iduring decades or even a centurYI, using
the obsolate, "old" sensors. This kind of compatibility, which might be defined as "lont-term data compatibility" requires the examination of such
questions 1 ke:
- parameter-to-sensor algorithm,
- frequency and duration of sampling,
- local preprocessing algorithms with or without filtering, larithmeticalor exponential averagingl,
- extension of the built-in quality control.capacity.
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These parameters are dealt in details in the:
"Draft Recommendation A /83-CH'J.O/ on Algorithms for Synoptic Automatic
Weather Stations".
The manufacturers of meteorological instruments usually do not prefer
the detailed investigation of the above-mentioned parameters /listed in the
second group/, they are aiming rather the advanced technological realization
of the instrument. This way the end user, the meteorological community has to
- prove the validity of the technical parameters claimed by the manufacturer,
- determine and verify the factors influencing the data compatibility,
- check the representativity of the measurement, that is how well the
instrumen~sample the atmospheric phenomena; /9/.
This procedure is called acceptance test for approbation/, which is a
lengthy and costly trial: a complete out-of-door /field/ comparison of the
existing and new instruments has to cover all the four seasons, therefore its
minimum duration should be at least One year. After the evaluation of the obtained data sets the results are feed back to the manufacturer, with a proposal of an eventual redesign of the product. One can easily understand, that
it may take years to accomplish successfully the acceptance test, before the
mass production of the new sensors can be started. Thus the field comparison
puts a heavy financial burden on the manufacturer, thereby just the largest
and strongest companies are willing to comply these rules, waiting for years
for the reimbursement of their capital investment. Furthermore, a fully
interactive cooperation between the manufacturer and the national meteorological service is a prerequisite of any successful acceptance of a newborne
sensor.
At this point one has to recall the different documents prepared for
CIMO VIII and Cg IX, dealing with the problems in connection with the introduction of the new technology. We have to keep in mind, that " ••• the ultimate
aim of the work of CIMO should be to ensure that the data were of high quality, representative and mutually compatible and that they met the standards.
It was therefore a specific task for CIMO to provide a framework of standards,
regulations and guidance to fulfil the requirements of the data users;" /4/.
In this context two remarkable items deserved consideration, namelly the
specification of sunshine threshold for automatic sensors and the presentation
of wind measurements !averaging, gust specification, etc./. On the first item
CIMO-VIII adopted Recommendation 10., while the second one requires further
dialogue between CIMO and user Comissions on
- which type of averaging /arithmetical, exponential, vector/ should be
used,
- the statistical significance of the present gust definition,
- the validity of speed and direction averages; /10, 7, 3/.
The introduction of the new technology is delayed by another factor too:
although the new sensors are attractive, advanced, multifunctional, etc.,
they cannot compete with their oldtime, mostly mechanical predecessors in
terms of both reliability and durability. It is well known the extremely long
life time of the mechanical anemographs, capable to fulfil 30-,35 years of
operation /provided a renewal of the bearings in due time and a regular,
twice-a-year preventive maintenance/. On the contrary, the author did not meet
similarly long lasting electric anemometers, but did see wind speed sensors
/warranted for 5 years by the prestigeous manufacturer/ broken down at all
levels of a 120 m high meteorological tower after 3 months of operation. In
some other cases the lightning spikes caused extensive damages to the optoelectric devices of another world-wide respected intrument maker.
Examples of field comparisons
In order to illustrate the above thoughts, some results of field comparisons are shown, carried out with the possibilities of a small and less
developed country /to which category the majority of WMO Members belongs/.
In the mid-seventies a wind telemetry system was installed in Hungary
around the Lake Balaton, providing real-time weather intelligence for storm
warning. The system transmits average and maximum wind speed gust data in

- III addition to the direction by VHF telemetry on interrogation. The maximum wind
speed - in the original form of the system - was processed from 12 s long
samples of the optoelectronic tachometer type anemometer's output, continuously updating the station's gust registers. After the installation of the system, the users complained, that the telemetered gusts are far less, than those
obtained by Pitot-tube, conventional control anemometers. It was obvious, that
the duration of the gust samples did not match with the time lag of the
pressure-tube measuring system. To clarify the system's response and optimise
the sampling time, a field comparison was performed, the results of which are
shown in Fig. 1. The Pitot-tube was taken as a reference, while the sampling
time / = duration of samples/ of the tachometer was varied from 12 s to 6 s
and finally to 3 s. The~ mean difference of the recorded gusts found highly
positive with 12 s samples: the tachometer's readings are too low. At 6 s
sampling the error is almost disappeared, while at 3 s the Pitot-tube showed
a back-ward. The optimum would have been with 5 s samples, in accordance with
the results ·obtained by GIBLETT, at the UK National Physical Laboratory in
Cardington, examining the pressure-tube sensor's response, /5/.
The frequency distribution of the mean differences between the old and
new systems can be seen in Fig. 2., showing a quasi-symmetrical shape of the
near-to-optima16 s samples, /2/.
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Fig. 1

The /::,.X mean difference of maximum wind
speed data obtained simu Itaneously with
pressure tube (Y) and optoelectric tachometer (x) anemometers as the function of the
duration of samples

Fig. 2

2

The distribution of the /::,.X differences of
simultaneous gusts measured by pressure
tube (Y) and tachometer (x) anemometers
with different sampling times

The result of another anemometer test is shown in Fig. 3., where the
mean hourly differences between the records of a conventional and an optoelectric cup anemometer during a IQ-month field comparison are plotted.
The av mean differences of the average speeds /both of them measured
by cups/ are illustrated by continuous line. The curve shows a Gaussian
distribution, although different averaging times and methods were applied:
IQ-minute arithmetical and 2-minute exponential averaging for the conventional /mechanical/ and electrical senso~respectively. Despite of these facts
the agreement between the two systems looks li.ke quite reasonable.
The dotted line represents the histogram of gusts obtained by
mechanical Pitot-tube and electrical instruments, the latter with 6-s sampling.
The assymetrical curve indicates more than one deficiency: relatively long
samples /for this particular construction/, resulting underestimated peaks
by the tachometer sensor, furthermore a great number of spurious errors
/outliers/, spreading in the positive range, etc.

...

,-~.

- 112 -

%

60

50

/ ( V fO- '112 exp)
40

0=6279

\
\

Fig. 3

b

\~

(PITOT-TACHOMEi.)

\

Comparison of different anemometers:
a./ mean difference of averages recorded by
lO-minute arithmetical and 2-minute
exponentia I averaging ,
b./ histogram of gusts measured by a tachometer sensor compared with pressuretube anemometer

\\
\

'b..."o-...D
-2

0

One common conclusion can be drawn from the figures above, concerning
anemometry: the optimal duration of samples for measuring and processing
maximum wind speed has to be determined experimentally for each type of anemometer in order to achieve the "long-term data compatibility", that is homogeneous data sets. Neglecting this requirement, the wind data sets would
become inevitably "sensor-dependent", inhomogeneous.
The next example refers to the field of temperature measurements, or
more precisely to the radiation shields of AWSs. Many CIMO members recall
the detailed investigations carried out by the AES of Canada on the behaviour
of different radiation shields designed for AWSs and reported at TECIMO I,
Hamburg; 18., D.J. McKay and J.D. McTaggart-Cowan/. A similar, but much less
comprehensive acceptance test's result is shown in Fig. 4, consisting of
separated day- and night-time histograms of a home-made radiation shield for
AWS. The curves plotted with continuous line represent the average daytime
differences between the readings of the Stevenson screen and the AWS shield,
separately for December and June. The dotted curves show the same for night-time. The good coincidence of the results obtained in December refer to the
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Comparison of a radiation shield for AWS
versus Stevenson screen, indicating the temperature errors separately day and night in
different seasons

- 113 minimal incoming radiation, while the June-curves - especially the day-time
one - clearly point-out an excessive radiation error; in other words this
shield's performance is still far from the desired optimum.
Automatic weather stations apply many other sensors for measuring
pressure, humidity, wind direction, precipitation, sunshine duration, radiation, etc. as the most commonly required elements, while visibility and
cloud height measurements belong to a more complex category. Almost all these
sensors raise similar methodical problems to those mentioned above and require similar considerations during the acceptance test.
Conclusions
The examples mentioned above illustrate only one aspect of the
acceptance procedure of a new sensor, that is just the evaluation of those
parameters, which directly influence the data compatibility. A similar method might be applied to compare the sensors measuring other vital and common
elements, like pressure, humidity, sunshine, etc. too. The verification of
the technical parameters /accuracy, response time, stability, etc./ are so
obviously an integral part of the test, that it is unnecessary to emphasize
here its importance.
The purpose of this paper is to draw the attention of both users and
designers of new sensors being connected to automated systems to an often
forgotten requirement: either to ensure a good compatibility with the data
obtained by the conventional technics, or - in some cases - to consider the
old data incomparable with these and find out the correction which has to
be applied.
The methods of the acceptance test are quite simple, thereby being
feasible also for smaller users with modest technical potential. Such tests
help the users in judging the real value of their data, in terms of representativity too, that is the extent to which the measurement reflects the
actual condition being sampled by the new sensor.
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An instrument to determine the wet deposition of acid
Deutscher

Peter Winkler
Meteorologisches Observatorium Hamburg
Frahmredder 95, D-2000 Hamburg 65. FRG

l~etterdienst.

In large areas around industrialized regions. damages of the ecosystem due to wet
deposition of acid has become a major environmental problem. Any profound understanding of
the observed effects requires the knowledge not only of the average value of wet deposition
of acid but also of the statistical frequency of extremes or of effect-related critical
values. - An automatic instrument has been developed to continuously measure the pH-value
and electrical conductivity simultaneously with precipitation amount and intensity. A method
to derive the wet deposition of acid from those parameters is presented. The instrument is
described and examples of records and statistical evaluations are shown. Comparison with a
conventional open vessel which collects both wet and dry deposition demonstrates that the
open collector overestimates the wet deposition the more. the longer the dry period and
the lesser the precipitation amount is. In addition it will be demonstrated that insight is
obtained into the wet removal process of substances from the atmosphere. especially of acid.

Precipitation is one of the most important cleaning processes of the atmosphere.
Aerosol particles which act as condensation nuclei or which are captured by falling drops
as well as water soluble trace gases are removed from the atmosphere and deposited at the
ground. This process is designated as wet deposition. Acidity is formed by incorporation
of acidic aerosol particles or by oxidation of trace gases like N02 or S02 either in the
air with subsequent scavenging or in the cloud- or rain drops. thus forming nitric or sulphuric acid respectively. In the neighbourhood of industrialzed areas. these gases are responsible for the formation of acid precipitation. During dry periods and due to incomplete
scavenging during precipitation events the acidity forming gases are subject to long-range
transport so that acid precipitation can be observed in appreciable distances downwind of
industrialized zones. Acid precipitation has become a major environmental problem because
it causes soil- and lake acidification. Acid precipitation may also be responsible. at least
in part. for the increasing forest damages.
The precipitation monitor automatically measures pH and electrical conductivity
during precipitation events (Winkler 1977). In the following sections methods are presented
how to derive the amount of acid deposited from the instruments record and how to obtain
insight into the removal process.
!~!~!~~~~!_~~!£!i2!i2~

The precipitation funnel is covered by a lid which is.closed during dry periods
avoiding dry fallout to enter the instrument (see fig. 1). A precipitation sensor opens the
lid at the onset of precipitation. The collected water runs at first through the conductivity cell and then to the galvanicallY separated pH-probe. Both sensors are contained in a
thermostated metal block. The water leaves the instrument over a tipping bucket which generates a pulse at each movement of the bucket. The rain intensitiy is derived
from the
pulse frequency. The measuring instruments for electrical conductivity and pH are contained
within the thermally insulated cabinet. Their signals and the tipping bucket pulses are
monitored either by a strip chard recorder or processed by a computer.
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The importance of in situ measurements can be demonstrated by the following comparative measurements. Daily precipitation samples have been collected with an uncovered
funnel. From the record of the monitor daily average values have been derived with the formula
- >;:ec; mm.I
ec=
pH= -19 (jfl')

.

t mm ;

( 1)

ec = average conductivity,eci = electrical conductivity of incremental amount i, mmi = increment of precipitation amount derived from tipping bucket pulse (sO.05 mm), pHi = pHvalue of incremental amount, pH = average pH-value. In fig. 2 a 6 years comparison is evaluated with respect to the difference between the open and the closed instrument. In the left
hand part of the figure the ratio of the electrical conductivities of open to closed instrument is depicted as function of the daily precipitation amount and duration of the dry
period (number of days). We see that in cases where precipitation fell every day or where
only one or two dry days were between two rain events, the open instrument gives an up to
40 % higher conductivity than the in situ instrument. Even at precipitation depths of more
than 10 mm/d the open instrument is 15 % higher. If the dry period is 5 days or more the
condu~tivity can be higher up to 100 %. In the right hand part of the figure the ratio of
the H -concentrations, derived from the pH measurements, of both instruments is shown. Again
an increase of the deviation of the open funnel with decreasing precipitation depth is seen
which, however, is less pronounced as compared to the conductivity. For dry periods of 5
days or more even a decrease with decreasing precipitation depth is indicated. MOst probably,
alcaline dust settling out of the atmosphere between rain events, dissolution of gases in
the collected sample after the end of the rain event, and evaporation of collected water are
responsible for the deviations. However, the open collector gives higher average concentrations under any condition. Only in very clean areas with the dry deposition being less than
10 % of the wet deposition, an open collector might be acceptable •
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Fig. 2: Left side: ratio of electrical conductivities of samples collected with open funnel
to in situ measurement with precipitation monitor as function of precipitation depth (abscissa) an~ duration of dry period in days between two events (curve parameter). Right side:
same for H -concentration derived from pH measurements.
It is clear that the influence of dry deposition on the chemical composition as
quantified in fig. 2 is valid only for the measuring site in the outskirts of Hamburg. The
dry deposition level is already nearly as low as in the rural surrounding. Even in areas not
directly influenced by men dry deposition can be high (sea spray at coastal stations, whirling up of soil particles, natural trace gas sources). An in situ measurement is optimal in
avoiding such influences.

- 117 The electrical conductivity of rain can be interpreted in terms of mass of the
dissolved inorganic ions by the following expression
(2)

(
.
+ NH + ,Ca++ ,Mg++ ,N0 - , Cl - ,S04 --) -.
·
m • mass 0 f lons
malnly
Na + , ~,
Me· average equlvaI
3
4
lent weight of ions (35g/eq), Ae • average equivalent conductivity of ions (60 S/eq),~ =
measured electrical conductivity,A + .. conductivity caused by H+-ions:
H
.A = \W10

-pH

(3)

5
..
equivalent conductivity of H+-ions O.2XI0 /us/cm; note, that the equivalent conduc3
1
tlVlty has to be converted from cm- to 1- ), pH .. measured pH-value. The correction term

A~~:

~+ is introduced in (2) because the equivalent conductivity of H+-ions is about four times

hlgher as compared to that of other ions but their mass contribution is negligible.
From the measured pH-values and the rather realistic assumption that in industrialized areas the acid dissolved in rain water consists of 70% H2S04 and 30% HN03, the amount
of dissolved acid maA can be calculated from the measured pH-value by the expression

mHA = M>.lA 10- pH

(4)

~ • mean equivalent weight of dissolved acid (52.9 g/eq for the assumed mixture).

By dividing equ.s (4) and (2) the acid fraction is obtained, indicating which percentage of acid is contained in the material dissolved in rain water (Winkler 1980):
(5)

C .. ~A • ~ /Me. It is important to mention that variations in the chemical composition do
not have a targe influence on the constant C.
pH

Fig. 3: Average relation between pH and conductivity
for precipitation of Hamburg.

5

pSlcm

In a pH-conductivity diagram expression (5) can be depicted as a set of inclined
lines (see fig. 3). The 100% line indicates that the dissolved material consists of pure
acid, more or less diluted by rain water. For example, if a diluted acid droplet evaporates
slowly, its pH lowers and its conductivity increases and its point moves upward to the
right along the 100% line; if water condenses onto the droplet its point moves downward to
the left. If we add inorganic salts into the droplet ots pH remains unchanged but its conductivity increases lowering its acid fraction. The 10% line means, for example, that 90%
of the dissolved material are inorganic salts and 10% are pure acid.
In fig. 3 we have depicted the average relation between pH and electrical conductivity for the precipitation of Hamburg. At pH-values below 4.2 the acid fraction is high
but constant. Here, about 60% of the dissolved matter consist of acid. At higher pH-values
the acid fraction lowers rapidly. Other measuring sites show similar results (Winkler 1984).

- 118 The wet deposition of a substance is defined as the product of its concentrati~n
in rain water times the precipitation amount. In the case of acidity the deposition of H ions has to be determined by

0..,=

f

-pHi

10 'mmj

(6 )

2
amount (moles!m time); mm' = increment of precipitation amount (either from
t~pping bucket pulses, or per hour, day) pnj = pH-value of incremental amount j, calculated
from equ. (I). From+the records of the precipitation monitor it becomes obvious that the
deposition rate of H -ions is not constant during an event. Among other influences, it depends on the rain drop size distribution and on the precipitation intensity. The deposition
of the non-H+-ions, calculated by equ. (2) shows even stronger variations. On the average it
is high at the beginning and low at the end of a precipitation event. In fig. 4 two examples
of the cumulative H+-deposition are shown.
De+

= deposited

Fig. 4: Cumulative H+-depositions for two
precipitation events.
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Any variation of the slope of the cumulative deposition curve is the consequence of the variation of the deposition rate. While in fig.4 the cumulative deposition has been presented
as function of precipitation depth it can also be informative to present the deposition as
function of the time, similar to the well known cumulative curves of precipitation depth with
time. The average deposition can easily be determined from the average slope.
The importance of such cumulative deposition curves with time becomes obvious, if
a comparison for different stations is made. Because deposition is the product of concentration times precipitation amount a high deposition can be caused by high precipitation amount
or by high H+-concentration (low pH-values). For effect related investigations like soil or
lake acidification only the total deposition is of importance.

By a case study we will demonstrate that insight can be obtained with the prec~p~
tation monitor into the removal of substances from the atmosphere. Special emphasize will be
given to the removal of acid.
If we imagine the process of rain
formation, we have various ways by which acidity is introduced into the droplets. A minor part is introduced by the condensation nuclei.
The major part is formed due to scavenging of gas phase HN03 or due to dissolution of S02
with subsequent liquid phase oxidation (Rodhe et al. 1981). Since the rain process depletes
the acidity forming substances, a variation of acidity during the process can a prioro be
expected. For illustration of the development of the removal process a case study has been
depicted in fig. 5. In the upper part the time variation of the H+-ions, derived from the
pH~measurement, and of the non-H+-ions, derived from the measured electrical conductivity
according to equ.(2), is shown. The non-H+-ion concentration is high at the beginning, then
decreases rapidly, and after the first hour only slightly. While the high values at the beginning can be attributed in part to evaporation of the drops falling through a dry atmosphere the decrease as observed later is due to depletion of the particles by rain- and washout. The behaviour of the H+-ions is quite different. Their concentration is low at the beginning,rises in the second and third hour and decreases slightly for the rest of the time.
This shows that passive removal of substances and formation of acid are different mechanisms.
- In the middle of the figure the time variation of the acid fraction as calculated from
equ. (5) is given. With small ups and down the acid fraction increases continuously and,
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coinciding with the maximum of precipitation intensity, reaches 100% which means that the
dissolved matter consists only of diluted acid. Taken all these phenomena together, we can
conclude,that acidity formation,removal and deposition is not well understood at present
and that it is influenced in a rather complex manner by a number of processes.

The commercially available precipitation monitor, which in situ measures basic
parameters to characterize precipiation composition and acidity, can be an important tool
for surveying tasks as well as in research studies. Methods have been presented how to interpret the parameters pH-value and electrical conductivity in order to obtain information
on the deposition of acidity and on the removal of trace substances from the atmosphere.
Fractionated sampling of precipitation may give similar information but is much more expensive with respect to time and evaluation staff. The monitor needs only little attendance.
It may be important to mention that the investigation, for example, of effect related critical values of pH in precipitation can only be monitored with this type of instrumentation. It is obvious that the frequency distribution of pH-values becomes broader, if
the time base is reduced. The frequency distribution of pH-values based on monthly averages
is expected to be much more narrow than the frequency distribution of in situ values. Damages of plants, however, may be dependent on a critical value in a similar way as a single
severe gust may uproot a tree.
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MICRO-COMPUTOR BASED WEIGHING RAINGAUGE
By: S. Urimoto, S. Yamazaki & M. Koike
Moriya Plant, Engineering Dept.
Meisei Electric Co., Ltd.
This is a new version of weighing raingauge which employs a Quartz
crystal load-cell as weight sensor. This raingauge system consists of two
major parts; Sensor unit and Display/Recorder unit. Refer to Fig-l and
Fig-2 for system composition.
Sensor unit collects raindrops by a brass orifice, 20cm in diameter.
A funnel directs the water to a weighing bucket. The weighing bucket is
mounted on a QUARTZ CRYSTAL LOAD-CELL. As widely know, Quartz Crystal
changes its oscillation frequency proportionally to the amount of force
which is given to the quartz crystal. This raingauge has a pair of quartz
crystal plates in the load-cell, and the weight of raindrops give a tension
force to one quartz crystal plate and a pressure force to the other plate.
This raingauge outputs the frequency difference signal between oscillation
frequencies of these crystal plates, as precipitation signal. Refer to
Fig-3.
About 10Hz frequency signal output equals to one milimeter precipitation.
Non-linearity of frequency curve vs. precipitation is smaller than
0.1% full scale.
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The oscillation frequency of Quartz Crystal is fluctuated by
temperature change. To obtain precise precipitation data, the quartz
crystal load-cell is stored in a housing together with a quartz crystal
temperature sensor, and the housing is filled with Nitrogen gas.
The signal from the temperature sonsor is used for precipitation data
compensation against temperature changes.
The storage capacity of the weighing bucket is about 500mm precipitation. Water is drained automatically from weighing bucket through a small
solenoid valve" when water comes upto 400mm precipitation.
At the bo'ttom
neck of the funnel of :bhe orifice, another solenoid valve is mounted.
This valve is automatically closed just before the drain of the water in
weighing bucket, by a command signal from Display/Recorder unit. Af-ter
closing of solenoid valve of weighing bucket, this valve on the funnel is
opened. Theis mechanism eliminates the error in precipitation counting
while water is drained from weighing bucket.
Precipitation is measured with O.lmm resolution. The accuracy is
smaller than + lmm to precipitation intensity of 20 to 500mm per hour.
Refer to Fig-If.
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After 20 hours continuous measurement at 20mm/hous precipitation
intensi ty, error was 'smaller tha' + lmm.
Size of sensor unit is 400mm in diameter, 850mm in height and 25kgs
in weight.

- 123 Display/Recorder unit has a 8-bit Micro-computor for calculation of
precipitation data which comes from quartz crystal load-cell, with quartz
temperature signal.
Measurement is made at every 10 minutes.
The difference of weight at each 10 minutes interval is determined as
precipitation for 10 minutes.
A display unit is mounted on the front
pannel of Display/Recorder unit, and this display unit indicates precipitation data with O.lmm resolution.
Display/Recorder unit has various signal
outputs at customer's needs.
The following signal outputs are available
at customer's option:a)
b)
c)
d)

Analog signal output for Strip chart recording
Digital signal output for printer
BCD signal output for telemetory
Data storage in IC Memory pack at measuring site

This raingauge works with commercial 115VAC +lOVAC power (or specified)
or 12VDC (10.5 - 15VDC). Power consumption is IlVA with 115VAC power,
and 0.36VA with 12VDC power. Power is supplied for 5 seconds at every 10
minutes, so power consumption ofr One month is about 27AH with DC power.
IC Memory pack has is a feature of this raingauge system. The rc Memory
paCK islOK Byte C-MOS Static RAM, and it is capable to store every 10
minutes precipitation data for 35 days in one pack.
IC Memory pack has a lithium battery for memory back-up. This battery
lasts for 5 years. The headings, such as STATION CODE, OBSERVATION START
TIME, etc are stored in the first 256 Byte of IC Memory.
The data in IC Memory pack is dumped by a personal computor through 8 bit
parallel interface unit. The samples of field observation data are shown
on the following pages.
As seen on the analog chart, the precipitation data of Tipping bucket
type raingauge and this weighing raingauge lookes the same.
The existing Tipping bucket raingauge has a great error, when rainfall
intensity becomes higher. We think that this weighing raingauge is able to
take place of existing Tipping bucket raingauge. We believe that this
weighing type raingauge is applicable to High precision measurement of
precipitation data with high reliability. Especially, it will be much
better device for Automatic Weather Observation Station and Robot Weather
Data COllection Stations.
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THE SAMPLES OF FIELD OBSERVATION DATA
DUMPED FROM MEMORY PACK
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(Reference 111.4)

A WEIGHING TIPPING BUCKET RAINGAUGE
M. J. Molyneux
United Kingdom Meteorological Office
1.

Introduction

A previous paper b.Y Pettifer et al (1) briefly described early work on a Weighing
Tipping Bucket Raingauge (WTB). This report summarizes some of the work carried out since
that time. Signal processing via an on-line powerful microcomputer has allowed very
rigorous laboratory monitoring and testing. The data gathered have been used to derive
algorithms which convert the WTB gauge outputs into digital rainfall rate.
A description of some of the interesting features of the gauge and its operation is
given at Section 2. Sections 3, 4 and 5 show the chronological sequence of tests on the
system from early laboratory experiments to field trials. Finally, ideas for future
developments are discussed at Section 6.
2.

Current Hardware and Software Configurations

From the outset the aims of the project have been to design a gauge for operational
use and tailored to make use of and complement existing systems; wherever possible the
equipment has been made robust and easy to service. Different criteria could have produced
a more accurate gauge but not one so well suited to such a specific need. The United
Kingdom Meteorological Office's Mark 5 Tipping Bucket raingauge (TB5) is the basis of the
WTB. Differences between the TB5 and WTB can be seen in Fig 1 i the TB5 is on the left and
the WTB centre and right. Several points make the TB5 suitable for modification. It is an
eXisting operational unit and b.Y leaving its tipping bucket action unaltered uniformity and
continuity are maintained. Its construction is modular, making it suitable for adaption.
Its output is suitable for electronic and computer interfacing. Thus a flexible and
unified gauge system can be built-up.

LOWER END
WIRE BRlDGE

FIG.1 COMPARISON OF BASIC TIPPING BUCKET MARK 5
AND WEIGHING TIPPING BUCKET

- 128 The vibrat.ing wire sensor used was originally suggested by Whitaker (2) and has
continued to remain the most suitable weight transducer. Its major advantage over more
sophisticated systems is that should breakdown occur repair is quick, simple and
inexpensive. This would not be the case for packaged load cells or commercial scales,
where replacement costs may be prohibitive.
The frequency of oscillation of the wire is determined by an integrating counter
sampled every 10 seconds. To gain sensitiVity 6 of these values are summed to give an
average frequency over one minute (analogous to average water content of the bucket over
one minute). An on-line microcomputer calculates the difference between the current and
the previous one minute frequency; the difference is directly proportional to a one minute
total of rainfall. It is possible to update the figure every 10 seconds, even though. the
values are being summed over a longer period, using a box-car type average.
When the bucket tips the frequency suffers a step change. The software currently
eliminates a value either side of the tip and then operates a modified form of the
procedure above us.ing data from before and after the tip.
The
minute).
occurred
computer

techniques used allow a precision of 0.1 mm/h in rainfall rate (0.125 grammes pe.r
However, problems of interpretation are encountered when more than one tip has
in the latest and preVious minutes. The system has been configured so that the
IBwitches rate determining mode to integrating tips over 2 minutes when this occurs.

Using a conventional gauge for short pe.riod. averaging of rainfall rate has serious
problems under certain conditions. Any collector imposes a highly unpredicta.ble time
response function on the water reaching the transducer. It is not possible currently to
derive full correcting algorithms for these functions, but a program is being set up to
study them in more detail.
3.

Laboratory Experimentation
The aims of the laboratory experiments were as follows:
a.
To establish the stability of the straingauge system in a totally static
condition. (Both the absolute value of frequency and short term (one-minute)
differences were: monitored. )
b.
To establish the repeatability and linearity of the response to applied weight
(not wat.er).
c.

To establish the effects on the above with variation of temperature.

Results of experiments on the first prototype (WTB1)
a.
The frequency was measured over 1Q-second periods continuously for one week.
The results of this experiment containing approximately 60,000 datapoints are shown
below at Fig 2. The standard deviation of frequencies was 1.5 counts (1 count .. 1/10 HI?)
(3 counts worst case) centred around an average value of 14051.2 counts (1.40512kHz).
DATA
POINTS

DATA
POINTS

16,000

32,000

12,000

24,000

10,000
16,000

8,000
6,000
4,000

6,000

2,000

14047

14049

14051
14053
14055
FREQUENCY HERTZx10-1

FIG.2 LONG TERM FREQUENCY DRIFT OVER
1 WEEK

-3

-2 -1
0
.,
+2
DIFFERENCE BETWEEN CURRENT
AND PRECEDING MINUTE
FREQUENCY HERTZx10- 1

FIG. 3 SHORT TERM ONE MINUTE
DRIFT (NOISE)

+'

- 129 Three measured frequencies were omitted from the analysis. One frequency was
within acceptable limits for a loaded WTB but obviously in error. The other two were
very large errors outside acceptable limits (and thus readily trapped by an automatic
quality control process). The temperature varied between 18 and 23 0 0 during the
experiment.
Fig 3 shows the variation of the short term (one-minute) differenoes between
averaged frequencies.
Ideally there would be no variation for an unchanging weight
but temperature effects and vibration cause noise which indioates some slight rate of
ohange. The results show that for 99.98% of the time less than t of the threshold of
rate of rainfall was indioated. 99.5% of the values indicated less than 1/6 of the
threshold and 50% were zero. The threshold rate for rainfall is 0.1 mm/h.
b.
For the experiment where the gauge wa.s loaded with dry weights by oomputer the
base frequency was 14052.4 counts.

B.Y oalculating the slope of the line in Fig 4,a value of response is given as
10.12 counts/gramme.
FREQUENCY
(HERTZx1lr')
14,200

14,1 SO

14,100

6

9

12

15

WEIGHT - GRAMS

FIG.4

RESPONSE TO APPLIED WEIGHTS

Ra.vd. for successive loading and unloading is shown at Fig 5.
APPROXIMATE
FREQUENCY
I HERTZx10")
14,190

14,150

14,110

14,070

-

TIME ( HOURS)

to +8

NOTE - STEPS ON GRAPH ARE 1GRAM EVERY 10 MINUTES

FIG.5

CHART RECORD OF RESPONSE EXPERIMENT

- 130 The linearity of the WTB in response to applied weights
the comparison of the increments in frequency due to similar
weights applied. This reveals a worst case non-linearity of
One gram represents 1/15 of a full bucket tip. The standard
for each increment was ±1.4 counts (the repeatability) or ±4

can be represented by
one gram increments in
one per cent of one gram.
deviation of frequencies
counts worst case.

c.
The temperature coefficient of the base frequency was measured at -0.7 counts/oC.
The response to applied weight show no significant change with temperature. 'lhe
short-term indication of rate of change ot frequency did not became more variable at
higher or lower temperatures. The unit has a long time constant of about one hour.
'Ihis means that if a sharp temperature change of several degrees should occur the base
frequency will not alter quickly enough to indicate rainfall.
'Ihe results of similar experiments on WTBs 1, 2 and 3 are shown below.

;--..

0
.,...
;--..

0
.,...
;--..

N

::c:
........,

£i~

~
Q)

rt:

Q)

m

~

4.

'N::c:

.•

........,
'Cl
IQ

'N::c:
........,
Q)
IQ

III
0

One minute differences

.p
IQ

(%)

H

i

!

'N::c:

~

~

0

Q)
IQ

·rl

·rl

III

·rl

1d·rl

IQ

~

~

0
.p

H

~
0

Pi

±2

±1

0

~

±3

99.98

99.5

50

1.01

H

WTB1

1405

±1.5

WTB2

1530

±4

±10
-5

99.89

98.9

50

WTB2

1535

±2

±5

99.89

98.4

48

.975
1.06

Laboratory Trials

Once the characteristics of the straingauge had been determined it was possible to
develop prototype field software. For system trials within the laboratory, test and
supervision procedures were included. These allowed water trials to be carried out before
full field usage. Fig 6 shows some typical results using a computer controlled peristaltic
pump for water input. The performance of aWTB can be monitored in this way since the
magnitude and variation of the pump can be calculated. (It has since been found that the
most convenient calibration method is by burette.)
RATE OF
RAINFALL \

Fig 6

TYPICAL LAIlORATORY PUMP
TESTING CHART RECORD
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5.

Field Trials

An example of a genuine rainfall event measured by WTB1 during field trials is shown
at Fig 7. The unit has not corroded significantly, despite many months of exposure. New
wires and flexure pivots have been fitted but only after careless treatment of the unit by
the author and a oollision with a large mower!
flAlI~I-ALL
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ZERO RAINFALL L
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10 +60
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-
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6.

Future Developments

T1MEIMINUTESI

FIG.7 RAINFALL EVENT CHART RECORD

Currently an integrated microprocessor and wire drive unit is being developed, to
reduoe the effeots eleotrioal interference that have been found to oause spikes. It is
possible to upgrade the software to enable intelligent self-oalibration of the wire from
buoket tips. Procedures oan be developed for on-site start-up calibrations. '!he output
oan be treated in many ways, either on-site or remotely.
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(Reference III.5)
ANEMOMETER WITH PERMANENT
MAGNETIC BEARING
Dr. Helmut K.E. Tiefenou
A. Sprenger KG GmbH & Co.
St. Andreosberg

Abstract
Ordinary cup anemometers have the disadvantage of starting wind
velocitie of some 10 cm/s caused by friction in their bearings.
This causes an extrem unlinearity at wind velocities close to zero
and mainly prevent their use for microclimatological and agricultural
research. The desribed anemometer with permanent magnetic bearing
starts below 3 cm/s and only ensures an error in measuring of less
than 4 cm/s in the range from 0 to 40 m/s corresponding to an error
of less than 1%0. The TTL-output approximately produces one pulse
per 2 cm of windway.
Interface like line driver, current output (0 to 20 4 to 20 mA),
and serial outputs are available.

Mechanical Construction
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A "U" - bow is bearing two housings
at its ends to keep the axle (2) of
the cup star (1) in an absolutely
vertical position. This is ensured by
two plain bearings (3). Two ring
magnets (5) with axial magnetization
are mounted antipoled, one on the
axle (2), the other one below the
magnet on the axle inside the lower
housing.
Agates are mounted close to both the
ends of the axle to prevent its
vertical SWinging. The rotation of the
cup star is requested by an optical
switch via a slotted cylinder fixed
to the axle.
The width of slot is chosen for one
slot per 2 cm of windway.

fig. 1. Mechanical Construction
of cup anemometer with permanent
magnetic bearing, (1) cup' star,
(2) axle, (3) plain bearings,
(4) agates, (5) antipoled ring
magnets, (6) slotted cylinder
with optical switch.
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Theoretical Basis
Starting velocity of ordinary cup star anemometers are corresponding
to the static friction in their bearings.
The force of static friction
FrG

~

Fr~

is described by

Fn.· lJ.o

whereby Fn are the normal force and j-l, ~ 1 a material constant.
This equation describes two ways to minimize F,Q ' i.e. reducing
F I\ orlJ.o' The usual way is the reducing of M0 by special bearings.
The idea using a constant magnetic bearing is not to have a normal
force ~on the barings at a windspeed of zero. If the axle of the
discussed anemometer is absolutely vertical, the cup star and its
axle are suspended by the ring magnets. Accordingly there is not any
normal force to the bearings (3).
Furthermore it is necessary to have an absolutely homogenic magnetization
of the ring magnets. Otherwise the cup star would not always have the
same potential energy while its rotation of 360 degrees, it would move
up and down and this energy would have to be produced by the wind. This
automatically increases the starting velocity at one or more angle positions.
The sliding friction F is given by
F,..

=

Fn

•

IJ.

wherebyF~are

the normal force and ~ a material constant. The sliding
frictionFy is always lower than the static frictionF-rcand does not
influence the starting behaviour of the system.

Results of tests in a wind channel
Test results are given in table 1.
f

V
- 1

m-s

Start 0.05
0.5
1.0
1.5
2.0
3.0
5.0
7.5
10.0
15.0
20.0
25.0
30.0
35.0
40.0

Hz
0
26
47
68
91
136
224
342
462
709
959
1216
1495
1774
2042

f(v,f)
Hz
2
22
45
67
90
136
228
345
464
708
960
1221
1489
1765
2050

v(v,f)
mos
0.08
0.52
1 .02
1.50
2.00
3.00
4.98
7.47
9.96
14 .97
20.00
25.04
30.04
35.02
39.96

-1

Table 1
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v=
f=
£=
v=

velocity read out of the wind channel
frequency read out of anemometer
frequency of anemometer after correcting the wind channel data
wind velocity calulated as:
= a c + a 1 f + alf

v

- 2.

using

_1

a o = +3,5 . 10 m·s
-1
a , = +2 . 1 95 5 ' 1.g m
a~ = -1.210 . 10 ms

With respect to this formula the error in the total range from zero
to 40 m/s is 0.04 m/s or less than 1%cof full scale.
The orientation of ·the "U" - bow in this table is = 270
0

•

The influence of the position of the "U" - bow is not negligible.
Results are shown in table 2.

T
deg

o
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170

r

v

Hz

- 1

deg

Hz

10.77
11 .21
10.36
10 .21
10.17
10 .17
10.00
9.96
9.92
9.92
9.92
9.94
10.00
10 .11
10.09
20.15
10.07
10 . 13

180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350

472
470
464
466
467
468
468
468
468
462
462
463
464
472
470
473
466
398

m-s

503
524
483
476
474
474
466
464
462
462
462
463
466
471
470
473
469
472
Vc 10,0

m·s -1

! ~ ~ ! ~ ~ J~ ~
ff.,...
•

0°

'I

y

U"-bow

., = 180 u

fig. 2 experimental setup,
top view. ~ = position of the
"U" - bow.

v

m·s

-1

10.13
10.09
9.96
10.00
10.02
10.05
10.05
10.05
10.05
9.92
9.92
9.94
9.96
10.13
10.09
10.15
10.00
8.58

To eliminate the eftects produced by the
"U" - bow an additional wind vane can be
used in combination with the cup star
anemometer. On the other hand the influence
is less than 1% except position 350 degrees
where the open cup is shadowed by the bow
itself.

- 136 -

Initial period
The initial period was tested at 10 m/so Within less than 0.7s the
cup star had reached 99'% of its norminal value. This result was
optained by a construction of cups and star a low moment of inertia.

Conclusion
The characterizations of the anemometer with permanent magnetic
bearing urge its application for microclimatologic investigations
on agriculture and envirometal research. On the other hand it is
not designed for applications in strong wind areas where still
today solidly constructed anemometers with sealed ball bearings
are reliable and approved instruments.
We thank Mr. Martin (IAR) for his assistance in performing the
tests and evaluating its results.

(Reference 111.6)
A MEMBRANE SELF RESONANCE PRESSURE SENSOR
H. K. E. Tiefenau
A. Sprenger KG GmbH & Co., Federal Republic of Germany
Abstract
A new type of nabsolute pressure sensor" is described. The output of
that sensor is a pressure depending self-resonance frequency.
At a first approximation the frequency is in proportion to the root
of pressure. The physical conditions make this sensor to be optimum
for pressure-sensing in radio sondes.
Principle of operation
Normal pressure sensors are dirctly measuring the force caused by the
gas which pressure is to be measured. A system as described was investigated by [1 J. The sensor as described in fig. 1. will be without any
forces to all the parts of its construction if it is not in operation.
This is due to the holes (3) inside the housing (1) which ensure
3
4
to have the same pressure inside
and outside the sensor. Principle
of operation is not to measure the
pressure P but a derived value S
which is the stiffness of the air,
where

Fig. 1.
(1) housing, (2) membrane,
(3) holes, (4) piezo-element, (5) magnetic system

.)e.

A
V

adiabatic exponent,
area of membrane
volume of the housing

The stiffness of air does not depend on its temperature but on its
adiabatic exponent?Je. Since the earth's atmosphere is well mixed-up
to more than 40 km altitude, there is only the influence of water vapour
which may cause error at high temperatures and high relative humidity.
The stiffness of air is measured by the membrane (2) which is exicted to
self resonance swinging by an external le with a 90° phase shift.
The frequency fQof the menbrane is given by the stiffness SM of the
membrane itself (frequency at P = 0) and the stiffness of the air SA
1

(b) f c"" SA + SM.
If any material is used for consturcting the membrane where the stiffness does not depend on temperature, we will have a pressure sensor which
will not be influenced by temperature because air sitffness SAdoes not
depend on temperature.

- 138 The range of frequency according to a range of pressure can be
chosen at its lower end by the dimension (thickness, diameter) of
the menbrane, and at its upper end by the distance between membrane
and hous lng .
From (a) and (b) results (c)
or

f,~vP
v

+ S1", ,)(

(d)

Possible deviations and non negligible errors
As given out (a), the self resonance frequency is not only influenced
by the pressure to be measured but also by the adiabatic exponent
and the volume of gas inside the sensor and by the stiffness of the
membrane itself.
a)

Influence of adiabatic exponent
For the stiffness of air ~ is expressed by
S ",_d!_A~_IL
II
V

(a)

the increase of

~

has the same effect as an increase of P.

If 'It will increase by 1%., at ground pressure (100 kPa) that has the
same effect as an increase of P by 1 %0 (1 hPa).
The difference of dry air and 100% RH air at 30°C equals:
>e (dry air,

30°C)

=

1,398

~(100%

RH, 30°C) = 1,396.

That is identical to a read out of 2 hPa too low at 100% RH and
ground pressure.
Inside a radio sonde the error will vanish by means of decrease in
pressure during the ascent. Two possibilities are given to eliminate
that error - either by setting the read out to the exact value by
the pressure calculating microprocessor at the ground station by
comparing with the true pressure or by keeping the gas inside the
sensor dry by a drying agents.
b)

Influence through volume V
The temperature coefficient of the material of the sensor is
approximately S·10'/K. If the temperature of the sensor is_~
varying from +So to -SO°C the volume is varying by 100·S·10
= S'10-~ccording to O.S hPa at ground pressure. This is
negligible because the temperature of the sensor is changing
less than 20 K during a 90-minute ascent according to 0.1 hPa
at ground pressure. On the other hand this error of volume
disappears by means of decrease in pressure.

c)

Influence of the holes which connect

the inside

Formula (c)
Will only be valid, if there not any holes there.

and

the outside
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The stiffness of the gas is influenced by those holes which are
causing the gas exchange from inside to outside and return while
the membrane is swinging. The self resonance frequency of the
membrane is not influenced by the loss of energy caused by the
transport because the external electronic causes extaxt 90° phase
shift between the output signal and the force on to the membrane.
On the other hand the stiffness of the air is directly influenced
by the transport of gas through the holes; and that looks like a
pressure depending increase of volume with increasing pressure.
The condition of dependance can be reduced by narrowing of the
holes. On the other hand the diameters of the holes have to be
big enough to reach an inside pressure close to the outside
pressure during the ascent. With 5 m/s of ascent velocity it will be
necessary to have an exchange of 1%00f volume in 2 S.
The accuracy of the sensor is not influenced by this effect but
it causes an unlinearity between f2 and P.
d)

Influence of the stiffness SM of the membrane
As given out (b) foNSA + S the self resonance frequency f,2 is
also influenced by the sti1fness SMof the membrane. There are
different kinds of material avaiable which are not affected in
their stiffness by temperature.
Possible errors may occur by the piezo-element connected to
the membrane. The piezo-element could influence the total
stiffness of the membrane as a function of temperature.
This effect can be reduced by the adequate adhesive;

Conclusion
The "Membrane self resonance pressure sensor" is a simple and
cheap sensor - especially for its use in radio sondes. Nearly all
possible errors disappear by decreasing pressure. In difference to
all other radio sonde pressure sensors our sensor reaches a
very high resolution and accuracy in the higher atmospheric levels.
It is possible to reach accuracy better than 1 hPa at the groundlevel and better than 0.2 hPa below 100 hPa.
Literature
[1]Dr. Ing. Dieter Goecke, ATM, Blatt V 1342 - 6 (Marz 1972)

(Reference 111.7)
A LiCl DEWP01NT SENSOR
A. Sprenger KG GmbH & Co., Federal Republic of Germany

Abstract
A dewpoint sensor as described in [1.] has been developed into a new type
according to the results of many years of field experiences [2J . Its
electronic has been modified and the mass of the LiCI-sensor has been reduced to minimize the time of response. The influence of relative humidity
on the dew point readings is negligible. Servicing has been simplified.
Mechanical constructions:

7
6
5

4

2
1

3

,~8

fig. 1
Section of .the dew point
sensor E 713.1 Le. (1)
LiCI-sensor, (2) heating
element, (3J, air inlet
(4) Pt-sensor, (5), mixer
(6) motor, (7) fan, (8)
Pt-sensor for air temperature

In a housing designed for outdoor
operation the dew point measuring
cell (40 ~ x 20 mm) is built into. The
corresponding items are given in Fig.
1. The LiCI-sensor (1) has at its top
a small reservoir of 2 x 1 mm 2 with
gold electrodes. This top is thermically isolated against its support.
The contact to the electronic will be
ensured by two golden springs which
are connected to the electrodes if
the sensor is inserted. In this
manner it is very simple to remove
the sensor for cleaning and the
replacement of new LiCI-solution.
The air to be measured is sucked
through the inlet (3), warmed up
by the heating element (2) by
means of the resistance of the
LiCI-sensor (1), and well mixed by
the mixer (5), to sensure similar
temperature at the LiCI-sensor (1)
and at the temperature sensor (4).
The air is sucked through the system
with approximately 8cm 3 /s by the
fan (7).
In respect to the volume of the
measuring chamber which is 25 cm 3
the air inside is exchanged in 3 s.

The response time is longer caused by the time of water exchange
between LiCl-crystals and the surrouriding air. Response time to
a jump in dew point will be followed by the read out with 0.1 K/s
on an average.
Additional measurement of air temperature is possible with the
Pt-sensor (8) which is fan forced inside the ventilated tube, which
is double shielded against radation.
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Thermic control circuit
The thermic control circuit is placed
inside a chamber at the lower part of
the housing and it can be reached by
removing the lower part of the housing.
The circuit diagram is described in
Fig. 2.
The choosen control transconductance is
shown in fig. 3. That diagram was
measured with a variable resistor instead
of the LiCl-sensor. A ± 5% change of the
200 k Ohm resistor is sufficient to
vary the heating power to either zero
or maximum.
Fig. 2.
Thermic control circuit
diagram, (1) LiCl-sensor,
(2) heating element, (9)
thermistor in the cross
branch to (1), ( 10) OpAmp,
(11) switched'transistor

P/W
3+-----1--

The thermistor (9) placed inside the
measuring cell has two functions: a)
optimizing of regulation during warm-uo
time b) temperature compensation of
the resistance of the sensor, which
remains inside the regulation range without exchanging much water at the sensor.
Fig. 4. shnows the necessary temperature
change inside the measuring cell to
force the heating from zero to full
power.

2

For that an external resistor was
connected to the thermic control circuit of the heating element (2). The
internal haeting element was slowly
powered externally. A temperature inO"'--t----+---+-:---""'I'---f--tl_
crease of approximately 0.1 K is suffi180 190 200 2 0 220, RslKQ cient to rise the haeting from zero to
full power and return.
Fig. 3.
The maximum heating power is sufficient
Heating power as function
for 60K above air temperature which is
of LiCl-sensor resistance
more than 10 K above the necessary
temperature at 30°C and 100% RH = 30°C
dew point.
P/W

3+----__+_..

2

oI_-+-_+-+-+->~I--~I-II_
-0,1

+0,1

+0,2

Fig. 4.
Transconductance of control
circuit

~ J-/K
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In comparison with a PTB mirror dew point sensor

LIT/K

The differences between a mirror dew
point sensor of PTB-Berlin (National
Bureau of Standard) and the LiCl-sensor
are given in Fig. 5. for different ranges
of RH and different dew points. The dew
point below O°C was measured above ice.
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TMD The result of this measurement being used
for nowaday calibration is: The root mean
e
C

square deviation in the range is less
than 0.2 K for the dew point.

~

+-Q~

Fig:. 5.
Difference of the LiCls;ensor to a PTB mirror dew
point sensor sensor; x for
RH >80&, + for RH = 40 to
60%, 0
for RH <30%

Behaviour after starting the instrument
The behaviour of the sensor after
moistenning it with different quantities of LiCl-solution is given in fig.
6. If the sensor is clean and prepared
with fresh LiCl-solution of 1:10 diluted
15
concentrated solution, the settle time
depends on the quantity of solution. The
10
dew point read out is negligibly depending on the quantity of solution.
5
After a sufficient time of approximately
5 minutes the definite value will be
reached. It is calculated that an
-5
approximately 0.1 ~m thick layer of elec"----'-t---+---+--.---t~---ll-t
....
2
3
4
5_._ trolyte is covering the crystallized
'/l'lln
layer between the electrodes.

o

Fig. 6.
Settle time of the LiClsensor for different volumes
of LiCl solution, in the ratio
of quantity of 1:2:3
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Influence of dimensionings of mechanics and electronics on the read out
There are two sources of error:
a) Thermal conductivity of the LiCl-sensor support
This error is increasing with increasing relative humiditYJ caused
by higher difference between outside and measuring chamber temperrature at higher relative humidity which causes a higher dew point
read out. This effect can be minimized by an adequate construction
of the support of the sensor, i.e. high thermic resistance.
b) Heating of the sensor by the current used for measuring the resistance of the sensor
Due to the position of the sensor inside the thermal control circuit
the sensor is a little too warm. That causes a dew point read out
which is too low. An increase of the current through the sensor by
the factor four (other resistors inside the other branch of the
sensor-bridge) is reducing the dew point read out at a rate of 0.2 K.
Under normal conditions the effects under a) and b) can be reduced
to negligible values.
Influence of air pollution
The read out of the sensor is neiter influenced by dust or spray of
sea water nor by smoke. The read out can only be influenced by substances which are more hygroscopic than LiCl. At normal atmospheric
conditions, such substances do not exist.
In very strongly polluted atmosphere it is sufficient to clean and
replace the sensor once a week with a drop of fresh LiCl-solution.
Under normal atmospheric conditions even after months of continuous
operation there are not any errors in the read out.
There is not any influence of time neither to the sensor nor to the
electronic.
Handling of the sensor is simply done without tools and can be performed even under worst conditions.
In comparison with different kinds of LiCl-sensors
LiCl-sensors with directly heated LiCl-layers are described in
literature.
These sensors may cause errors, if the LiCl-concentration is diluted
at one part of its surface. This causes a dew point read out too low.
Schmeer 3 and Mirtsch 4 are giving hypothesisses to reduce these
error either by calculation or by warming up the air to be measured.
Those errors do not occur in the described sensor. Comparisons with
different hygrometers habe been performed [5J . These investigations
are only indicating errors of the sensor E 713 of less than 0.2 K
for the dew point within the investigated range.
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Certificates
The dew point sensor E 713 produced by A. Sprenger was investigated by
PTB in accuracy and long time stability. Certificates are executed
furthermore bySMHI (Swedish Meteorologic Hydrographic Institutl and
the Swedish Army.
Literature
e1] Bachem, Ch.j John, G.; Rust, Gi
Meteorol. Rdsch. 20.67-68 (1967)

Uber ein neues TauJ?uriktmessgerat

[2] Bachem, Ch.; Untersuchung eines modifizierten LiCl-Taupunktgebers J
Meteorol. Rdsch. 35, 30-33, (1982)

-

[31 Schmeer J E.; Der sogenannte temperaturabhang ige MeBfehler des FeuchtemeBflihlers und seine rechnerische Kompensation, - Meteorol. Rdsch. 34,
61-62

(1981)

(4] Mirtsch, F. j EntwLcklung und Erproburig eines modifizierten LiClTaupunkthygrometers Techn. Messen tm 51 181-185 (1980)

[5] W. Meyer 1 Vergleich handelsliblicher Feuchtemessinstrumente, Met.
Inst. Uni Bonn, Diplomarbeit 1982

(Reference III.8)

TRIPLE SENSOR DIGITAL BAROMETER
Veijo Antikainen and
Veikko Hyvonen
Vaisala Oy
Abstract
A new digital barometer with three microprosessor controlled independently
functioning sensor packages is introduced. The advantages of the construction
utilizing three separate sensors instead of only one unit, as used conventionally,
are shown through a mathematical consideration. Results of long term stability tests
are also introduced.
1. Introduction
An ideal barometer in high quality pressure measurement can be imagined as an
instrument capable of (I) giving high accuracy output without frequent calibrations
and (2) indicating its own state and quality of measurement. Vaisala Oy introduces a
solution based on three independently functioning pressure capsules of high stability
and microprocessor control with corrective action and possible error indication.
2. General description

The Vaisala Digital Barometer PA 11 (Fig. 1) is a preclslon instrument providing
highly accurate and reliable pressure measurements of the range of 800 to 1050 mb.
Barometer can be used panel mounted as well as a stand alone unit. A rechargeable
4.8 V NiCd battery ensures over 3 hours of operation during power breaks.

Fig. 1.
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3. Three sensor construction
The barometer has a unique construction consisting of three independent transducer
packages controlled by a microprocessor. Each package consists of the following main
parts:

®

- capasitive aneroid capsule
- special pantented integrated circuit for measuringcapasitance (MULTICAP R, trade
mark of VAISALA)
- reference constant capasitance
- capasitive temperature sensor for temperature compensation (measured by MULTICAPQD
also)
- EEPROM for storing of calibration data
The transducer circuit (MULTICAP~ specially designed by VAISALA is based on
the RC-oscillator principle and is capable of measuring with resolution of 1 fF
(10- 3 pF).
The sensor itself is an aneroid capsule with capasitive elements in the vacuum
inside an aneroid. The diameter of the capsule is 30 mm. The construction of the
pressure sensor is shown in Fig. 2.

Fig. 2. Transducer plates (a) are supported by membranes (b) made of special steel
alloy. The supporting rods (c) of the plates are fixed to the membranes
with hermetic glass-to-metal seals (d).
The sensor is assembled with precision welding techniques. MULTICAP®senses
the capasitance between plates only, with no influence of stray capasitances between
the plates and the membranes which are grounded. Advantages of the constructions are:
- all mechanical friction is eliminated
- construction does not contain any springs, arms or mechanical contacts
- capasitive plates are protected against moisture and dust
4. Display techniques
PA 11 has a 4.5 digit liquid crystal display (LCD) with 12.5 mm high digits.
Following diplays are available:
Pressure: reading is updated every 20 seconds. The pressure reading in the
display is the average of the three sensor units (normally) or any combination of
them selected by the rear switch.
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Trend: the pressure measured three hours ago is substracted from the latest
measurement.
Tests: the display reads +1888.8 for approximately 20 seconds after sWitching
power ON and about 0.5 seconds before displaying the Trend.
5. Outputs
In addition of LCO display serial output is available for interfacing with
printers, CRT-disp1ays, automatic weather stations and microcomputers. The serial
interface operates in two modes (rear panel switch se1ectab1e).
- automatic reporting of message at one minute intervals
- message on interrogation only
The message contains heading, pressure, trend and status (= minimum and maximum
differences between any two sensors). For example:
AAXY 0023+013 Q1 qO
(pressure 1002.3 mb; trend +1.3 mb; sensors within 0.2 mb of
each other; redundant sensor within 1 mb)
6. Alarms
A continuous audio alarm is given to indicate low battery voltage. Audio alarm at
1 second intervals is given to indicate that one of the three sensor units is
defective (deviates more than 0.6 mb). Audio alarm at 0.2 second intervals is given
to indicate that when only two sensor units are used one of the three successfully
measured values differs more than 0.6 mb from the others.
7. Reliability
Normally the mean value x of sensor outputs xl, x2 and x3 is displayed. Using the
assumptions of Gaussian probability distribution one will find out that both random
variability (standard deviation of the output of an instrument about its own mean
value) and instrument variability (s.d. of instrument mean values about a population
mean) will decrease down to 1/v-3 times the figures of single sensors. This means an
increase in repeatabi1ity and absolute accuracy.
Exponential distribution is widely used in lifetime computations.
of 'dead' components is given by
F(t)=l-exp(-ct)

The proportion
(1)

Now we define up state (UP) as a state of operation within spesifications and,
respectively, an instrument in down state (ON) to be out of spesifications.
Parameter c of a single pressure unit, denoted by cp, is achieved from an estimated
proportion (pp) of ON state sensors after 1 year time interval:
cp=-log e (l-pp)/la

(2)

To achieve a more understandable expression, let us examine the functioning of the
units day by day. How many down state (ON) days do we get in a sample of 1000 units
within a period of N days?
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Probability that the unit is ON at time=i days is gi.ven by
P(ON at t=i days) =F (t=i days)

(3)

We use the symbol q to denote ON-state days. If the unit is ON at t=i days then
it will certainly be ON also at t=i+1, i+2, . ", N days since no repair is available
(irreversible defeats). Therefore at least (N-i) ON-state days will be met:

(4)

P (q~N-i )=F (t=i days)
Expectation value of ON state days nON of 1000 single units is given by
N
E(nON)=1000'1:, i'P(q=i)
i =0

N

=1000·1: i'(P(q i)-P(q i+1»
i=O

N
(5)

=1000·I:. i'(F(t=N-1 days)-F(t=N-i-1 days»
i=O

Let us now look at the situation with 1000 triple unit packages and
microprocessors capable of detecting malfunctioning of one unit. The output will now
be based on the two UP state units. This means continuous operating in UP state,
hi gh accuracy state. At least two of the sensors must be ON until ON state is met in
the output. Possible states for the units in such a case are (#1 ON, #2 ON, #3 ON)
or (#1 ON, #2 ON, #3 UP) or (#1 ON, #2 UP, #3 DN) or (#1 UP, #2 ON, #3 ON).
To achieve the expectation value of ON state days of the triple unit barometer one
has to replace F(t) in Eq. (5) by

(6)

(F(t))3+3'(F(t))2'(l-F(t))

Table 1 lists expectation values of ON state days for different values of pp
percentage of units movi ng into ON-state within 1 year). It shows drastical
improvement in reliability.
Table l.

I pp

Single units
Triple units

%

0.1

0.2

0.5

1.01

183

366

916

1833

9

36

0.4

1.5

Furthermore, it should be noted that the output of the triple capsule barometer is
not necessarily out of spesifications (at least not far away) even with two units in
ON-states. This is because the remaining UP-state unit is very unlikely to become
neglected in the computation of the output, so it will have a corrective effect on
the result.
8. Long term stability
For eight months (so far) two prototypes have been compared in normal laboratory
conditions several times per week against a Negretti &Zambra barometer, the
calibration of which was verified during the test period using a dead weight piston
gauge as a primary standard. The atmospheric pressure during the test period varied
from 997.4 to 1032 mb.
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AnY systematic drift was not observed.

number of observations
mean of differences
standard deviation

The results of the test are as follows:

PI.;

P2

101
-0.07 nD
0.09

101
-0.03 mb
0.06

9. Technical data
Range:
Resolution:
Accuracy:
Trend display:
Operating temperature:
Storage temperature:
Display:
Battery:
AC adapter:
Power requirements:
Seri al I/O:

Dimensions:
Weight:

Note:

800 .•• 1050 mb (or 11.6 - 15.2 lb/in 2)
0.1 mb
±0.3 mb (one year longterm stability)
3 hour change and sign (+/-)
+5 •.• +55°C (+41 •.• +131 F)
-20 ••• +60°C (-4 •.• +140°F)
4~ digit LCD (12.5 mm (V') high digits)
4.8 V 1.2 Ah NiCd
220 V AC 10%/12 V DC 350 mA
10 ••• 28 V 350 mA DC
300,baud, full duplex
+/(-)3 .•• 30 V input, ±3.5 V output
Optoisolated current loops:
1••• 60 mA input, 1•.. 60 mA output (semiconductor
swi tch)
D-type 25-pole female connector DB25SM4S
standard panel mounting, 72 x 144 x 250 mm
1. 7 kg (4 lbs)
0

mb;:: hPa
The unit hPa should be used instead of mb see the WMO Technical Regulations,
Volume I, Section F, Chapter F.l, Regulation (F.l) 1.2

(Reference 111.9)
AUTOMATIC VIDEOMETER FOR THE
RUNWAY VISUAL RANGE MEASUREMENT

Marcel ETIENNE -

Christiane DE SWERT

Meteorological Service of the Belgian Airport and Airways Agency

1.

Definition - Introduction

In aviation, one of the most important
meteorological parameters is the Runway Visual
Range.
Runway Visual Range is defined as the
maximum distance in the take-off or landing
direction at which the runway or the specified
lights or markers delineating it can be seen from
a position above a specified point on its centre
line at a height corresponding to the average
eye-level of pilots at touch -down.
A height of approximatively five meters is
regarded as corresponding to the average eye-level
of pilots at touch -down.
The observer is placed in a position which
approximated that of a pilot of a plane at initial
touch -down, the observer being in this case a
special T.V. camera. This camera, with background luminance identical to that of a pilot eye,
is aimed in the landing direction and is designed
to scan a row of lights situated on the ground
75m to one side, and parallel to the runway. The
basic principle of a manual videometer is to
display on a T.V. screen, any three consecutive
lights in this row, each light being placed at a
predetermined distance. When the furthest light
of the three is obscured by fog or other adverse
weather conditions, the observer will consider the
RVR as being the distance to the second light.
This manual videometer was described in Document 9328 - AN 908 Manual of Runway
Visual Range Observing and reporting practices.
To take an example: let us suppose there
is fog, the observer switches on the first three
runway lights : for instance the lights situated
lOOm, 150m, 200m away. If the three runway
lights are visible on his TV screen, he goes on the
next group (150, 200, 250 m). He will proceed

that way until in the examined group (for example the lights 200, 250, 300 m) only the first
two (200 and 250 m) are visible, that of 300 m
being un discernable in the fog. In that case, the
R.V.R. is 250 m : the distance of the last visible
light.
The videometer gives an R.V.R. whatever
the atmospheric agent reducing visibility : fog,
rain, snow or dust.

2.

General description of the Automatic
Videometer

The videometers now in service (except
one) in Belgium are manual videometers of the
first generation, they are between 5 and 10 years
old.
On lightly-used airports where only one
runway is available the manual version, operated
by the observer, is sufficient.
On an airport such as Brussels National, it
is tedious for an observer to follow R.V.R.'s
evolution on 5 screens and if the weather conditions change quickly, a certain delay is necessary to transmit the new R.V.R. So it became
imperative to automate the videometer, i.e.
to determine the last visible runway light by
means of an electronic apparatus, using the same
basic principle as the manual videometer. For
automation read micro-processor control.
As for the manual videometer, we kept a
row of runway lights parallel to the runway.
An elaborated optoelectronic apparatus
takes the place of the old TV camera and
switches on the runway lights: not by group of 3,
but individually. Moreover these lights are amplitude-modulated at a frequency below 10 Hertz.
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The microprocessor switches on the ground lights
and also adjusts the focallenght of the lens to the
illuminated light. If a light is visible, a photomultiplier tube collects the emitted light.

broken (for example invisible light reappears or
the visible light disappears), the microprocessor
starts up again to execute a new "search".
The R.V.R. value transmitted based on
the distance to the last visible light examinated
by the videometer head, transmitted and automatically recorded by the concerned departements : Meteo, air control
.

The signal collected at the output of this
tube is treated by a synchronous detector controlled by a microprocessor.
If this synchronous detector detects the
presence of an alternative component whose
frequency is equivalent to that of modulation of
the light, it sends a "visible light" message to
the microprocessor. The microprocessor will then
switches on the next light (for example 30 m
further away). The process is repeated until the
synchronous detector informs the microprocessor
that it can no longer detect the presence of the
light's alternative component.

3.

Detail running principle of the system

The automatic videometer consists of :
3.1.
3.2.
3.3.
3.4.

When the last visible runway light found
remains visible the electrical command remains in
action with a periodical investigation "invisible
light", "visible light" alternating between the two
lights. concerned. When ever this pattern is

a pylon with a measurement head
a row of runway lights
a frequency pilot unit
a microprocessor controlled synchronous
detector and management unit

Let us detail these various elements (see fig. 1).
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3.1.

Pylon with a measurement head

The pylon places the measurement head at
the internationally recommended height (5 m).
The measurement head consists of an optical,
mechanical and electronic device protected by a
controlled temperature case. Looking at figure 2,
we see:
MOVING LENS
ABSOLUTE CODER,

ZOOM

/?ULTIPLIER

An electronic decoder is connected to each
runway light, to switch the light on or off on
receipt of the appropriate coded signal. It is
equipped with a commutation circuit permitting a
switch over to the reserve light. The power of the
lights is supplied by a single cable (serial connexion): with the same intensity value as the
runway's lights.
3.3.

P M LENS

01-

This unit driven by a quartz oscillator has a
double aim:
to modulate the amplitude at a given frequency of the current to the runway lights.
to give a reference signal to the synchronous
detector.
3.4.

Firstly a special zoom lens covering a range
from 30 to ± 1200 metres and aimed
at runway lights.
This special zoom lens permits images in
focus to be constant in size or magnitude
according to a law on camera lens variation
depending on distance between camera
and scrutinized lights.
Then a motorized apparatus that adjusts
the focal lenght of the lens aims at the
selected light.
A photocollector tube (photomultiplier)
receives the image of the selected light
and gives an electronical signal, the precision of the angle of sight being better
than 0,5 degree.

3.2.

Frequency pilot unit

Row of runway lights

These standard airport runway lights are
parrallel to the runway's direction and spaced out
at a chosen distance, according to the measure we
wanted to obtain.
In Belgium the lights are 30 m apart from 30
to 360 m, then 400, 450 and 500 m and finally
are 100 m apart from 500 to 1200 m. Any other
configuration is possible. Beyond 1200m, we
estimate that the R.V.R. by contrast is generally
superior to the one obtained by counting up the
runway lights.

Microprocessor controlled synchronous
detection and management unit

The synchronous detector is the heart of the
automatic videometer. It is equipped with a
microprocessor which is part of a mini-computer.
The synchronous detector compares the signal
to the reference signal send by the frequency
pilot (alternative component).
The signal delivered by the photomultiplier is send to this unit. If the synchronous
detector detects the reference frequency, it
delivers to the microprocessor an information
"visible runway light". If on the other land
this frequency pilot (alternative component)
doesn't yet exist in the signal coming from the
photomultiplier, the synchronous detector sends
to the microprocessor an information "invisible
light".
When the microprocessor receives the message "visible light", it commands the switching
and the position of the next light (for ex : after
having lit on the runway light 300 m and having
settled it visible, it lights on the runway light
330 m). After having properly positioned the
head of the videometer to analyse the 330 m
runway light, the microprocessor unit will check
the reading taken by the synchronous detector
for "visible light", or "invisible light". If the
information is "runway light visible". the system
aims the following runway light of 360 m. The
system goes on until it finds an "invisible light".
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When the light considered as "invisible" is
found after the last visible light, the electrical
command remains in action with a recurrent
investigation "invisible light", "visible light"
alternating the switching on of the two lights
concerned, and compares if the information
received by the synchronous detector are conformed with the first settled logic (runway light
visible, runway light invisible).

But the illumination threshold of a human
observer eye, i.e. in short the minimum illumination value that the eye can detect from a light
source, changes a lot with the background luminance conditions. So, between the night and a
"bright" day (sunlitfog) there can be a threshold
illumination rate greater than 1.000. If we want
to put ourselves in the same conditions as an
observer, we have to slave the optoelectronic
device to same conditions.

The R.V.R. value based on the last visible
light is transmitted and recorded. When the
situation "visible light" "invisible light" changes,
by fog's clearence or thickening, the microprocessor makes a new search.

A feed-back loop adjusts the photomultiplier high voltage, to adapt the detection sensitivity in function of the background luminance,
in the same way as the eye.

The R.V.R. values can be displayed, registeredand treated in any form according to the
country's standards and the Airport's computer.

4.

MEASURING METHOD

Let us consider that the opto-electronic
device of the videometer head is positioned
on a given runway light. The runway light image
and its environment are focussed on the photocathode of the photomultiplier tube.
If we schematize, on one hand we examine
the image received by the photocathode and on
the other hand the signal on the photomultiplier
anode (that means after transformation in an
electric signal).

If the runway light is well visible we find a
signal with a continuous component for the
runway light environment (ground luminance)
and an alternative well defined signal for the
runway light signal.
If the runway light is just visible, the
alternative component will hardly stand out
against the continuous component. It's the
correlator's work to find the alternative component, this by removing the ground noise and the
background luminance. The basic principle of
the correlator is to negative all signals that aren't
phase correlation with the reference signal.
If the runway light is no longer visible,
there is no alternative component and the correlator detects nothing. So the microcomputer
will declare : last runway light not visible as
would say an observer.

During the night, this loop adjusts the hight
voltage in a independent manner, to adapt the
gain, taking into account the absence of background luminance.
At dawn and twilight, the transition will be
progressive.

5.

VIDEOMETER USE FOR MEASURING
THE RUNWAY VISUAL RANGE

During 1983, the automatic videometer
was tried out and the last visible runway light
detected by an observer was compared with
the last visible runway light detected by an
automatic videometer. Say in observed foggy
circumstances the correspondence was perfect.
Each runway light, even weak but seen by the
observer was detected by the automatic videometer. At rain or snow falls, correspondence was
also perfect.

6.

VIDEOMETER USE FOR MEASURING
THE METEOROLOGICAL VISIBILITY

By experiment we noticed that if the
videometre's head was aiming a predetermined
runway light, in our case the 360 m runway
light (runway light seen), the electrical signal
received at the photomultiplier photocathode
was varying in function of the meteorological
visibility. When visibility is good, the electrical
signal is high and when there is bad visibility,
signal is low. The value of this photomultiplier
signal is transformed at the correlator output in
numerical form and named correlation products.
These are variable in function of the applied
signal at the correlator output. The higher the
signal value is, the higher should be the numbers,
at the output and inversely.
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Then it was easy to draw a graphic :
on x - axis the meteorological visibility, and on
y-axis, the read number. This was done several
months at Gosselies Airport, so as to find a
correlation curve between the observed visibility and the received signal values. At first approximation we can draw the following curve.
This curve can be used for a visibility
between 1.5 and 8 to 10 km. After that, the
curve flattens and a differentiation becomes
more difficult.
For
descreasing visibility during rain,
one need to use another curve also detenl1ined
by experiment.
We have tried another experiment using
grey filter to attenuate the light arriving in the
videometer head. From this test, we could say
that the automatic videometer is to be compared
to a transmissometer whose base is the distance
from the videometer head to the examined
nmwaylight . This distance is 360 m. One can
say that the videometer works as a long base
transmissometer.
More informations should be given during
the lecture, because the progress of our comparison doens't allow us to conclude definitely.
Comparisons are actually made in Gosselies,
Brussels National and Otis near BOSTON
(U.S.A. - MASSACHUSSETS).
In Boston, the automatic videometer
was lent by the Belgium Airport Agency to the
Federal Aviation Agency for a big project comparing most of the existing equipments measuring
the Runway Visual Range and the Meteorological Visibility. The conclusions concerning
those comparisons should be made during the
month June.
In Gosselies, we are comparing the meteorological visibility estimated by a human observer and the correlations products values
measured by the automatic videometer. The
above curve was drawn during these comparisons.
At Brussels National, we compare the
meteorological visibility calculated by the transmissometer and the correlation products measured by the automatic videometer.
Corrtlallonp,ooucls

....... Vislbility inkm_
S
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7.
7.1.

Conclusion
The fixed aim: to automate the R.V.R.
measure with the help of a device based on
the same principle as the manual videometer was realized.
Based on the same principle as the manual
videometer it should give R.V.R. values
when other meteorological agents reduce
the visibility : rain or snow for example.

7.2.

The automatic videometer gives a R.V.R.
value in real size. Its measurement sample,
the examined air space, is identical to
the space which the human eye observes.
The automatic videometer also works with
the same background luminance and
condition (5 m height) as would be seen by
an observer.

7.3.

The automatic videometer gives an instantaneous transmission of the R.V.R. values
without previous testing, or data conversion with the help of calculator.

7.4.

We hope in the future with the same equipment to calculate also the meteorological visibility, the equipment then working in a similar principle as a long base
transmissometer.
With the same equipment we shall be
able to measure from 30 to 1200 m,
the Runway Visual Range, and from 1200 m
to 10 km, the meteorological visibility.
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BACK TO THE ROTATING BEAM ?
An evaluation of five cloud-base measurement systems.
Sara H. Muller and M.P.D. Jansse
Royal Netherlands Meteorological Institute,
De Bilt, The Netherlands.
1. INTRODUCTION.
During a long period the rotating beam ceilometer (RBC) was the major instrument
to measure cloud height. Then the laser beam ceilometer (LBC) has introduced modern
technology in this field. Although the LBC performed satisfactorily during simple
weather, i.e. a well defined cloud base with little or no rain (Imbembo and Lewis
1983, 2), the performance is not as good under difficult circumstances. For synoptic
purposes this seems not to be important because moderate or heavy rain occurs only a
small percentage of time. But on airfields pilots and observers are especially
interested in the actual cloud base when the weather is bad. This explains why a
surprising number of complaints were received about the performance of the Asea
QL1211 ceilometers which have been in use on the Dutch airfields for about 3 years.
Since that time a second generation of LBC's became available which try to cope with
these problems by hardware and/or software changes.
2. THE EXPERIMENT.
In november 1983 we started a comparison of five ceilometers with special
emphasis on the behaviour during adverse weather conditions.
The following instruments were included:
- A traditional rotating beam ceilometer with a base length of 120 meter which was
used as a reference during the whole comparison experiment.
- The old Asea QL1211 laser ceilometer.
- The laser ceilometer LD-WHL from Impulsphysik.
The standard analog output gives only the cloudbase(s). We also tested an option
which shows a representation of the strengh of the return signals.
Descriptions of a RBC, the Asea QL1211, and Impulsphysik LD-WHL can be found in
Imbembo and Lewis 1983 (2).
- A new laser ceilometer of Asea QL1212 which differs from the QL1211 on the
following points (among other things):
•• The possibility of a faster rate of measurement (every 15 seconds) •
•• A more intelligent cloud detection program. (e.g. Detection of two cloud bases is
possible, in case of fog the vertical visibility is calculated.)
•• an extensive digital display (two cloud bases, range limit, vert. vis.) •
•• An ability to measure up to 10,000 ft (not necessary for use on airfields,
5000 ft is sufficient).
.
This instrument is very new and still under development. Several versions of the
program were tested during the past months.
- The Enertec/Schlumberger TNA 1500.
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The Enertec is based on a slightly different principle. Like the LBC's it measures
the travel time of a light pulse, but the pulse is produced by a spark and not by a
laser. The LBC's have a base length of only a few decimeter and use infrared light
(r--< 1 jJm), the Enertec has a baselength of 5 meter and uses visisble light. We were
especially interested in the effect of the longer baselength.
The results were evaluated in the following way:
The analog registrations were compared with the RBC and with the results of a rain
meter and a visibility meter on the site.
- A structured questionnaire was given to the observers to be filled in during
int.eresting weather conditions. From this both the wishes of the observers and the
performance of t.he instruments were gathered.
- Occasionaly pilots were asked to report cloud bases. This enabled us to compare the
indication of the ceilometers with the actual height which should be measured.
3. SUMMARY OF BEHAVIOUR DURING PRECIPITATION.
It turned out that indeed the LBC's are more disturbed by rain with moderate
int.ensity (1-20 mm/hr) than the RBC. On the other hand the RBC is more disturbed by
snow, but this is less important in The Netherlands because snow is relativily rare.
Fog also caused problems for the LBC's. Pilot and observer want to know the thickness
of the fog layer and the possible presence of a cloud layer over the fog. Both the
standard program of Impulsphysik and the first program of Asea did not yield
satisfactory results. But the option with intensity representation of Impulsphysik
and a newer program version of Asea yielded better results.
4. LASER BEAM CEILOMETERS AND RAIN.
Although the new ceilometers performed better during rain than even a well
adjusted Asea QL1211 the performance with the standard program of Impulsphysik and
the first program version of Asea QL1212 did not meet the requirements of observers
and pilots. A next program version of Asea was less sensitive to rain, but tended to
miss shallow clouds. The option with intensity representation of Impulsphysik brought
a nice improvement : an experienced observer will often be able to distinguish
between reflections from rain and from clouds, but only on the analog registration.
However, the observers prefer an unambiguous (digital) indication.
During the experiment the supcicion grew that the sensitivity for rain is a
fundamental problem. A LBC observes the backscattering from drops while the RBC
observes the scattering under an angle (at lower altitudes). Possibly the
backscattering from large drops is much larger relative to the scattering from small
drops than the scattering under an angle. In the latter case we might expect to
observe the rainbow at an angle of about 41 degrees • With a base length of 120 meter
this corresponds to a height of about 140 meter (450 feet). It turned out that the
observers knew already that sometimes a reflection occurred at this height during
heavy rain, but they never realized its origin.
In the case of the LBC we are looking for a kind of glory phenomenon. The normal
glory is observed on clouds or fog. It seems that an even stronger "glory" might
occur in large rain drops. A literature search for the scattering properties of
droplets was made. Recently some ext.ensive numerical calculations using Mie
scattering theory were done, for instance to give an explanation for the rainbow and
the glory (e.g. Nussenzveig, 1979, 3). These and most calculations are done for
spherical drops. But large raindrops are far from spherical (e.g. Pruppacher and
Klett, 1978, 4). Calculations for non-spherical drops are rare and have only been
performed for small drops (e.g. Asano and Sato 1980, 1). So a straightforward
theoretical explanation of the scattering from real rain drops is not yet possible.
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Sassen (1977 and 1978, 5 and 6) measured the backscattering from real drops. His
results seem to give an explanation, because he observes a sudden increase in
backscattering if the dropsize exceeds 4 mm. However, his measurements were done in a
horizontal direction. The distortion of the raindrop is symmetrical around a vertical
axis, so that his results can not be applied to our problem.
Because we suppose that the backscattering might be relatively smaller if the light
does not enter the rain drop along a symmetry-axis, we decided to do the following
experiment: both the Impulsphysik and the Asea QL1212 were mounted under an angle of
30 degrees with the vertical direction. To date the first rain has fallen while in
this configuration and the first results look promising.
5. CONCLUDING REMARKS.
A qualitative description of the preliminary results of the comparison has been
given. During moderate rain the rotating beam ceilometer performs better than the
digital indication of the laser beam ceilometers in a vertical position.In this
position the LSC's do not meet the requirements of reliability on the Dutch
airfields. To date the experiment is being concluded and we are making a more
detailed analysis of the results and a thorough study of the literature which has
been found. An comprehensive report will be given at the conference and will be
published as an internal report of the KNMI as well as elsewhere.
6. REFERENCES.
1. Asano, Sand M. Sato (1980). Light scattering by randomly oriented spherical
particles. Appl. Opt., ~, p. 962.
2. Imbembo S.M. and R. Lewis (1983). An assesment of current cloud height indicator
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3. Nussenzveig, H.M. (1979). Complex angular momentum theory of the rainbow and the
glory. J. Opt. Soc. Am., 69, p. 1068.
4. Pruppacher H.R. and J.D. Klett (1978). Microphysics of clouds and precipitation,
Reidel, Dordrecht, p. 311.
5. Sassen K. (1977). Optical backscattering from near-spherical water, ice and mixed
phase drops, Appl. opt., ~, p. 1332.
6. Sassen K. (1978), Backscattering cross sections for hydrometeors: measurements at
6328 A. Appl. opt., 1L, p. 804.

I

j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j

(Reference III.ll)
A KIND OF TELEMETERING RADIOMETER
Lu Zhenhe, Zhang Weimin
The Institute of Atmospheric Sounding Techniques
Academy of Meteorological Science State Meteorological
Administration Beijing, People's Republic of China
Abstract
There are three kinds of radiometers and recorders included in the modified
wired Telemetering Rodiometer, Which has been considerably improved in aspect
of Technology, materials and structure. Besides the improved accuracy and function, this instrument has multichannel for telemetering and automatic accumulator. The observer's labour intensity can be reduced by using this system.
Power consumption of the new radiometer is little. Both AC and DC can be
used. So this new instrument is suitable even for those meteorological stations,
where the AC power often happens to have some trouble.
1. Pyranometer
1.1. The single layer of glass cover is replaced by the double layer. The
cold end of thermocouple is placed inside.
The radiation measurement for the meteorological usage requires stability
and accuracy. "For this purpose mostly the pyraelectric effect is employed. The
intensity of radiation is indicated by the value of electromotive force produced by the thermocouple due to the temperature difference. The main part of the
radiometer sensor, so far used in our country, consists of a sensor surface,
painted in black and white color interlacingly, and a thermocouple with hot and
cold ends.
For the modified pyranometer the cold end of the thermocouple is placed
inside the instrument ~ld the sensor surface is painted only in one black color,
because the white paint results in some unstability and makes the error increased. The double layer of glass cover and the white partition sheet prevents the
cold end of the thermcouple from being directly effected by the solar radiation,
So the accuracy is improved.
1.2. The glass cover materials and the spectra.
As we know, 99.~/o of radiation energy coming from the sun surface is
concentrated in the band of 0.17 - 4,Lt. But in fact the spectra, which we have
been measured on the earth surface by means of instruments, ranRes only from

1

2

3

Fig.1. Diagram of pyranometer with shading ring.
Fig.2. Diagram of pyrheliometer
Fig.3. The head of the net pyranometer.
0.29 - 4,44. It is supposed that when the sun is at zenith, 4% of received
radiation energy by the earth surface is in the ultraviolent region, 50% in the
ultra-red region, the others are visible light. The total sky radiation, which

- 162 is measured by the pyranometer, consists of following two parts: (1) radiation
energ-,y directly coming from the sun surface. (2) radiation energy, reflected by
the clouds and scattered by the atmosphere.
The glass covers used in the old pyranometer are made of ordinary glass,
which absorbs not only more sun light, but also different in aspect of intensity
for different wave length. In other words the graphic of permeability versus
spectrum presents a curve, not linear. As for the ultra-violet rays their permeability are even worse. (see figure 4) There are must be some defects, if we
only take the permeating part of radiation energy for the total quantity.
For the new instrument quartz glass is a kind of more ideal material. For
the spectra, ranging from 0 to 2.5P(only up to 2.5,uis measured) the permeability
of the radiation energy is not only small (about 8%), but also linear basicly.
The measured quantity of radiation can better reflect the reality of the total
radiation intensity.
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Fig.4. The spectra effect of the ordinary glass and the quartz glass.
1.3. Scattering radia.tion observation
For the scattering radiation observation the sunshading ring is employed,
the correction value is obtained by theoretical calculation and experiment
comparesion. After correction the accuracy of the scattering radiation can reach
about ±2%.
2. On window of the pyrheliometer
The window of the pyrheliometer is the entrance of the direct solar radiation into the instrument. There are two kinds of windows:' open wide and closed.
For the open wide window there isint any obstacle to block the radiation.
Light propagates to the instrument sensors just like in the atmosphere. No
disturbance effects on the light propagstion •. But the moisture moleculas, dust
particles and other impurity may cover, contaminate or even corrode the sensors.
The fluctuating air current may have some influence on the thermo stability and
measurement accuracy.
For the closed window the entrance is covered by a kind of specially chosed
light permeable material. Only part of the direct radiation can enter into the
instrument. Although it can overcome or reduce the defects happened to the open
wide type, the closed type can be used only for those case, where the change of
injecting light is allowed or desired.
For meteorological observation instruments are usually installed outdoor in
adverse circumstances, where storm, dust and moisture often influentethe accu-.··
racy, so instruments with closed window are adopted.
While chosing the materials for the window, following factors should be
considered: stability, specfra permeality, spectra absorpbility and emission
coefficient. For measuring the short wave radiation quartz glass is suitable,
That is why the quartz glass is chosed to be the window material for the new
pyranometer. In order to make the application simple and convenient and to
improve the stabitity, sensitivity, reliability and time of delay some dry air
of one atmosphere pressure is enclosed in the pyrheliometer. For the scientific
research usage a filter can be added to the pyrheliometer of DFY-3 type. But
while using the filter and the quartz glass at the same time the multiple
reflection between the filter and the quartz sheet must b,e considered. Usually
it makes 1% difference.
.

3. Net pyranometer

- 163 There are two sensor surfaces in the net pyranometer, (see figure 3) They
'measure the balance of the total radiation, including the solar radiation with
the wave length ranging from 0.29 to 4~ and the long wave earth radiation with
the wave length ranging from 4 to 40~.
As mentioned above the working principle of all thermoelectrical type
radiation instruments is based on energy exchanging. Balance between the radiation absorbed by the sensor surface and the surrounding circumstances. Both
pyrheliometer and pyranometer are cqvered by quartz glass cover and the long
wave radiation is separated from being received. If it is necessary to measure
the long wave radiation or,the total radiation, the glass cover must be taken
away. Then the sensor surface can exchange the long wave and short wave radiation freely. But it will result in another problem: there will be considerable
convection heat exchange between b'lack body of sensor surface and air. It will
make the measured result very unstable. There are several ways to solve this
problem. We take the following simple way: using a polythene membrane cover to
let the solar radiation and earth radiation pass through~ to considerably reduce
the convection heat exchange between the sensor surface and air, to make the
influence of nature wind approximatly equal to zero. Measurement showed that
about 85% of radiation energy with wave length ranging from 0.3 to 17 fI' (only
up to 17~was measured) can permeate the polythene membrane cover. But there
are some very narrow absorption bands at about 3.5~, 6.9pand 14P.
Polythene membranes made by Australia and by our country have been measured
and compared. Result showed that the spectra permeality curves are almost the
same (see figure 5).
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Fig.5. Spectra effect of polythene membrane.
dotted line--made in China
actual line--made in Australia
Aftercomparing the radiation balance meter covered by polythene membrane
with the standard instrument and calculating the correction coefficient of the
instrument, the net radiation can be measured accurately.
After long time of application, the membrane cover may get dirty and ageing.
Under the influence of strong ulfra-violet radiation in the high mountain area,
the permeality of the cover will decrease considerably. So, in order to insure
the measurement accuracy, the cover should be kept clean and maintained. There
is a gas pump device in the net pyranometer to provide dry air and remove
moisture inside the membrane cover, to keep it hemisphere shaped. Experement
shows that if it is not hemisphere shaped, error caused by this factor will be
no more than 1%.
4. Remote measurement with pyranogra.Eh and improvement of accuracy.
2
The quantity value of radiation observation usually ranges 0--2cal/cm ·min.
The quantity of electricity produced by the thermocouple sensor is very little.
It is necessary to have a recording device with high accuracy to tell the small
difference of the radiation, to reflect the radiation energy at different time
and places. The new pyranograph is a digital recorder, which basis on the
principle of digital voltmeter and can indicate the radiation intensity directly. It can take remote measurement and work under conventional temperature. In
order to insure the accuracy. the base point calculation must be taken every day.
When the instant value and accumulated value ranges 0--1.00cal/cm 2 .min, the
error will be less than 0.01cal/cm 2 .min, for the value of 1--1.99cal/cm2 .min
error will be less than 0.02cal/cm 2 .min. That is to say, the error is 1% of the
full scal.
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For the radiation observation some time not only the instant value at fixed
time is needed, but also the day total quantity is reguired. In order to obtain
the total quautity in one day often the observation frequency is increased (for
example once per hour) and the radiation change between two observations is
taken as linear. Although the total quantity can be calculated, the process is
quite complicated and the result is not so accurate. Now by using the pyranograph the sample is taken automatically every minute and accumulated by
following formula:

.)' ~dQ==Q~~Q, (!.,-Td)

+ t( Q,+Qn)+ ~: QktO~Q"(T.f_Tll)

The calculation accuracy is improved. Following example is done by the data
recorded in July 6,1982 in Beijing (see figure 6). The difference between above
two ways can reach 7%.
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Fig.6. Recorded curves for direct radiation. July,6,1982. Beijing

Reference
A. J. Drummond, On the Measurement of Sky Radiation,
Arch. Meteor. Geophy 8 Bioklim. 7, (1956).
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DEVELOPMENT AND TEST OF A HEATED WIND MEASUREMENT SYSTEM
H.Brust, A.Kolbl
German Weather Service
Instrument Office Munich
1. Introduction
Under the severe weather conditions
of mountain and sea stations conventional wind measurement systems often
do fail during the winter saison by
ice accretion even with partial heating.
Therefore a heated wind measurement
system, named "MIRIAM-W" (Fig.1), was
developed by the German Weather Service - Instrument Office Munich (DWDlAM), that had to fulfill the following requirements:
Fig.1

MIRIAM-W, Cup Anemometer
and Wind Vane

- Cup anemometer and wind vane in single position
- Heating of all components without influence of the prevailing
characteristics
- Qualification for low and high winds in the speed range of 0.5 - 60 m/s
- Microprocessor controlled data acquisition equipment with analog. and
digital data output.
2. System Description
2.1 Cup Anemometer
2.1.1 Design Concept
According to the mentioned requirements the developed wind speed instrument
is a conventional robust cup anemometer with components to heat all the
fixed and moveable surfaces.
After an intensive study of the over-speeding behaviour by normal and slanting flow a three-cup configuration with conical cups was chosen [3]. The
conical cups are closed to house the heating elements and to reduce the ice
accretion.
The heating power is supplied to the cup assembly by a mechanically contactless inductive transformer, that creates no additional friction-torque.
As signal transducer an optical chopper is used.
2 1.2 Mechanical Structure
The cup anemometer is built up in modules with the following main components (Figo2, bottom to top):
The anemometer shank contains all mechanical and electrical parts of the
signal transducer and the heating (base plate, teflon heater element, elec0

- 166 tronic boards, inductive power transformer with fixed primary and turning
secundary ferrite core, optical chopper).
The bearing box includes all the mechanical components to support the cup
assembly. The cup shaft is journaled in two grooved ball bearings and carries the code disc of the transducer
and the secondary ferrite core of the
power transformer.
The three-cup assembly consists of
the rotary head, the arms and the conical cups and has a diameter of
320 mm. To reduce the moment of inertia, the cups are formed in 0,5 mm Alsheet. For a efficient heating a closed two part configuration was chosen,
that consists of a conical cup with
a flat lid.

2.1.3 Heating System
After thermodynamic investiga~ions a
heating power of ca. 0.2 W/cm was
assumed for the surfaces of the anemometer.
The power distribution is shown in
the block diagram in fig 3:
The shank is heated with the heater
element (85 W), and the leakage ~ower
of the heating electronics (15 W) and
the inductive transformer (10 W).
The bearing box is heated with 60 W
by an adhesive heating tape inside,
which is wound around a support.
A 35 W adhesive heating tape is layed
from the rotary head through each arm
to the inside of the closed cups.
Accordingly the total heating power
of the anemometer amounts to 275 W.
The heater circuit? shown in fig.3,
is supplied with 42 V ac and is electrically insulated from the signal
circuit:
After the mains filter the heater circuit is divided. While the bearing
box is heated directly, the current
for the cup assembly heating is rectified and then feeded to the heating
electronics.
Since the transformable electrical
power of the inductive transformer increases with increasing ac-frequency,
a frequency of 25 kHz was necessary
for the required heating power. This
ac-frequency is generated in the heating electronics and feeded to the
fixed primary transformer coil. From
here the electrical power is transformed inductively to the rotating
secondary coil, which is connected to
the hollow shaft of the cup assembly.
The control of the heater circuit is
performed by a thermal circuit breaker.

Fig.2

Cup Anemometer, modular
construction
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2.1.4 Signal Transducer
An optical chopper is used, that has,
compared with usual transducers, a low

Fig.3

Cup Anemometer, block
diagram

- 167 moment of inertia without friction torque, high reliability and linearity
between cup rotational speed and pulse frequency.
The transducer consists of two mechanical parts, the code disc with 36 holes on the circumference and an IR-light barrier.
Potentialfree dc-voltages in the range
9-16 V can be used for the supply of
the signal processing circuit (fig.3).
A voltage control generates from it
a 5 V dc-voltage, required for the
signal electronics and the optical
chopper. The electrical impulses of
the chopper are feeded to a low pass
and a Schmitt-Trigger, to eliminate
line noises. Then a line driver transmits the differential signals to the
data acquisition equipment.
2.2 Wind Vane
2.2.1 Design Concept
After intensive wind tunnel investigations to optimize the geometry of
the fin and the configuration of the
counterweight, a wind vane with a
unprofiled trapezoidal single fin was
chosen.
According to chapter 1 all surfaces
of the wind vane are heated. The heating power for the fin assembly is
provided by a low friction mercury
rotary-contact.
An optical shaft angle encoder is used
as signal transducer.
2.2.2 Mechanical Structure
The mechanical structure of the vane
consists of three main components,
shown in fig. 4 (from bottom to top):
The vane shank contains all mechanical 'and electrical parts of thesignal transducer and the heating (base
plate, teflon heating element, electronic boards, mercury rotary-contact,
code disc with IR-light barrier block).
The bearing box is identical to the
box of the anemometer. The hollow
shaft is connected at the bottom to
the code disc and the rotary part of
the mercury contact.
The single fin assembly (fig.4) consists of the rotary head, counterweight, fin-arm und fin, and has a
radius of gyration of, 375 mm. To reduce the moment of inertia, the fin
is formed in two 0.5 mm AI-sheets,
these are bonded together with two
heating foils inside by use of a
silicon bonder.

Fig.4

Wind Vane, modular
construction
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2.2.3 Heating System
The surfaceso~ the vane are heated
with 0.2 W/cm corresponding to chapter 2.1.3. The power distribution is
represented in fig.5:

295 W

Fig.5
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Wind Vane, block diagram

- 168 The vane shaft is heated with a 50 Wheater element, shown in fig.4. The bearing box is heated with a 60 W adhesive heating tape.
The power installed in the rotary head and the counterweight of the fin
assembly amounts to 50 W. A heating tape is wound around the support pipe
and is positioned inside the counterweight.
The fin arm is heated with a 30 W-tape, that is laid inside the arm. The
heating power of the fin amounts to 105 W, that is produced with two heating foils (construction see chap.2.2.2).
The total heating power of the wind vane amounts to 295 w.
The heater circuit represented in Fig.5, is supplied with a potentialfree
power source of 42 Vac. While the shank and the bearing box is supplied
directly, the current for the heater elements of the fin assembly is transfered by the rotary-mercury contact.
2.2.4 Signal Transducer
An optical shaft angle encoder is used, that has, compared with usual transducers, a low moment of inertia without friction torque, and a high reliability of the mechanics and signal transmission.
The digital angular value is transmitted as a coded 8-bit word in the GrayExcess-3-Code. The decoding is carried out by software in the data asquisition system with the use of a ROM-table. The resolution comes to 3.6 •
The encoder consists of two mechanical parts, the code disc, attached to
the fin assembly by means of the hollow shaft, and the IR-light barrier
block, fixed to the bottom of the bearing box.
The block diagram of the signal electronics is shown in fig.5. For the
electronics a power source of 9-24 V dc is necessary. The current is stabilized to 5 V wJ:thin the signal circuit. The signals of the encoder are
feeded to a Schmitt-Trigger and transmitted with the differential line
drivers to the data acquisition eqUipment.
2.3 Cross Beam
The instruments of the system "MIRIAM-W" are attached side by side to a
cross beam at different heights.
The beam, shown in fig.1, has a length of 1.5 m [1] and is attached by
means of a support to the top of a wind mast. For ease of installation and
maintenance, the support allows the beam to be moved.
To install the sensors under the top of a mast, the beam length is 2.4 m
(fig.8).
The vertical position of the sensors is given by the different shank lengths,
so that the cup assembly lays just over the top of the fin to prevent aerodynamic interference.
2.4 Data Acquisition Equipment
The microprocessor controlled data acquisition equipment contains the complete hardware for the input, processing and output of the wind informations.
For this the required software is stored in EPROMS.
By the processor operation the instantaneous wind values are evaluated with
a sample rate of 2 seconds. Then the statistical parameters (means, deviations and extremes) are calculated.
The processed wind data are displayed on a monitor and are given out as
analog and digital data by the appropriate interfaces.
3. Experimental Investigations
In the following chapter the experimental tests are described? that were
carried out to investigate the operational reliability, the ~hermal behaviour and characteristics of the measurement system.
3.1 Cup-Anemometer
3.1.1 Function Test
A fatigue test of the anemometer was carried out under real conditions
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with permanent heating in the winter 82/83. During this period no faults
in the mechanical and electrical components occured.
3.1.2 Thermal Behaviour
In a safety check - with permanent heating, an air temperature of 19°C,
without cooling by wind - no damage to the mechanical and electroBical
components §ppeared at the measured surface temperatures: shank 50 C, bearing box 70 C, arms 90°C and cups 110°C.
At a speed of 9Am/s, an air temperature of 1.1 0C and a relative humidity
of 76 % the surface temperatures came to 250C on the bearing box and 27°C
on the cups.
3.1.3 Aerodynamic Investigations
The aerodynamic parameters (starting threshold VA, measuring threshold VN
in Fig.6) and the calibration characteristic of the anemometer were investigated in the wind tunnel of the IAM according to [1,2J •
The calibration curve, shown in fig.6, that represents the functional relation between the given impuls frequency f and the wind SP2ed V, is
slightly curved and can be described with V = A + B.f + C·f • To simplify
the data processing, a linearization with V = A + B.f is admissable.
To keep the linearization error low, it is useful, to linearize
the calibration curve in certain ranges and to calculate the constantes A and B by
a linear regression.
The constants of the ranges I and 11, the relative linearization error~r
and the variation coefficient sr are calculated according to (2] and spezified in fig.6.
In the wind tunnel tests, With and Without heating, no influence of the inductive power transformer could be attributed to the calibration curve.
The behaviour of the anemometer in fluctuating flow, to evaluate the dynamic parameters, will be subject of future investigations.
3.2 Wind Vane
3.2.1 Function Test
The functional capability of the vane
was demonstrated in a fatigue test
with permanent heating under natural
conditions in the winter 83/84.

Cup - Anemometer
Calibration Characteristic
500

3.2.2 Thermal Behaviour
In a safety check - with permanent
heating, an air temperature of 19 0 C,
without cooling by wind - no damage
to the mechanical or electronic components were experienced at the measured surface temperatures: shank and
bearing box 550C, counterweight 50°C,
fin arm 75 0 C and fin 80°C.
At a wind speed of 9.4 m/s, an air
temperature of 1.1 0 C and a relative
humidity of 76 % the surface temperatures came to 300 C on the bearing
box and 15°C on the fin.
3.2.3 Aerodynamic Investigations
The aerodynamic parameters of the vane
have been analysed in the wind tunnel
of the IAM. Vortex induced vibrations
of the fin were tested during the
design phase. The present shape of
the fin and the length of its arm
were chosen after intensive wind tunnel studies of different fin variants.
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- 170 The parameters of the vane - starting threshold VA 90 at 900 - deflection,
measuring threshold VN 5 at a deflection f3 <50, damping ratio D and time constantr - are evaluated/according to [1,2J and are specified in fig.7.
Furthermore the response characterist~cs of the vane are sho'WIl exemplarely
in fig.7 for a deflection angle of 30 and different wind speeds.

4. Field Tests

Wind Vane
Response Characteristic

From 1979 to 1982 the first prototyp
Nr. SK 566/001
Bearbeiter: J.Egelkraut
of the heated wind measurement system
Datum:09.11.82
E.Ender
was proved on the weather station
Garmisch-Partenkirchen/Zugspitze. With
the experiences obtained hereby, the
system was completely mechanically
v [mls]
1.1
5.0
20.0
and electrically revised.
~ [0)
90
60
90
30
60
90
30
60
30
0[-1 0.43 036 041 022 0.31 034 021 032 035
The improved version of the system wae
"& Is] 3.60 540 5.30 1,40
1.30 1.40 040 034 0.34
tested in the winter 83/84 on three
topographically different stations
IAM/flatcountry near Munich (486 m),
Feldberg/Schwarzwald (1486 m) and
'*'.90=0.3 mls
30
Garmisch-Partenkirchen/Zugspitze
,~:m,.
VN, 5=05 mls
(2960 m).
v =20m/s
During these field tests the mechanical, thermal and electrical reliabi• 1/\
lity, the safety of the signal trans- ~ 0 I"
~ -~
mission and processing could be demon- u
o
.!
strated.By air temperatures to -22 C, ~
airspeeds to 220 km/h and ice accre.
tion to 60 cm the anemometer and wind
-30
o
5
10
15
vane remained icefree. (Fig.8)
Time

Fig.7

Fig.8

t

[s J

Wind Vane, response
characteristic

Cup Anemometer a~d Wind Vane of the System MIRIAM-W on the Weatherstation Feldberg/Schwarzwald W-Germany, Febr.84. (Instrument
IIFueB 82All attached to the top of mast).

- 171 5. Swnmary
Under the severe weather conditions of mountain and sea stations conventional wind measurement systems do fail often during the winter saison by ice
accretion.
Therefore the German Weather Service - Instrument Office Munich developed
a heated wind measurement system, named "MIRIAM-W", with a speed range of
0.5 - 60 m/s, that consists of a robust three-cup anemometer, a single fin
wind vane and a microprocessor controlled data acquisition equipment. Both
instruments are fitted out with components to heat all the fixed and moveable surfaces.
The heating power is supplied to the moveable surface of the anemometer by
a mechanical contactless inductive power transformer, to the moveable surfaces of the wind vane by a low friction mercury rotary-contact.
As signal transducer an optical chopper is used for the anemometer, an
optical shaft angle encoder is used for the wind vane.
The signals of the instruments are received, converted and statistially
analysed by microprocessor controlled data equipment. The processed wind
data are displayed on a monitor and are given out as analog and digital
data by the appropiate interfaces.
The mechanical, thermal and electrical reliability of the heated wind measurement system was demonstrated during the field tests on three topographically different stations in the winter 83/84.
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MEASUREMENT OF WIND, TEMPERA'lURE AND HUMIDITY
IN CONDITIONS OF SEVERE ICE ACCRETION
By

D. W. Jones.and D. J. Painting
Uni~ed

1•

Kingdom Meteorological Office

INTROro CTION

Severe icing, both in the form of rime and glaze, and impaotion of wet snow has long
been a problem for making and maintaining continuous wind, temperature and humidity
measurements at high level stations.
Attempts have been made in the past to build a heated anemometer for such applications
(Hartley, (2», or to maintain the conventional rotating oup anemometer and wind vane free
of ice using the heat from high intensity spotlamps. Neither of these methods has proved
suooessful in the particularly severe environment enoountered in Northern Britain. Pho·l;ograph A shows typioal ioing oonditions
on Gt Dun Fell, a peak in the Pennine region of
0
Northern England (54 0 41 tN, 02 27'W, 847 m amsl).
This paper will desoribe early results from trials of a pressure tube anemometer,
having no moving parts and heated over its sensing section. The paper will also desoribe
a oompletely new oonoept in temperature sensor for suoh severe environments and results for
two different solid-state hygrometers.
2.

HEATED ORTHOGONAL ANEMOMETER

The device initially chosen for this applioation was the Heated Orthogonal Anemometer,
Model No 853, manufaotured b,r Rosemount Ino of USA. A schematio of this instrument is
shown in Figure 1.
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FIG. 2 DIAGRAM OF ROSE MOUNT MOOEL 853 ORTHOGONAL WINO SPEED
SENSOR.

Orthogonal sensing ports, looated around the circumferenoe of a vertioal oylinder are
oonneoted to 2 pairs of differential pressure transduoers. The output from these transduoers is directly proportional to the wind speed along the orthogonal axes and from simple
veotor addition the true wind speed and direction can be derived. The unit has no moving
parts and is easily heated; dimensions are indicated in Figure 2.

- 174 The sensor was deployed on Gt Dun Fell in Ootober 1982 where it operated unattended
oontinuously until April 1983, at whioh time it was recovered for inspeotion and checking.
The main aims of this trial were to test the efficiency of the unit at maintaining itself
free of ice and to check the accuraoy of the results against a oonventional rotating oup
anemometer and wind vane, at least in oonditions when there was no ioing (or the latter
had been manually oleared of ioe). Some results from the trial are given in section 2.
In 1983 the manufacturer declared that the model 853 was obsolete, its replacement
being the 874 BN. The later model has a much larger sensor, being approximately tWice the
linear dimensions of the previous model. However, the total heater output remained the
same, but with a smaller heated area. It was, therefore, felt necessary to test the 874 BN
unit in similar severe conditions and one of these was deployed on Gt Dun Fell for the
1983/84 winter period, whilst the model 853 was redeployed in January 1984 in the Cairngorm
mountain range in Scotland, at a height of 1085 m amsl (57°06'N 03 0 38'W).
2.

RESULTS

a.

(i)

Icing performance
(a)

Model 853

During the winter 1982/83 ice accretion at times in excess of 0.5m occurred
on the 10 m tower on which the instrument was mounted. A large number of photographs were taken during these conditions and although ioe was seen to build up
temporarily as far as the neok at point A of Figure 2, (see Photo B) at no time
did the sensing ports become blooked or affected b.1 ioe aooretion.
Table lb.
Table le.

Month

Month17 Summar,r of periods when winds were
estimated because of ice or snow affecting
the rotating cup anemometer and/or wind
vane during the winter 1982/83
Number of periods

Total number of hours
1~5

,\pr

5
18
11
12
11
7

313
163
288
150
180

Totals

64

1239

Nov
Dec
Jan
Feb
Mar

or 28.5% of total period November-April.

Month
Nov
Dec
Jan
Feb
Mar
Apr
Totals

Eetimated Monthly Summar,r of periods when
ice and/or snow would have affscted wind
readings if there had been no manual
clearing of ice from the rotating cup and/
or wind vane for the same period
Number of periods

Total number of hours

7
4
6
5

222
460
249
429
207
209

30

1776

2
6

or 41r~ of total period November-April.

Tables 1 show the frequenoy and total time that ice and/or snow affected the
oonventional anemometer. The station is manned 5 days a week during da¥-time and
the conventional anemometer as far as possible was maintained free of ice during
these periods. Table 1a, however, shows that even with manual clearing the wind
record was potentially in error for nearly 30% of the winter period. Table 1b is
an estimate of the total time that the wind record could have been in error if
there was no manual intervention and it will be seen that the figure is in excess
of 40% of the winter period.
(b)

Model 874 BN

Similar very severe ~c~ng occurred during the winter 1983/84. The operation
of the Model 874 BN was not, however, entirely satisfactory. Because of the
smaller heated area ioe accreted up to, but not blocking, the sensing ports on the
upWind side of the sensor (photograph C). Clearly, the wind data would be
severely affected b.Y such a bUild-up. Also water and ice was observed to have
collected in two of the tubes to the transducer. The manufacturer tells us that
new production models will have a higher total heat output over a larger area.
(ii)

Wind performance

Figures:3 andt4· Show 5-day time series of the hourly mean wind speed and direetion
from both the orthogonal Model 853 and Munro rotating cup anemometers. The Munro data
are obtained from a manual analysis of anemograms, whereas the orthogonal data are
hourly means derived from samples taken every :3 minutes and reoorded on a data logger.
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Fig 3 oovers a period when there was no known icing and we can see that any disagreement
between the two data sets is acceptable small considering the differences that might arise
from the different sensing methods and uncertainties of analysis. No definitive explanation
can be offered for the increased "error" in direct ion between 12:& on 3 March and 06:& on
4 March but this is probably due to the fact that the mean speed over this period is close
to the lower limit of reliable operation of both sensors.
A small systematic difference in direction is not considered significant due to the
problems of accurately aligning the wind direction sensors.
Fig 4 covers a period Where icing was known to have occurred. Large and increasing
errors in Wind speed and direction are clearly seen to accrue but only in some instances
(as when either the cup or wind vane freeze solid) was it possible to tell from the recorded
data when the effects of icing commenced.
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3.

TEMPERA'lURE AND HUMIDITY

The problems of making continuous and reliable readings of temperature and relative
humidity are as severe as those affecting wind measurements. Conventional stevenson
screens quickly become blooked b,y snow and ice and all subsequent readings become
unreliable. Wet bulbs freeze and dry out and unless treated with distilled water at each
reading give erroneous results.
a.

Temperature

The sensor devised for temperature measurements under such severe conditions is
shown in Fig 5. It consists of a very small bead thermistor mounted on the end of a
flexible support rod. It is clear, however, that there are three main sources of
error with this design:

(i)

solar radiation;

(ii)

wet bulb errors in precipitation;

(iii)

ice accretio·n.
~2mm

11_----.
BEAD
THERMISTOR

~lm

Naturally coloured
thermistor

FLEXIBLE
HOLLOW
GLASSFIBRE
ROD

White painted
thermistor

CONNElTIONS TO
ELECTRONICS
INTERFACE

No of observations

Mean difference

Sd

2-30

.95

91

.40

.5

93

Comparisons of temperature readings from openly exposed
thermistors with a platinum resistance thermometer in a convent ional Stevenson screen for the worst case period of bright or
sunny weather in southern England in summer.

FIG.5 THERMISTOR AND SUPPORT
ROD.

(i)

Sol~r radiation

The effects of direct solar radiation have been minimised b,y choosing as
small a sensor as is practioal and treating it with a white epoxY coating.
Comparisons between an openly exposed thermistor and a platinum resistance
thermometer in a Stevenson screen under mainly bright or sunny conditions in
Southern England (latitude 51 0 23'N) showed a mean error of 2.3 0 C. (Table 2).
This, however, was for a thermistor in its natural state and is thus near the
worst case error. Treating the thermistor with the white epoxy coat reduced the
mean error to 0.4°C. Even this, however, is likely to be an over-estimate of the
error that might be encountered in operational use. In mid-winter in Northern
Britain the maximum solar radiation flux density is approximately one order of
magnitude less than that encountered in mid-summer in Southern England. Also,
the heat transfer to the ambient air b,y conduction will be greater due to the

- 177 higher mean wind speeds. It is therefore considered that, even in bright
sunlight, the radiation errors are well within acceptable limits.

(ii)

Wet bulb errors

Olearly, in precipitation an openly exposed sensor will tend to indicate
the wet bulb temperature. However, in most instances of precipitabon at high
level in winter the dry and wet bulb temperatures will be similar and any errors
wi 11 be small.
(iii)

Ice accretion

Ice can, and in some instances does, accrete on such an openly exposed
element. Experience has shown, however, that due to the con·tinual vibration and
flexing of the rod used to support the thermistor in all but very light winds
(When icing is not usually a problem) the thermometer remains largely free of
ice. During the 1982/83 Winter tria.l the maximum temporary bu.ild-up of ice at
the tip was approximately 25 mm. An example is shown in photograph D.
SUPPORT BAR AND
FJ XINGS

/

BRACKET
VAISALA HMP 21--HEATED HUM1DITY
SENSOR

rv400mm

CYLINDER OPEN
AT BASE

b.

FIG. 6 RELATIVE HUMIDITY SENSOR
AND PROTECTIVE CYLINDER.

Humidit;y;
The humidity sensor used operationally within the United Kingdom Meteorological
Office, mainly at marine and low-level coastal sites, is the PCRC11 solid-state hygrometer with a PTFE protective filter (Clarke and Painting (1). The sensor is a laminate
comprising a carbon film etohed onto a polystyrene substrate. To date three of these
sensors have been deployed in the Winter high level environment. Results have not been
as encouraging as With the Wind and temperature sensors described preViously. Two
failed after short periods of freeZing saturated oonditions. Failures were due to the
carbon film lifting off the substrate, probably as a result of the latter freezing when
saturated. A third sensor has, however, survived on calibration for a complete winter.
An alternative humidity sensor has also been tried, both at Gt Dun Fell and on
the Cairngorms. This is a heated oapaoitative sensor produoed by Vaisala. Both
sensors have survived a winter and comparisons from the Cairngorms of humidity against
cloud cover at the trial site indicate very good agreement at high relative humidity.
Very low RH values have also been recorded above a subsidence inversion but no
independent comparison data are available for these oocasions. The sensor is exposed
inside a oylinder open at its base as shown in Figure 6.

4.

CONCLUSIONS AND DISCUSSION OF FUTURE DEVELOPMENTS

From the results oolleoted in the conditions of very severe icing encountered in
Northern Britain in winter the authors are satisfied that they now have a set of sensors
which will reliably and with an acceptable accuracy measure the 4 variables, wind speed,
wind direction, air temperature and relative humidity. The successful operation of the
wind and temperature sensors during winter 1982/83 encouraged us to interface these and the
heated capacitative RH sensor to a data acquisition and telemetry ~stem for the winter of
1983/84, thereby oreating a basio harsh environment Automatic Weather Station. Potential
still exists for the development of this system, inoluding addition of sensors such as a
heated raingauge and a precipitation detector.
References
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A Humidity Sensor for AWS, Fifth Symposium, Met
Observations and Instrumentation, !MS, Toronto, 1983.
Hartley G. E. W. A Heated Anemometer, Meteorological MagaZine Vol 99, 1970, pp 270-274.

I

j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j
j

(Reference 111.14)

A NEW SUNSHINE DURATION SENSOR
Peter Lindner
Deutscher Wetterdienst
Instrumentenamt Hamburg

The new sensor, SONI, is designed to record automatically the duration of sunshine.
It can be
combined with a printer or connected to an automatic weather station
to meet the requirements of particular areas of application. SONI responds to the
irradiance of the incident direct solar radiation. The threshold level of the irradiance which defines sunshine can be set at any level over a wide range. The sensor
does not have to be aligned in a particular direction when being set up nor does
the latitude have to be taken into account. Thus the principle of measurement permits the sensor to be used on buoys too.
First laboratory prototypes of SON I were built 1977. Since then it has been considerably improved and it is now being produced industrially (5).
The Campbell-Stokes sunshine recorder measures the duration of sunshine by making
use of the ability of the sun to burn a trace on paper when its rays are concentrated at the focal point of a convex lens. The daily path of the sun produces
a burnt track on a paper stripe on which the time is printed. The time and duration
of sunshine can be read from the burnt track. This process cannot be automated.
Other devices determine whether the sun is shining or not (i.e. whether the irradiance of the direct solar radiation is above or below the set threshold level)
from the difference of the incident irradiances with an without screening the sun
(1, 2). For this purpose certain devices employ a rotating shade frap (3, 5).
These devices have to be mounted in a permanently fixed position and aligned
parallel to the earth's axis. There are difficulties with all these devices in
reproducibly setting and maintaining a given preset threshold value since the
value measured depends on the diffuse solar radiation.
Principal features
In recording the irradiance, the SONI operates in a fully rotationally-symmetrical
manner, scanning the complete sky hemisphere by a rotating slit. It consists
essentially of a slit diaphragm, an optical waveguide and a photocell (Fig. 1).
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Sketch of analogue signal- Not to scale

The waveguide is surrounded by a slit diaphragm. These two elements are firmly
connected to· each other and rotate together. The light which passes through the
slit in the diaphragm is guided through the optical waveguide and emerges from
the latter aligned with the axis of rotation of the measuring head. At the end
of the wave guide there is a photocell which converts the radiation received into
electrical signals. Since the end of the waveguide is positioned concentrically
above the photocell and its position relative to the latter does not change as it
rotates, the photocell can be mounted in a fixed manner. This means that the
electrical connections to the photocell can be stationary.
In the plane between the waveguide and the photocell there is a rotating shutter
which screens the light from the optical waveguide reaching the photocell every
second revolution of the slit. The zero-point of the sensor is established during
the dark phase.
SONI produces an analogue signal which is represented schematically in Fig. 2.
During the phase when the shutter is closed, the output voltage is zero. When
the shutter opens and the photocell is irradiated diffuse solar, the voltage
rises to a level in accordance with the radiation, a typical value being around
70 mV. When sunshine is passing through the slit in the diaphragm, the voltage
can increase up to a point at which the amplifier becomes saturated at abo~t
10 V. The threshold voltage of 1,55 V according to an irradiance of 120 W/m
is in a level which is generally not subjected to electrical interferences. The
amplification factor must be appropriately changed if it is desired to measure
for other purposes the full range of the direct solar radiation.
Optical waveguide
An optical waveguide mounted in the centre of the slit diaphragm serves as a
rotationally symmetrical receiver of the light which passes through the slit.
The light passing through the slit enters the waveguide at right angles to its
longitudinal axis. In the case of a normal optical waveguide, the light entering
the waveguide in this way would leave it again on the opposite side and would not
be directed along the length of the waveguide. SONI has a cone mounted in the end
of the waveguide. The dimensions of this cone have been selected in such a way that
incident light cannot leave the optical waveguide but is reflected in the direction
of the longitudinal axis of the waveguide by means of the total reflection effect
(Fig. 3).
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The optical waveguide is made of plexiglass. The limiting angle for total reflection for this material is 42°.
The measured irradiance variates due to an imperfect rotation symmetry by less
than 3 ~6.
Diaphragm
The entrance head which rotates has a diameter of 32.5 mm, the slit in the diaphragm is 0.3 mm wide. This means that the azimuth elevation angle of the aperture
is shout 1°. The angle if the aperture is 100 0 since the sensor will also be used
on bUOys which roll. The aperture of the slit takes in about 0.5 % of the area
which it passes over in one full revolution.
Preparation of the signals
A silicon PIN photodiode BPW 34 serves as the photosensitive sensor. The emitted
photocurrents are amplified in a pre-amplifier. The zero-point is stored in a sampleand-hold amplifier. The sample-and-hold amplifier is controlled by the impulse of
a photoelectric barrier which is triggered when the rotating shutter blacks out the
photosensitive sensor. A differential amplifier gives a signal proportional to the
difference between the zero-point signal and the measured signal. A comparator compares the corrected measured signal with the preset threshold voltage. A signal
of 4.5 V is given at the output of the SONI when the sun is shining, i.e. when the
measured signal is larger than the preset threshold voltage while the output signal
is 0 V when the sun is not shining. Fig. 4 shows the basic features of the circuit
for the preparation of the signals with a printer connected.

- 182 -

0'

Di He rential
amplifier

Photo-electric
transducer

Clock
Zero reference

Fig.4

Circuit diagram of the sunshine duration recorder

SONI possesses all the necessary signals for further processing of the information:
the analogue measured signal as a voltage output (0 to 10 V) or as a current output
(0 to 10 mA), a signal for "sun" (4.5 V) or "no sun" (0 V) as well as a control
signal for the recognition of the phase when the photosensitive sensor has been
blacked out ( 5 V for one millisecond). This control signal can also be used to
control a digital data-preparation system. The signal "sun" is only withdrawn after
a delay of 5 seconds in order to bridge short-time interrupts of sunshine.
Setting SONI's threshold value
For this a pyrheliometer to measure the irradiance of the direct solar radiation
and a storage oscilloscope which is connected to the SONI's analogue output to
measure the amplitude of the "sunshine peaks" are needed. The solar irradiance
may only change very slowly during the measurement in order to keep the errors
resulting therefrom as low as possible. All that now has to be done is to set
the amplitude factor of the differential amplifier such that the amplitude of the
"sunshine peak" lies on the 2ine which results from the zero-point and the threshold value 1.55 V at 120 W/m .
If one SONI is available which has been already set against a standard instrument,
then a second device can be set in a simple manner in the laboratory by adjusting
it to give the same amplitude as the first when the two are placed in front of a
DC powered projection lamp.
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Final remarks
The SONI is a measuring device, the design of which permits it to be used not
only for measuring the duration of sunshine but also for a wide variety of other
measuring purposes by varying the slit diaphragm, by using filters, by integrating the radiation which is received during one complete revolution. Using
mikroprocessors the measuring values can be corrected for the residual parts
of diffuse solar radiation or evaluated for the spatial distribution of sky
radiance.
The SON I has been tested in the Hamburg Meteorological Observatory of the
German Meteorological Service as a measuring device for the determination of
the duration of sunshine and will be tested at an international comparison
organized by the WMO in Budapest in 1984.
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STATIC PRESSURE HEADS FOR METEOROLOGICAL USE

B.r A. Osmond and D. J. Painting
United Kingdom Meteorological Office

1.

Introduction

The accuracy requirements for measurement of atmospheric pressure in Automatic Weather
Station (AWS) systems are stringent. For example, a marine AWS should report pressure with
an uncertainty of less than 2 hPa (WMO 1983). When considering the sources of error in a
total system over the full environmental range for typical transducers and data acquisition
equipment, it is clear that the allowance for errors of exposure is ver,r small. If,
however, the problem of exposure is ignored ver,r large errors in pressure measurement can
result nullifying any other aspect of the sensor performance. This can be illustrated b,y
considering the errors produced when using a simple "tube" design of static head. Figure 1
shows the results of wind tunnel tests on two such designs which gave underpressures of
2 hPa at 30 knots and around 1 hPa at 60 knots. A design of static pressure head developed
in the UK Meteorological Office overcomes the problem of exposure to the point where the
accuracy requirements are aohievable even on buoy-mounted systems in wind speeds up to
60 knots.
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The Development of the Non-Rotating Static Pressure Head

Early AWS systems introduced by the UK Meteorological Office employed a rotating
static pressure head. This design, not described here, has a satisfactory performance but
is expensive and, since it has moving parts, it not suitable for unattended AWSapplicatio~
A non-rotating static pressure head (NSPH) was developed and, following a series of
promising wind tunnel experiments, it was introduced into operational service on a buoy
system and on some fixed marine AWS. The early design, shown in Figure 213., consists of a
cylinder 300 mm long and 42 mm in diameter, with a ring of eight 3 mm diameter holes 63 mm
from the uppermost end.
A collar, 60 mm long, is fitted over the cylinder, close fitting at the top but with
an annular air gap of 4 mm over the lowest 40 mm. The collar is adjustable so that the
amount of shadowing of the ring of holes can be varied. Early results of the wind tunnel
tests suggested the optimum shadow was about 10 mm (Tonkinson, 1976). This result was for
a Wind speed of 20 knots and later work (Sargent, 1980) suggested an optimum value of 18 mm
over wind speeds ranging to 80 knots. Sargent noticed that the style of mounting of the
NSPH affected his results and so further tests have been carried out. In the latest series
of tests, described here, the variations in error observed in different examples of the
original design and those of a newer, non-adjustable type were examined. The style of
mounting was also varied and, though the scope of this work was limited, this factor is
shown also to be of some importance in optimising the design.
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FIG.4

WINO TUNNEL TEST RESULTS FOR FIVE FIXED-CAP NSPH

're st ing the NSPH

Following Sargent's work a non-adjustable static pressure head with a fixed overshadow
of 18 mm has been produced which is illustrated in Figure 2b. Five identical examples of
this fixed-cap design were mounted in turn in the wind tunnel. The mounting was a specially
designed tripod to be of small cross-sectional area in order to disturb the airflow as little
as possible (Figure 3). The results obtained with these 'identical' heads are shown in
Figure 4 which shows pressure errors at 60 knots from 0.15 hPa ove~pressure to 0.6 hPa
unde~pressure. Since the style of mounting was different from that used in the early
experiments of Tonkinson and Sargent further tests were oarried out on three adjustable-cap
heads to determine optimum overshadow over a wind speed range from 0 to 60 knots. Best
results were obtained using 22.5, 23.5 and 26.5 mm overshadows for the examples A, Band C
as illustrated in Figure 5. The results for a further head (D at 22.5 mm) are also shown
in Figure 5.
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For operational use the static heads are usually mounted on a 25 mm bar. To
investigate some properties of this style of mounting an adjustable-cap static head (set to
22.5 mm) was mounted on a bar running transversely across the wind tunnel as shown in
Figure 6. At 60 knots an error of 1.5 hPa undeI'-opressure was noted (compared with 0.05 hPa
under-pressure with the tripod mount).
The error was reduced to 0.5 hPa at 60 knots by increasing the overshadow to 43 mm
(the maximum possible with this design) and results for this arrangement including the
effect of tilting the head into and away from the wind are shown in Figure 7. Clearly, the
style of mounting has a significant effect with this design of static pressure head and
further work is in hand in an attempt to identify the most important factors.
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Field Results

Since the conditions considered of most interest are also the most difficult to
monitor, reliable estimates of pressure errors from AWS systems are difficult to obtain.
However, some results of the routine quality control analysis of pressure data for the
ODAS 20 buoy, moored in the SW Approaches to the English Channel from April 1983 to January
1984, suggested mean pressure differences and rIDS differences from the analysed background
field of less than 0.5 hPa. No correlation with wind speed was observed although a wide
range of conditions, including storm force Winds, were encountered.

5.

Conclusions

A series of Wind tunnel experiments With a type of non-rotating static pressure head
has shown the importance of optimising the design for a variety of conditions of exposure,
including the style of mounting. Further work remains to be done, both in the laboratory
and in the field but the results so far obtained suggest that the current design contains
errors due to exposure to an acceptable level in AWS systems.
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CONTINUED EVOLUTION OF REMOTE SENSING
Gerald F. O'Brien
National Weather Service, NOAA
Silver Spring, MD
U. S. A.

Mesoscale (stormscale) forecasting holds promise as an area
where significant advances in meteorology can be made in the next
decade. It is a mesoscale phenomena that impact people the
most. Violent storms are spawned, precipitation begins and ends,
flash floods and other severe phenomena occur. These are often
inferred but not adequately identified on the synoptic scale. To
improve forecasts of phenomena such as these, closely spaced and
frequent observations of meteorological variables are needed
along with a determination of how the variables change with time.
There are two reasons that lead us to believe the potential
improvements in forecasts over the next decade will be
realized. They are: the availability or near operational
readiness of ground-based remote sensing stations, satellites and
radars; and the availability of high speed small scale computers
for processing and displaying large quantities of data in a
meaningful fashion. Remote sensing is not new. It has been
evolving for several decades. This paper will discuss in broad
context several systems that are expected to be available for
operational use in t~e next decade. Technical details of several
systems and techniques for using output from remote sensors and
sensing systems will be presented in this session.
Satellites
There are three activities within the U.S. directed toward
improved remote sensing from satellites in the next decade. They
are the Visible and Infrared Spin-Scan Radiometer Atmospheric
Sounder (VAS) assessment, the next generation Geostationary
Operational Environmental Satellite (GOES-NEXT), and
implementation of the Advanced Microwave Sounding Unit (AMSU)
aboard polar orbiting satellites.
The first VAS was launched aboard GOES-D in September
1980. Since that time data have been examined extensively. The
VAS duplicates the visible and IR channels available on Visible
and Spin-Scan Radiometer (VISSR) instruments and contains an
imagery channel that depicts moisture and temperature patterns at
several layers of the atmosphere. The remaining 10 channels
quantitively measure radiances from various levels in the
troposphere and when used in combination, are useful for deriving
temperature and moisture profiles. Current plans call for
operational implementation of the VAS capabilities during 1986.
The third generation Geostationary satellites, GOES-NEXT is
planned for 1989. These satellites will provide for simultaneous
imaging and sounding capability unlike the existing scheme
employed by GOES VAS which has alternate imaging ~nd sounding
capabilities.
Global coverage by polar orbiting satellites makes their
data important to the synoptic scale. In addition, their uniform
coverage compliments the geostationary satellites for work at the
mesoscale (3). The NOAA-K spacecraft which is the first
spacecraft in the NOAA-NEXT series scheduled for launch in 1990
will carry the Advanced Microwave Sounding Unit (AMSU). It is
intended as a replacement for the Microwave Sounding Unit (MSU)
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Sounding Unit (SSU), a three-channel infrared instrument for
stratospheric data, currently carried aboard the NOAA satellite.

d

The AMSU will provide 20 channels -- twelve with 40 km.
horizontal resolution in the oxygen absorption band which yield
temperature observations of atmospheric layers nearly equally
spaced from 0-42 km. in height; three channels which sense
tropospheric water vapor, precipitation over the ocean together
with sea-ice type and ice coverage, and other parameters such as
snow-cover, ocean wind stress with a horizontal resolution of 40
km; and five channels with 15 km resolution to measure water
vapor and precipitation over land and sea and are particularly
sensitive to convective calls with ice crystals (3). The module
containing the last five channels will be furnished by the United
Kingdom in similar fashion to their contribution of the SSU on
existing NOAA satellites (3).
Data from the AMSU and the VAS can be combined with
measurements from existing ground-based radiometers to provide
enhanced profiles.
Ground-Based Remote Sensors
Ground-based remote sensors like satellite sensors have been
around for years -- some in research; others, like radar, in
operational use. They allow description of parameter fields as
opposed to in-situ ~ensors that provide point measurements.
Several systems that have promise of being used operationally in
the next decade are the Profiler, developed by NOAA's
Environmental Research Laboratory, the Coastal Ocean Dynamics
Application Radar (CODAR) and Over-the-Horizon (OTH) Radar.
The Profiler is an up-looking system that measures wind
velocity as function of height and derives temperature and
humidity as a function of height continuously in time. Another
paper (2) in this session will address the details of the
Profiler.
Ocean currents, wave heights and wave spectra can be
measured in the Coastal Ocean Dynamics Application Radar
(CODAR). The radar measures the Bragg scattering of radar pulses
by surface waves. By determining the Doppler shift of the
returned signal as a function of range and azimuth, the radial
component of the wave velocity can be deduced over the field of
view. Two radar units, separated some 20 to 50 km, are required
to deduce the two-dimensional wave velocity field, from which the
surface currents (and wind direction) are deduced. The CODAR is
capable of measuring surface currents up to 70 km from the
shore. The rms error in the current velocity measurement is 10
rm/sec in speed and 100 in direction, or better (1).
Surface current vectors are the primary product of the
CODAR, fields of wave height and wave spectra can also be
deduced. The NOAA, Environmental Research Laboratory provided a
system for operational use during the 1984 Summer Olympics.
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Over-the-Horizon (OTR) radar is similar to CODAR in that it
measures the Bragg scattering of the radar signal by surface
waves. It differs from CODAR in some significant ways. For one,
it employes continuous wave, sweep-frequency radar rather than
pulsed radar. Another difference is that the OTH radar uses
ionospheric reflections to illuminate the desired marine region
rather than direct illumination from a coastal site. Because of
the greater distances involved the OTH radar needs to be more
powerful than the CODR and the antenna must be larger. The fact
that this technique depends upon an ionospheric reflection
introduces uncertainties. For normal ionospheric conditions,
these can be overcome but in some cases the problem can render
the OTH radar useless for certain periods. One of the principal
advantages of the OTH radar is that it can monitor hugh areas of
the ocean from great distances. Radars of this type are in
operation in a number of countries (1).
Other remote sensing techniques that will be important
through the next decade involve the use of lasers. LIDAR (Light
Detection and Ranging) is the counterpart to radar. It became
feasible in the 1960's and has been limited operationally to
cloud height indicators. Research is progressing in the use of
LIDAR for measuring profiles of temperature, humidity and wind.
Development also is underway to employ laser technology in the
observation of present weather and obstructions to vision. The
U.S. National Weather Service is field testing a Laser Weather
Identifier (LWI) that will identify rain, snow and hail. When
its outputs are combined with those from other automated sensors,
additional elements such as fog, haze, smoke, or dust may be
recognized. It is intended for use with future automated surface
observing systems in the late 1980 time frame.
Sensor development is based upon previous theoretical and
experimental work done by NOAA's Wave Propagation Labortory.
Sensor development is well underway. Algorithms are being
revised on the basis of field tests conducted during the winter
of 1982.
A few operational indirect sensing efforts that are planned
for the near future have been presented. They represent results
of only a limited number of research efforts underway today.
More will come, but they represent the first steps that will open
the door for improvements in forecasting of mesoscale
phenomena.
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EFFECTIVE USE OF SATELLITES BY A METEOROLOGICAL SERVICE
Ralph A. Pannett
New Zealand Meteorological Service
ABSTRACT
For a small country of rugged terrain set in a large expanse of ocean,
satellite remote sensing and data relay affords a cost-effective means of
acquiring an adequate density of meteorological observations.
A computer-controlled terminal receives WEFAX broadcasts from two
geostationary satellites and HRPT transmissions from the NOAA polarorbiting satellites.
The HRPT data is processed to give sectorised and
enhanced cloud cover products, vertical temperature profiles from TOVS data,
and sea surface temperature maps. ARGOS DCS data is extracted.
Local HRPT
data is archived on a high density tape system. Colour graphics manipulation
of the imagery is available. A computer-facsimile interface distributes
selected image products to branch offices.
The overall system has been designed for very effective exploitation of
satellite capability.
1.

THE DATA ACQUISITION PROBLEM
In terms of global meteorology, New Zealand has several unique features.

An island nation, covering 270 000 square kilometres in a narrow land mass
extending 1600 km from north to south, its nearest neighbour is Australia,
1900 km to the west (as far from London to Rome). Yet New Zealand, in
keeping with its national and international responsibilities, (particularly
to Pacific nations) prepares analyses and forecasts for approximately 10%
of the earth's surface, between the Equator and 55 0 S in the Pacific sector.
The resources·on which this activity is based include a population of
3.2 million, mostly located on the limited lowland areas. Much of the
terrain is rugged and sparsely populated. Weather stations operated by New
Zealand include 21 observatories (9 making upper air measurements) and 150
telegraphic reporting stations (including 20 automatic). Fifty-eight ships
contribute routine reports.
The full-time staff of the N.Z. Meteorological
Service number 349.
The net expenditure of the Service amounted to the
equivalent of $US 8.4 million in the 1982/83 financial year. Of that, 65%
was expended on salaries, 10% on transport and communications, 14% on
materials and supplies, and 10% on capital items.
Government restraints on staff levels and expenditure and insistence on
cost recovery or equivalent savings severely restrict the growth of a data
acquisition network which might depend on manual methods and heavy
consumption of imported supplies.
These facts illustrate the measure of our task:
a very large area
(mostly ocean) over which good data is desired, and very limited resources
of personnel and finance.
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meteorological satellites. The capital expenditure was justified on the
grounds that cost savings could be made in the operation of some island
stations.
2.

THE SATELLITE SYSTEMS

New Zealand is situated at about 175 0 E, nearly mid-way between the
longitudes of GMS and GOES-West, so that the antenna elevations are between
20 and 30 degrees.
It was decided to receive only the low resolution WEFAX
broadcasts from these satellites, affording good coverage to the west and
east of the country.
The main data source is therefore the pair of Tiros N polar-orbiting
craft wi-th their multi-spectral sounder complement and the ARGOS data
retrieval system. With the receiver sited at Wellington (41 0 S, 174 0 E),
HRPT data is received from 15 0 S to 70 0 S for overhead passes. Thus the
satellite systems are complementary in providing valuable high resolution
data in the vicinity of the country and broad-scale coverage of cloud
imagery over the air routes in the south-west Pacific.
3.

THE RECEIVING FACILITY

Made by CIT Alcatel, France, the satellite terminal is flexible and
well designed to meet the need for the reliable data on which the Service
depends for its daily operations.
Providing for simultaneous reception
from three satellites, computer control of functions and antenna tracking,
output data processing and various forms of data storage and display, the
terminal (Figure 1) may be readily re-con figured to one of several back-up
modes to cover system malfunctions .
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A three metre dish for HRPT reception is steered on a 0 to 90 degree
"El. over Az." mounting located on the roof of the Meteorological Office.
Using a velocity driven slaving system to achieve a pointing accuracy of
±0.5 degree, the tracking control is supplied with co-ordinate values at 10
second intervals by the computer, following calculation of the orbital
parameters.
Manual controls allow the pointing of the antenna so that
geostationary satellite reception is possible if one of the other antennas
fails or when a satellite broadcasts on reduced power.
Two 2 metre dish antennas are directed at GMS and GOES-W.
In the event
of malfunction the antennas may be manually pointed at the other satellite.
The incoming RF signal from all three antennas is converted down to 136 MHz
so that it lies within the bandwidth of the WEFAX receivers.
3.2 RECEIVING CHAINS
For HRPT, a phase modulation receiver with automatic tuning and' phaselock demodulation is followed by Q bit synchroniser to condition the 660
kilobit/sec data stream.
The frame synchroniser decodes the specific HRPT
pseudo-random sequence and converts the 10 bit data word to parallel format
for input to the computer. The overall performance of this receiver is such
as to give a bit error rate less than 10~6for 10 db signal-ta-noise ratio.
The WEFAX FM receivers are conventional, except that a frequency
oompression loop operates to reduce the effective signal bandwith and
improve the SiN ratio for low inputs.
3.3 SIGNAL SWITCHING
An important design feature of this equipment is the means by which
both RF signals from the antennas and the outputs of the three receivers
are routed to achieve flexible use of the system modules in the different
modes of operation and to afford alternatives in the event of failures.
The two switches are of matrix form and may be set up for computer or manual
control.
3.4 PHOTO-FACSIMILE & MAGNETIC TAPE RECORDERS
The photo recorders accept either the WEFAX video or the digitised
imagery from the computer and are of the laser-writing dry silver paper
type.
The image resolution is 100 micrometre and intensity is resolved
into 16 levels. WEFAX signals may be digitised for computer input. A pair
of high density digital tape recorders, computer-controlled, serve as the
archive for the HRPT data taken in each pass. Each 400 mm diameter tape
reel stores over a month's data for future research.
4.

THE COMPUTER SYSTEM

The Meteorological Service's multi-tasking, dual processor PDPll/70,
which supports the functions of the National Weather Forecast Centre and the
research program, is also used to control satellite data acquisition. Most
of the terminal operation is automatic, which helps a busy shift staff
manage the complex system.
The computer configures the terminal by setting up the signal switches
for the particular broadcast. Antenna tracking is initiated for the polarorbiting satellites. Handling of the high speed HRPT data required special
system design so that the computer operating system could manage its context
switching and so that overall task through-put would not be inhibited. The
data is buffered in a 4 kiloword silo and written in a DMA transfer to disk
via the high speed 'Massbus' in blocks of 11090 words (the HRPT frame).
At the end of the satellite pass the computer retrieves the data from
disk and extracts the required AVHRR and TOVS data to produce the standard
products for use by the forecasters.
Imagery is output to the photo
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plotter. Selected image products are output to analog facsimile line for
distribution to branch offices.
5.

TERMINAL OUTPUT PRODUCTS

5.1 IMAGE PROCESSING
The images from the high resolution AVHRR data are rectified to remove
panoramic-distortion and scaled and rotated for the particular map
projection and to make best use of the facsimile paper area. Map grids and
coastlines are added and several passes are merged into a mosaic.
Grey
scale enhancement and contouring techniques may be applied, emphasising
certain features to aid visual interpretation. False colour rendition on a
5l2x5l2 pixel resolution is used as a research tool to emphasise temperature
differences in cloud, sea surface and environmental studies.
5.2 CLOUD COVER MAPS
Currently the relevant WEFAX sectors from the two satellites are used
as received. From the AVHRR data two standard cloud cover maps, to the
same scale as the forecast analysis maps, are generated four times a day,
using either a visible or infrared channel as appropriate. One map covers
the immediate vicinity of New Zealand on a scale ofoone in 5 million. The
other covers the larger area between longitudes 130 E and l40 0 w and
latitudes l5 0 S and 65 0 S to a scale of one in 20 million (Figure 2).

Fig. 2 Cloud mosaic from NOAA7 passes with TOVS derived thickness contours superimposed.
5.3 TOVS TEMPERATURE

&

MOISTURE RETRIEVALS
1)

The approach used is largely due to Smith & Woolf.
Values are
derived at standard levels and a grid spacing of between 100 and 200 km.
Cloud contamination is removed to obtain the clear column radiances using
Smith's N* technique or the microwave radiances.
Temperature and water
vapour profiles are calculated using multiple linear regression.
Regression
co-efficients are derived from radiosonde observations by NOAA.
Temperatures
are determined within a standard error of3 0 C. The 1000 to 500 hPa thickness
contours are plotted as part of the cloud cover map (Figure 2).
The standard
error in thickness is 200 metres.
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(refer Uddstrom & Wark 2 ) on a new type of physical retrieval method which
overcomes many of the disadvantages characteristic of regression schemes.
5.4 SEA SURFACE TEMPERATURES
Composite maps of SST based on cloud-free days over a seven day period
are supplied routinely for fisheries operations and research. AVHRR
channels 11 wm and 12 wm are used to obtain corrections for atmospheric
absorbtion.
Temperatures are then derived to a resolution of about O.loC.
5.5 REMOTE DATA COLLECTION
Surface data transmitted from automatic weather stations, buoys, and
constant-level balloons can be retrieved directly from the TIP data when
the NOAA satellites are in radio view of these platforms and of Wellington.
Otherwise the data is obtained via the ARGOS system. With the launch of a
new series of drifting buoys in collaboration with Australia, the Service
intends to exploit this facility further.
New Zealand is participating with the co-operation of its national
airline, in the AMDAR program for the relay of data from wide-bodied jets
through geostationary satellites.
To date only limi ted exercis~s in data
collection from remote surface platforms have been carried out, but the
Service is planning to install its own receiving terminal for geostationary
DCS transmissions in order to take advantage of this facility with the
agreement of the satellite operators.
5.

CONCLUSION

This account illustrates how the determination to exploit satellite
sounding and data collection services to the full has enabled a small
nation
with limited resources, but responsibilities covering a wide area,
to obtain a far better distribution of timely and good quality weather
information than was available ever before. Operating costs of the
receiving terminal and computer are very low, but clearly such a costbenefit advantage depends heavily on international co-operation in
monitoring, data processing and research and the generous policies of the
satellite operating nations.
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HF COASTAL OCEAN SURFACE RADAR
M.L. Heron* and P.E. Dexter+
* Physics Department, James Cook University,
Tbwnsville, Australia
+ Bureau of Meteorology,
Melbourne, Australia
HF ocean backscatter is an observation technique in which a radar is used to
obtain echoes from the rough ocean surface. If a pulse of a single frequency radio
wave is scattered by the sea surface it produces a backscattered echo which is composed
of a range of Doppler shifted frequencies and amplitudes. The properties of the
backscatter spectrum are related to the scattering surface, and physical parameters of
the sea-air interface can be derived from the radar spectrum.
The HF radio wave needs to be vertically polarised and to have grazing incidence
to the scattering plane. These conditions are met either by a sky-wave mode which
reflects off the ionosphere and then backscatters from the sea, or by a ground-wave
mode which propagates along the air-sea dielectric discontinuity. The sky-wave mode
gives an over-the-horizon capability which gets reflections from 1000-4000 km ranges.
The prime parameter from sky-wave radars is wind direction, and some very convincing
synoptic maps of wind directions have been published e.g. Barrick (4), Dexter and Casey
(7), Maresca and Carlson (10).
The major limitation on sky-wave
radars is the ionospheric contamination.
Ground-wave radars, in contrast, have
limited ranges (less than 100 km) but
clearer echo spectra. The prime
parameters from ground-wave HF ocean radar
are surface currents and wind dirctions.
Also available are rms wave heights,
spectral mode frequencies and wind speeds.

i

Ins trumen ta ti on
All of the results given in this
paper are from the James Cook University
coastal ocean surface radar operating at
30 MHz. It is a coherent pulsed radar
with a beam-forming antenna (8~) which is
used for transmitting and receiving. The
effective beam width is about 3.5 0 at 3 db
and the pixels are 3 km in radial extent.
The beam can be steered by slewing, but
for the data given in this paper the beam
was set as shown in Fig. 1.

Fig. 1 Cleveland Bay, Townsville showing
the radar and beam position for the
results given. The pixels was set as
are 3 km long.

- 202 -

Theory
Theoretical approaches to the backscatter process usually require the
representation of the sea surface by a two-dimensional Fourier series (Robson (12».
Barrick (1) handles the first-order scattering by representing the Fourier series
expansion coefficients of the scattered e-m wave in terms of the sea-surface Fourier
coefficients. To first-order the interaction is Bragg scatter, and for vertical
polarization and grazing incidence, the backscatter cross-section is:

where k is radio wavenumber (k
211:/7\); F(k , k ) is the sea-wave spectrum in
o
.
o.
dO ra d'lO wave
x
Yf reque!).cy; 9 lS
.
th
t 'lon
wavenumber
space; Wo lS
t h e transmltte
. e acce I
era
due to gravity and 0 is the Dirac delta function. The ± in the delta function
generates two frequencies with non-zero cross-section at W = wo± (2g k o ) 0.5 •
These spectral lines correspond to the peaks labelled A and B in Fig. 2.
A similar theoretical approach to
double scatter for the second-order
spectrum is given by Barrick (2). The
double scatter process from sea-waves
with wavenumbers ~l and ~2 requires
-2 ~ = ~l + k 2 and the spectrum produced
has a continui'um (labelled D in Fig. 2)
and resonance lines at f
20.5 f B and
at f = 20.75 f B labelled E and F
respectively in Fig. 2.

0

~

w

The radial component of surface
current relative to the radar station is
available from the frequency of the first
order lines (A and B in Fig. 1).
If the
sea-surface has a velocity component Vc
in the £ direction, then the sea-wave
with wavelength 7\0/2 propagating in the £
direction will have a velocity
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Fig. 2 Backscatter spectrum. A and B
are first-order lines, D, E and Fare
second-order, and C is the centre marker.

where the current is assumed to conserve the deep water gravity wave dispersion
equation.
The corresponding frequency of the other first order line is

so that both peaks are moved in the same direction by an amount of shown in Fig. 2.
The derivation of the full vector surface current requires two stations or some
special assumptions about continuity of surface flow (Barrick and Lipa (5».
The
latter paper gives examples of current observations and Heron et al (9) discuss
applica tions.
Wind direction
The derivation of wind direction depends upon a model for the directional spread
of wind waves. We assume that the sea-waves with wavelength 7\0/2 are spread in a
polar pattern of the form
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G (B)

= cos s

(

e-e
2

w)

...

(2)

NORTH

as shown in Fig. 3. The spreading term s
is given by Stewart and Barnum (13). The
analysis algorithm uses the ratio of the
total power in peaks A and B in
conjunction with the model of equation (2)
to evaluate (e - Bw)' the wind
direction. Fig. 3 is drawn at the point
where the sea-wave in the r direction
(peak B Fig. 2) has the same amplitude as
the sea-wave in the -£ direction (peak A),
giving a ratio of one and a reduced angle
(B o - Bw ) of n/2. In general eo -e w = 2
arc tan [(A/B) 11 s ] • Note the ambiguity
between Bo > e w and Bo < e w' Some
results are given in Fig. 4 for the
deployment shown in Fig. 1. The stable
boundary layer before 1100 hours caused
weak coupling of the south-easterly trades
to the ocean surface. At around 1200
hours at this range of 18 km, the seabreeze set in and the wind direction
changed by nearly 60°. The direction
was steadier after the sea-breeze was
established.
The power of the radar technique is ....~
w
shown better in Fig. 5 where the wind
observations are made at pixels 3 km
apart off-shore. The development of the Cl
sea-breeze cell from the coast outwards
is clearly seen in the time and space
sequence. The broken line is from an
automatic weather station some 50 km
off-shore in pixel number 17.

~

WIND

BEAM

G(S):

cos· (a-sW)
2

Fig. 3
S = 4.

Directional spread for wind waves.
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Barrick (3) has shown that the rms
waveheight is proportional to the square
root of the ratio of second-order to
first-order power integrated over the
spectrum, but omitting the second-order
resonance lines:
...

A.ES.T.

(HOURS)

Fig. 4. Wind direction. Observa tions
taken over 102.4 sec runs

(3)
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for koh (0.2. Maresca and Georges (11)
use an empirical form
z

based on computed spectra. Heron et al
(9) used radar observed R values and
wave-rider buoy h values to get
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for rms waveheights below 1 m and the
30 MHz radar. The radar values shown in
Fig. 5 are from independent 102.4 sec
records and have a standard error of about
0.15 m. The solid dots are wave-rider
buoy values.
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Fig. 5. Mean wind directions. The pixel
numbers refer to 3 km intervals.
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Dominant wind period
11aresca and Georges (11) show that the frequency offset between the firstorder peak (A in Fig. 2) and the peak of the second-order contiilUium (D in Fig. 2)
is the frequency of the highest amplitude wave in the sea-wave spectrum.
In the
deployment shown in Fig. 1 the waves are not fully developed, because of sheltering by
the Great Barrier Reef, and the dominant wave periods were in the range range 3-5 sec.
We had trouble on many occasions when the peak of the second-order continuium (D in
Fig. 2) and the second-order resonance at f = 20.5 f B (E in Fig. 2) were inseparable.
While the dominant wave period is relatively easy to read off in oceanic water, we
cannot give useful values from this experiment.
Wind speed
CLEVELAND BAY
119182
PIXEL 4

""
Wind speed and fetch can be obtained
from observed values of rms wave height
and spectral mode period Tm using an
analysis given by Dexter and Theodoridis
(8).
In these results we do not have Tm
so the analysis is limited. The wave
generation model given by Sverdrup and
Munk and modified by Bretschneider (6)
relates the rms wave height to the 10
metre wind speed U and fetch F by

~ = 0.065 tanh {1 ~2
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The application of this equation to the
data set is still being worked out at the
time of writing and will be presented at
the meeting.
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Fig. 6 Rms wave-heights from 102.4 second
records.

Conclusion
HF ground-wave radars can produce maps of several parameters of the air-sea
interface over about 60° of azimuth and up to nearly 50 km range.
The prime parameters
are surface currents and wind directions.
Also it is possible to derive rms waveheights, dominant wave period and wind speeds.
All data shown here were from
independent 102.4 sec time series. Any routine deployment for coastal meteorology,
pollution or engineering monitoring would need to be done from smoothed averages.
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HIROS. A HICROIiAVE REHOTE SENSOR FOR THE OCEAN SURFACE

by:

Dr. 0. Gr~nlie
Dr. D.C. Brodtkorb
Mr. J. W~ien

A/S Informasjonskontroll
SolbrAveien 32
P.O.Box 265

INTRODUCTION
MIROS is a microwave sensor for
real time directional measurements
of
ocean wave spectra, surface
current and water particle speed.
It is primarily designed for remote
sensing of the ocean surface from
stationary offshore installations.
Capabilities
such
as
high
directional
resolution and real
time
data
processing
and
presentation make the instrument
useful for a
broad
range
of
applications.
MIROS
is
developed
by
A/S
Informasjonskontroll,
and
the
project
has
been sponsored by
Statoil and NTNF (The Royal Council
for
Scientific
and
Industrial
Research).
NTNF
has
also
contributed scientifically to the
development
through
the
Environmental
Surveillance
Technology Programme.
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Figure 1.

MIROS SYSTEM DESCRIPTION
MIROS hardware
The MIROS hardware, which is shown in figure
2, consists of an outdoor mounted microwave
sensor head connected by a cable assembly to
an in-door installed
central
processor
cabinet.
The
sensor
head
comprises an antenna
assembly, a C-band microwave transceiver and
a servo platform.

SUB SEA
OPERATIONS

Typical MIROS applications

The central processor cabinet houses
waveform generating and signal
- radar
processing electronics
- system computer
- tape cassette storage
- graphic terminal
The system computer is interfaced to a
graphic
printer and an optional second
graphic terminal.
A telephone modem may
also be connected.
Thereby measured data
and system status
information may be
transmitted to a remote location and/or the
MIROS system
itself
can
be
remotely
operated.
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MIROS software
The MIROS software iswtitten in extended
PASCAL, with a few time-critical operations
implemented in assembly language. The MIROS
system software consists of the following:
- An operating system kernel controlling
the software
modules
execution
and
intercommunication.
Device
drivers
for
the
various
peripherals used.
- The application software, performing all
MIROS operations.
The application software has the following
functions:
- I t displays the set-up of the s'ystem, and
allows the operator
to
change
the
p.arameters he requires.
It positions the antenna, does the data
sampling and spectral analysis.
- It presents sampled data on a graphic
terminal.
- It
checks
the
MIROS
operation
continuously by monitoring selected test
points, and reports any malfunction.
All operator communication at any level are
done by menues, providing an easy to use,
self explanatory system operation. The data
sampling, spectral analysis and sampled data
presentation are done in real time, with
intermediate measurement results displayed
during sampling. Facilities are provided for
the connection of an additional terminal,
allowing the investigation of previously
sampled data while new sampling is done.

ANTENNA

MIROS
SENSOR
HEAD

MIROS
CENTRAL
PROCESSOR

TRANSMITTED
DATA TO FIXED
INSTALLATIONS
OR OFFSHORE
INSTITUTIONS

DATA FOR TRAFFIC
CONTROL SYSTEM

A TYPICAL MIROS INSTALLATION AND MEASUREMENT
SEQUENCE
MIROS is primarily designed for operation on
stationary
offshore
installations,
see
figure
1.
The sensor head is to be
installed on top of the platform building
section typically 50 to 100 meters above the
sea level. The central processor cabinet
and peripheral equipment are located in a
control room.
The directional properties of MIROS depends
on the actual geometry and the antenna beamThe typical geometry
width in azimuth.
gives 30° directional resolution for wind
waves up to
200
m wavelength.
The
resolution
is
gradually decreasing for
longer wind waves. However the direction of
swell can be estimated with high accuracy.

POWER

Figure 2.

System configuration

During
a
typical measurement sequence,
observations are taken in 6 direct~ons with
an
angular
increment
of
30.
This
represents a 180 0 rotation of the antenns
assembly, which is sufficient for a complete
directional measurement since the system
observes
both
approaching and receding
waves.
A typical observation time per direction is
12 minutes, corresponding to 72 minutes for
a complete directional scan.
If for any
reason a full scan is not required, the
operator can easily select betweeno a bro~d
range of angular increments (1,4 to 180 )
and observation periods (90 seconds to 72
minutes) .
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scatterers within the footprint will rotate
with different radial velocities. Hence, the
instantaneous doppler spectrum will
be
The output signal from the
MIROS operates in two different modes, the broadened.
pulse doppler mode and the dual frequency frequency discriminator is proportional to
mode.
Directional
waveheight-frequency the frequency corresponding to the center of
spectra are measured in the pulse-doppler gravity of the input spectrum.
When the
covers
exactly
one
ocean
mode,
basicly
obtaining water particle footprint
velocity information.
A wave-model
is wavelength, the doppler spectrum will be
due
to
the
symmetrical
applied to transform the velocity spectrum symmetrical
to a waveheight spectrum.
distribution of particle
velocities.
A
symmetrical spectrum has by definition its
Surface current information is obtained by center of gravity at zero frequency, and
the
output
from the frequency
measuring the phase velocity of a gravity hence,
wave component in the dual frequency mode.
discriminator will be zero and the return
corresponding
to
the
ocean
wave
is
suppressed. Thus, directional discrimination
of wavefields is obtained, with a resolution
Waveheight measurement
determined by the extent
(L)
of
the
footprint
perpendicular
to
the
look
The MIROS sensor head is operating in C-band direction.
(5,8 GHz, ;'=5cm), hence the actual radar
target on the sea surface is the capillary
wavefield which rides on the underlying
Surface current measurement
gravity waves, forming a large number of
uncorrelated radar scatterers all moving The
gravity
waves
interact
with the
with the velocity of the water particles. capillary wave-field, thereby causing a
If the sea surface is illuminated with a spatial and temporal modulation of the radar
radar pulse short compared to the gravity cross-section of the
sea
surface.
In
wavelength,
all
scatterers
within the addition
to
amplitude
modulation
the
illuminated area (the "footprint") will ~ove backscattered signal will also be phasewith the same velocity. The instantaneous modulated, because the distance between the
doppler shift is proportional to the radial radar antenna and a particular scatterer
component of the water particle velocity. varies in accordance with the movement of
If only a single harmonic gravity wave is the underlying gravity wave. Due to this
present, the radar echo will be frequency periodic modulation of the backscattered
modulated with a period equal to the wave radar signal, the presence of a gravity wave
period. If the echo is frequency to voltage component may be established using two radar
converted, the frequency spectrum of the signals with a frequency or wave-number
output signal will contain a single line at difference which is related to the ocean
the
wave
frequency
with
amplitude wave-number by a relation mathematically
proportional to wave-height.
equivalent to the Bragg resonance condition.
Multiplying the radar
return
on
one
The sea surface can be described by an frequency with the complex conjugate of the
infinite sum of plane, harmonic elementary return on the other frequency, and forming
waves.
The frequency to voltage converter the power frequency spectrum of the product
output signal
will
therefore
have
a signal, only contributions from identical or
continuous
power
frequency
spectrum, equal
velocity
scatterers
will
give
directly related to the waveheight spectrum. "coherent" contributions or stable spectral
components.
This shows up as a line in the
Directional resolution is achieved using a product signal power spectrum at a frequency
footprint
of radial dimension small in equal to the frequency of the particular
comparison with the dominant ocean wave- gravity wave component.
length
and
azimuth dimension large in
comparison with the dominant wavelength. We can therefore measure the frequency of a
When the antenna is pointed perpendicular to specific gravity wave component by selecting
the wavefront, all scatterers within the a proper frequency difference. The phase
footprint
will circulate with the same velocity of the wave is given by the ratio
speed, resulting in a single line doppler of the angular frequency to the wave-number.
spectrum.
When the look direction is not
The difference between the measured phase
perpendicular to the wave-front, the
velocity and the theoretical given by the
dispersion
PRINCIPLES OF OPERATION

- 210 -

relation is attributed the radial component
of the surface current vector in the radar
look direction. Making
two
independant
measurements in different directions, the
total current vector can be calculated.

In the following we present a selection of
MIROS
data
collected
from
1indesnes
lighthouse, located at the most southern
point of Norway, during a field test in
January - February 1983.

A typical MIROS data output is shown in
figure 3. As can be seen, the wave-field in
this situation was highly directional with a
dominant
wave
component in the fourth
direction, and a frequ~ncy of the spectral
peak equal to 0,09 Hz.

m------------------,.
7

•

Nondirectional
and
directional
wave
parameters
are
compared
with
the
corresponding data from a heave, pitch and
roll buoy (NORWAVE, OOAS 494).
Surface
current estimates are compared with data
collected by an accoustic current meter
(UCM'-6) .
Both instruments provided by the
Continental Shelf Institute, Norway.
When comparing data from the
different
sensors there are several factors that must
be kept in mind. Firstly the buoy and the
current meter perform point measurements,
while
MIROS
performs
area
extensive
measurements.
In order to obtain proper
conditions for comparison, the ideal test
site should guarantee homogeneous wave- and
current fields. When operating close to the
shore-line, as at Lindesnes, this is not the
case.
Secondly
the
variable
bottom
of the area covered by the
topography
measurements will influence the results.
Thirdly,
differences
in
observation
intervals and sampling instants can cause
problems
under
non-stationary
weather
conditions.
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Figure 4.

MIROS est.imates the heave
spectrum
integrating over the six directions.
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The significant waveheight (HMO) estimated
by MIROS is based on integration of the
heave spectrum. A regression line relating
the HMO for MIROS and the buoy is shown in
figure 4.
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The spectral peak direction is defined as
the mean direction of the wave components
associated with the peak, in the heave
spectrum. The temporal progression of the
spectral peak direction observed by MIROS
and
the buoy during 30 January and 5
February 1983 is shown in figure 5.
The
wind direction measured by the buoy is also
shown. The curves indicate that the wave
direction given by the buoy is correlated
with the wind even on a short term basis,
probably because of the action of the wind
on the buoy itself, while the radar echo
cannot be directly affected by the wind.
The
systematic
angular
offset
of
approximately
20°
might
be
due
to
topographical effects.

The spectral peak periods
(the
period
corresponding to the energy maximum in the
spectrum) recorded by MIROS and the buoy are
also compared. A regression line is shown in
figure 6 and displays high correlation.
Figure 7 compares
the
MIROS
current
measurements
with the component of the
current vector measured by the accoustic
current meter in the direction of the radar.
This data was collected 29 January 1983.
The correspondance is good. As expected the
radar indicates higher current speed at the
surface than the current meter measuring 2
meters below.
CONCLUSION

sec
15

As
a
general conclusion the Lindesnes
experiment shows that the data collected by
the three sensors are highly correlated.
This
experiment
has
demonstrated that
microwave remote sensing, as implemented in
MIROS,
is
a
realistic alternative to
conventional techniques.

corr 8.!:!

A major advantage of remote sensing is that
the sensor can be taken out of the water and
be placed in a less hostile environment.
This is of great importance both for the
maintenance-cost and the system reliability.

5

11

5

15

sec

TP NORWAVE

Relation between spectral peak
periods

Figure 6.
m/s

current speed
di r

At last the MIROS real time capability is
very
useful
both
for
operational
applications and routine measurements.
MIROS is now commercially available, and
more
information
can be provided upon
request.
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THE VALUE AND COST-EFFECTIVENESS OF DOPPLER ACOUSTIC SOUNDING
FOR METEOROLOGICAL MONITORING IN THE FIRST KILOMETER OF THE ATMOSPHERE
George P. Ettenheim
AeroVironment, Inc.
Pasadena, California, USA
1.

INTRODUCTION

Because of its range (500 to 1500 meters) and its resolution <Comparable to Anemometers) the
Doppler SODAR overlaps several different technologies for meteorological observations in the lower
atmosphere. These include (1) free rise balloons--Radio and Rawinsonde; (2) captive balloons-Tethersondes; and (3) towers. A general discussion of the trade-offs is given for balloons and a
detailed comparison is made with meteorological towers.
2.

DOPPLER SODAR

This remote sensing technique is based on the use of audible sound (generally 1500 - 2000 Hz).
The minutely small return echoes generated by small turbulent eddies in the atmosphere (approximately 10cm) are analyzed for their Doppler frequency shift and wind measurements are derived
from this shift. For most instruments, a monostatic configuration of antennas is used whereby the
same antenna serves to create the transmit pulse and then, as a microphone, is employed as a
receiver.
The technique permits continuous data collection outdoors, unattended, with essentially no
moving parts, and therefore with minimal routine maintenance. Adverse weather has only a small
adverse effect on the performance of the system. Generally, the vertical antenna is ineffective in
rain but the tilted antennas which give horizontal winds, are unaffected. The output yields detailed
data for: component and resultant horizontal winds, vertical wind, the standard deviation of each,
and the signature of the temperature structure in 30 - 50 m slices of the atmosphere over the range
of wind speeds from 0 to 35 m/so
3.

FREE RISE BALLOONS

These are generally used for representative soundings of the first 30 km above the earth.
Because of their vertical resolution, there is very little detail in the first kilo meter where the
greatest changes are taking place. The technique is costly, labor intensive, requires relatively fixed
facilities, and is not conducive to providing definition of short time changes in the parameters
measured.
4.

CAPTIVE

~ALLOONS

The vertical scale over which a captive balloon can be used is essentially comparable to or
exceeds the vertical scale of the Doppler. They can be operated continuously over a few hours but
are still labor intensive and can only be operated under somewhat restricted weather conditions.
They are particularly useful under light winds. The cost of gas and the handling of the balloon
further restricts the utility of the system and adds to logistical and cost considerations.
5.

METEOROLOGICAL TOWERS

The following table compares many of the various physical and some of the economical aspects
of towers and SODAR systems.
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Comparison of Meteorological Data from a Standard Meteorological Tower
Versus a Doppler Acoustic Sounder
(also Physical Considerations and Economics)
Doppler

Tower

Parameter
Sensor (wind)

Coupled to air via mechanical device (vane & anemometer).

Direct measurement of air
movement.

Sensor (stability)

Coupled to air via electromechanical device (thermistor
or equivalent).

Direct measurement of air
moveme.nt a(J or intensity of
return signal.

Accuracy*
Wind Direction

±3°

±3°

Wind Speed

±.2 mps

±.2 mps

Vertical Wind

±.2 mps

±.2

±3

0

mps

±3°

N/A

.1

* It should be noted that these are "average values."
Special cases for Anemometers and Dopplers are
outside of the range.
Each sensor represents the
height at which it is mounted.

30-m height increments
represented by one value.
Increments continuous
over range of Sounder.

May be adversely affected by
rain or snow.

Almost never affected by
rain or snow.

Vertical Wind

Adversely affected by rain,
snow, dew (may not know
if present).

Adversely affected by
moderate to heavy rain.

Stability

Generally reliable

Weak return signals for
neutral conditions.

.5-40 mps

.1-35 mps

Representativeness

Reliability
Severe Weather
WS/SD

Range
Wind Speed
Wind Direction

360 (may have 3° gap)

3600 continuous

Stability

.1 QC resolution

3 categories only

Requires computer processing.

Full display for every data
interval.

Data Display

0
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Physical Characteristics
Tower

Doppler

Height

Commonly 100 m maximum

Commonly 600-1000 m
Occasionally 1500 m

Space

5000 m2 or less
(dependent on height)

30 m2

Installation time
including site
preparation

&day, depending on weather,
height &: site location•.

1 day, relatively independent
of weather or site.

Mobility

Fixed location.

Can easily be repositioned
or moved.

Security
(see "space" above)

Needs 300 m or less of
fence.

Needs 2& m of fence.

Economic Considerations

6.

Tower

Doppler

Site Selection

Need representative location,
space may be a problem.
Typically, one-half day.

Needs relatively quiet site.
"Height" allows flexibility.
Typically one-half day.

Installation

May be up to 20 man-days.
Some equipment required.

& man-days or less, depending
upon the configuration.

Maintenance

Requires climbing or greater
capital expense for installation
elevator. Typically, 1 man-day
per week.

All equipment at ground
level. Minimal mechanical
maintenance. Typically, 1 hr.
per week.

Cost

$50,000 - up, installed.

$50,000-$70,000 installed.

SUMMARY

When comparing SODARS and meteorological towers, it is important to note that for roughly
equivalent cost, the SODAR provides several orders of magnitude more meaningful information up
to 5-10 times the height, and is essential for air pollution applications where towers are simply not
tall enough. Therefore, for a cost generally equivalent to a meteorological tower the SODAR
requires almost no land and yet yields continuous data, unattended to much greater heights without
a significant sacrifice in data quality.

(Reference IV.6)

USE OF DOPPlER'SODAR AND FLUXMETER
TO PROVIDE ROUTINE INPUTS TO
MESOSCALE MODELLING
J.M. FAGE

, P. HUGUET , J.F. SOULIER
REMTECH S. A.

I.INTRODUCTION
The efficiency of pollution alarm networks is determined by the
possibility to forecast several hours in advance. This leads to
consider simultaneously the choice of the modelling technique and the
selection of physical measurements needed to feed the models.
It is well accepted that the vertical structure of the boundary layer
and the ground/atmosphere turbulent energy exchange play a major role.
Whichever type of model is used (statistic, explicit or a mix of the
two), there is a strong need for precise information on turbulence
characteristics and we suggest a temptative operational compromise with
the FLUXMETER and the Doppler SODAR.
Figure 1 shows a pollution episode in PARIS, corresponding to a
vertical structure (and associate~ SO profile) similar to the one
shown in figure 2. Forecasting of mec~anisms involved, requires a good
understanding of the inversion layer dynamics, and how the inversion
layer will be influenced by energy coming from the surface layer.
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FAGE et al. (2) have shown that several turbulent mechanisms must be
considered, including wave dynamics in the stable inversion layer.
Figure 3 shows a comparison of the modelled morning transition period
with the Boulder tower measurements. HighqualLty meaBUrements of
turbulence across the boundary layer on a routine basis, are strictly
necessary to complete a synthetic representation of this type of
mechanisms and to reach operational application.
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While this monodimensional model may be applied to sites like PARIS, a
statistical or mixed approach is preferred on complex sites like LE
HAVRE. The quality of the results will also be linked with the amount
of information available in the input data. SOULIER shows that the
inversion height determined from the SODAR or a RICHARDSON number
computed from the fluxmeter or a tower are among the most explicative
parameters. For example, in the case of morning pollution episodes in
LE HAVRE, connected with a radiative inversion, the maxima of acidity
in the valley are strongly and negatively correlated with the
RICHARDSON number (fig 4), suggesting that a minimum amount of energy
is required to bring the pollution down from the inversion layer.
2.TKE TURBULENT FLUXES
The FLUXMETER is basically a 15 m tower equipped with sensors allowing
the use of the eddy correlation technique (fast response and high
sensitivity). The basic advantage of this processing technique is to
provide a direct measurement of the energy fluxes (fig 4.) rather than
modelling these fluxes through a K (or similar) theory which generally
excludes non-local turbulence or horizontal inhomogeneity .
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Fluxes provide a vectorial information (uT,vT,wT) added to usual scalar
averages (T,dT/dz). Prevailing mesoscale mechanisms may therefore be
more easily identified and in the case of pollution fluxes, one may for
example discriminate between downdrafts and horizontal advection which
lead to very different modelling techniques, even though the average
local conditions may be very similar.
For explicit models, boundary conditions in the surface layer will be
provided with U*,W*,L (fig.5 mechanical speed scale, convective speed
scale, and Monin-Obukhov stability length).One may further check the
turbulence level in the convective layer using the similarity theory,
or run models using locally measured diffusion coefficients ,
K=-wT/(de/dz) , instead of empirical tables.
For statistical models, the increase in performance will also be linked
with the fact that we can estimate energies. Considering the nightime
radiative inversion build-up from adiabatic lapse rate around sunset,we
may for example estimate the inversion strength as:
z·

A=

1

.,1

eh'~\'l

d2.

=If

l'9~t

we

tf", dl:

The use of complementary data from the SODAR will allow to complete the
description of the inversion layer (height and magnitude) and to
provide highly explicative statistical model inputs.
3.VERTICAL STRUCTURE: THE SODAR
Thermal convection (fluxmeter) and geostrophic flow (Sodar) are among
the major driving mechanisms of the boundary layer. The models attempt
to determine the upward or downward propagation of momentum,heat and
pollution, which they generate, through a diffusion or turbulence
scheme.
Beyond wind profiles, parameters relative to thermal structure and to
turbulence which SODARs are liable to measure are very useful and
several groups have tested SODAR results in this field, against towers.
The French electricity board (E.D.F.) has developped automatic routines
to determine the height of the inversion layer (fig.6) or the stability
as a function of altitude (GLAND <5».
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The 1982 E.P.A. sponsored tests of SODARs, included comparisons on ~w
(fig 8) and tests in KARLSRUHE (THOMAS<7» in 1983 were extended to tr'f
and (f e. Figure 7 shows (Je intercomparisons wi th the CABAUW tower at 120
and 160 m A.G.L. ( A.BELJAARS personal communication).
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Several groups are now extending their former single layer model to a
multi-layers model for which they now have the adequate input data.
This application is however limited to simulation or impact studies,
while more sophisticated information is required to reach pollution
episodes forecasting. Low wind and stratified conditions frequently
associated with these episodes lead to poor results with models based
on a classical representation of turbulence.
A better description of diffusion can be obtained by looking at the
spectral distribution of turbulent energy. This is achieved by
computing time spectra BOURNE<1>,FAGE<2> or spatial structure functions
FAGE<3>. Elementary SODAR measurements must then be obtained with very
high precision and the use of digital FFT, pulse coding and/or
predictive filters has been done on above mentioned systems.
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Analysis of spectra or structure functions allows to determine at which
scales the mixing occurs and if it corresponds to thermal
impacts,breaking waves or small scale isotropic turbulence. At this
step, E (kinetic energy dissipation rate) or ~m(turbulence length
scale) may be computed and preliminary comparisons of E wi th sonic
anemometers (fig 9) are very encouraging. One may further induce the
momentum diffusion coefficient following HANNA<6>.
4.CONCLUSION
Data relative to the vertical structure of the atmosphere and to the
turbulence on the site which is studied, and on a routine basis, allows
a better analysis of the model/reality differences, which will
eventually improve the models themselves through a better
representation of turbulence.
In the case of statistical models, a physical analysis of these data
over a few months in a pollution network environment, has already
allowed to obtain a set of significant input variables to statistical
models, for each major mesoscale mechanism.
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ON THE ACCURACY OF TEMPERATURE PROFILES MEASURED BY GROUND-BASED
MICROWAVE RADIOMETRY
G. Skoog, J. Askne, E. Winberg
Electron Physics I, Chalmers University of Technology
Gothenburg, Sweden
1. Introduction
Remote sensing techniques provide useful methods to continuously monitor the state of
the atmosphere. With ground-based microwave radiometry it is possible to get accurate
estimates of the temperature profile as well as of the integrated amounts of water
vapor and cloud liquid in the atmosphere. Microwave systems are furthermore very little
affected by clouds which makes them well-suited for all-weather operation. Naturally the
question arises if the new technique could replace the radiosondings as the upper-air
system for sensing of temperature and humidity. Specifications on accuracy and resolution
for such a system have been supplied to us by the Swedish Meteorological and Hydrological
Institute. A summary of the specifications for temperature profiles is given in Table 1.
In this paper will be discussed what profiling accuracy can be achieved with a groundbased radiometer system, i.e. to what degree these specifications can be fulfilled. In
this context instrument characteristics will be considered as well as properties of the
inversion method.
For the discussion of profiling accuracy it is important to have two things in mind.
First, the radiometer measures the atmospheric brightness temperature which corresponds
to the average temperature in different volumes of the atmosphere. The measurement frequency determines the volume in question which implies that the choice of radiometer
channels is important for the information content of the measurements as well as the
absolute accuracy of the instrument. Second, these volume values must be transformed to a
height profile by special inversion methods. The most commonly used inversion method combines the radiometer characteristics with statistical information based on previous radiosondings to derive the most probable profile corresponding to the actual measurements. The
final result therefore also depends on the climatology and on the relevance of the
available statistics.
Table 1.

Specifications on accuracy and resolution

of temperature profiles from ground-based radiometry

Large-scale applications
Rrns error

*)

Resolution

Mesoscale applications
Rrns error

Resolution

0 - 3 km

1 K

200 m

1 K

200 m

3 - 6 km

1.5 K

400 m

1.5K

300 m

6 - 9 km

-

-

2 K

400 m

*) Comb~ne
. d w~t
. h sate 11'~te measurements
**) Stand-alone system

**)

- 224 2. Instrument characteristics
A theoretical analysis of the profiling capability of different radiometer systems
has shown that an increase of the number of measurement channels would result in an
improved profiling accuracy [ 1]. The temperature profiling radiometer, which has been
constructed at CUT, has therefore been designed as a broad band receiver with an arbitrary number of frequency channels in the range 52.8 - 58.8 GHz which can be chosen by
means of an electrically-tuned local oscillator. In practice eleven channels are used.
This can be compared with e.g. the WPL Profiler which includes a temperature profiling
radiometer with four channels [ 2]. High stability is achieved by a good temperature
stabilization, particularly of the internal calibration loads, one of which is cooled
in order to enhance the absolute accuracy. For a more detailed description, see [3].
The performance and measurement accuracy of the radiometer was tested in May 1983 in
the so called ONSAM-experiment. The measured brightness temperatures at each of the
eleven channels were compared with the theoretical values calculated from simultaneous
radiosonde measurements. After the calibration procedure the rms difference was found to
be 0.5 K. The instrument itself is responsible for a large part of this error due to
noise and calibration errors. An equally important error source is the difference in time
and space between the radiometer and the radiosonde measurements. Uncertainties in the
expressions for atmospheric absorption and the error of the radiosonde measurements could
also be responsible for a part of the difference. Taking this into consideration the
achieved measurement accuracy is quite satisfactory.
3. Profile retrieval
Temperature profiles have been retrieved using the statistical inversion method. Since
no statistical information was available for the measurement site, located by the sea south
of Gothenburg, the background statistics had to be based on radiosondings at Torslanda Airport, which as well is located by the sea but 40 km to the north. The effect of this
difference will be discussed below.
The value of using a large number of channels was analyzed by using two data sets,
either all eleven channels or only four channels with almost the same frequencies as the
WPL Profiler. The retrieved profiles were compared with the corresponding radiosonde
measurements for 13 clear-sky situations and the result is shown in Fig. 1. The difference
between the profiling accuracies with the two data sets agrees well with the theoretical
analysis in [ 1 ] .
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-225 However, the result is not as good as what could be expected from the theoretical analysis. In Fig. 2 the achieved profiling accuracy is compared with the theoretically predicted values from Torslanda as well as ONSAM statistics. (The latter was derived from the
entire set of radiosondes during the ONSAM experiment. Although the theoretical predictions agree quite well one with another, the experimental result differs considerably from
both. The actual size and distribution of the measurement errors could only be responsible
for a small part of this difference. Most likely, the deviation from theory is caused by
the statistical properties of the temperature profile variations during the experiment,
which were different from what was assumed in the inversion method. This would lead to a
systematic error of the retrieved profiles even if the mean profile was correctly predicted.
The importance of correct statistics can also be illustrated by a computer simulation
experiment. The brightness temperature is calculated theoretically for a selected radiosonde profile and a measurement is simulated by adding Gaussian noise with a certain rms
value. The profile retrieval is then performed assuming this rms error, and the profile
is finally compared with the original profile. An example of such a simulation is shown
in Fig. 3 for measurement errors between 3 K and 0.1 K. It is clear that a lower error gives
a more accurate profile estimate except when the value 0.1 K is reached giving a poorer
result. This effect would be less apparent for a smoother profile (in the example shown in
Fig. 3 the profile contained a strong elevated inversion at about 1 km) but it shows that
the used statistical information is not appropriate if we could assume this accuracy of
the radiometer measurements.
4. Cloud correction
The inversion method which has been used assumes that the measurements are made under
clear-sky conditions or when they are not affected by the liquid water in the clouds.
Under cloudy conditions the measured brightness temperatures must therefore be transformed
to the equivalent clear-sky values. In the ONSAM experiment simultaneous measur.ements were
made with a water vapor radiometer with channels at 21 and 31.4 GHz, which are sensitive
to water vapor and cloud liquid. These measured values were used as predictors of the
cloud influence at the different channels of the temperature radiometer. The cloud
correction coefficients were calculated by means of a theoretical analysis based on an
ensemble of radiosondings and different cloud models. The uncertainty of the cloud correction algorithm of course implies an additional error of the clear-sky estimates, particularly at the low-frequency channels, where the corrections are large.
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The rms error of profiles retrieved from 15 cloudy measurements when compared to
simultaneous radiosonde measurements are shown in Fig. 4. The profiling accuracy is in
this case almost as good as in the clear-sky case, except for high altitudes. This is
probably due to the lower accuracy of the low-frequency channels which are the most
sensitive to the upper troposphere.
5. Conclusions
Atmospheric temperature profiles retrieved from field measurements with ground-based
radiometry has been analyzed and compared with simultaneous radiosoundings. The profiling
accuracy is found to be lower than what can be ideally obtained with a statistical information that is fully adequate. The improvement of profiling capability which is obtained
by increasing the number of channels from four to eleven agrees quite well with the theoretical analysis. A simple but effective cloud correction algorithm has been applied
giving as good a result as in the clear-sky case, except for the very upper part of the
troposphere.
The most important aspect of ground-based microwave radiometry is the possibility to
a continuos surveillance of the atmosphere. However without further improvements it
cannot replace radiosonde measurements of the temperature profile. ( It should be noted
that the inaccuracy of the retrieved profiles includes the radiosonde errors.) The low
accuracy at high altitudes can be compensated by including satellite soundings or other
complementary measurements such as VllF-radars. Increased accuracy for lower layers can
be obtained by separate detections of inversion layers by means of separate radar-,
sodar- or lidar-measurements. The inversion theory as well should be improved. Preliminary results have indicated improvements when corrections are made for non-linear contributions. The possibility to combine a sequence of measurements by means of Kalmanfiltering has been analyzed theoretically, suggesting large improvements, [4]. The experimental verification, however, remains since as no suitable data was obtained during
the ONSAM-experiment. We may conclude that further developments seem promising and that
ground-based microwave radiometry is a very interesting meteorological instrument for the
future.
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BASIC CONCEPTS OF AUTOMATING THE HYDROMETEOROLOGlCAL
OBSERVING NETWORK
V.N. Lopatin, A.A. Fokin, A.I. Mekhovitch
USSR State Committee for hydrometeorology and Control
of Natural Environment
At present the development of automation of the hydrometeorological
network in the USSR goes hand in hand with the development and automation of
the national environmental monitoring system as a whole.
In this way more
complete data sets can be obtained on the principles of combined utilization
of data from different observing systems (ground automatic stations, radars,
satellites, etc.)
As it is known, in the USSR the development of concepts of an
integrated system approach to automatic hydrometeorological data acquisition
and processing systems has been under way since the early seventies.
'l'he
Byelorussia automatic experimental system is an example of this approach.
The concepts were approved and recommended for use at CIMO-VIII in
Mexico.
Therefore, further steps are now being taken for completion of the
concepts of an integrated system approach to the development of the
environmental
monitoring
system
as
a
whole
including
meteorological
observations.
To further improve and modernize the whole data acquisition system and
to maximize automating its procedures, an integrated project for improving the
national environmental monitoring and control system for the period of five to
seven years is being developed in the USSR.
In particular, this project provides for a considerable improvement in
the data quality and increase in the amount of hydrometeorological data
throu!:jh modernization and con,binE:d use of different data acquisition systems,
such as:
le

Ground automatic
stations;

2.

Radar systems;

3.

Aerological stations;

4.

Satellite systems.

and

ser'li-automatic

stations,

The above measurement systems and the methods
quality data can be improved along the following lines:

including

for

obtaining

airport

higher

V.I)
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The basic network of meteorological stations will be equipped with new
semi-automatic microcomputer-controlled stations of the A~lS-NO type as well
as new automatic stations of the AGMS-NN type designed for operation in
sparsely populated and remote areas of the country. There are about 650 such
points throughout the country.
In the coming ten years most of theCJbserving points in uninhabited
and remote areas will be equipped with new automatic stations of the AGMS-NN
type which will be fully unattended.
Observers will only remain at
meteorological stations where it is impossible to do without them, such as
polar stations in the Arctic, unique stations, etc.
During the same period it is planned to install semi-automatic
stations of theAGMS-NO type at hundreds of observing points in populated
areas.
It is to be noted that in the USSR this accepted concept of
implelllenting versatile observing points (platforms), with various observation
and measurement programmes combined, facilitates the combined use of data and
at the same timernakes data acquisition less costly.
For example, AGMS-NO stations must provide climatic data along with
synoptic data in the code E'lVl-12 SYNOP, monitor dangerous and marginal weather
conditions and warn local authorities and national economy organizations of
their beginning, intensification and end.
Other modifications of the station AGlY1S-NO carry out radiation,
heat-balance
and
other
measurement
programmes
alongside
with
the
above-mentioned
functions.
Besides
that,
AGN.S-NO
basic
modification
(meteorological) provides 70% of raw data for operational agrometeorological
forecasting.
It should be pointed out that the new manned ground station AGMS-NO
alongside with the conventional direct sensing of the main meteorological
parameters provides for a possibility of logical diagnosis of certain
atmospheric phenomena occurrence through analysing the weather pattern with
the help of observed predictors inherent in the weather phenomena.
The meteorolog ical var iables measured with sensors or instruments of
"yes-no" type as well as derivatives of the variables (gradients, trends,
etc. ) are used as predictors.
After a detailed consideration of the problem
the authors concluded that it was possible to logically diagnose the
occurrence of most of the weather phenomena~
however, establishing and
specifying logical and statistical relationships,
elaborating diagnosis
procedures, developing sensors and indicators is very labour consuming.
It is
comlllon knowledge that it is not wise to use the conventional measurement
techniques in an automatic network.
To improve the observational programmes it will be 'necessary, with a
view to its simplification, to withdraw some secondary observations on the one
hand and to replace some observation types on the other hand.
All this wor k brings us closer to achieving one of the main aims of
autOluatioll., Le. unattenCied o!:'elatiCJn, that is why this work is of great
i!llportance now.
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The integration of systems providing point measurements of variables
with radar, satellite and other measurement systems opens up good prospects.
The modernization of radar network of hydrometeorological measurements
is aimed mainly at irr~roving its quality characteristics and functional
performances including the measurement of such variables as precipitation
allluuut, wave and ice oiJservation, etc.
'l:he raaars l'lRL-l and MRL-2 currently
used in the network, will be replaced by automatic weather radars of the MRL-5
type. A new generation of weather radars will be developed.
It is planned to
complete the development of a new radiosonde system safe for air traffic which
will also enable to improve the quality of aerological data and expediting
their collection.
In the near future nearly 30% of all the radiosonde
stations will be equipped with the new instruments.
The use of a new generation of automatic microprocessor-controlled
airport stations (KRM~S) is a step forward in the collection of meteorological
observations for aeronautical purposes.
New wind sensors (with running
averaging), instruments for visibility measurements, modified ceilometers and
other instruments will also be used.
Data collection system from airborne instruments with automatic
transmission via satellites to data collection centres will also be developed
as well as a system for data collection fr~n ship stations.
Special
emphasis
is
laid
on
the
development
of
space
and
heliogeophyscial data acquisition systems.
Spacecrafts are equipped with
complexes of atmosphere and earth surface probing means.
The amount and
quality of satellite information will considerably increase.
In conclusion,
the
main concepts of
automating
meteorological
measurements in the USSR are based on the principles of system integrated
development and use of advanced technical means as a most promising way to
improve the meteorological information quality, attaining maximum possible
automatization of
observations
and creating
a
completely
computerized
environmental data acquisition system at minilllum cost.
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Upper Air Data Studies Useful for Meteorological Anal~sis
M. E. Gelman 1 , F. G. Finger 1 , and F. J. Schmidlin
1N9AA • NWS, NMC, Climate Analysis Center, Washington, D.C., USA
2 NASA , GSFC/Wallops Flight Facility, Wallops Island, VA, USA
Introduction
. Studies completed with upper-air data sets gathered during the First GARP Global
Experiment indicate that differences between various meteorological analyses are dependent
on differences in the analysis systems used as well as the peculiarities and characteristics of the observational data sets that were used in deriving the analyses. The operational upper-air network, which is part of the Global Observing System (GOS) includes data
gathered by a variety of observational methods.
The major observational systems providing upper-air data operate on vastly different
principles. Radiosondes, for example, provide in-situ temperature measurements as the
balloon ascends. On the other hand satellite instruments provide remote radiation measurements representative of rather large vertical slabs of the atmosphere. The satellite
radiation measurements of, for example, the TIROS Operational Vertical Soundings (TOVS)
are converted to usable layer mean temperatures through a regression scheme that presently
depends entirely on recent past radiosonde reports (Smith et al., 1979), Winds, from
radiosonde, aircraft, and satellite observations are derived from displacement measurements; in the case of radiosondes, balloon displacements, for aircraft the relative displacement of a self-propelled body, and for satellites the displacement of cloud elements.
However, while radiosonde observations yield full vertical profiles of wind, satellite
winds are restricted to measurements at either cloud top levels or to movement of moisture
patterns in clear areas, and aircraft winds are valid for the level of flight.
The compatibility of data reported by the different systems has been studied extensively. This compatibility has been investigated in two basic ways:
o

radiosonde intercomparisons carried out as an experiment at a given site.

o

evaluations carried out with the use of reported data from the different operational system~

Radiosonde Intercomparison Experiments
Much instrumental development has taken place since the 1956 Payerne, Switzerland
intercomparisons, and a number of updated or newly designed radiosondes are now in wide
use. A preliminary list of instruments in use is shown in Table 1 (from report of WMO
International Organizing Committee for Radiosonde Intercomparison 1984). To our knowledge
there has not been a full intercomparison test of all of the new instruments, although a
number of small experiments have been conducted (for information on tests up to 1975, see
WMO Technical Note No. 140). Most recently, several tests were held at Payerne in conjunction with the Alpine Experiment (ALPEX).
Table
Number of WMO upper-air stations using each of the major radiosonde types.
Type
USSR (Meteorite)
Finland (Vaisala)
USA (VIZ)
China
Australia (Phillips)
Canada (Sangamo)
India (India Met. Service)
France (Mesural)

Stations

185
182
182
90
38

36
30
24

Type
Japan (Meisei/Oki)
U.K. (Met. Office)
Germany (Graw/Sprenger)
Republic of Kores (Jinyang
Czechoslovakia (Vinonrdy)
Switzerland (Meteolabor)
Austria (El in)

Stations

19
10
7
4
2
1

?
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The radiosonde ALPEX intercomparisons took place in several stages between 1978 and
1983 (Phillips, et al., 1981; Phillips and Richner, 1983; Antikainen, et al., 1983).
These experiments included a few of the operational systems presently used and also
instruments which were still under development. Some of the primary results include:
o
o
o
o
o
o

a verification that temperature, wind and humidity differences exist between
different radiosonde systems.
a verification of the need for adjustments to be applied to temperatures measured
by different radiosondes in order to achieve compatibility.
a verification that inconsistencies in radiosonde thermodynamic measurements are
more prevalent at levels above 100 mb than at tropospheric levels.
an indication that even the newer and more sophisticated systems under development
exhibit inconsistencies.
the need to determine whether some of the reported data inconsistencies may be
generated by differences in data processing systems rather than by instrumental
misbehavior.
the need for laboratory and other studies to define the absolute accuracy of the
various radiosonde systems.

In other experiments, Hohne (1980) and Schmidlin et al. (1982) reported a preclsl0n
of better than 0.5 0 for the U"S. radiosonde by comparing two radiosondes mounted on a
single balloon.
Accuracy, though extremly difficult to define, may be investigated by direct radiosonde intercomparisons with additional tracking by high precision radar. The primary
advantage is the availability of very accurate height information which can be matched
against the computed geopotential heights. Any incompatibilities may be assigned to
either (or both) the measured temperature or pressure. In addition, winds may also be
accurately checked. Comparisons with the use of radar have been conducted at Wallops
Island, VA during the last several years. Examples of results from a recent experiment
which included the Finnish Vaisala and the U.S. Viz instruments are shown in Figure 1
(from Schmidlin and Goss, 1984). For these tests, data reduction procedures were carried
out as in regular operations, which includes radiation corrections for the Vaisala, but
not for the Viz. Figures 1a and 1b, show relatively large differences between radiosondecalculated heights and radar-measured heights. The most apparent feature in Figure 1a
is the systematic and increasing bias with increasing height shown in the Vaisala
profiles. These profiles are in contrast to the large random variability exhibited by the
Viz instrument (Figure 1b). Since only a small part of the Vaisala and Viz geopotential
discrepancies can be attributable to temperature differences, which average less than 1o C,
the likely major cause of these differences is from errors in the radiosonde pressure
sensors. The profiles in Figure 1c represent the differences of computed height (Vaisala
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minus Viz) at the various constant pressure surfaces for each of the dual flights.
Relatively small differences of the calculated geopotential heights of pressure surfaces,
in most cases less than 100 meters, reflect the conservative nature of the radiosonde
geopotential calculation. Even large pressure errors usually lead to only relatively
small errors in the calculated geopotential height of pressure levels in a radiosonde
report. This allows use of relatively inexpensive pressure sensors on radiosonde instruments for regular meteorological operations. However pressure errors are of importance
where it is necessary to know the true height and pressure of the radiosonde at a particular time, as is the case where concurrent constituent measurements are being made (i.e.
partial pressure of ozone).
The results from a well planned International Radiosonde Intercomparison will be
important to the general evaluations of the present GOS. Plans have been finalized for
such an intercomparison to be carried out in two phases; the first at Bracknell, U.K. in
June/July 1984 and the second at Wallops Island, VA (USA) in February/March 1985. (See
report of CD10 International Organizing Committee for Radiosonde Intercomparison 1984;
Geneva Nov. 28-Dec. 2, 1983). A number of countries using specific radiosonde types have
indicated their intent to participate.
In the planning of the experiment consideration was given to:
o
o
o
o
o
o

the testing of about 8 of the 15 instruments now in use, including all of the
types used in large numbers globally.
the need for conducting the tests in two phases, since the workload for a single
test would be prohibitive.
the need for gaining a statistically significant experiment sample by obtaining at
least 80 comparisons.
the need for at least two of the major sondes to act as transfer standards by
participating in both test phases.
the use of high precision tracking radar for determining probable causes of the
differences that are found.
the ultimate need to utilize the intercomparison results with other studies to
evaluate the error characteristics of all systems comprising the Upper-Air
Observing Network.

Data Compatibility Studies
Another method of dealing with the compatibility of upper-air observational data is
through the evaluation of operationally reported data. The basic methods of evaluating
data from operational systems include:
o

comparisons of reported data with carefully analyzed fields in order to note systematic differences within the data base. This method depends on a highly acceptable
analyses, preferable in dense data areas in order to minimize analysis errors (see
Spackman, 1978 for details).
o comparisons of mean (usually monthly) day-night differences of temperature for
each of the various radiosonde stations. Such differences are usually obtained from
regular OOOOGMT and 1200GMT observations, one taken in darkness and one in daylight.
These studies point to differences among instrument types in susceptibility to longand-short-wave radiation errors (Mclnturff et al., 1979).
o comparisons of data, nearly coincident in time and space. Important information can
be gained from the statistical differences found among data of various types.

Comparing wind reports from various systems Vlcek, (1981) reported on statistical
comparisons of colocated data derived from rawinsondes, aircraft, and satellites. He
reported that the wind data of best quality appeared to be rawinsonde and Aircraft to
Satellite Data Relay (ASDAR). It was also noted that the Japanese satellite reports
exhibited a bias problem at the time of that evaluation, but the' situation has been
improved recently. Figure 2 shows some recent information (supplied by C. Vlcek) on wind
comparisons above 500mb for January 1984. Colocations of reports are within 333 km and 1
hr. The root mean square vector differences (RMSVE) of the various wind systems relative
to rawinsonde and aircraft (including ASDAR) data range from approximately 9 to 16 m/so
The numbers shown above each bar on Figure 2, ranging from 32 to 67 (in percent) represent
the RMSVE divided by the mean wind speed for the sample of colocations (both sensors).
The GOES comparisons, for instance, indicate relatively large (15 to 16 m/s) RMSVE differences, but the percentage differences are among the lowest because of relatively high wind
speeds during those observations. This points to the difficUlty in evaluating colocation
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statistics and indicates that atmospheric variability in time and space (horizontal and
vertical wind shear) must be taken into account.
Colocation statistics for radiosonde temperatures versus TOVS are computed monthly at
the National Meteorological Center. Comparisons for the summer season show smallerdifferences than for the winter season, probably because smaller atmospheric temperature
variability tends to make retrievals more accurate and also because smaller gradients tend
to reduce the differences due to location and time differences between satellite and
radiosonde. Figure 3 shows the February 1984 NOAA-8 results for the three classes of
soundings, clear, partly cloudy and cloudy. It is apparent that the cloudy soundings,
especially at lower levels, show greatest differences. McMillan et al. (1983) showed that
there was significant improvement in TOVS accuracy from 1979 to 1982 due to improvements
in the retrieval methods. It was noted that when factors such as radiosonde errors and
differences in time and location are considered, the true errors of satellite retrievals
are between 1 and 1.5 °c for clear cases, over atmospheric layers where satellites do
well. It was further noted that although the cloudy soundings are the least accurate of
the three types and thus had the greatest potential for improvement, the limited microwave
information available from the present generation of instruments under cloudy conditions
will severely limit realizing significant improvement.
McMillan et al. (1983) suggested that satellite temperature soundings could be used
as a transfer standard for comparing temperature data from many radiosonde instruments
used throughout the world. The TOVS system presently requires a weekly collection of
worldwide radiosonde data colocated with the TOVS soundings to update the regression
equations used for determining temperature profiles. Systematic differences between
radiosonde types increases the noise in the TOVS specifications by producing coefficients
which respond to extreme temperatures less effectively than coefficients generated from
non-biased data. McMillan et al. (1983) report that mean differences for two of the most
numerous radiosondes (V.S. and V.S.S.RJ were found to be 20 C in the upper atmosphere. A
preliminary analysis for the Indian radiosonde instrument also found large systematic
differences with satellite observations even at tropospheric levels (unpublished manuscript, A. Meer, 1984).
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Conclusions
Modern meteorological analysis and forecast systems require the knowledge of the
error characteristics of the various types of data used in the analyses. While it would
be ideal to define the accuracy of instruments, studies can usually define oniy the
compatibility of the data base. Accuracy of sondes might be definable with carefully
conducted laboratory experiments and development and application of strict worldwide
standards. However, there are other types of approaches which can also be helpful in
defining data accuracy and which do not depend on an expensive and elusive world standard
radiosonde.
Some recommendations for galOlOg additional information on data base consistency and
for developing usable corrections include:
o

the use of the results from the upcoming International Radiosonde Intercomparisons
to define not only observational differences, but also accuracy.
o conducting laboratory experiments to help define radiosonde accuracies.
o deriving a usable and consistent radiosonde adjustment scheme acceptable to all
WMO Members.
o the continued development of systematic adjustments for all other upper-air data
in order to insure consistency.
o the summation of error characteristics (accuracy statements) for all upper-air
data that may be used in the meteorological analysis systems of all WMO Members.
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Operational Quality Evaluation of Surface Observations
J F

Ponting, M-A Sarson

UK Meteorological Office
1.

Introduction

There is a problem in evaluating the quality of any set of surface observations.
Inaccuracies may be noticed by an observer making manual observations, especially if a
measuremen t can be compared with one from another instrument. However other means of
error detection must be applied to observations from remotely operating Automatic Weather
stations.
Automatic Weather Stations (AWSs) are being installed throughout the UK. At present
there are 20 land based AWSs and 6 AWSs on buoys and oil/gas platforms etc •• The number of
land based AWSs is planned to increase to approximately 55 over the next few years and
there will be a small increase in the number of AWSs on buoys and oil/gas platforms.
Originally the quali ty of observations from AWSs was evaluated manually at an interrogating centre. With the increase in number of AWSs and the more automatic transmission of
their observations to a data bank it was decided that the quality evaluation should be
undertaken at a central point. Initially manual quality evaluation methods were used but
this was very time consuming so an automated method, which compares an observation with an
analysed value at the station, was developed to identify, inter alia, systematic instrumental errors.
At present reports from land stations in a fixed list (at present 400) are 0 analysed0
together with all those from ships, buoys and oil/gas platforms in the area 25 Wto 10 E and
45°N to 67°N. The fixed list includes most stations in the UK and some from adjacent
countries. The automated method is applied to observations of pressure, dry bulb and dewpoint temperatures, wind speed and to orthogonal components of the wind vector (component
analysis is used 0 for the wind direction to avoid problems with the numerical discon0
tinuities at 360 /0 ). The analysis is performed on observations made at intervals of
three hours. To allow for delays in reports arriving at Bracknell (particularly those from
ships etc.) the analysis is carried out at least six hours after the observation time.
2.

Initial Analysis

To eliminate gross errors only observations falling within the limits shown in Table 1
are accepted.
Table 1 - Meteorological Variables and Limits on Data Values

Limits
Variable

Minimum

Maximum

Pressure

925 mb

1060 mb

Dry bulb temperature

_50 oC

50 C

Dew-point temperature

_50 oC

50 C

Wind speed

o

knots

0
0

200 knots

For the analysis of wind components, if the wind is reported as calm or light and variable
both components are set to zero.

- 240 Those stations which have reported reasonable values of at least one of the meteorological variables are used in each evaluation. For each meteorological variable in turn a
preliminary analytic surface is fitted, in a least squares sense (see (1)), using a set of
orthonormal polynomials. Missing data are replaced by the mean of the values at adjacent
stations to allow the same set of polyno~ials to be used for all variables.
The preliminary analytic surface can differ, at some stations, by a large amount from
the observed (or averaged) value. Typically this may be because the reported observation
has suffered a coding or transmission error. To reduce the effect of these large
dif.ferences on the analytic surface the observed value for the station is replaced by the
value calculated from the preliminary analytic surface at the station. A substitution is
made for the observed value when the limits shown in Table 2 are exceeded.
Table 2 - Meteorological Variables and Limits for Differences from Analytic Surface

Variable

Limit

Pressure

+ 2 mb

Dry bulb temperature
Wind speed

.:t. 5C
0
.:t. 5 C
.:t. 25 knots

Each wind component

.:!:. 25 knots

0

Dew-point temperature

The revised set of values are used to calculate a final analytic surface. An example of the
pressure data used and the resulting final analytic surface is shown in figure 1. Note that
the example does not show the full area analysed but a reduced area around the UK.
For land stations and some fixed sea stations (fixed buoys, oil/gas platforms) the
differences, when available, between the original observed value and the final analytic
surface are stored for subsequent study. vfuen the data are rejected before calculating the
final a:::alytic surface the corresonding differences are not retained. Differences for wind
direction are also not retained if the original wind report is calm or light and variable.

3.

Instrumental Systematic Error.

Gross errors in reported values of the meteorological variables are detected and remo~
by the analysis described in the previous section. In the differences that are then
calculated from the final analytic surface there are contributions from systematic and
random errors and mesoscale atmospheric variability. There is, of course, no single or
'correct' process for identifying the residual systematic error; the next paragraphs describe
the method in current use.
For each station and variable an estimate of the residual systematic error is calculated
in two stages. For each weekly period, the differences are averaged. To remove short lived,
but significant, contributions from effects other than systematic errors, all differences
more than one standard deviation £rom the mean are ignored and a new mean and standard
deviation calculated.
This mean is then used as an estimate of the systematic difference.
An example of data from a station (Warcop AWS) is given in Table 3.
Table 3 -number of differences (N),meap. and standartl deviation.\SD) for period 23/1/84 to' 29/1/84
Observation / analysis difference
1 st. calculation

2nd. calculation

Station

Variable

N

mean

SD

N

mean

SD

Warcop AWS

Pressure

45

-0.64

0.45

31

-0.59

0.27

Dry bulb temperature

46

-0.04

0.84

33

-0.08

0.50

Dew-point temperature
Wind speed
Wind direction

46
46
43

-0.61
4.9
-23.9

1.04
7.0
55.3

32
31
32

-0.74
3.6
-14.1

0.56
3.9
24.6

03226

- 241 If the systematic differences are more than the limits given in Table 4 'then they are
investigated to see if they can definitely be identified as instrumental errors.
Table 4 - Limits for systematic differences.

Variable

Limit

Pressure

:.!:.. 0.35 mb

Dry bulb temperature

:.!:.. 5°C

Dew-point temperature

:.!:.. 5 C

Wind speed

:.!:.. 5 knots

Wind direction

+ 20 degrees

0

The investigation is based on original and averaged data, automatic plots of the weekly mean
differences and charts used for synoptic forecasting. In particular, care is taken to
identify cases when the systematic differences are due to a persistent offset in the
observations at one station biasing the analytic surface away from observations at adjacent
stations or due to the results of persistent mesoscale or topographic effects. For example
the large differences shown in table 3 arise because the wind field at Warcop AWS is affectoo
0
0
by local topography. HolmeMoss (033L~; 53 32'N, 1 52'W) is 524 m above mean sea level
0
resulting in a persistent but reasonable, temperature difference of aro\md _3 C.

I

To guide maintenance it is instructive to establish how often reports from a given
station are regarded as useful. For these purposes a report is regarded as useful if the
value i's not replaced after calculating the preliminary analytic surface. Some sa;aple output
is shown in Table 5 which gives an indication of how well the sensors are performing.
Table 5 - percentage of useful reports for period 23/1/8~· to 29/1/84

Station
War cop AWS
03226
London Airport
(Heathrow) 03772
Little RissingtonAWS
03647
Mull of Galloway
03131

Wind
Speed
%

Wind
direction

82

82

17

100

100

100

98

95

98

11

98

98

95

100

98

100

98

Heceived
Observations
%(N)

Pressure

Dry bulb
Temperature
%

Dew-point
Temperature

82(46)

80

82

100(56)

100

98 (55)
100(56)

%

%

96

The percentage of reports may be below 100% for several reasons which may not be concerned
directly with the sensor: communication faults, observer errors and biasing of the
preliminary analytic surface due to a large error at one station inducing large differences
at adjacent stations. The last effect is most likely in data sparse areas (particularly in
the Eastern Atlantic). For wind direction, reports of calm or light and variable winds
cannot be analysed by components so are excluded. Again manual inspection is required to
interpret the raw figures.
4.

Discussion and Examples

The summaries described in paragraph 3 are produced regulariy and used to identify
stations where there may be instrumental problems. For such stations the reports and
previous weekly summaries are studied in more detail to see, for example, if there is a
persistent trend or if the error (the mean difference between the observed value and the
final analytic surface) arises only in a particular synoptic situation. The conclusion
may be used to help schedule servicing visits to AWS sites. Examples of the use of the
programs follow.

- 242 As an example of instrumental pressure error, the data from Walney Island AWS are considered. The mean pressure errors, as determined for each week (by the second calculation),
are given in Table 6.
Table 6 - Walney Island AWS (03214: 54

0

0

7'N, 3 15'W)

number of values used

Dates

mean difference (mb)

standard deviation

19/ 9/83

-

25/ 9/83

31

-1.45

0.16

26/ 9/83

-

2/10/33

30

-1.42

0.23

3/10/83 -

9/10/83

36

-1.16

0.21

-

23/10/83

39
41

0.24

0.22

0.25

0.29

17/10/83

24/10/83 - 30/10/83

The large pressure sensor mean difference was investigated. It was apparent that mesoscale
meteorological effects were not the cause and the sensor was changed on 14/10/83. A check
of the original sensor confirmed the suspected error (actual value -1.5 mb). It is noted
that the method of analysis sometimes underestimates the magnitude of an error since the
analytic surface tries to fit the reported values.
Some

Pressure errors resulting from other non-meteorological causes have been detected.
sa~ple mean pressure differences are given in Table 7 for the Warcop AWS.

Table 7 - Warcop AWS (03226: 56

0

34'N, 2

0

25'W)

number of values used

Dates
8/8/83

-

14/8/83

24

15/8/83

-

21/8/83

29/8/83

-

5/9/83

-

4/9/83
11/9/8 3

mean difference (m b)

standard deviation
0.15

27

1·53
1.61

0.23

37
46

0.09

0.24

-0.18

0.27

The large mean difference for the pressure sensor was investigated. It was found that the
effect did not appear to be due to mesoscale meteorological effects or to sensor errors.
The height used to correct the pressure to mean sea level was checked and found to be in
error by 17 metres. This was corrected on 24/8/83 and the mean difference became negligibl~
0

0

In the summer of 1983 it was noticed that for Keswick AWS (03212: 54 37'N, 3 10'W)
many dew-point temperatures were being rejected between fitting the preliminary and the
final analytic surfaces. Investigation of the individual reports showed that many dew-point
temperatures were almost identical to the dry bulb temperatures. Subsequent investigation
found that the wet bulb reservoir was dryi~g up.
Some sample mean wind direction differences (calculated by the use of components of the
vector) are given in Table 8, for the Lyme Bay Buoy AWS.
Table 8 - Lyme Bay Buoy AWS (50

0

36'N, 2

0

42'~

number of values used

Dates

-

mean difference (degrees)

standard
deviation

20/11/83

29

-110.4

31.4

21/11/83 - 27/11/83

18

-

86.3

76.2

13/ 2/84 - 19/ 2/84

43

6.1

11.9

14/11/83

During the period 14/11/83 to 27/11/83 large differences in wind direction were being
computed. The reported data was compared with the synoptic situation and it was found that,
while the analysed wind veered from NE to SW, the data reported by the Buoy backed from

- 243 NNW to S. Subsequently the wind direction data was supressed from the reported
observation but monitored. The sensor was changed on 10/2/84.

5.

Conclusion

The scheme described above has been in operational use in the Meteorological Office
since October 1982. It has proved particularly useful for monitoring pressure from both
AWSs and manned synoptic stations. Further study continues, particularly of problems
associated with mesoscale meteorological effects.
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ON THE METROLOGICAL ASSURANCE OF UPPER-AIR SOUNDING

I.G.Potemkin,M.B.Fridzon
Central Aerological Observator,y, U.S.S.R

Modern objectives , aimed at further efficiency of the aerological network require establisbment,revealing and assurance of the
accuracy of measurement or,in up-to-date terminology,they demand the
creation of upper-air metrological assurance system for radio sounding
of the atmosphere.
Metrological assurance comprises the elaboration and application of scientific and organizational fundamentals,technical means,
establishment and application of corresponding regulations and standards to achieve the uniformity and required accuracy of measurement
results.
Radiosounding measurements of the atmospheric parameters have
some specific features:
-sensor and media direct interaction takes place ,since contact
methods are used;
-indirect methods of measurements are used;
-measurements are carried out in dynamic conditions;
-calibration of sensors and radiosondes has an individual character
and is being conducted in normal conditions;
-operational conditions of the radiosonde are essentially different
to the conditions of calibration;
-time interval between calibration and actual use of a radiosonde
may reach several years.
Above mentioned peCUliarities lead to substantial additional
errors of measurement,which may exeed basic errors.
In most of the countries upper-air sounding is conducted by
measuring system,which includes a radiosonde itself and a ground radar
or radiotheodolite.Such measuring system belongs to the class of
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"spread" measuring systems/1/ and the metrological assurance for them
is an extremely complicated problem.Nevertheless,such systems can be
subdivided into metrologically isolated functional units,each serving
a definite part .of measuri~g process.
Optimal parting of measuring system into functional units and
the valuation of error magnitudes,introduced into the measurement by
every unit,allow to simplify the proces$of studying and standardization of errors of radiosounding system,as well as metrological service
organizationoIn particular,metrological analysis of upper wind radiosounding system shows,that the system may be presented as the following
blocks:a block of sensors, a secondary measuring transducer, a radiotelemetry channel of the system,which includes radiosonde transmitter
and ground receiver,measuring units of slant range and angles and
a block for data processing.Being greatly affected by various factors,
the sensors present the highest share in the total error of the
measuring system.Thus,the main attention should be given to investigation of sensors,when elaborating radiosounding assurance system.
Total errors of the system may be obtained by the proper summation of errors,introduced by the functional units of the system.
An analytical equation of the total error is,in fact,a Umathema"l:;ica.l
model" of the error.
Revealing,investigation and standardization of the metrological
characteristics,based on the analysis stUdy of signal transformation
in a measuring system is ~other important stage of the elaboration
of metrological assurance.In this case metrological characteristics
are those which affect the results and errors of measurements.
Complex of standardized metrological performances shOUld reflect
specific character of radiosounding measurements and should have the
following features:
-to give a complete description of the metrological performances
of measuring instruments and,at the opportunity,each of them should
reveal a certain physical property of measuring instruments;
-to be able to estimate error at any point of measuring range of
the instrument under known conditions of its application;
-to have possibility to be checked up with minimum of efforts;
-to be expressed in a way,which implies the statistical summing of
error components of a measuring instrument.
Metrological characteristics of measuring means are divided
into three classes:
-metrological characteristics,which serve to express errors(errors
under normal conditions);
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-metrological characteristics,which describe dynamic errors of
measuring instrument;
~metrological characteristics,reflecting the influence of non-informative parameters and exterior affecting factors on the accuracy of
the instrumento
Thus,for example,when manufacturing,for temperature sensors
of radiosondes it is expedient to standardize and check the following
metrological characteristics/2/:
1)configuratioB of a statical calibration characteristic and its
limits of range;
2)basic error and its change within garantee time period;
3)shape of a transient recovery characteristic and a time constant
under normal conditions;
4)reflectivity coefficient of a sensor coating in a definite range
of spectrumo
In ~ operational documentation it should be given values of
radiation errors,errors caused by water coating and f~ction of
mass-velocity influence on the time constant of sensoroMetrological
characteristics should be expressed in terms of values of mathematical
expectation and mean square root deviation in order to facilitate statistic summation.Also well-founded supposition aoout the character
of the distribution law of errors should be made.
In our country state and periodical tests of all measuriug
instruments are carried out by the State Committee on Standards. Specifically,when manUfacturing radiosondes, such kind of test guarantees
a correct transition of a measuring unit from the State Standards to
working radiosonde instruments and ansur.s the corresponding metrological characteristics of the instruments.The values of error components
and the influence functions of non-informative parameters on radiosonde metrological characteristics should be given in operational documents to allow the evaluation of accuracy in real operational conditions.
The most essential and complicated problem of radiosounding
metrological assurance is to reveal and stUdy metrological characteristics of sensors,used in radiosounding systems.To solve this problem
it is necessary to analyse the measuring process,including the aspects
of sensors and medium interraction;to construct physical and mathematical models of errors;to elaborate and certificate standard and reference measuring installation,which make it possible to ~mmitate
some factors,affected the upper-air sounding accuracy.The U.S.S.R.
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started that kind of work.In particular,Central Aerological Observatory has elaborated and certificated a set of reference apparatus for
investigation of static and dynamic characteristics of radiosonde
sensors and influence functions of different non-informative parameters.
To study and calibrate the temperature sensors, a moving air
flow thermostat is used. The thermostat has standard platinum resistance thermometer(error is less than O.01°C) in order to provide transition of the unit of temperature from primary standard to radiosonde
temperature sensors.
To define the type of transient characteristic and time constant
of temperature and humidity sensors in normal conditions,another apparatus'c:called "Kaskad" /3/ was constructed and certificated.Its operation is based on two parallel air flows of essentially different temperature (humidity) and the examined sensor is rapidly moving from one
flow to another.
The reference generator for humidity "Oblako" /4/ to reproduce
the size of relative humidity unit has been devised and certificated
by the State Committee on Standards.Principle of operation of the generator is based on a combined method of two temperatures and two
pressures."Oblako" makes it possible to create variations of relative
humidity in a range from 5 to 95% at air temperature from -50 to +30 0 C
and pressure from 100 to 1100 BPa.Basic absolute error of the apparatus
for temperature is less than 0.1°C and for relative humidity is less
than 1%.
Another reference dynamic generator for humidity,"Dipol" /3/ has
been constructed and certificated.The apparatus has a wide range of.
temperatures (from -70 to +30 0 C) and pressure (from 10 to 1100 HPa).
Due to "Dipol" there is a possibility to create multi-staged variations
of relative humidity in above mentioned range of temperatures and
pressures.Time constant of stepped variations of relative humidity at
air speed 3 m/sec does not exceed 0.2 sec.
To prOVide generators "0blako" and ltDipol" with metrological
assurance the hygrometer lIToros" /5/ has been developed and certificated.
It is necessary to check and verify the estimated values of total
errors of upper-air sounding,for example,by means of comparison of radiosonde and reference measuring apparatus,attached to free balloons.
To achieve this a combined balloon system has been constructed
and then tested.It has a sensor for temperature of platinum wire (5 mkm
in diameter) ,a sensor for humidity of the above mentioned hygrometer
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"Toros" and a block of secondary transducers,recorders as well as power supply.
Presented system of metrological assurance is based on the
principles,assumed by the state Committee on Standards of the U.S.S.R.
Those principles has been embodied in the state system for ensuring
the uniformity of measurements,which stood the test of time in operation in many branches of measuring science and gained ac.ceptance by
various international agencies.
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DISTORTION OF THE WIND FIELD BY THE CABAUW METEOROLOGICAL TOWER
H.R.A. Wessels
Royal Netherlands Meteorological Institute,
de Bilt, the Netherlands

1. Introduction
Since December 1972 wind velocity and wind direction have been measured along the
213 m meteorological tower of Cabauw (the Netherlands). The wind measurements at the 20
m level and higher take place at a distance of about 10 radii from the axis of the
cylinder-shaped tower. In the planning stage this distance was assumed sufficient to
restrict upstream velocity errors to less than 1 percent (Van Ulden et al., 3). This
estimate was based on published results considering laminar potential flow around
cylindrical masts. However, in 1973 already, larger differences between simultaneous
measurements at different booms were detected. These were ascribed to flow disturbances
caused by the booms and the side arms (Van der Vliet, 4). Therefore it was decided to
apply 0.5 m extension tubes under the cups and vanes. This presentation proceeds with
the comparisons made after the introduction of these extension tubes in early 1977.
It can be demonstrated that flow disturbances by mast and boom cause errors up to
4 percent in velocity and 3 deg. in direction. Even larger errors occur at one of the
auxiliary masts. The difference with earlier estimates is caused by the inclusion of
the obstacle's wake in the potential flow calculations. Then the errors decline no
longer with the square distance from the obstacle but with the distance itself. As a
result of this study correction formulae are suggested that almost completely remove
these important systematic errors. The formulae are validated by comparing simultaneous
measurements at different instrument positions. A more complete report of this study is
available (Wessels, 5).
2. Brief description of the measurement positions
The mast and its surroundings have been described elsewhere (Van Ulden et al., 3,
Van der Vliet, 4). The most important instrument positions are illustrated in Figure 1.
Along the main tower three booms (directions approximately N, SE and SW) are available
at every measuring level. The booms consist of an open construction with three tubular
0.07 m diameter beams. They end at two connection boxes (0.24 x 0.12 x 0.12m3 ) which
carry side extensions of 0.06 m tubing. Both the left and right side extensions (Figure
2) have instrument connector plugs at 1.35, 0.80 and 0.45 m from the boom axis.
Measurements below 40 m are not only disturbed by the tower but also by the 3.75 m
high, 17 m diameter building at its foot (Figure 1).

Fig, 1. View of the Cabauw main
tower and auxiliary masts
as seen from the south.
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- 252 Fig. 2. Angular dependence of
the main mast flow errors.

A large part of the near-suc£ace
measurements is carried out along
the SE mas t (M in Figure 1) at
29 m from the main tower. This
consists of a 20 m high latticetype construction with rectangular
cross-section 2 x 1.6 m2 (short
side facing the instruments).
Although the construction is
rather open we might expect some
flow effects. The booms of this
mast are shortened versions of
the main mas t booms. They compare
favourably regarding the flow
disturbance because no side extensions are used. The 20 m wind
speed is measured on a horizontal
tube extending 1.7 m from and 1 m
above the top balcony SE handrail.
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3. Disturbance of measurements by the main'tower'
The various flow disturbance contributions from the main tower, the booms, etc.
will be treated separately by potential flow computations and finally be added. The
main tower is approximated by a vertical cylinder with a wake, that - at these Reynolds
numbers of 10 5 or larger - necessarily exists downstream of an obstacle. Such a wake is
partly filled with stagnant or even backwards flowing volumes of air. In connection
with the main flow the wake may therefore be regarded as a rigid extension of the
obstacle. As a consequence the disturbance will depend on r- 1 instead of r- 2 • So, even
upstream, the wake may cause important measuring errors.
An analytical treatment of this problem has been presented by Wucknitz (6). The
wake is simulated by the potential of a dipole: a source at the origin and a sink of
different strength at x = d (x is the downstream coordinate). Source and sink strength
in his example are 4R and 3R respectively, where R is the diameter of the cylinder,. The
velocity potential for this case is written as
4R

3R

11

11

(jJ = u[x + - In r - -2 In {(I' cos a + d)

2

+ r

2

sin

2

a}] ,

(1)

and by differentiating we find the velocity components
u

u

x

1 -

TI1

4R
~~3R"-,(,-"r,--,=c""0",-s_a~+~dOL),,,,,)
(-r- cos a - 2
2
r + 2dr cos ex + d

(2a)

and
uv

1

4R

= - -11 (-'
sin a r

u

2

3R(r sin a)

2)'
(2b)
r + 2dr cos ex + d
The contour of the body simulated in this example for d = R/2 is a cylinder centered at
x = R/4 connected to a wake with a cross-section of about 2R.This corresponds with a
drag coefficient CD = 1. We must take into account a possible reduction of CD for
Reynolds numbers between 10 5 and 10 6 , i.e. a wind velocity of a few m. per sec. In
experiments of Nakamura et al. (2), however, for cylinders with very small roughness
elements, a lower drag is reached only for a very restricted range of Reynolds numbers.
Therefore we assume CD = 1 as a first guess. An example of the resulting errors for r/R
= 10 is shown in Fig. 2. The errors are considerably larger than without a wake. Also,
the azimuth with maximum direction error and minimum velocity error has shifted from
near 45 deg. to 80 deg or so.
The formulae 2a, b become very complicated after conversion to polar coordinates.
Therefore we will approximate with simple goniometric formulae as follows:
-L

flu
u

35R
R
(r
r

lID

R
- - sin «1 +L3R)
- - .a )
(l.8 +20R)
r
r
r

34 cos( (l + 1.49R) .a )

(%)

and

(3a)

(deg.)

where fie is the clockwise deviation from the original flow direction o. These
approximations are sufficiently accurate (0.2% or 0.2 deg.) within the range of ex used
for obtaining data or comparing measurements on different booms. For r/R = 10 we must
restrict lIall < 120 deg.
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4. The disturbance by the booms
The potential flow parallel to a semi-infinite cylinder with rounded top can be
approximated by superposing a source in the origin on the undisturbed flow. The
resulting potential is (e.g. Fuhrman, 1)
<P

2
R
= u x - u 4r •

(4)

The body so simulated has its rounded top located at x
- R/2 (see Fig. 3). The
velocity follows from the x and y gradients:
U
R2
R2
u
x
U = 1 - 4r 2 cos (3
and
= 4r 2 sin (3 •
(5a,b)

-f

These equations are illustrated in Fig. 3. In contrast to the two-dimensional flow of
the preceding section this error decreases with r- 2 , so that sometimes a small
displacement of an instrument may significantly improve the measurements.
To study the disturbance for other flow directions we attempt a superposition of a
series of parallel half-cylinders. This implies that the wake of the boom - no matter
which flow angle - plays a significant role (Fig. 4). The flow situation will be
described by the angle y (-180 + 180 deg.) between wind direction and boom azimuth and
the distance r between the instrument and the boom axis. To simulate an obstacle with
average thickness 2R we take cylinders with radius 2R/ln. The resulting potential is
found from adding a series of potentials like Eq. (4) (Wessels, 5). The velocity
disturbances can then be computed numerically. The results are illustrated in fig. 4.
So far we have evaluated the disturbance by solid cylindrical booms on measurements
with instruments placed on rather thin side-arms. Application to the open construction
of the Cabauw booms, however, is less straightforward. We then have to choose an
effective radius for the booms. Although the triangular cross-section of the boom has
the same area as an 0.23 m circle, the density of the structure is rather small. This
"density" is defined as the ratio between obstructed and free area presented to the
flow. Wucknitz (6) summarizes results from various authors demonstrating that the
equivalent cylinder radius depends on the obstacle dimensions and on the density of the
structure. His results show considerable spread but an estimate of R = 0.09 m seems
appropriate in the present situation. For parallel flow, however, the wake of the
connection boxes fills a large part of the construction so that the effective radius of
the boom probably increases near y = O.
Taking account of this correction we may attempt a goniometric approximation of
the disturbance by open-lattice booms (instruments at left side-arms as in Fig. 4):
lIu

R

;- = ~ (-

2 + 10 sin(y-20»

(%)

and

lie

=

6

R

~

sin(y+45)

(deg)

(6a,b)

For instruments at right side arms minus signs have to be inserted for lie and y. These
approximations work well in the sector shown in Figure 4. We must keep in mind that
measurements outside this range are not relevant in the Cabauw situation becuase the
instruments are then in the wake of the main tower or the boom.
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We want '''to validate the formulae 3 and 6 with measurements on the Cabauw tower. As
an example of the type of tests that have been carried out we select a comparison of
two propellervanes on the SW (left) and N (right) positions (Fig. 5). For the
differences in wind velocity we can predict from Eq. 3a and 6a:
(u

SWl

- uNr)/u

=

6.71 sin(1.19(8-310)) + 1.02 sin(8-310)

(7)

(%)

where 8 is the actual wind direction. This curve has been plotted in the lower half of
Fig ... 5 between the data points concerned. We clearly have a good fit, especially in the
region where both velocity sensors are well exposed (310 deg. ± 40 deg.).
The figure shows also the effect of the main mast wake, namely near 200 ± 40 deg.
(N) and 60 ± 40 deg. (SW). A minor disturbance is sometimes noticed near 8 = 20 deg
where the SWl instrument comes in the wake of the boom-tip or the side-arm. Near 270
deg. this occurs with the Nr instrument. Thanks to the extension tubes, however, this
wake-effect is only about 4% compared to 20% in the 1973 situation. It should also be
stressed that this error is not important because e.g. the N. anemometer is selected
for - 50 < 8 < 130 deg. only.
For the direction measurements with propellervanes we predict from 3b and 6b:
8

SWl

- 8

Nr

=

3.89 cos(1.13(8-310)) + 0.77 cos(8-310)

( 8)

(deg)

This is illustrated in the upper half of Fig. 5 together with two comparisons with an
ordinary vane at the SE boom, which served to obtain an unambiguous boom selection.
This vane was located at 1.14 m above the boom-tip so that flow errors were caused by
the main mast only.
The scatter in the direction data points of Fig. 5 is relatively large mainly due
to various inaccuracies in the direction measurement. So e.g. a misalignement of one
vane with respect to the north would cause one series of differences to become higher
and a second series lower. The average error due to an incorrect alignment of the
vane's azimuth must vanish by adding the three mutual wind direction differences: SW N + N - SE + SE - SW. Indeed in most of the examples studied, the average value of the
measured differences equals the average value of the predictions, at least for wind
directions between the booms concerned.
Apart from misalignment errors there is also a difference in form between the
measured and predicted curves. Especially if the wind direction approximates one of the
two boom directions, differences of 1 deg. or more may occur. This behaviour can be
explained by the inadequacy of the model for measurements near the wake of the tower
(one of the anemometers measures near a = 0 deg. but the other near ± 120 deg.).
Because the selected wind directions are always restricted to 11 all < 120 deg. this
deviation of the model does not concern its applicability.
IdeglWIND DIRECTION DIFFERENCE

6. Measurement at the South-East mast
The cross-section of this mast has
the same area as a 1.0 m radius circle.
Following the results of Wucknitz (6)
for a construction density 0.3 we may
estimate an effective radius of 0.5 m,
so that again r/R = 10 at the end of
the booms. The influence of the booms
can be neglected here because the
instruments are very nearly above the
boom tip at r/R = 8 (see fig. 3).
More serious is the contribution
of the main mast: for a distance of
34 m we conclude that another 30%
has to be added to the errors of
Eqs. 3.
Finally we have to mention the
flow dis tur bance by the building.
If we replace this by a half-sphere
of 7.4 m radius we can attempt to use
the results of Fig. 3. This leads to
an upwind reduction of 1.7 percent.
We can check this result with a field
experiment published by Van der Vliet (4).
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- 255 He compared two anemometers at 17 m resp. 52 m from the tower axis. Unfortunately these
anemometers were at a height of 2 m only and there was no guaranty for the horizontal
homogeneity of the terrain. The 17 m anemometer measured 10% lower for upwind flow.
According to Figure 3 the difference should have been (11 - 0.6) if we take the tower
axis at x = R/2. This result is encouraging for the method applied. We may also expect
this error to change little in the first 10 m above the ground.
As a first approximation we apply this reduction with the same angular dependence
as Equation 6. The direction disturbance by the mast building is a few deg. (Fig. 3).
From the above considerations we have for the M-mast instruments (apart from the
positions in its top which experience about 50% smaller errors):
6u

u

= -0.7

- 6.5 cos(1.19 a) (%)

and

68

=

2.6 sin(1.13 a) (deg).

(9a,b)

Note that the velocity errors can exceed 7 percent. Unfortunately no sufficiently
nearby comparison measurements are available to fully support this result.
7. Discussion and conclusions
Even on a specially designed meteorological mast rather important flow disturbance
errors may occur. In the Cabauw main tower they amount up to 4 percent in velocity and
3 deg. in direction. For the SE-mast the velocity error can reach up to 7 percent. The
potential flow calculations are validated rather well by instrument comparisons. We
also did attempt to stratify the data with regard to wind speed (Reynolds number) or
stability, but no different results were obtained. Of course, the scatter of the data
points may have obscured these factors. In our model the presence of balconies was not
accounted for but the good fit in Figure 5 suggest that their influence was small. On
the other hand it should be kept in mind that the model involves a somewhat arbitrary
choice of the tower's drag coefficient.
Simple wind direction-dependent correction formulae are suggested (Equation 3, 6
and 9) which enable measurements with propeller vanes to attain an accuracy of'better
than 1 percent resp. 1 deg. Useful measurements at side arms can be obtained for a 100
deg. sector from the boom and alSO deg. sector off the boom direction (Fig. 4).
Therefore, measurements at two booms are sufficient, although a third direction sensor
is needed for an unambiguous boom selection. The regions of overlap where two
instruments are available can be used for instrument comparisons. Such comparisons are
strongly recommended in order to detect any remaining instrument errors at an early
stage.
A special remark concerns the propeller vanes we used. The housing has the same
volume as a 0.08 m radius sphere. From Figure 3 it can be estimated that the flow
pattern around this housing causes a 0.4 percent velocity reduction - independent of
wind direction.
Although this report applies specifically to the Cabauw measurements, the results
described can easily be adapted to study flow disturbance in many other situations.
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SPECIFICATION AND DETERMINATION OF GUSTINESS
BY CLASSICAL AND DIGITAL WIND STATIONS
A.C.M. Beljaars and J. Wieringa
Royal Netherlands Meteorological Institute
De Bilt, Netherlands
1. Introduction
The first anemometer was a pressure plate, easy to build but without .any data
recording. Pitot tube and rotation anemometer allowed the introduction of recording
systems, but these have progressed rather slowly because of the cost of renovating
recording hardware in entire networks. This is even a problem for rich countries : in the
USA there are large banks of intractable "fastest-mile" wind data because chronograph
recorders had a long lifetime.
Classical wind recording devices might nowadays be replaced by some digital system,
which takes data samples, does some kind of data reduction, displays the results and sends
them to a storage device. Such systems are in existence, but their price and power use
needs to be cut by at least a factor five if they are to be applied widely. This could be
achieved if the meteorological community did agree on absolute minimum specifications -but with respect to the wind this has not yet arrived. Consequently "national" wind
specifications already did appear and were difficult to counteract [10], and it is high
time that WMO specifications became unambiguous.
Limited storage and the requirement to keep the processing as simple and cheap as
possible demands a data reduction, that can be managed easily by a simple processor and
produces enough information for most applications. As a compromise we propose to
characterize the wind signal every 10 minute interval by the mean value, the standard
deviation and a running-average gust. Apart from the fact that this obviously fills the
requirements of standard synoptic data exchange and of climatology, it remains to be
proved that the availability of a standard deviation and a gust are reasonably adequate
for non-synoptic purposes.
The standard deviation is a basic parameter to characterize turbulence intensity,
and Jones and Pas quill [7] already attempted to obtain routine measurements of it for
purposes of diffusion climatology. Since then in many application areas turbulence
analysis methods were developed, requiring as minimum information a standard deviation of
wind over the spectral band of boundary-layer turbulence, i.e. from a few seconds to 10 or
20 minutes. Such analyses are used in wind loading calculations (e.g. Greenway [6]), wind
turbine design (e.g. Powell and Connell [9]) and aeronautics (e.g. Burnham [4]). Using a
jUdiciously assumed distribution function, such as Rayleigh or Gaussian, analysis then
already can progress reasonably far. Most usage deals with the standard deviation of wind
speed, but for e.g. air-pollution applications the standard deviation of wind direction
would be required too.
The gustiness of strong wind speed turns out to be characteristic for the roughness
of the terrain upwind of the anemometer. Winds from a rough direction (e.g. from woods)
show both large gustiness and a sizeable retardation of the average wind speed. Therefore,
if at a non-ideally located wind station routine gustiness measurements are made, then the
effects of sheltering on observed average wind can be corrected in an objective manner
(Wieringa [13], [15]). Either data on largest observed gusts or, preferably, standard
deviation data can be used for the purpose of this analysis. In such a sheltering analysis
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we may not use thunderstorm gustiness data, because the severity of thunderstorm gusts is
almost independent of terrain roughness.
The above arguments show, that availability of wind average, maximum gust and
standard deviation seems necessary and sufficient 'for mos t practical purposes. It remains
to be specified how these quantities should be measured. In particular the magnitude u' of
gusts, defined as the difference between the extreme value u max and the mean value U,
strongly depends on the filtering by the measuring chain. Slowly responding systems smooth
out the extreme values in the wind signal, and will measure smaller u'-values than fastresponding systems. To arrive at compatibility of gustiness observations from various
measuring systems, we have to characterize clearly the filtering effect of the system. As
characteristic parameter for this purpose we will use gust duration or gust length,
definitions of which follow in the next section. Here it just should be remarked that gust
duration is not exclusively determined by sampling frequency.
Generally, the specification of digital wind observation system parameters such as
sampling frequency will be based on the following criteria :
a) Technically it is often advantageous to keep the time interval between samples and the
averaging time identical (non-overlapping averages).
b) The sampling frequency should be low, at least less than 0.5 Hz, in order to keep the
processing cheap and simple (Wieringa [14]). In particular, it makes little sense to take
a sample period shorter than 3 times the largest response time which is present in the
chain, e.g. because of inertia effects (Sabinin [11]).
c) To ensure continuity in gust climatology with classical systems, the gust length
should be of the order of 50 m to 100 m during strong wind conditions (Wieringa [13]).
d) The reduction of standard deviations by system smoothing should be less than 25%,
since such errors can still be corrected reasonably well.
It is obvious, that these criteria may be in conflict to some extent.
2. Definition of gust duration and gust length.
Formally speaking, an extreme value is only present during an infinitesimal short
time. With respect to the presence of a gust in a registration, or its impact on
constructions, there is an obvious difference between a sharp spike and a wide peak. When
we want to characterize this difference, however, we meet the difficulty that wind
variability is so irregular and has so many wiggles, that it is impossible to state
unambiguously where a gust begins or ends. All those 'gust parameters' mentioned in
appendix 6.A of the present WMO-guide [16] only describe the there-given illustration of a
wind trace and cannot serve without problems to describe different trace shapes.
We propose instead to define the duration of a gust on the basis of a runningaverage filter. When such a filter is said to have averaging time to ' it has as output
the average value over to preceding seconds. Now when wind is measured by means of a very
fast responding anemometer with such a filter behind it, we define that the recorded gusts
have duration to and length Ut o • The advantage of this definition is, that the recorded
extreme value is really present over the defined length. This is important for gust
loading problems, where a construction only will feel the extreme speed when it is
entirely engulfed by it. Constructions with a dimension of e.g. 20 m feel the entire
impact of a gust, when that gust has a length of the order 100 m.
It is evident, that real wind measuring systems contain several elements which are
not necessarily running-average filters. Because we want still to characterize gusts
recorded by such systems, we then define the gust duration as the averaging time to which
a running-average filter would require to arrive at the same gust magnitude. The method to
calculate this from available system characteristics is outlined in the next section.
3. Modelling gust dimensions.
A measuring chain for wind contains a number of elements that have some filtering
effect on the wind fluctuations. First of all we have the anemometer, then we have the
transmission and finally a recording device. In general we can assume that the successive
filters in the chain are linear, and that therefore their joint action on the wind
fluctuation spectrum can be represented by the product of their successive filter
functions. This makes the calculation of the standard deviation straightforward, since
this is the integral of the power spectrum.
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The amplitude (normalized magnitude) of gusts turns out to be related to the second
moment of the spectrum (cf. Davenport [5], Brook and Spillane [3], Greenway [6]) and to
the length of the measuring interval. The gust amplitude model of Wieringa [12) has less
statistics (only a random-data exceedance criterion) and has expanded the physical
modelling instead, making it difficult to compare it with others named here. We only give
here the final result for the median value of the extreme umax which is observed in a time
interval To [5]:
00
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In these expressions (J stands for the standard deviation, A for the 2nd moment of the
u
power spectrum S(f) of the signal and f for frequency. When we want to know Umax and (J at
the end of a measuring chain we have to replace S(f) by S(f) H(f), where H(f) is the u
filter function of the chain, and (J by its filtered value according to (3).
As unfiltered,wind spectrum wM use the empirical function for neutral situations
determined by Kaimal et al. [8]
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In this expression z stands for the measuring height and u* is the friction velocity, a
turbulence parameter dependent on the standard deviation.
The expressions above deal with continuous signals; for the analysis of discretized
signals we refer to Beljaars [2]. The effect of discrete sampling is a reduction of gust
amplitude, since the maximum value of the continuous signal does in general not coincide
with the sampling time.
The integrals that are used in the model cannot be solved analytically for a wide
class of filter functions, but are not difficult to handle with numerical methods for an
arbitrary measuring chain. We will present here calculation results for a few situations
in the form of nomograms.
First of all we need a relation between gust length and gust amplitude, as measured
by means of a running average filter. With an averaging time to of the filter we have a
gust length Ut o • The results are presented in Fig. 1 in dimensionless form with friction
velocity u*, mean wind speed U and height z as scaling parameters. The theoretical
nomogram graph of fig.1 is very useful in a relative way. We are able now to calculate the
ratio of gust amplitudes for different gust lengths.
In all cases we have to specify first, what, kind of gusts are actually measured with
the measuring chain we are considering. Two examples are given in Fig. 2. The left hand
figure concerns a chain with an anemometer with response length L, a running average
filter and a sampling system. From this figure we can derive how much the measured
standard deviation will be reduced with respect to the real value and the gust length that
corresponds to the measured extreme values. For a given input wind speed the gust length
can be seen as a nearly constant characteristic of the system. The gust length U to has
been calculated for two sample frequencies : first frequency towards infinity, meaning
that we are simply looking at the continuous record behind the running average filter. The
other sample frequency has been taken in accordance with the averaging time of the filter.
This situation occurs when pulses are counted from an anemometer over non-overlapping time
intervals to , implying a running average filter with averaging time to and sampling with
f s = 1/t o • It is clear that sampling leads to considerable increase of gust length, or in
accordance with Fig. 1 to lower gust amplitudes.
A measuring chain with a first-order filter (for example a pen recorder; see also
[1]) is illustrated in the right hand side of Fig. 2. From both examples it is clear that
the response length of the anemometer plays a minor role, and that the choice of sampling
frequency is quite important.

- 260 -

g.------,r--...---.r-v-~_rr_-_.____r_.."._.....,....,r_rn

U To/z =
3600
8 1800
1200
600
300

~.1

Fig. 1. Gust amplitude as a
function of gust length Lo •
According to the definition in
section 3 this is the median
gust as measured by means of a
running average filter with
integration time t = L lu.
o
0

Lo Iz

10

1

L!z=O
0,2
0,5
0,6
10

6

4

2
Fig. 2.

4 Ulo/-P

8

5

Gust length Lo and the reduction of standard deviation out Iou for the two
measuring chains as indicated above the figures.

~

261

~

4. Conclusions
A straightforward definition has been given for the gust length which can be defined
in principle for any measuring chain, even when we are dealing with digitized data. In
support to this it it has been shown theoretically, that the characteristic parameters of
an arbitrary wind measuring chain can be calculated. As we define it, gust length is such
a system parameter (although it depends on wind speed). This theory can be used to~orrect
the standard deviation and to transform observed gusts to gusts of other lengths, if
necessary.
Fora synoptic meteorological station a standard data reduction scheme over 10minute time intervals is preferable. This can be achieved in classical technology with a
standard sturdy cup-anemometer having a response length of up to 5 m, an analog RC-filter
with 1 s time constant and sampling at 0.5 to 0.2 Hz. A digital alternative would be to
count pulses from the anemometer over 2 to 5 s time intervals. This corresponds to a
running average filter with to of 2 to 5 s and sampling at 0.5 to 0.2 Hz. Both systems
lead to comparable gust lengths of 50 m to 100 m, and to corrigible errors in the standard
deviation.
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DIFFUSE SOLAR RADIATION ~EASURED BY THE SHADE RING
I~PROVED BY A CORRECTION FORMULA
K. Dehne
Deutscher Wetterdienst,

~eteorologisches

~ETHOD

Observatorium Hamburg

1. Introduction
Diffuse solar radiation D is defined as difference of global radiation G and direct solar radiation I on the horizontal plane:
D=G-

I.sin~

where y = solar elevation. Accordingly, D may be determined either by measuring G
and I, or by shielding I and measuring the remaining global radiation G = D. Both
methods require a sun-tracking measuring system: for the pyrheliometer in the first
case, or for a shade-disk in the second case. Because of the relatively high costs
and maintenance of sun-tracking systems, the network for measuring diffuse solar radiation are preferably equipped with pyranometers which are shielded from direct solar radiation by meana of a shade ring or shade band during the whole day. However,
the shade ring which is mounted on a polar axis covers not only the sun but also a
stripe of the sky (see paragraph 9.4.4.4 in (1) ). Therefore, to avoid that the costeffectiveness will be payed by inaccurate data, the measuring values DmR of the ring
shaded pyranometer are to be corrected for the so-called shade ring losses AD.
The correction factor f is defined by
f

=1

+ ADID mR

= DID mR

(2)

where D is the "true" diffuse solar radiation.
In the routine of the different national radiation networks theoretical or semitheoretical formulae are used to correct the measuring values approximately. To get
more accurate data a new correction formula for all natural sky conditions has been
derived statistically from data measured with the "Hamburg shade ring". In the following this formula will be presented as well as procedures to transfer this formula to other rings at different aites.
2. The new correction formula for the Hamburg shade ring
The Hamburg shade ring which is used in the radiation network of Deutscher Wetterdienst has a straight cylindrical profile with a width b = 5.0 cm and a radius
r = 29.5 cm. Its ratio of blr = 0.159 corresponds to a shaded view angle of 9.5 0 in
the ring position at the equinoxes and represents a medium value compared with those
of other shade rings in use.
The reference values of "true" diffuse solar radiation DD are measured with the
help of a shade disk driven by a parallactic sun-trscker. The view angle shaded by
the disk of the pyranometer amounts to 9.6 o as for the shade ring.
To derive a correction formula of the type f = ~ Ai·f multiple regression analysis was applied to functionsf! of hourly sums of D R' D i, G (global radiation) and
to other parametera as the declInation 5, for instan~e. TRe highest correlation coefficients of about O.B was achieved (2), (3) by the formula:
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(3)

(0 in degree)

with T' = In r 10 .sin~/(G - 0mR)l, IO·sinM: extraterrestrial solar radiation on horizontal plane.
Using the data sets measured with CM11-pyranometers during the period January
1981 till October 1981, eq. (3) takes the following numerical form:
f

= 1.161

- 0.112.(OmR/G)

3

+ 0.0009'0 - 0.0246/T'.

By changing the coefficient A to 0.135 formula (4) has been fitted to a data
O
set measured with CM6-pyranometers during the period July 19B1 till October 1981.
:3

The weights of the three parameters (0 R/G)3' 5 and T' on the total correction
ere shown fer formula (4) by Fig. 1. The(Om / G) -term which represents the effect
R
of cloudiness dominates evidently. The fun~tion f (T') becomes impDrtant at low
cloud amounts and corresponds to effects of stmospheric turbidity. The intercorrele_
tion coefficient of f(OmR/G) with fCT') amounts -0.908.
Tn the case of the above mentloned fitted f.ormula the quality fo the correction
is demonstrated by Fig. 2 and Fig. 3. In Fig. 2 the deviations of the measured and
0
corrected hourly sums from the ideal 45 straight line are plotted for three days
with different persistent sky conditions. In Fig. 3 the frequency distributions of
the deviations of the corrected values OR from the "true" values DD are shown, both
for the new formulaf and the "Orummond-formula" f
(se~ pa~ 3.1). Using the latter
i
80% of the corrected sums deviate by less than + 2 ~'cm- , 59% by less than + 1 Jcm:
However, for the narrower distribution delivered by the new formula the corr;spiilnding
percentages are evidently higher, namely + 95% and 7B%.
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3. Transfer of the new formula to other shade rings
The transfer of the new formula may be approximately established by two procedures: Firstly, by deriving of transfer functions using the new formula as reference,
and secondly by modifying the new formula for its application to measuring values
which are pre-corrected for ring- and latitude-specific conditions • In both cases
the quality of transfer is the better the more simular the sky conditions and the
ring geometry are.

- 265 3.1 Transfer functions
In the case that the reference shade ring and the shade ring to be compared are
operating at the same site the transfer function is given by

r

r

f = f r • . f r - (f r - 1)' K/K r"

1

(5)

as explained in (4). The factor K depends on the geometric specifications of the
ring:
K

= (b/r).cos30:

for straight cylindrical ring profiles

2

K = (b/r).cos 0: for torus-shaped ring profiles
K

= (b/r)·cos

2

(6a)
(6b)

0 [coso + (h/b)-sinS] for rim-shaped ring profiles
of rim height h

(6c)

The index "r" indicates the formule and the K-factor of the reference shade ring.
de

~

In the case that the shade rings are operating at sites with different latituthe transfer function is given by
f

where

= [1-K r .f"(rp,
r Wo ,r )].[1-K'F(ep,III O)]-\f r
F = (2/rr)'(w .sinep.sin6 + cosep.coso.sinw o)

(r: reference)

(7)

and the hour angle of sunrise
For deriving this transfer function it is assumed that f
can be written es~a product of the "isotropic correction formula" f 1 and a "anistropic correction formula" which is independent on site and ring. T~fs formula f is .
is theoretically determined for the isotropic distribution of sky radiance and equah
to the "Orummond-formula" in tha case of a straight cylindrical shade ring profile,
(5), (6).

Wo

= erccos(-ta~l~ano).

3.2 Modified correction formula

The formula f
corrects the losses of isotropic diffuse solar radiation accoris
ding to both,shade ring geometry and the latitude-dependent shade effective length
of the ring. Therefore the measured values 0mR pre-corrected by ffs must be postcorrected by a formula f
which pays regard to the real anistrop c sky conditions
to gat the final correct:a values 0Rr
OR

= 'an'(fis'O mR )

This "anisotropic correction formula" has been derived from the measured data
series Jan-Oot 1981 by determining the factors f an = 00/(fi'O
s mR).
The regression analysis delivers the highest correlation coefficient, 0.62, for
a formula of the same type aa given for the new correction formula f in ego (3).
Nearby the same coefficient, namely 0.61, was achieved for the truncated correction
formula
f

(8)

an

that is leaving out the ,'-term. The modified or truncated anisotropic correction
formuls in eq. (8) will be prefered, since the quality of correction seems to be
equal or better as for the untruncated format.
Applied to the data sets measureds with CM6-pyranometsr during the period
Jul-Oct 1981 eq. (8) get the numerical form:
fan

= 1.039

- O.067'(OmR/G)3 - 0.001'0.

The frequency distribution of the deviation of_~he corrected hourly sums f~om_~h~
reference values show a mean value of 0.1 J·cm
and a v~riance of 0.84 (J'cm )
2
97% of the corrected data deviate by less than ± 2 J'cm- , 79% by less than ±1J'cm3.3

First results of the general applicability of the modified formula
It is of interest to teat the applicability of the truncated aniaotropic formula to data of stations which climata and shade ring used deviate from those in
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First results are known for three stations.

In the case of the Centre Radiometrique de la Meteorologie in Carpentras (France)
0
the station is about 10 south of Hamburg. Compared w! th the mar itime climate of
Hamburg-Sasel and its atmospheric turbidity which is influenced by the near metropolis, Carpentras -being a small town in the Provence- has lower levels of cloudiness
and turbidity. The shade ring of Carpentras has a straight cylindrical profile as the
Hamburg ring, but a lower blr ratio of 60 mm/450 mm = 0.133 corresponding to the view
angle shaded by the Carpentras disk device which delivers the "true" values DD.
Applying regression analysis to the hourly sums of a 6-month-data-set (Nov-Oec
1981, Mar-Jun 1982) the highest correlation coefficient of 0.55 was achieved by the
formula
f

an, carp

= 1.0254

- 0.0309.(OmR/G)

3

(10)

- 0.0004·0

which show the same structure as f

in eq. (9).
an
The quality of correction is demonstrated by the frequency distribution of the
deviations of corrected hourly sums from the re,ference values in Fig. 4. The narrowest distribution delivers the application of the direct derived formula f
C.'
while the widest distribution results from the correction with the "Orummo~g1.fo~·fuBla~
The distribution indicated by the strong solid line represents the relatively good
correction achieved by the f an of the Hamburg data (eq. (9) ).
F'or comparing the resulting frequency distributions more quantitative Table 1
contains for the above mentioned formulae and the transfer formula in eq. (7) the
following items: mean value, variance, percenta~e of corpected data which d!viate
from the reference. value by leEls than ± 2 J. cm-and by less than ± 1 J. cm- •
mean
formula

eq.

valiJ~2

±

J'cm

"Orummond-f."
(7)

transfer-f.
f

f

(9)

an

(10)

an, carp

OR - DO within
2
2 J.cm
± 1 J.cm 2

-0.71

1.57

85%

69%

-0.36

1 .71

90%

70%

-0.1

1.50

92%

75%

-0.06

0.80

96%

85%

Tablet: ReSUlts of correction of Carpentras data by different formulae.
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- 267 The formulae in Table 1 are arranged according to the quality of correction.
Especially evident is the improvement by formula f
relative to the variance and the percentage within ± 1 J'cm-2
an,carp
In the case of the Irish Valentia Observatory (m = 51,9 0 ) as well as the British"
radiation center in Easthamps~(~ - 51,4 8 ) Mc Williams (7) end Seymour (8), respectively, have been achieved the best quality of correction with formulae of the
type f ,too. Since the west coast climate of Valentia is extremely maritime and
the ra~~o b/r = 0.312 of the used shade ring is extremely high, the Valentia result
should have special attention. Detailed results derived from frequency distributions
as compiled for the Cerpentras data in Table 1 are not yet available.
4. Final remarks
a) The tes~ of the applicability of the correction formulae derived in Hamburg must
be continued using data sets of more stations of different climates.
b) The present results sugge~t that the correction formula
fan = 1 + BO + Bl"(OmR/G) + B2 ·0 which was found for the data pre-corrected by
fis has a genera ly applicable format.
c) The correction formulae presented here are applicable to all seasons of the year.
Formulae derived for only parts of the year will probably improve the correction.
d) Thanks are due to Mr. M. Leroy of the Oirection de la Meteorologie, Trappes (Fr.)
for kindly delivering the Carpentras data. Furthermore, the author is grateful to
Mr. W. Brettschneider for the statistical treatment of the data and helpful discussions.
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AUTOMATION OF SOLAR RADIATION DATA COLLECTION
A.F. Young

Australian Bureau of Meteorology
1.

INTRODUCTION

The standard data recording systems presently used at most Australian Bureau of
Meteorology stations equipped to measure solar radiation are more than ten years old
and must soon be replaced. The equipment is difficult to maintain, and uses obsolete
electra-mechanical integrators. Rapid identification and correction of other than
catastrophic faults is difficult, and a manpower intensive data processing system is
required to handle the charts and printer tapes returned each month.
These problems, and a growing requirement to approximately double the eXisting
network of 26 stations, have led Bureau staff to develop system concepts based on
modern technology, to design and develop new recording systems and to arrange for a
progressive introduction of this equipment into the network (1).
Four stages are planned for the introduction of the new equipment. The first
provides for electronic integration and data storage using memory devices. The second,
trials of direct data transfer to be used to replace the memory devices. The third, use
of on-site quality checks; and the last, the introduction of the use of direct data
transfer throughout the network. The use of the new equipment will supplement the work
done by field staff in maintaining the desired level of data quality.
2.

EQUIPMENT DEVELOPMENT

The Bureau has built radiation data collectors for the first development stage,
each of which uses a microprocessor and provides a visual display showing local mean times,
data being recorded and data held. Data is recorded using solid state memory devices
(EPROMs) which are to be returned by mail for processing by an existing central computer
based system. The new equipment will be installed at five Bureau stations and will be
operational by late 1984.
The time lags between the occurrence and detection of faults, and between their
detection and subsequent correction have to be shortened as much as possible to avoid
the loss of good quality data. One of the five new radiation stations is to have
its equipment further developed to allow trials of direct data transfer over
meteorological communications links, as is done with meteorological data entered by
observers into terminals in the Bureau's Telephoqe Observations Collection System (2).
Data in these terminals is routinely extracted by the Bureau's central computer.
Data held in radiation data collectors will similarly be extracted on a daily
basis (or as convenient) and analysed in greater depth than is possible with the
limited on-site processing capabilities to be provided in the third development stage.
Obvious or catastrophic faults will normally be detected by field observers. The
detection of less obvious faults and advice to field staffs can be done \~ithin 1 to 3
weeks, rather than months (as at present), of the occurrence of these faults.
3.

ON-SITE QUALITY CHECKS

Visual equipment checks and sensor maintenance work done by field observers will
continue as at present, but there appears to be some potential for the automation of
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a number of the existing on-site quality control measures. These will, where
practicable, be incorporated into data recording systems during the third phase.
Zero shifts, and induced d.c. line voltages are automatically detected, assessed
and removed in the new first stage data collectors by mean of checks initiated and
carried out by the equipment itself around midnight of each day. Equipment for the
later stages will have a test signal introduced after each zero check to determine
whether the sensitivity of each recording system has changed, and if so, to remove
the change.
Changes in pyranometer sensitivity and small misalignments of shadow discs
(or bands) are more difficult to detect with certainty. Comparisons of estimated and
measured clear sky global radiation values can be used to identify sensitivity changes,
but values cannot be estimated to better than about +5 to 10% (for solar elevations
above 15 degrees) for a particular station and time. Comparisons between measured
diffuse and global radiation values can indicate changes in the diffuse radiation
system, but only after the global system has been proved to be performing correctly.
(These checks are performed manually at present).
It is difficult to determine whether apparently high or low global and diffuse
radiation values are being caused by variations in sky conditions or by equipment problems
(such as disc misalignment with diffuse radiation). Although automatic data correction
is therefore inadvisable, warnings to observers and appropriate data flagging can be
provided in many cases, and it is planned that this will be done in the third stage of
equipment development.
It is fairly easy for an experienced observer to scan recorder traces and to
decide from these whether suitable sky conditions exist for checks of system
performances. Field observers can, in real time, also glance at the sky for
confirmation. However, the amount of programming required for an on-site electronic
system to do the same is substantial. One problem is that the system must use the
measured values to assess the sky condition, yet the values themselves may be faulty
and so affect the assessment. Another is the difficulty in determining whether
measured values are really in error or are higher or lower than expected because of
unusual cloud and turbidity effects. It is necessary to seek out the most
efficient method of assessing sky conditions which will use a minimum of programming
and data storage capacity.
The calculation of standard deviations for global and diffuse data over a period
can help to identify the desired clear sky or sun-obscured (by thick layer cloud)
conditions. This identification can be further assisted by utilising the ratio between
the measured and the estimated (clear sky) radiation values for the check time. A
ratio of between 0.2 and 0.8 indicates broken cloud conditions which are usually
unsuitable for quality checks. Restricting system checks to periods of suitable sky
conditions can provide an acceptable degree of fault detection certainty, and avoid
unnecessary alarms. It is considered most undesirable to require observers to
frequently check equipment which they then find is working perfectly correctly.
Provision was made during the design of the first stage radiation data
collectors for inclusion of an on-site quality check programme. However, it was found
that the capacity required for the necessary calculations of solar elevations, for the
estimation of clear-sky global radiation, for intercomparisons of radiation values and
for the many checks required to ensure suitable sky conditions exist proved to be
greater than that allocated. Therefore, it is planned that spare data collectors will
be upgraded to provide the additional capacity, and that modified collectors will be
introduced into the network during the third development stage.
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In the mean time, trials of the programme will proceed using past data from
eXisting stations and also real-time data from the present station located at the
Bureau's Head Office in Melbourne.
4.

CONCLUSION

The final stage of the introduction of direct data transfer facilities for all
stations of the network will not take place for some years. However, the new equipment
to be progressively introduced is expected to facilitate the quality control of data
and the detection of faults, and hopefully will limit the additional manpower which
would otherwise be required as the Bureau's solar radiation network continues to expand.
5.
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Manual Data Entry Device for Synoptical and
Climatological Observations in Sweden
by Ture Hovberg
and Ingemar Udin
The Swedish Meteorological and Hydrological
Institute SMHI, Norrkoping, Sweden

1.

Introduction

1.1 Existing systenl. By order of SMHI, synoptic data observations are made by 260
employed observers, and climate observations are made by 700 contracted observers. Besides of the manned observation network there is a 2rowing network of automatic weather
stations. This network is earlier described in [ljand t3] .
The data acquisition from the manned synoptic stations is performed in several manual
steps today. The observer takes down the weather information in a journal and converts
it to SYNOP code. After that, he waits for a telephone call from an operator at one of
the Regional Weather Services (RVS). Having got a vocal report of SYNOP coded information from the observer, the RVS operator notes the data and sends the weather telegram
via teleprinter to the computerized central message switching system ATESTO. See figure
1, Synoptic Data Acquisition System.
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Fig. 1 SYNOPTIC OATA ACQUISITION SYSTEM

Some of the synoptic observers are also responsible for climate observations. They will
compile one daily climate telegram and send it via the same system. The contracted
observers writes down their observations in a climate journal, which is sent by mail to
the Institute every 30 day.
The large number of manual steps in the data acquisition sequency, combined with data
transmission via teleprinter without error checking, gives rise to a substantial risk of
disturbances in the data retrieval.

-274 1.2 New situation. In order to reduce cost, an rationalization is performed
at some Reglonal Weather Services. This rationalization is feasible if the SYNOP data
acquisition function is automatized.
1.3 New equipment. In order to decrease cost for the acquisition of observed information and to lncrease the data retrieval, the Institute has specified and ordered a new
kind of equipment: micro computer based observer terminals - ManDATs. ManDAT is a small
table terminal with keyboard, display, micro computer and power back-up, connected to
the switched telephone network. The observer can use it for input of SYNOP data - coded
or in parameter form - or climatological information. In SYNOP mode, an automatic error
check is performed. Functions for calculations of air dewpoint and reduced pressure are
included in the software.
will be an integrated part of the existing Automatic Data Acquisition System,
ADAS. The ternlinal will be interrogated by ADAS via the switched telephone network. In
some areas, r~anDATs are already delivered and installed, and there is some experience
from installation and training of observers.

r~anDAT

2.

System configuration

The Autonlatic Data Acquisition System, ADAS, is normally used for interrogation of Automatic Data Acquisition Terminal, ADATs. ADATs are used at unmanned meteorological, hydrological and oceanographical observation sites. The network consists today of about 60
ADATs, and is growing rapidly. The Automatic Data Acquisition Central, ADAC, is dimensioned both for the ManDATs and ADATs. The interrogation of ADATs and ManDATs is performed via the switched telephone network by means of a number of automatic calling units.
The ADAC consists of two HP 1000 minicomputers, and has besides communication short-time
storage, presentation and plotting functions. One output from the ADAS is connected to
the central message switching system ATESTO.
ADAC is situated at SMHI, Norrktiping and ATESTO in Stotkho1m. Later on, ADAC functions
will probably be situated at Regional Weather Services.
See figure 2, Automatic Data Acquisition System.
An Australian system for synoptic data acquisition purposes is described in!?!
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3.

HanDi\T purchase

Tenders for the ManDAT equipment were called against a comprehensive functional specificat ion. A contract of 50 termi na 1s I'la s av,arded to a commun icat ions equ i pment flJanufacturer in Stockholm, ALTENA Terminalteknik AB, who proposed a system based on the ZaD micro
processor.
4.

ManDAT, technical data

The HanDAT is a small standard data entry terminal, normally used in time accounting
systems and workshop communication systems. It has been modified with a built-in
autoanswer modem and special function keys. It is supplied from a separate battery package for 20h operating time at mains failure.
There is two types of jvlanDATs, one for direct communication with ADAC (Alt 1 in figure
2) an one for indirect cOllllllunication via the automatic weather station ADAT (Alt 2).
Some technical data:
size 15 x 37 x 10 cm
alphanumeric display, two lines with 20 characters
keyboard; 10 numeric and 10 function keys
built-in beeper
microprocessor Z 80
memory: RAr~ 4 k byte, PROI'1 32 k byte
- modem: 600 b/s FSK, auto-answer or V 24 interface
- connunication according to ISO 1745, ISO 1155 and ISO 1177

o

_

See figure 3, ManDAT.

Fig. 3 jvlanDJ.\T
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In

ManDAT functions
r~anDAT

software, the following functions are included:

5.1 Data entry. The observer can enter synoptical data into the system in SYNOP code
or in parameter form. Functions for calculations of dewpoint and reduced air pressure
are included in the software. The station-specific constants like barometer height, station latitude etc, are entered into the terminal in its upstart routine.
The parameter form will be used in an experiment in order to investigate the possibility
to reduce the observers education in SYNOP-code knowledge. In the parameter form, fvlanDAT
performs the SYNOP coding.
The observer has the possibility to correct the latest telegram. This corrected telegram
will be sent at next interrogation. Every data entry is preceeded by a simple security
code.
5.2 Data check and processing. Besides the calculation of dewpoint and air pressure,
the ternllnal performs a slmple plausibility check using both present and passed observations. The data check is initiated at data transfer from the edit buffer to the transmission buffer.
5.3 Presentation. In SYNOP mode, the upper line of the display is used for presentation ot alternatively SYNOP code indicators or latest sent observation. The lower line
is used to present the text of the new observation. In the terminal idle state, the
display has calendar clock presentation.
When ~1anDAT is combined with ADAT to form a semiautomatic station, sensor data is presented at the display when requested by the observer. See fig 2, Alt 2. Optionally, messages from ADAC can be presented at the display.
5.4 Data storage. ManDAT can store maximally 24 SYNOP telegrams and one CLIMATE telegram.
5.5 Data receiving. ManDAT can receive the tin~ and the station constants from ADAC.
In thls manner, ManDAT is initiated from the master computer. When ManDAT is connected
to ADAT to form a semiautomatic station, sensor data is received from ADAT.
5.6 Data sending. Besides actual SYNOP or CLIMATE messages, the start time for telegram ealtlng 1S sent to ADAC.
After breakdowns in the telephone network with a duration less than 24h, stored messages
(at most 24 h old) will be sent to ADAC at next interrogation.
5.? Attention signal. ManDAT has an attention function which is initiated at the
beginn1ng ot the observation term. The signal can be activated/deactivated from the keyboard. The alarm is also initiated when the check routine detects errors in entered
information.
6.

Installation and training

The installation procedure is very simple. It has been carried out by meteorological
assistants frorn the Regional Weather Services after two days training in operation, installation and simple maintenance. At the field installation, training of observers is
carried out with aid of a detailed operations manual with photos and step to step information. After the guided training, which takes 1-3 hours, the observers continue their
personal training using the manual.

?

Observer's point of view

Swedish weather observers have influenced the final design of the ManDAT: The specification is produced jointly by technicians, meteorologists and observers. All kinds of user
needs were taken care of as the real-time weather data to the forecaster, the daily climatological data to the data bank, the military use of weather data, the man-machine
aspects of the weather observers etc.
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Approximately 40 observers (of totally 260) have now got their ManUAT's installed. Operations is being start-up and the experience is presently very liolited. However, some
points may be mentioned:
_ It is very simple to learn using the terminal. 130th young and old people have found it
easy to handle after a couple of days
_ The observers are very pleased with t he pressure and deitlpoi nt funct ions. The termi na 1
eliminates boring work and improves the results
- It will no longer be necessary to sit waiting for the acquisition central to call
after the observation has been done.
- The experienced observers seerll to prefer the code Illode since it is quicker than the
parameter mode (interactive, with questions)
- The only negative response so far is the fear by the observers of getting isolated,
not getting the opportunity to discuss weather phenomena with people at the acquisition central. This problem has been solved by a regular schedule for contacts between
meteorologists and observers.
8.

Economical point of view

Besides the technical advantages with ManDATs the economical aspects are positive. The
total investment, maintenance and telecommunication cost for each ManDAT of the first
fifty are estimated to 6 KSEK/year based on eight years lifetime and 13% annuity. Compared to the manual data acquisition the savings are roughly 10%. For following fifty ManDATs, when development cost is paid, the savings are estimated to 20%.
Other economical savings caused by decreased journal handling work and decreased manual
control work are foreseen in the future.
9.

Conclusions

A number of·ManDATs have been installed, observers have been educated on the terminals
and have had the possibility of using the different functions. However the ManDATs have
not yet been taken into operational use in Sweden why a final evaluation is too early.
Anyhow the experience so far is mostly positive, the observers (users) have rapidly
learnt using the terminals, they have formed many advantages and look forward using them
operat iona lly.
Economical savings are foreseen and a positive result of the evaluation of the operational use will cause a futher investment in ~lanDATs for the rest of the synoptic network,
and probably also for parts of the climatological network.
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AUTOMATIC WEATHER STATIONS
H. TREUSSART
METEOROLOGIE NATIONALE FRANCE
First exclusively used for obtaining observations from isolated
places, automatic weather stations are becoming more and more currently used
and we may already foresee that, in the near future, the majority of surface
meteorological data will be supplied by automatic equipment. It means that
meteorologists will have within a few years to adapt not only their methods of
observation but also their methods of displaying, processing and storing the
information resulting fr.om this new observing method.
This paper presents a few remarks on the causes and the consequences
of the generalization of automatic observing techniques.
1.

Reasons for the development of automatic stations

For explaining the rapid increase of the number of automatic stations
installed bY meteorologists, during the last 10 years, three main factors have
to be considered:

The technological factor has been directly influenced by the progress
of microprocessors and satellite telecommunication.
Microprocessors thanks to the extreme flexibility of their programme
allow a better adaptation of the equipment to the various tasks of
observation. They also contribute to introducing important simplification of
the circuitry of the stations, although this possibility is very often
counterbalanced by the natural tendency of technicians to take advantage of
the full possibilities of microprocessors to add more and more processing
functions to their equipment. This point has been very often underestimated
in the past, and there are still examples of equipment whose reliability has
been weakened by the excessive complexity of their software. When defining
new stations, designers should keep this in mind, and should pay more
attention to the problem of optimizing complexity and reliability.
Simplifying this problem we may consider that the stations designed to
be used unattented over a long period of time should be kept as simple as
possible, whereas for those which can be visited more often or which are used
semi-automatically, more elaborate solutions, including sophisticated data
processing, can be acceptable. Even in this last case, users should always
remember that the more complex the equipment the more technical knowledge is
required for the people who will have to maintain it.
Microprocessors should be also credited with the important reduction
of the power requirements of automatic stations and we may consider, today,
that the problem of supplying power over a long period of time (one year for
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example) which has been one ot the most important difficulties experienced by
the first users of automatic stations is no longer a problem. The Delta
equipment, for instance, which is currently used by the French Meteorological
Service (35 stations in operation at the end of 84) gives a good example of
what can be easily achieved in this field.
'l'he version which is used in a
network installed in the South East of France to participate in forest fire
prevention required the power of about 4 watts which is obtained from a panel
of solar cells of 1,2 x 0,6 m. Such a station which is normally interrogated
by a computer which centralizes the data of several stations transmits every
quarter of an hour, up to 10 meteorological parameters, through a 6 watt UHF
transmitter.
Transmission using a satellite contributes also to reduce the power
consumption of automatic weather stations, and on these grounds, satellites
can be considered as one of the major positive factors to the extension of
surface observing networks in desert areas, oceans and isolated islands.
It
allows the reJ?lacement of the HB' link, difficult to maintain, consuming
generally luore than 100 watts, by a satellite transmission which does not need
an average power of more than a few watts.

It is directly related to an increasing need for more and more
meteorolog ical data either for improving short-term forecasts or for meeting
the
requirements
for
more
accurate
and more detailed
cl imatological
information.
It induces a need for more stations transmitting or recording
observations at shorter time intervals which results in a very large increase
in the number of data to be processed. To solve this, stations are generally
organized in networks, controlled by a single computer which generally
interrogates periodically several stations, processes their observations and
transmits more elaborate messages whose content is adapted to meet the
specific requirements of various users.
Initially used in real time, these networks are now currently
installed for obtaining climatological data, and they tend to replace the
climatological stations using tape recorders which were previously used.
The
reason for that is the mediocre reliability of this type of equipment which,
when breaking down, introduces an interruption which may be too long to be
acc.eptable to climatologists. The use of stations storing information over a
short per iod (a little more than 24 hours for instance) and periodically
interrogated has overcome this difficulty and may satisfy both requirements of
climatologists and synopticians, the latter having the possibility of
interrogating any station when a special phenomenon or a specific request
requires more data than can be obtained from synoptic networks.

It has two main components:
the difficulties
observers and the cost of a continuous observation.

of

recruiting

new

The difficulties met for recruiting new observers are well k.nown and
are directly related to the changes in the standards and conditions of living
aur~n9 the last thirty years in many countries.
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The problem is well known and has been thoroughly discussed in many
places and it is not necessary to insist more on it except to underline its
increasing importance in the oceanic areas where the decrease in the number of
observers on board ships has not been compensated by the few data coming from
buoys.
I t raises an important difficulty which will be overcome only if
meteorologists are able to face the important economical effort which will
allow the installation of fully automatic observing and transmitting equipment
on board voluntary observing shil!s.
Thanks to satellites, the solution to this problem is technically
quite feasible but we may fear that because of its economic implications it
will not be completely implemented before several years.
Although the problem of cost/benefit or cost/performance has been
quite often on the agenda of meetings of various bodies of the World
Meteorological Organization, data on the real cost of observations are very
limited and quite fragmentary.
The main reason is probably that it varies
very much from one country to another, depending on the economic conditions
and the development level of the country.
The comparison of the cost of
observations obtained from automatic stations or supplied by observers is
therefore diffic;ult, and the possible economic benefit which can be derived
from the adoption of automatic stations may vary with countries.
It is
however, clear that for many countr ies, maintaining human observers on a
twenty-four hour basis becomes economically difficult and it can already be
foreseen that in the near future, more and more synoptic stations of these
countries will be operated automatically, at night time, the use of observers
being limited during daytime.
It can also be foreseen that, for many
countries, the extension of their surface networks will result almost
exclusively from equipping new sites with automatic equipment.
2.

Obstacles to a more extensive use of automatic weather stations

It is usual to claim that the main problem related to automatization
is the weakness of sensors. Such a statement is a simplification and needs to
be clarified.
In fact, speaking of sensors raises two main problems which
have to be considered quite separately: the ability of sensors to replace the
observation acquired, so far sUbjectively, and the performances of traditional
sensors when associated with automatic weather stations.
Considering first this last problem, a preliminary remark has to be
made. Too often, the opponents of automation used to compare the performances
of automatic eqUipment to the performances of ideal conventional stations. It
is quite usual, for instance, when comparing measurements obtained from both
types of stations to qualify the results obtained from human stations as
"standards", a title that many of them do not deserve. Many papers have been
presented in the past which clearly demonstrate that the introduction of
automation is a factor of improvement of the measurement of several parameters
and it is unnecessary to say more on this point.
An extensive generalization of difficulties met in severe climatic
conditions has also contributed to imposing the idea that most usual
parameters were still difficult to measure automatically. In fact, we may now
consider that if we eliminate the area where icing conditions are not
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exceptionnal, the measurements of temperature, atmospheric pressure, wind
speed and direction, precipitation, sunshine radiation and duration, cloud
height and visibility do not constitute any more a problem for the automatic
stations which do not remain unvisi ted dur ing a long per iod of time (let us
say not more than a week) •
Although this situation is much better than what it was a few years
ago, we must still keep in mind that a few sensors require such an amount of
energy and cost, that they are not incorporated, and will probably not be
incorporated in the coming future in many automatic weather stations. A
typical example is given by visibility and cloud height sensors which although
working quite satisfactorily are very often excluded from automatic weather
stations, because of the costs of both sensors are far above the costs of the
other components of the station.
Humidity which has not been mentioned in the above list of sensors is
still a problem. Although important progress· has been made during the past
few years, we Shall never insist too much on the necessity for meteorologists
to intensify their research work to improve the measurement of this parameter.
Considering now the ability of sensors to substitute the visual
observation such as clouds, nature or amount, present weather etc., the
situation is far less satisfactory and nothing can be readily recommended to
be used.
A few attempts to obtain an instrumental determination of cloud
amount from photo-electric devices scanning the sky automatically have been
reported in the past but it does not seem that anyone of these attempts have
been successful and have resulted in operational use.
I t is very doubtful
that such sensors can be made available in the near future, at a cost which
allows their generalization and it is generally admitted that automatic
weather stations will still remain for many years without the capability of
providing cloud data.
This fact accepted, the importance of this apparent weakness of
automatic stations can be questionned, especially if it is considered not only
through the data provided by these stations but also through those which are
now obtained from satellites and radar networks.
It is presently quite
obvious that there will be no unanimous answer to such a question, the answers
depending mainly on the space scale at which those who are interrogated used
to work.
It is quite probable that synopticians will generally satisfy
themselves with the association of automatic weather stations and satellites
whereas those who work on a smaller scale may consider that cloud data
supplied by satellites are insufficient and cannot replace the information
obtained, so far, from human observers.
'l'he performance of sensors are generally judged through the data
supplied by stations.
Very often these data are not directly obtained from
sensors but are the result of a first processing included in stations.
The
great flexibility introduced by microprocessors allows practically any type of
processing, and the lack of a regulation internationally accepted about a
unique type of processing, may involve a tendency for the designers to
introduce their own type of processing with the final consequence of a lack of
homogeneity between data obtained from equipment of different origins.
That
is a difficulty which should not be underestimated; it could, if not quickly
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remed,ied, lead to a reduction of the information obtained from the Global
Observing System.
The action recently undertaken by CIMO proposing the
adoption of a recommendation aiming at rationalizing the algorithms used for
converting level I data is a step in the right direction and should be
encourayed.
It should contribute to maintaining the compatibility of data
which otherwise might become questionable.
Another
important
problem
also
related
to
the
exceptional
possibilities of microprocessors is the problem of deciding at which level the
data processing made directly by automatic stations should be limited. In the
case of isolated stations, there is generally an agreement to consider that
the simplest is the best and the only processing made on the site is limited
to a formatting of the information supplied by the sensors into a message
acceptable to the telecommunication system in which the station is included
(satellite for instance).
For more sophisticated stations, and especially for those primarily
used to assist human observers the choice between equipment supplying' very
elaborate information and a solution using a computer which centralized and
processed the information cOining from several simple stations is rather
difficult.
A typical example is given by the Mistral equipment designed by
the French Meteorological Service to be used in stations in which the presence
of observers may be limited during day time. First designed to give numerical
data which could be substituted for the analogue data obtained from
conventional recorders, the equipment has been completed so that it can
transmit several types ot messages from the international SYNOP Code to very
specific ones whose transmission is limited to national use.
The content of this last type of message has been adjusted to meet the
requirement of special users (aviation for instance) or to give more detailed
data on one single meteorolog ical element (precipitation, radiation) or to
surmnarize the climatological data over a 24-hour period.
3.

Future of automatic weather stations

It is no longer useful to insist on the increasing role of automatic
stations; either used individually or integrated into observing systems, they
will soon be the main components of the surface observation network.
It is
therefore essential that the efforts already made to improve the compatibility
of the data supplied by them be pursued.
They should be more specially
directed to introduce similar algorithms for converting first level data as
already mentioned previously.
It is also important that efforts be made to take advantage of the
entire possibilities of automation.
The SYNOP code is not yet perfectly
appropriate to automatic observation.
Its last modification has been more a
change of format than a change of the content of the message and there are
still interesting data from various types of sensors which cannot be used
because they do not totally agree with any definition of the code.
The
sensors measuring thunderstorm activities or detecting lightning give an
example of such a restriction.
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It now seems interesting to draw attention to the interest or the
necessity for meteorologists to increase their coo-operation for developing new
software.
Automatic weather stations and more generally, all automatic
equipment (ground equipment for radiosonde stations is another example)
involve very important work for developing new software.
This work has been
very often underestimated and has become for many Services a more and more
time consuming load.
Better international co-operation in this field would
undoubteclly contribute to signif~cantly reduce this load;
it would also
facilitate the adoption of automatic weather stations by countries which
presently cannot afford to maintain a group of specialists for programming
their own equipment.
'1'0 suggest the appropriate mechanism to achieve such
co-operation is the challenge which is proposed to WMO and more specifically
to its Cormnission for Instruments and Methods of Observation as the conclusion
to this paper.

(Reference

VI.2)

CANADA'S NEW MULTIPURPOSE AUTOMATIC WEATHER OBSERVING AND REPORTING STATION
D. Dockendorff & R. Van Cauwenberghe
Atmospheric Environment Service,Canada
1.

INTRODUCTION

The Canadian Atmospheric Environment Service (AES) has a long history of
involvement with automatic weather stations and is currently operating four' generations
of autostations in its data acquisition network. The autostation technology varies from
early electromechanical to modern CMOS microprocessor based systems. A fifth generation
of autostations based on the Remote Environmental Automatic Data Acquisition Concept
(READACTM) has recently been developed and prototypes are now being field tested. The
READAC autostation prototypes were produced under a development contract with Bristol
Aerospace Limited of Winnipeg, Canada who are now licenced to manufacture the technology.
The new READAC autostation design incorporates functional modularity using CMOS
microprocessors and specially defined communications protocols; the result is a system
that is immune to technological obsolescence, can be easily expanded or modified to
accomodate new developments or special applications, can be easily maintained, and can
operate in all Canadian climates. In addition the stations can operate unattended or
can interface with human observers providing them with remoted minute by minute data and
functioning as a pseudo word processor and communications interface.
2.

DESIGN OVERVIEW

The READAC autostation is made up of three basic parts; a set of Peripheral
Interfaces, each with its particular sensor, a Shelf Controller and a Communications
controller (see figure 1 below).

Communications
Medium

Figure 1: READAC Architecture
Each peripheral interface (PI) takes the data provided by its particular sensor and
converts it into a user acceptable format. A PI may also produce minimum and maximum
values and various time averages. For certain parameters the PI checks for significant
changes in the weather and generates a special report when necessary. An example of
this is in the Wind PI where a special report is flagged for transmission if there is a
significant wind shift or increase in wind speed. Similiarly the Visibility and Cloud
PIs check for conditions deteriorating or improving to values defined in the AES Manual
of Observations (MANOBS).
*READAC is a registered trademark of the Atmospheric Environment Service
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Once a minute, data from each of the PIs is obtained by the Shelf
Controller (SC). The data is then transmitted over a parallel bus using a specially
developed communications protocol (Protocol 2). Any PI may obtain data from another by
listening to the data transfers to the SC; this will simplify the design of future PIs
such as present weather which may require temperature, dew point, visibility and other
data. The SC does not make any data dependent decisions nor does it contain any
application specific software; it basically takes all the PI data and produces a
formatted message. The SC also acts as a protocol translator and transfers the message
to the Communications Controller over the Protocol 1 serial communications bus.
The Communications Controller (CC) is the link to the outside world. It takes
the formatted messages from the SC and ensures that they are transmitted to the various
on and off-site users. At the present time we have CCs for interfacing to the Canadian
Meteorological Teletype Network, the GOES Meteorological Satellite Communications
Network and a VHF link. Provision has also been made for an output to a voice
synthesizer which is being developed by the Department of Transport, and to an
interactive video display terminal.
READAC Weather observations are updated every minute; however, under normal
circumstances they are only transmitted off the site once an hour during the hourly
weather collection period. To ensure continuity of the climatological data (eg. hourly
extremes) the station is equipped with a real time clock which can be remotely set if
necessary. Stations also provide diagnostic data in support of maintenance activities,
raw sensor data and configuration information upon request. Information on the various
messages available is contained in the next section.
3.

READAC MESSAGES

Weather Observations
Weather observations provided by READAC autostations consist of three parts; a
Header, Fixed Format data and Free Format data as shown below.
1

RA
2
3
4
5
6 7
8
9
10
11 12 13 14
WKT SA 300113 AUTO 7.0/M/-11.2/-17.7/2712G18/994//-116 -111/
15
16 17 18 19 20 21
2613G18 2719/70 70/12/9857/:
The Header (groups 1-5) contains the READAC designator "RA", a three letter
station ID code, the type of observation (routine "SA" or special "SP"), the date and
time of the observation and the class (AUTO or MAN) of observation. "AUTO" indicates
that the observation was made totally by the automatic weather station while "MAN"
indicates that the observation was manually edited.
The remainder of the message contains meteorological information in two parts;
Fixed Format (6-11) and Free Format (13-20); the following is a key to these parts:
Fixed Format
Meaning
Group
Visibility (Miles)
6
MSL Pressure (Missing)
7
Temperature (OC)
8
Dewpoint (OC)
9
2 Minute Mean Wind (Kts)
10
(direction, speed, gust)
Altimeter Setting ("Hg)
11
End of Fixed Format
12

Free Format
Group
13
14
15
16
17
18
19
20
21

Meaning
Minimum Temperature (oC)
Maximum Temperature (OC)
10 Minute Mean Wind (Kts)
(direction, speed, gust)
Peak Wind last hour (Kts)
Minimum Visibility (Miles)
Maximum Visibility (Miles)
Precipitation Amount (mm)
Station Pressure (mb)
Message Termination symbol

The Fixed Format pertains to the most important parameters required by aviation
users and for onsite display. This part is readily understandable for it is almost
identical to the Hourly Weather (SA) report; the main differences being that slashes are
used as delimiters between all data groups, that decimal fractions are used to report
Visibility and that temperature and dewpoint are reported to tenths of a degree.
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Format" suggests, no matter where the various PIs are inserted in the mainframe. It
should be noted that where data is not provided by design; an "M" is reported in the
appropriate data group or, an liE" when there is a sensor failure or equipment
malfunction. Normally there will be a fixed number of data groups in this section so
that temperature will always be reported in group 6 for example. To accomplish this a
very simple "Bypass" module has been developed to generate an "M" in the groups for
Cloud and Present Weather. A capability to provide cloud information in the report
should be available by the end of 1984.
A double slash "11" separates the Fixed Format data from the Free Format part of
the message. The Free Format part of the message containes data for climatological and
special applications and for the preparation of Synoptic Messages which are produced
off-site. Data includes hourly extremes of temperature and wind, accumulated
precipitation, station pressure, and variability of visibility. The order of the data
here is dependant on the order in which the PIs are installed. For operational reasons
all messages are terminated with an equal sign.
Diagnostic Messages
Diagnostic messages are generated by the READAC system to facilitate maintenance
and to indicate to a technician the types and location of errors within the READAC
system. There is provision for 149 unique diagnostic error codes of which only 87 have
been assigned so far. Diagnostic data may be obtained on site using the video display
terminal or a specially designed test set; it may be obtained off-site by transmitting a
special diagnostic poll to the particular station. This latter capability permits a
maintenance technician to trouble shoot READAC systems from one central location. In
most cases field maintenance will consist of the simple replacement of a defective
module, a task which can be handled by available personnel with a minumim of electronic
and maintenance training.
Raw Messages
Raw Messages represent data (primarily one minute averages) transmitted by each
PI to the SC over the Protocol 2 bus. As previously discussed this data can be obtained
by any other module which requires supplementary data to output its message. Raw Data
may also be obtained in the same fashion as Diagnostic Data in order to facilitate
maintenance.
Configuration Message
The final type of message which is generated by a READAC station is the
Configuration Message which simply indicates which type of module is plugged into which
slot in the main and expansion frames. This message is often useful in order to decode
the Free Format Message above.
4.

Sensors and Algorithms

Visibility
The Fog-15 forward scatter meter built by Wright and Wright Incorporated of the
United States is the sensor used for measuring visibility. This sensor has an
integration time constant of about 30 seconds and provides a zero to ten volt output
dependant on the visibility; the lower the voltage the better the visibility.
The Visibility PI obtains samples from its sensor every 30 seconds to produce a
ten minute average every minute which is output to the nearest tenth of a mile. The
minimum and maximum values are also output in the free format. The suffix "V" is added
to the data when conditions of variable visibility are detected when the ten minute
average is below 3 miles. The PI also generates a Special observation whenever the
reported visibility crosses certain thresholds.
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Atmospheric pressure is measured by a Setra Systems Incorporated Model 270
pressure transducer which provides output signals of 0 to 5 volts for pressure ranging
from 800 to 1100 millibars (a 600-900 mb option is also available). Normally only one
sensor is used, however, when Altimeter Setting is required then two transducers are
utilized with the lower reading of the two used to compute the Altimeter setting and
Station Pressure. If the altimeter settings computed from each of the two sensors
differ by more then 0.04 inches then the station will not output a value but outputs an
"E" in this data group instead. MSL pressure is not computed by the station for it
requires 12 hours of temperature data; for maintenance purposes it was decided to limit
on-site algorithms to 60 minutes. Altimeter Setting is reported to the nearest
hundredth of an inch of mercury while Station Pressure is reported to the nearest tenth
of a millibar. The pressure sensor(s) is/are mounted within the Pressure PI. When the
READAC mainframe is housed in a weather-tight outdoor enclosure the pressure transducers
are vented to the outside atmosphere using a Gill type pressure vent. Provision has
also been made for simple on-site adjustment and calibration of the barometer(s). For
installations in very remote areas an optional 4 minute warmup is also available to
conserve power.
Temperature
The air temperature sensor is based on the Yellow Springs International
thermilinear thermistor network which is a circuit containing 3 thermistors whose output
is linearly porportional to the temperature. To minimize errors due to cable resistance
and noise a four wire circuit is used. The sensor is thermally lagged to produce about
a one minute mean and is housed within an aspirated Stevenson screen or AES designed
parallel plate radiation shield.
The Temperature PI also outputs the minimum and maximum temperatures recorded
during the previous 60 minutes for use in the preparation of Synoptic and Climatological
reports. Temperatures are reported to the nearest tenth of a degree Celcius.
Dewpoint
The standard operational AES Thermistor Dewcel is used to provide the dewpoint by
measuring the equilibrium temperature of a Lithium Chloride solution. This sensor is
mounted in the aspirated Stevenson screen. Dewpoint Temperature is reported to the
nearest tenth of a degree Celcius.
Wind
The 78D anemometer recently developed by the AES and licenced to Sonotec Limited
of Toronto, Canada is used to acquire wind data. This sensor is essentially a cup and
vane system but uses optical techniques and a CMOS microprocessor to provide wind speed
and vector directions in the form of an ASCII message every 5 seconds. This data is
then processed by the Wind PI to generate 2 and 10 minute averages with gusts. The
maximum 5 second peak with corresponding direction which was detected during the
previous 60 minutes is also reported. The Wind PI also checks for significant wind
shifts and increases in wind speed and generates a special observation for input into
the data collection and distribution network as required.
Wind speed is reported to the nearest knot while wind direction is rounded to the
nearest 10 degrees; a North wind is reported as 36 degrees while winds of less than 2
knots are reported as calm (0000).
Precipitation
A modified version of the Fischer and Porter model 35B precipation gauge is used
to measure rainfall and the water equivalent of frozen precipitation. This sensor is a
spring balance weighing device equipped with a 12-bit absolute position optical shaft
encoder capable of detecting changes of 0.2 mm of precipitation. To eliminate the
effects of wind pumping and obtain an ASCII message output a microprocessor and special
algorithm was added to the sensor.
The Precipitation PI interrogates its sensor once every 5 minutes and produces a
report of the total accumulated precipitation during the previous 60 minutes to the
nearest tenth of a millimeter. The PI algorithm also eliminates any effects due to
evaporation.

(Reference VI.3)

A NEW AUTOMATIC HYDROMETEOROLOGICAL STATION
A.I.Mekhovitch, L.P.Afinogenov, S.M.Persin
USSR State Committee for Hydrometeorology
and Control of Natural Environment
Introduction
The first Soviet automatic meteorological stations were developed in the
forties. The stations, being intended for operation in almost inaccessible Arctic regions, collected only a few meteorological parameters
(temperature, pressure, wind direction and speed) and transmitted this
information by radio to the central collecting point.
In the sixties and seventies different more advanced and sophisticated
meteorological stations were developed. The stations were completed with
an increased number of sensors, capable of operating with better accuracy,
processing observation results and transmitting the information to data
collecting centres via communication channels.
The present considerable experience in our country in the development
and operation of automatio meteorological stations allows to begin work
on integrated automation of all types of meteorological measurements,data
processing and transmission to the oollecting centres and individual
users.
Basic Reguirements for a New Meteorological Station
The basic concepts of automating the hydrometeorological network developed within the integrated project of improvement of the national environmental monitoring and oontrol system determined the most important
requirements for a station :
1. The station must provide for the operation of mUltipurpose points
(platforms) with different observation and measurement programmes combined. With this in view the station must be rather flexible as regards
changing the number and type of sensors, data processing and output programmes. That is, the structure of the station basic variant must be suoh
as to be easily modified.
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Modifications of stations with additional measurement complexes
(actinometric, heat-balance, hydrological etc.) must be assembled without changing the design of the basic variant, by adding new sensors and
replacing programme modules.
2. The station must be BO designed that it can easily be modified when
operating in the network without basically changing the design. The
station must provide ,for:
- operation according to a comprehensive programme with a great number
of sensors and full-scale measurement., The main idea behind such a modification is to facilitate the observer's work through remote sensing
and automating routine procedures of data processing and documenting;
- operation with a limited staff (observers are required only by day
on week-days);
- automatic operation with a reduced number of visual observations.
In such a case the station is served by one observer, who carries out
visual observations onoe or twice during twenty four hours, inputs the
observation results into the station, provides sensor maintenance etc.
3. When developing a new station use should be made of the results of
work on the improvement of the network measurement automation, suoh as
- the development of new sensors;
of.

- the rationalization the currently used observational programme;
- the logical atmospheric phenomenon diagnostics based on the analysis
of the weather pattern;
- the integration of the network point-by-point measurement results
with those of such systems as satellites and radars prOViding areal
data.
With this in view obtaining derived meteorological parameters, characteristios of meteorological processe~finding integrated weather charaoteristics must mainly be carried out with software means as well as control of peripherals in different modes of station operation.
4. The station must provide for automatic detection of the starting,
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intensification an~n~oments of dangerous and marginal weather phenomena,
with automatically forming and distributing warning messages.
The above given requirementlll and operational experience formed the basis
for the technical implementation of a new meteorological station•

. . . . DOl,.
~igure

1 shows the . . in~tional unite and block diagram of the station,

where :
S1 - Sn - meteorological sensors. The list of sensors of the station meteorological modification, measurement ranges and errors are given in
Table 1. The error values are given for the whole ranges of climatic effects and power supply changes.
RU1 - RUn - the remote units for sets of 8 - 16 sensors for computer
controlled switching of measuring circuits and converting output sensor
signals into a single signal. The oircuit RU prOVides for the parallel
oonneotion of 1 to 10 units to one cable, i.e. 8 to 127 measuring ohannels.
The remote units have praotically similar circuits and differ only in subunits of matching devices for different sensors.
CU - the central unit of the station prOViding software controlled data
collecting, processing and output. CU comprises:
MicroC - microcomputer of HU800rE type. Its main characteristics are:
- the basic data and command formats are 16-bit words;
- the number of commands are 64;
- the execution speed of "add" type commands is no lee8 than 0.5 million
operations per second;
- the system bus of common type allowing direct addressing to the storage
area of 64 KB;
- power consumption is no more than 15 w;
- ambient temperature range is +1 to +55°C;
- humidity is up to 95% at +30 0 C.
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Table 1"
----'----------,...----~--------~------_.

Measured elements
1.Atm. pressure, hPa
2.Air temperature, °C
3.Wind speed, m/s
4.Wind direction, °
5.Dew point, °C
Relative humidity, %
6-20.Soil temperature, °C
at 14 depths
at surface
21.Atm. transparency, %
22.Cloud base height, m
23.Precipitation, mm
24.Total radiation, lrw/m 2
25. Sunshine
26. Gla.ze ice

Measuring
range
600+1100
-50..+50
0.5+40
0+360
-30++30
15+100
-35-:-+75
-75++85
8+90
50+1000
0:-150
0+1.6
yes, no
yes, no

sensors
0.3
0.2
0.5+O.05V

'5
1.0/0.8
7/5

Accuracy
station
withoutsensors
0.15
0.1
0.5
5
0.15
1

0.2
1.0
2.0
5-15%

0.1
0.15
0.5
0.5
0.05+0.005
0.1+O.02R
0.02
0.07+0.05Q

-

-

-

total
0.4
0.25
0.8+0.05V

10
\ 1.0/0.8
7/5
0·35
1.0
2.0
5-15%
0.15+0.02 R

0.07+0.05Q

-
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VM - the videomonitor for visualizing automatically measured and manually
entered data.
OC - the operator's console intended for control of station state and
operation mode.
R - a teletype used as a hard copy printer punch tape recorder and a communication device.
EAT - equipment for automatic data transmission via telegraph or longdistance telephone line.

cr -

computer interface.

Th. llin Functions of the Station
The main functions of the automatic hydrometeorological station are:
1. Collecting of data from sen80rs and reference signal sources at given
intervals.
2. Correcting of the measured meteorological parameter values according to
the measurement results from reference signal sources.
3. Performing of tolerance data control for their oorrespondence to the
measurement range, as well as d.tecting and excluding of the random
measurement result outliers from further processing on the basis of
4 - 10 sample analysis.
4. Processing of measurement results which implies obtaining the sums of
mean and extreme values for the given hours, computing meteorological
parameters from the formulae,
eto. Hence, about 50 parameters and
characteristics resulting from processing are added to Table 1.

5. Monitoring of suoh meteorological parameters as wind, visibility, cloud
height, glaze ice, precipitation,
etc. Simultaneously is maintained
monitoring of the parameters derived from processing of the data observed
(running values of precipitation amounts for various times,storms,
etc.) When the above-mentioned parameters exceed threshold values, a
warning message is formed within the station, as well as flash light and
audio alarm signals.
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6. Forming of all the output messages and providing for their teletype
output at synoptic hourstas well as transmitting of the synoptic message
automatically via communication channels.

7. Providing for meteorological data output on the display unit and the
observer's console for estimation of the measurement completeness and
accuracy and monitoring the weather conditions.
Software
All the above principal functions of the station, as well as some auxiliary ones, providing for the performance check and ease of maintenance, are
realized by means of software. The programme comprises the following
modules:
1. Processing module - PM. It performs the main part of measurement result processing, forms sets of output messages (except the warning ones),
and coordinates the work of other programme modules.
2. Timing module - TM. It counts the clock seconds, forms the time according to calendar and produces the signals at which the PM starts various
cycles of measurements, processing, data output,
etc.
3. Interruption processing module - IPM. When an interruption of the main
programme occurs, the IPM identifies the interruption source and performs
access to it. It is a vector, two-level interruption system, the first
level being a timer, the second one - all the other interruption sources.
After processing the interruption the IPM resets the main programme.
4. Measurement module - MM. It controls the procedure of parameter measurement and is one of the interruption sources.

5. Input-output module - rOM. The module together with the input-output
hardware (OC, T, D, EAT) transmits data in the given format to the
peripherals and receives information from them. The IOM is an interruption
source.
6. Wa.rning logic module - WLM. Together with the PM it pe.rforma the monitoring of dangerous and marginal weather conditions. The WLM forms the
warning messages.
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7. Standard subprogramme module - SSM. It is responsible for the execution
of cemputing and other standard procedures used repeatedly in various
parts of the programme.
8. Auxiliary programme module-APM. It is responsible for the performance
check, trouble-shooting,
etc.
Output Information
The station teletype prints out:
- a synoptic message in the code FM-12 SYNOP. Before printing the message the operator can add to it
visual observation results (code
groups relative to the cloud and weather conditions at synoptic hours and
between them, and etc.). In ease of the operator's absence the message
contains special indices indicating an automatic operation. Upon adding
the message is printed out and transmitted via communication channels on
the operator's command or automatically in case of the latter's absence;
- a climatic message consisting of two parts. The first part 1s formed by
the station and only contains information on the parameters measured and
computed automatically. The second part with the information on the manually observed parameters and phenomena is formed and printed by the operator. A complete climatic message is formed at the data acquisition centres after computer processing of the two types of messages;
- a warning message reporting the beginning, intensification and ending of
the dangerous weather phenomena. Depending on the weather phenomenon and
the information user there are about 30 message types;
- an additional message for the looal information user. It oontains the
daily means and extremes, as well as the station performance oheok results
and the information on the parameters whose oomputing algorithms are only
under consideration (weather oonditions at synoptic hours and between
eto.).
them, the amount of low olouds,
The station display unit visualizes:
- complete information for synoptic hours inoluding a synoptio message
in the code FM-12 SYNOP to facilitate the observation of information cor-
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rectionand adding;
- current information on the nlne most important meteorological parameters
updated every ten minutes and a message warning of the dangerous phenomena
dieplayedin a tabular form.
The screen of the operator's oonsole displays current time (hours, minutes,
days, and numbers of months) and the operator, if necessary, can successively put on the screen all the parameters measured and computed by the
station. It is provided for the work to be continued incase ofa temporary (one to three hours) power failure.
The new meteorological station differs from the previous variants in the
following:
-the station is a mUltiple - function one providing for the automation of
a major part of the observer's work;
- provision is made for creating different station modifications by adding
new senl!lors and replacing progrmnmemodules;
-provision is made for obtaining a large number of' paramet.ers bycomputation ino.luding the logicalphenemenoll diagnostics;
- the station has aamall amount of equipment, simplified oablejoints,
and higher reliability.

(Reference VI.4)

J2CRTABLE AUTOW.JITIC WEATHER STATION

¥. Markus
Gamma Works, Budapest, Hungary
Introduction
The Gamma Works /Budapest, Hungaryl has designed and manufactured
different electronic instruments and equipments for many years. One group of
these equipments has been applied in measurement systems of hidrology,
geophysics and environmental protection. Taking into account the users'
requests and our experience and poss:ibilities it was decided to develop and
produce a portable automatic weather station.
This paper presents a low cost truly portable automatic weather station
/PAWS/ for land use. The PAWS can be used to acquire surface weather data
when system mobility is a primary demand. Monitoring for short time at one
site is often required. The PAWS advantageous for these cases as it features
fast set up and easy transportability, rugged construction and wiqe operating
temperature range. Its unconventional feature is that the sensors can be set
up some hundred meters from the central unit and the data transmission
requires only a twisted wire pair. The sensors, data output and data transmission can be selected to suit the application. Although the PAWS was
designed primarily for portable use, it is suitable for stationary applicatio~
too.
General philosopQy and design
Analysing our potential users' demands it was found that the greater part
of the applications needs the measurement of 8 or 16 max.variables. The
philosophy underlying the design of the instrument has been to achieve low
cost, relatively simple design yet powerful enough for anyone to operate it
without complex programming. Everything is designed for simple-to-use operat
ion. Nevertheless it is an optimum performance for smaller or individual
users having minimum resources but reqiureing compatibility to data processing devices. The chief application fields are agrometeorology, environmetal
protection and many outdoor operations. The input and output interfacing
render a high flexibility for the attachment of different sensors and peripherals respectively. This system has meant a deviation from tradition lines
in meteorological system design becouse of applying remote multiplexing.This
technique provides an economical and accurate means of transmitting electrical
signals to long distances lup to on 1,5 km via wire!. This method which
allows more than one s~gnal to share the same wire has already been used in
many industrial and other applications. In such systems, the sensors together
with the remote unit can be located by hundereds of meters from the central
unit. Thus the sensors can be placed at the most convenient or representative
place of the field to measure the meteorological variables.The transmission
of data and control signals needs only a twisted wire pair from the sensors
to the central unit and so the latter one can be placed near the peripherals.
The central unit processes the measured data, converts them into engineering
units, displays, stores and outputs data in standardized coded and analog
forma either to recording peripherals or to data communication devices. UHF
radio is used to transmit the observed data to the central station.
The whole station can be operated under rough environmental circumstances
and in wide temperature range in the field.Thus it can be said to be a "work
horse" for the automatic collection of weather data. Applying CXOS elements
the consumption is rather low which makes battery operation possible.Since it
is a field instrument where the application site is often very far from
repairing shops therefore' reliability and maintenance are very important
demands. Only high reliability and burnt-in elements are built-in and careful
construction results in long maintenance intervals.
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rAWS des~!,ipt.ion llnd.QI:ier~:t.~.2.I.?:
The PAWS consists of five prireary parts: 1/ ~.":ast assembly 2/ Sensors, 3/
Remote unit, 4/ Central unit, 5/ Gables. !Fig.l./
1. Mast assem~. The mast assembly is available for supporting the
sensorsa"nd remote unit, and furnished in sections for easy carrying. It
consists of a folding tripod, a pipe and a supporting cross-arm. The mast
produces a sensor hight of two meters and it withstand wind loads of more than
loo km/h.A 10 m height telescopic mast also available for supporting wind
sensors at the top of it. Thus the wind sensors can take measurements at a
hight above the turbulence found close to the ground. The other sensors are
mounted on a cross-arm which is fitted on the mast at two meters' hight.
2. Sensors. Then) are seven sensors in the meteorological station.
WTiiCfSPeed sensor. The wind speed sensor is a 3-cup anemometer designed to have a low velocity threshold operating as a HF tachometer.
Wind direction sensor. The wind direction sensor is a lightweight metal
vane. The VElne is coupled to a precision microtorque potentiometer for low
threshold operation. The damping coefficient of the sensor is 0,4.
Air temperature sensor. The temperature "is measured with a platinum
resistance element. It is mounted in a stainless-steel housing. Becouse of
low power requirement a radiation shield is used for temperature instead of
a standard forced ventilation system. The sensor is energized with a precise
constand current, so the output of' the sensor is voltage proportional to
temperature. Two sensors are mounted on the mast at 2m and 0,5 m respectively
from the ground and the third one may be placed at the ground surface; they
are cabled to the remote unit with shielded 4 wire cables.
Barometric pressure sensor. This sensor is a sensitive aneroid barometer
that provides a resistance output proportional to the barom~tric pressure.
The sensing element ;consists of five stacked diaphragms and they are
mechanically linked by Invar fittings to a potentiometer.
Relative humidity sensor. Two types of sensor were applied during the
long term test. The sensing element of the first type sensor is a thin-film
capacitor. The capacitance changes proportional to relative humidity. The
sensing element and the electronics are mounted in shielded housing. The
housing has a watertight construction of corrosion resistand aluminium and
the sensing element is protected by a sintered filter. The output of the
sensor is dc voltage which is coupled to the remote unit. The sensor is
placed at the cross-arm of the must assembly. The sensing element of the
second type is a gut membran. Its central point moves proportional to the
relative humidity. This displacement is converted into resistance change by
a potentiometer. The gut membran didn't meet the demands becouse of its low
accuracy and short time deterioration. It had to be changed after a short
time of use.
Sensors
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3. Remote unit. The remote unit multiplexes 8 / 16 max./ analog or digital
inputs and converts them to frequency coded time - multiplexed digital
signals. These signals are then transmitted on a twisted wire pair as far as
200 meters to the central unit. The sampling time of each input is 1 sec the
scanning interval is 5 minI which is the data refreshing time.
The remote unit /Fig.2./ includes five primary functional parts:
Scanner, Signal converter, I/O switch Averaging circuits and Power supply.
The scanner consists of two contacts reed relays. The signal converter
includes a programmable amplifier, v/f converter, precision current generator
I/O switch with optocouplers and control logic. Furthermore there is an
interpretive circuit that eliminates the troublesome false averange value.The
electronics is protected by a transient protector circuit. The whole electronics is accomodated in a watertight and rugged housing and as a plug-in unit
it is placed on the mast assembly.
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4. Central unit. The central unit controls the whole system operation
converts the frequency signals to four digit BCD format, processes and store:s
the latest data in its internal memory. The data are continually and automatically updated at the predetermined intervals. Upon command the unit
displays or tranfers the stored data to standard interfaces.
, The central unit /Fig.3./ consits of four basic sections: Signal processor
~emory, Display, 3 Interfaces and Power supply. The signal processor lncludes
a transient protection circuit, an I/O switch with optocouplers, A/D conve'rter
and control circuit with fixed programming matrix. The memory is a RAM store
for 8x4 digit, decimal points and signs. The display has four digits with
floating point and sign, and light emitting diodes for indicating the measured
variables.
'
The interfacelis a bit parallel output interface. The data code is compatible with ISO-7 bit, standard; control signals according to BSI or Centronics
specification.
The interface 2 is a bit-serial interface which provides an output port
compatible with RS-232c standards for output peripherals. This output
interface also features 20 mA current loop. This interface operates with
single output data format, character bits, baud rate. Baud rates max 300;
parity: even, odd, or none.
The interface 3 is basically an analog storage which stores dc mesured
values of six variables by periodical sempling. Its six output can be connected to multipoint recorder.
5. Cables. Two cables /200 m, 15 m/ provide for transferring signals and
power supply betwen the remote unlt and central unit. For short distance the
15 ID cable and for long distance the 200 m one can be used.
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Operation
In normal mode of operation the PAW;;) connects to a radio transmitter/
receiver through a communication adapter. During the operation the PAWS will
operate fully automatically to sample sensors continually every 5 minutes and
stores the data in RAM memory. When command is received from the Central station the PAWS will turn on its UHF transmitter and send the data message/ at
other time the transmitter will be 'Off to consers power./. If the central station detects an error in the message, it will request retransmission. Data
transmission at max. 300 Baud asynchronous half duplex with frequency- shift
modulation. Each message contains sender-identification word. The communicat4ion protocol requires that PAWS initiate transmission only upon specific
command from the Central station.
Both incoming and outgoing messages flow through the communication adaptar
and the radio transciver. The communication adapter contains the sender identification decoder and the modem with its safety circuit.
Individual station often requires analog recording. One advantage of a
stripchart recorder is that an observer at a particular site can visually
monitor the data. For this purpose a six-point recorder can be connected to
the central unit for continnous recording six data.
For local monitoring the measured data, sign floating decimal point are
displayed together with data identification Leds. Besides two Leds indicate
calm and data transmission respectively, furthermore one segment of the first
digit lights when supply voltage slow.
The PAWS has a built-in self test circuit. In the field for example, it is
necessary to have a way of determining if the station is working correctly.The
last displayed data informs the operator on the correct operation.
Evaluation.
The PAWS went through three 'iteration to arrive its present configuration:
experimental, prototype, and tield evaluation configuration. It is essential
that only proven techniques are used and that long through and exhaustive
trials are performed before putting new observational systems into the field.
The experimental assembly was tested at the laboratory. Two prototype stations
were set up and operated for one year. After the test of prototype Gamma engineers working with Hungarian Meteorological Service engineers developed requirements for five field evaluation stations. The field evaluation station were
based on experience with experimental and prototype stations. It was concluded
that with some modifications PAWS can achive the standard of accuracy laid
down by WMO /CI~KO/ for land based portable synoptic AWS in respect the basic
variables.
Three stations were set up at existing synoptic stations in October 1982
for about one year evaluation period.Data from PAWS were compared with data
from the maned station during that time.
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resolved /radiation error of temperature sensors and relative hummidity/.
Following initial installations two wind speed sensors and two remote units
failed during evolution period /some electronic components went wrong/. The
three stations met tolerances for all measurements except barometric pressure
The accuracy of the pressure sensor will be improved. The gut membran sensor
was changed by a capacitive one. The evaluation concluded that PAWS are
reliable and can be considered operational./The five evaluation units are
presently being used as operational units/. Subsequent to the five-station
evaluation, a small series has produced.
The PAWS measurement specifications are as follows :
Wind' speed:
Barometric pressure:
Range:
0-40 m/s
Range: 960 to 1060 mbar
Accuracy: ~ 3 percent - typical
Accuracy: + 3 mbar - typical
+ 6 percent - maximum
+" 5 mbar - maximum
Averaged:
2 min time - running
Air temperature:
Threshold: 0,7 m/s
Range: -40 0C to + 60 0 C
Accuracy: ~ 10C - typical
Wind direction:
+ 20 C - maximum
Range: 0 - 360 0
Relative humidity
Accuracy: ~ 3 percent - typ~cal
Range: 5% to 100 %
+ 6 percent - maXlmum
Accuracy : ~ 4 percent - typical
Averaged:
2 min. time - running
~ 6 percent - maximum
Threshold
0,7 m/s /wind speed/
The. evaluation and operational stations have also provided opportunity
to evaluate field maintenance needs and technician capabilities. It appears
that a competent radio or electronics technican can subsequently perform
basic removal and replacement of sensors, cables etc. on his own.
Potential of PAWS
Automatic weather station are nowdays being considered to supplement the
maned network and as far as possible to fill any gap that exists, to complement operating observing station where appropiate and to obtain data from
locations which are remote or in hostile environment.
PAWS is optimal for applications when system mobility is an important
factor because the station can be set up at any deslEed location and the data
is transmitted automatically.
PAWS can also be set up in grid network of land based stations for
synoptic or climatical purpose to provide detailed weather data over specified area.A network also might be used for research of certain weather or
other characteristics of an area.
Individual stations or a few stations can be used for automatic collection
of macroclimatic or microclimatic field data. It is important for example,to
determine weather conditions prior to and during prescribed spraying or to
get more information on the condition of the soil. Furthermore to get short
time climatic data on smaller regions that the stations of a network can't
provide. Environmental measurements also require small local weather
stations at measuring points not covered by fixed stations and about which
more information is needed. This is the case for example when determining
the basic meteorological circumstances for new, or extensions to, industrial
plants.
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EXPERIENCE WITH AUTOMATIC WEATHER STATION

D. Koracin
Hydrometeorological Institute of Croatia, Zagreb, Gric 3, Yugoslavia
J. Snajder and E. Mandeljc
Jozef Stefan Institute, Ljubljana, Jamova 39, Yugoslavia

1.

Introduction

Ten years ago the Jo~ef Stefan Institute developed and put in operation the microclimatological automatic weather station (AWS) on the· first
location at Kr~ko. This AWS was realized using CAMAC standard modules and a
specially developed hardware controller to provide thirty-minute averaging,
data display and storage on punch tape. Since the Kr~ko AWS, which is still
in successful operation, gave a good result - over 98% data recovery - we have been
encouraged to put a new microprocessor-controlled AWS in operation near the
Adriatic coast.
To provide temperature, humidity, wind speed and direction profile data for
environmental study as well as a base for the investigation of the atmospheric boundary layer, a fifty meters high meteorological tower with two
sets of sensors at the 10 m and 50 m levels, was mounted on flat and stony
terrain about 200 m away from the seaside. Beside those on the tower, additional sensors for global radiation, air pressure, precipitation and sea
water temperature were also included in the measuring system. All the electronic instrumentation of the station was installed in a white coloured thermally insulated metal container.
For comparison purposes a classical meteorological station was also installed. The complete system was in operation from March 1980 till January 1982
on Vir Island.
.
2. Design of the station
In principal the design of our station is similar to some other microprocessor-based AWS today. But some details which may be of interest are
described.
All the sensors are mounted and .insulated fron the tower construction and connected to the station over un shielded telephone cable. A separate wire in
this cable is used to connect the sensor housing to station ground. From all
the signal wires at the sensor site, the ZnO varistors are connected to the
mentioned ground wire. At the input stages of the station the Le filters and
varistors are used to protect the input circuit • The instrumentation ground
of the station is connected to the tower ground in order to float on tower
ground potential during lightning strokes. The tower ground is also well
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connected to the housing of the sea water temperature sensor.
Data sampling is performed every second for wind and every 10 seconds for
all other sensors. For wind, the average wind speed, wind components, 10minute wind vector and associate azimut angle are calculated.
All the measured data are recorded on analogue recorders before enter the
microcomputer and on magnetic tape cassette (MFE) after digital processing.
Derived data are formed in one hour blocks and then stored on cassette.
Hourly data list consists of four parts
I

(Figure 1):

-

Identification of month, day, hour and minute of beginning and ending
of a considered period
II - Identification of a averaging period (in minutes)
Consecutive ten-minute averages of:
Vector (V) and arithmetic (A) mean of wind speed on 10 m height (m/s)
Wind direction on 10 m (D) /degrees/
Standard deviation of the east (ou) and north (ov) component of the
wind speed on 10 m (m/s)
Standard deviation of the wind direction data on 10 m (oe) /degrees/
Next six columns are the same parameters as mentioned above but on 50 m
Temperature mean values on 10 m (tlo) and 50 m (ts 0) lOci
Mean relative humidity on 10 m (UIO) and 50 m (U so) /%/
Temperature of the sea mean value 2 m below surface (t s ) lOCI
Sum of precipitation during an averaging period (R) /mm/
III- Hourly extremes:
Maximum and minimum wind speed (peak gust) with associate wind direction and minute of occuring (in parentheses) on 10 m (Mw 10 and mw 10)
as well as on 50 m (Mw50 and mwso)
Maximum and minimum temperature values with minute of occurence (in
parentheses) on 10 (Mt lo and mt 10) as w=ll as on 50 m (Mt 50 and mtso)
Maximum and minimum relative humidity values with minute of occurence
(in parentheses) on 10 (MUIO and mUIO) as well as on 50 m (MUs 0 and mU so)
IV
Last minute averages of some parameters, hourly sum of global radiation
and station status:
Temperature value on 10 (tlo) and on 50 m (ts 0)
Relative humidity on 10 (UIO) and on 50 m (U so)
Air pressure (mb) on 2 m height (P)
Internal temperature of the e~ipment (t e ) lOci
Global radiation (G) /cal cm~ h- l /
Status of the station power supply (S).

ISO

Uto

25.4
25.3
25...
25.5
24.7
24.'1

54.?
53.8
52.9
52.2
52.6
56.2

157.2

(5<11

MUso

t.

Usa
49.5
51,2
50.4
5Ql.€
56.0
56.2

23.3
23.3
23.3
23.3
23.3
23.3

I.,.•

R
.0
.0
.0
.0
.0
.0

(0011

rnUSO

Figure 1. Print-out of the hourly data block (Vir AWS)
All together 167 data values are stored in binary form to increase the duration of one tape. The cassette is changed every 14 days. Every time the
cassette is changed, the tape is automatically erased and rewound to BOT.
Every 24 hour the automatic recalibration of all the measuring channels is
performed. The recalibration procedure takes about 70 seconds. For each
input channel the sensor is disconnected and two different reference values
applied. As the result of recalibration a new scaling factors are calculated.
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The system is powered from a 42 V battery pack of 180 Ah capacity, over a
DC/AC converter. The battery pack was recharged every day by diesel motor
generator located in lighthouse. In case of low battery voltage, the system
finish its work and turns off the power supply. When the battery voltage is
again sufficient, the station switches on and restarts automatically.
Automatic weather station site with the 50 m high instrumented tower can be
seen in the Figure 2.

Figure 2. Automatic weather station on Vir Island.
3. Experience gained through station use
During the two years of operation all the necessary work on the station was satisfactorily done by the lighthouse custodian. Every morning he
started the battery charger for a few hours of operation, write down the
data from the classical instruments and from the AWS digital display for
comparison purposes, and made the necessary visual inspection of the station.
In the case of malfunction, the Meteorological Institute was informed. The
full cassette tape was sent by post to the Meteorological Institute, where
it was read, and data transferred to the central computer. There was no
problem with the cassette. During the two years of operation, 5 service interventions were necessary. For two of them lightning was the cause, twice
the power supply was the reason and once the defective PC board. It must be
mentioned that only the first lightning in the spring every year affected
the station. As a consequence, only the solar radiation and sea water temperature sensors were damaged by lightning. Every 6 month the hair humidity sensors have been replaced for cleaning and recalibration purposes. The bearings of wind speed sensors were replaced once per year. Because of salt pollution it was necessary to r.eplace the Souriau 851 type connectors at the
sensors once per year.
4. Application of the Vir AWS data
Standard deviations of vertical (oz) and lateral (Oy) plume diffusion
make important parameters in the Gaussian models of concentration estimation. They are usually evaluated by means of Pasquill-Gifford"s (or some
other) stability curves with stability classes being the input parameters.
In order to improve Oz and Oy Koracin /1/ incorporated four two-day samples
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of time series of ten-, "twenty- and thirty-minute stability values into the
analysis instead of the customary hourly ones. Differences between hourly
means of stability and those from shorter periods are notable. Ten-minute
stability means differ from hourly ones up to three stability classes. To
make a comparison of 6 ten-minute stability values (arithmetic means) with
corresponding hourly values possible, stability classes have been identified
by numbers. Rounded off arithmetic means differ from hourly stability up to
one stability class in 33% of the cases, both during day and night hours.
So, it can be concluded that hourly values of stability do not completely
represent 6 ten-minute stability means.
Four one-day samples of ten-minute averages of wind speed and direction, air
temperature and relative humidity at 10 and 50 m were selected for booth analogue and digital records. Cases were characterized with great variability
of wind speed, frontal passage, a period of high temperature and bora wind.
Statistical t-test and rank-test have been applied to the time series data.
In 6 of 32 results significant differences between analogue and digital records have been revealed. Four of them were for temperature data (especially
in the period of high temperature), one for wind direction data (period of
wind speed variability) and one for relative humidity data (during high temperature period). Errors are mainly due to calibration of analogue recorders,
problem of synchronism as well as analogue-digital conversion.
Under daytime conditions, diffusion of pollutants is well correlated with
boundary layer universal parameters (friction velocity, temperature scale,
sensible heat flux and Monin-Obuhov length). These parameters are related
with usually measured values using the Monin-Obuhov similarity theory. Equations are not explicit and numerical iteration must be used. Koracin /2/
applied that method on a sample of two-day hourly mean values of temperature
and wind speed at 10 and 50 m and air pressure, in an undisturbed synoptic
situation. In all unstable conditions solutions have converged in three steps
while for stable conditions, with a Richardson number less than 0.215, solutions have converged up to seven steps. Although a convergence in unstable
conditions is faster, differences between the first two iteration values of
the universal parameters are much greater in unstable than in stable conditions.
Relative efficacy among nine methods of stability estimation (based on insolation, cloudiness, wind speed and temperature profile, standard deviation
of wind direction) is under preparation for presentation. Ten-minute aver~
ages of parameters are taken in four two-day samples in undisturbed synoptic
situations. It is shown that the best relative efficacy is provided by the
modified standard deviation method and the bulk-Richardson number method.
Quasi-constancy of a sensible heat flux in the layers (2-10, 2-50 and 1050 m) based on six one-day samples of tower and classical meteorological
equipment data is under analysis.
It can also be mentioned that before the installation of the Vir AWS, wind
(30 m) and temperature profile (2-50 m) were performed (1978-1979) with
analoque recording on the planned NPP location. Study of a long term diffusion of pollutants (normalized concentrations) on Vir Island and its surrounding area up to 80 km was elaborated by Sinik and Josi6 /3/. The TIC
Gaussian model was used and applied to hourly data. Dry and wet deposition
were also included in that study. It was revealed that maximum normalized
concentrations can be expected about 2 km from the source in the west quadrant. Dilution is considerably large mainly because of a predominance of a
neutral .stability class associated with a wind speed frequently about 4.0
to 7.0 m/ sec (extrapolation from 30 to 70 m which is a height of a planned
stack release). Comparison between these already calculated hourly values of
normalized concentrations and ten-minute values (based on Vir AWS data) will
be performed as a next investigation step.

- 309 -

5. Concluding remarks
Vir AWS was our first microprocessor-based multilevel station for
meteorological investigation on Adriatic island.
In spite of problems with charging the battery pack, lightning and sea
pollution, Vir AWS provided a set of almost two-year period data (ten-minute averages and hourly extreme values on 10 and 50 m of wind speed and
direction, temperature and relative humidity). Precipitation, sea temperature, air pressure and global radiation are also recorded in that period.
New hardware and software principles (such as automatic reaalibration of
an input amplifier and a calculation of statistical parameters for wind
data) applied for the first time in this statio~ as well as working experience, augment our knowledge and they have been successfully used in designing the most recent generation of our AWS.
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METEOROLOGICAL - ECOLOGICAL AUTOMATIC STATION
WITH FIELD PROGRAMMING CAPABILITIES
J.Snajder, M.Lesjak, B.Diallo, B.ParadiZ
J.Stefan Institute, M.Vidmar Institute, E.Kardelj University,
Ljubljana, Yugoslavia
INTRODUCTION
The study and development of automatic stations for meteorological and ecological measurements during the last five years lead us to a microcomputer controled system. The automatic station (figure 1) we developped is based upon the 8080 microprocesor with modular
concept of hardware and software. Station configuration can be achived by choice of different electronic modules and appropriate measuring programm.

Fig.1: Meteorological - ecological automatic station
DESCRIPTION OF THE STATION
The station consists of sensors interfaced to a microcomputer supplied by a 12 V power
unit. Power is provided by accumulator battery and 220 V charger. The station can be used
for collecting and processing data of meteorological and ecological parameters (temperature,
wind speed and direction, air humidity, S02 concentration, etc.). The block diagram of the
station is shown in figure 2.
The microcomputer is built with the following modules:
-

central processing unit with the 8080 microprocesor
memory modules with RAM and EPROM
interface modules for sensors
digital real time clock/calendar with autonomous battery power supply
CMOS RAM nonvolatile memory module with autonomous battery power supply
system console and keyboard
ECMA 34 digital cassette module
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-

serial interface with 20 mA current loop and RS232 (V-24)
video-terminal module
analog to digital converter
digital to analog converter

The CMOS RAM module contains data that determine functions of the station and can be
altered by the user (like sampling time for each parameter, averaging interval, coefficients
for polonomial correction of measured parameter values, referential values of interfaces,
name and location of the station, etc.).

Ianalog sensors I
r protection

unit

I

I interfaces with amplifiers

digital sensors

I

protection unit

I

interfaces with counters
or input gates

Imultiplexer (MPX) I
I analog to digi tal

I

mi c r

Icassette recorder

I

converter (ADC)

I

0

c

0

m put e r

I

I printer I Ivideo-terminal I I modem I I recorders I

Fig.2: Block diagram of station
Ihterfaces for the most frequently used meteorological and ecological parameters were
developped. The following interfaces are used in most of stations:
-

interface
interface
interface
interface

for
for
for
for

wind speed and direction
4 temperatures, 3 solarimeters, hygrometer and air pressure meter
ombrometer and lighting detector and precipitation detector
ecological monitors and other sensors with analog outputs.

All interfaces have a digital circuit which allows switching to their internal references instead of sensors. Internal references are used to compute interface response for
electronic drift detection and correction.
Ecological monitors can be program-switched to zero and span for recommanded daily
calibration of instruments.
Signals from meteorological towers are first passed through protection units to prevent damage from atmospheric discharges.
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Fig.3: Interface module for 4 temperatures, 3 solarimeters, hygrometer and air
pressure meter
FUNCTIONAL DESCRIPTION
The microcomputer reads data from counters, parallel gates and ADC. The data are
transformed and corrected according to the interface response. Values of each parameter are
processed by the predetermined procedures, Four different procedures are usually implemented
in every station:
-

procedure
procedure
procedure
procedure

for
for
for
for

analog parameter with software averaging
analog parameter with software integration
digital parameter with vector processing
digital parameter with hardware integration

The block diagram of data collecting and processing is shown in figure 4.

internal

.I

-.

interface
response

I
I
I

I
I

determination
of physical
value

data
correction
and processing

data storage
presentation
andtransmition

Fig.4: Block diagram of data collecting and processing
The first procedure is used for temperature, humidity and pressure; the second for
solar radiation; the third for wind speed and direction; the fourth for precipitation.
At the end of averaging interval the following values are computed:
-

average value
maximal value and its time
minimal value and its time
termin value
standard deviation
daily average value
daily minimum and its time
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- daily maximum and its time.
For wind speed both vector and average values are calculated. Ratio between vector
wind velocity and average velocity is determined as wind stability.
Computed values are first stored in RAM and then recorded on the cassette.
The station have the following functions which can be called via the system keyboard:
- display measured and computed values
- switch interfaces to internal references for control purpose
alter averaging intervals
alter parameter sampling intervals
display parameters with measured values taht are not supposed to be normal (automatic data
quality control)
calibrate ecological monitors,
other system functions like clock/calendar adjustment, erasing digital cassette, etc.
Software allows great flexibility in use of stations. User can without need for reprogramming adapt configuration and functioning of the station to his own needs, simply
by changing data in CMOS RAM. Thus he can choose which parameters are included into configuration of the station and how are they processed.
Parameters that are switched off are not processed even if their sensors are physicaly
present, nor are their data stored on cassette or transmitted.
User can select new sampling time and averaging interval.
New polinomial coefficients for correction of sensor nonlineari ty and new internal reference values can be stored in CMOS RAM when sensor, interface or test concentrations for
ecological monitors are changed.
The program of the station in fact represents a kind of interpreter that interprets
data stored in the tables. Tables determine configuration and functions of the station. The
following pictures show block diagram of the program:

Main Table
Parameter 1

Parameter 1
-----------------Parameter 2

------------

Parameter 2
---------_._-

.

~

------~------------

f----

Table of
presentation
modes

Parameter n

------------------Parameter n

•T

-~f

Sampling
program

.... Transmi tion
of data

•
Data
processing
procedures

.
.

-------------

Table of
peripherial
devices

--

Tab.of camp. value

Data
presentation

fool-

Main
programm

Data
storage

Table of
active
devices

Table of
active
parameters

The software and hardware that we have developped allow realisation of single automatic measuring stations, regional subsystems and also complete automatic monitoring networks
that form a part of computerised information system.

(Reference

VI.7)

DEVELOPMENTS OF DRIFTING AND MOORED METEOROLOGICAL BUOYS
F.X. Fusey, P.Blouch and V. Klaus
Direction de la Meteorologie
Etablissement d'Etudes et de Recherches Meteorologiques
Centre Oceanologique de Bretagne
B.P. 337 29273 BREST CEDEX FRANCE

Abstract
The French Meteorological Service have been developing small drifting buoys for several
years which transmit their data by satellite. We are presenting a new type of buoy which in
particular measures the wind in a simple and efficient way. Three of these buoys were tested
during an experiment in the North-East Atlantic. They were accompagnied by more simple buoys
(FGGE type) drogued at 1000 meters. The use of the wind measurements are presented. Moored
buoys have also been developed to make measurements in more coastal areas, two type of
them are presented.
Introduction
The use of buoys to increase the number of meteorological observations in certain remote
areas, tends to be more used by the meteorological offices of certain countries including the
french one. The measurements are useful! firstly for improving the analysis of certain fields
which are indispensable in producing accurate weather forecastings and secondly as "sea truth"
for validating and parametering the calculation of algorithms of satellite measurements.
Besides the previous advantages, the use of drifting buoys equally allows studies of Ocean Atmosphere interactions as in the correlation between the drifts of the buoys and the wind
measured by them.
After the good results obtained during the FGGE [1][2] by the Marisonde B, measuring sea
surface temperature and atmospheric pressure, the EERM has developed new buoys called
Marisonde G which measure the speed and the direction of the wind.
Description of the Marisonde G
To evaluate wind direction, two possibilities were open to us. One consisted of equipping
the buoy with a compass and a direction anemometer; the other, of directing the buoy into
the wind using a profiled mast. The first system, which on the one hand being more expensive
because it requires a double reading and a sophisticated electronic integration, and on the other
hand being more fragile, is used only on the moored buoys. The second system has been developed
for the drifting Marisonde G's.
The buoy's hull is composed of a fibre glass armoured polyester tube equipped with a biconical
float encircled with an elastomere protective belt. The electronic circuits and the energy source
are placed inside. The inferior part of the buoy hull is equipped with a roll damping disc.
The whole system is topped with a tail unit allowing the rotation of the buoy under the wind's
influence. This tail unit includes an anemometer and an air intake for the air pressure sensor.
overall length of the buoy 4.2 m
diameter of the float .5 m
total weight 120 kg
Light and easy to handle, the buoy can be launched with ease without any technical preparation.
The ballast, composed of chain, ensures a good vertical stability which is necessary for the
transmission to the satellite.
Therefore the sensors aboard the buoy are :
a temperature probe (resolution .IOC)
an air pressure sensor (resolution .1 mbar)
a cap anemometer
a compass of the flux meter type
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The measurement of wind in direction and speed is
an average on 256 seconds. It must be noted that the
wind direction is also mechanically filtered by the roll
damping disc. Tests in a wind tunnel, then at sea) have
shown that the buoy was correctly directed under the
wind's influence.
The rythm of measurements may be programmed before
the launching (every hour or at synoptic hours). The
data are collected via ARGOS system. The transmission
is repeated every 60 seconds.
The whole equipment
is supplied with energy through
lithium batteries. The hull of the buoy can accept
batteries for a functionnal life of up to 18 months.
The figure 1 shows the plan of the Marisonde G.
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Since the calculus of the mean wind is not fully vectorial,
an assessment of possible effects of the method was
necessary.
To this purpose, we have used a set of wind data obtained
in Penmarch' in 1982-83 by the CNEXO (Centre National
pourl'Exploitation des Oceans) every 3 seconds, and
we have compared the wind direction that would have
been given by the buoys, to the actual mean vectorial
direction. Calculated with 637 samples, the mean difference in direction is 0.2 0 with a standart deviation of
9°, for the wind speed, the mean difference is 0.1 m/s
and the standart deviation lm/s.
These results allowed us to use the measurements of
the buoys for meteorological purpose.

Figure 1 Marisonde sketch-plan
Bran 82 Experiment
This experiment was the first where Marisonde G were used. It followed on from BRAN
80 during which 4 Marisonde B were drifted eastwards from the 30 th western meridian (launching between 50° and 58° N)[3][4J[5].
The initial goal of this type of experiment is to show that the use of a network of drifting
buoys can increase the meteorological cover of the oceans without too high a cost.
The region chosen for this experiment is in fact poor in observations but on the other hand
interesting as afr as "depression crossings".
The launching of buoys ( 2 Marisonde Band 3 Marisonde G ) was done thanks to the crew of
two Icelandic merchant ships contacted by the Icelandic Meteorological Office, serving under
COST 43.
The deployement was as follows :
65°N - 30 0 W Marisonde G 1455 (64523)
60 0 N - 3YW Marisonde G 1454 (64522)
Marisonde B 1471 (64521)
56°N - 4JOW Marisonde G 1451 (62592)
Marisonde B 1470 (62591)
A network of buoys for meteorological ends is more interesting if the buoys do not drift too
quickly (risk of being wrecked on a coast). In the interest of studying the means of slowing
down the drift of the buoys, the Marisonde B were fitted with drogues at a depth of 1,000
meters.
The trajectories are shown on the figure 2.
The first conclusion of this experiment is that the drogues at 1,000 m are not efficient to
slow down the speed of the drifting Marisonde B in this region.
The Marisonde G buoys have had some technical problems with the mast which was not sufficiently strong for the sea states encountered in this region. These problems are now solved.
The dates plotted on the chart of the figure 2 show that one of the Marisonde G has given
meteorological data during about 4- months.
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Figure 2

During this experiment the Marisonde G carry out their measurement at synoptic hours, the
Marisonde B every 15 minutes. The reception station for satellite data of LANNION, using
the direct slow transmission of ARGOS system, decodes the results and transmits them on
the GTS in the form of a SHIP FM 13 message. The ARGOS department in TOULOUSE for
its part, transmits the data of Marisonde B in the form of a DRIBU message after processing,
that is to say 3 to 6 hours after the data have been received at LANNION.
We have studied the time lag between the measure of the Marisonde G (i.e. at synoptic hours)
and the reception in LANNION; the results are as follows:
measure

cumulated frequency of data received after
Ih
2h
3h

00 TU
0%
0%
03 TU
50%
80%
06 TU
20%
40%
09 TU
60%
86%
60%
100%
12 TU
15 TU
55%
100%
18 TU
30%
80%
21 TU
0%
0%
These results show that the measures
usefully transmited on the GTS for this

29%
100%
89%
86%
100%
100%
96%
0%
of one of the most interessant hour (00 TU) cannot be
region.

N53
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the
Marisonde
G buoys are conceived
for
meteorological
purpose,
we have
compared the wind
measurements
of
the buoys with the
European meteorological charts.
During
one month (september
82) we choose the
charts on which the
buoys
where not
plotted; during this
month we cannot
point out any significantly disagreement
between the charts
and the buoys data.[6]
The surface analysis
shown on the figure
3 shows that even
when the sea state
is rough the wind
measurement is good.
On this figure on
which the buoy is
encircled (60 N 30 W),
a ship (58°N 31 W)
measures waves of
7 m and another
one (56°N - 41 W)
waves of
11.5 m.
The buoy is measuring
a wind speed of 55
knots and a wind
direction of 070°,
0

0

0

0

Figure 3 Surface analysis of september 30th, 1982 at 12h TU
In conclusion this experiment shows that these light buoys are able to measure and transmit
meteorologically interesting wind measurements. A new experiment of the same type is now
beginning in the same region (COST 43) and we will study the best geographical area of launching and the dissemination of the data with a Local User Terminal in Norway in addition
to the center of LANNION.
Moored buoys
For more coastal areas, the EERM has developed moored buoys.[7][8]
We use actually two types of them:
- one of 2 t weight, 5 meters height; the sensors are at 2.5 m above the surface of
the water.
- another one of 16 t weight, a length of 8 meters; the sensors are at 4.5 m above
the surface.
These two types make the same measurements which are
- air pressure and tendancy
- air and sea temperature
- wind speed and direction
- technological parameters
The mooring line is a single point type one [7].
We have moored two "light" buoys in Mediterranean sea for the ALPEX experiment and 6
of them in the Atlantic Ocean (48°30'N - 12°30'W) by depth of 1700m since 1980.
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Figure 4 The 16 tons weight buoy "BOSCO"
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DETERMINATION DES CARACTERISTIQUES D'UNE PRECIPITATION

par M. IEROY

Meteorologie Nationale
Service des Equipements et des Techniques Instrumentales de la Meteorologie
(SETIM)
TRAPPES

FRANCE

Resume
Une methode automatique de compactage des donnees d'un pluviometre a augets basculeurs
est presentee. C'est un compromis entre la f·inesse de representation d'un phenomeme
tres variable dansle temps et le souci d'eviter une accumulation peu exploitable de
chiffres.
La methode proposee determine les periodes d'intensite constante. Elle est applicable
par tout equipement d'acquisition possedant un microprocesseur.
Elle est mise en application depuis fin 83 dans les stations meteorologiques equipees
d'un systeme d'observation automatise (MISTRAL).

Le formatdu message de transmission utilise appele PRECIP, est presentee
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I - PRECISION DE LA REPRESENTATION DES

PHENO~'lliNES

La pluie est un parametre meteorologique ayant une tres grande variabilite. Toute
tentative de representation de ce phenomene se heurte a 2 contraintes, entre lesquelles il
faut choisir un compromis :

- sa grande variabilite temporelle necessite une representation fine du phenomene,
- sa grande variabilite spatiale implique des reseaux de mesure clenses et entraine donc la
necessite de limiter le volume des donnees brutes pour que celles-ci puissent etre regulierement exploitees.
Remarques : La notion de densite de reseau pluviometrique peut etre remise en cause dans le
futur par l'utilisation operationnelle de l'hydrologie radar, mais ceci n'exclutpas llutilite d'~m moyen de compactage des donnees pluviometriques classiques.
II - DESCRIPTION DE L'ALGORITHME
11.1 - Information disponible :
Lecapteur utilise est le~pluviometre a augets basculeurs.L!information utilisee
est le nombre de basculements ayant eu lieu pendant 1 minute. Dans les exemples numeriques
qui suivent, on considere que les augets ont une capacite de 0,2 mm (aisement,modifiable a
volonte).
II.2 - Representation d'une periode caracteristique :
Parmi plusieurs methodes possibles, il est propose la suivante, qui se retrouve
dans le codage du message PRECIP : on repere l'heure de debut de traitement et a partir de
cette heure, les periodes caracteristiques sont representees par des couples:
- (nombre de basculements dans la periode, duree de la periode exprimee en minutes).
11.3 - Algorithme :
La methode prend en compte, en temps reel, les echantillons (nombre de basculements de l'auget (C) fournis toutes les minutes.
I~

raisonnement va porter sur l'intensite moyenne mesuree sur un

t~ps

c
-t-

t, soit M

Pour obtenir'une resolution suffisante, l'echantillonnage est choisi egal a 1 minute. Toutefois, pour eviter de coder des periodes trop courtes et donc trop nombreuses a cause du
caractere discontinu du a l'echantillonnage et aux augets basculeurs, les periodes caraeteristiques auront une duree minimale t l ~ N minutes. De fayon a obtenir une resoluti~n temporelle plus fine pour les fortes intensites, cette duree minimale Nest une fonction de
l'intensite : N == N (H). Ainsi les periodes caracteristiques auront une duree n avec nl~ N
1
(M).

Notations
Periode 1

duree t

moyenne sur t

1

1

: H::
1

==

n

n:l. minutes ; cumul Cn
Cn1 J N
1

==

1

~

nombre de basculements sur t

,intensite

1

duree minimale pour que la periode 1 puisse etre une periode

1

caracteristique, fonction de M •
1

•

'•

.• /

••

go
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Periode 2

duree

t~

= n2

minutes ; cumul Cn

~2

2

= nombre

= ~ ,N2 = dureeminimale

moyenne sur t 2 : M2

de basculements sur t

2

; intensite

de la periode 2 pour que la periode 1 soit

consideree comme une periode caracteristique, fonction de M •
2
Durees : les durees seront

a partir

de maintenant representees par ni' n 2 , Ni' N2 •

Description : 2 periodes de calcul, appelees periodes 1 et 2 et representant des intervalles de temps d'intensite moyenne differente, vont ~tre utilisees. Pour que l'une de ces
periodes (en fait toujours la periode 1) puisse devenir une periode caracteristique, il
faut que sa duree n. soit superieure ou egale a N.•
~

~

En debut de traitement, les echantillons cumuls sur t , appeles C, sont sommes dans la peo

riode 1, pendant un temps Ni (n ,-> Ni).
1
Puis une seconde periode, appelee periode 2, est commencee

sa duree n

augmente au fur et
2
a mesure des echantillonnages, ainsi que son cumul C2 • Apres chaque incrementation de la
periode 2, on regarde si l'intensite moyenne de la periode'2, Ma' est voisinede l'in~~nsite

moyenne de la periode 1, M • Si c'eat le cas, la periode 1 englobe la periode 2 qui est re1
mise a zero. Dans le cas contraire, ,si M n'est pas voisin de M , on regarde la duree n
2
2
1
~~ l~ p&riod~ 2. Si cette duree est superieure ou egale a N (n2~ N ), alors on considere
2
2
que
ete
est
qui

l'on a obtenu une duree (periode 2) suffisamment longue pendant laquelle l'intensite a
differente de celle de la periode precedente (periode 1). On dit alors que la periode 1
une periode caracteristique. On reprend le traitement a partir du debut de la periode 2
se transforme en periode 1.

L'annexe decrit cet algorithme.
11.4 - Ajustement de l'algorithme
11.4.1 - DUrees des periodes
La duree minimale des periodes caracteristiques est un compromis entre la resolution temporelle du codage automatique et le souci d'eviter de multiplier ces periodes.

A l'heure actuelle, lesstations d'observations meteorologiques ont pour consigne de signaler les pluies exceptionnelles '(4 mm en 6 minutes, 6 mm en 15 minutes, ••• ).
Pour ne pas omettre ces depassements de seuil lors du traitement automatique, il faut done
que la fonction N = N (M) soit inferieure aces valeurs de consigne.
La fonction N

= mini

(15,

situe approximativement

~) a ete choisie, arbitrairement, car elle est. simple et se

a mi-valeur

des points de depassement de seuil.

11.4.2 - Critere de determination d'intensites differentes
Jusqu'a present l'algorithme presente a utilise la phrase

Intensite M
2

vo~Sine

··.1...
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Ce test se traduit par une expression contenant M et M , vraie ou fausse.
2
i
L'expression la plus simple proposee (arbitrairement) est la suivante M - 'M
2
1

I

1< AM.

Toutefois, il paral.t assez normal queAM augmente avec l'intensite : ainsi,.6M est fonction
de M et M :i1M =AM ("1--1 , M ).
2
2
1
1
Un raisonnement physique simple, tenant compte du fait qu'entre 2 periOdes caracteristiques
on ne sait pas si l'auget est vide ou presque plein, conduit a dire: 2 periodes successives ne peuvent etre dites d'intensites differentes, a coup sur, que sielles different de
plus de 2 basculements.
Par consequent, pour etre sur que le critere M soit representatif d'une reelle difference
d'intensite, il faut que les cumuls Cn et Cn des periodes 1 et 2 different d'au moins 2
1
2
basculements. Dans l'algorithme, ce critere est applique apres chaque acquisition mais ne
peut conduire a la selection d'une periode caracteristique que si la periode 2 (et done la
periode 1) atteint la duree minimale N • Dans ce cas precis, le critBreAM doit done etre
2
2
Cnl
cn 2 ,
tel que si
~ N' on regroupe les 2 periodes.

r--w-1 - --w2'

1

Lorsque la duree de la periode 1 augmente, le critere de 2 basculements entre Cn
conduit

a

et Cn
2
1
• Toutefois, il n'y a pas

une difference d'intensite moyenne plus faible que :
1

de raisons d'utiliser un critere plus severe.
En conclusion : Le eritere de choix pwopose est le suivant :

* Lorsque

H

1

et M ne sont pas nuls, I' intensi te M est declaree voisine de
2

2

:1>\

si

.. On a alorsAM = maxi (1.6, 0.1J3 M , 0.1J3 M ), en exprimant les intensites en mm/h.
2
1

*

I..orsque H ou H (ou exclusif) est nul, ceci est equivalent a. un debut ou une fin de pre2
1
cipitation : i l faut alors prendreAH = o.
11.5 - Remarque sur les faibles intensites
L'intensite moyenne minimale codable sur une periode caracteristique est de 1 basculement pendant 15 minutes. Toute intensite plus faible (inferieure a. 0,4 mm/h) sera representee par une succession de periodes : (1,15), (o,n ), (1,15) avee n ') 15.
i
l
Ainsi un basculement isole sera represente par (O,n ), (1,15), (0,n ). Pour toute periode
1
2
representant le debut d.'une precipitation (c'est-a.-dire qui suit une periode ou i l nta pas
pIu), on connaitra exactement I'heure du ler basculement, qui sera le debut de cette perio':'
de.
11.6 - Inconvenient et ameJ1ioration de la methode
Un inconvenient de la methode est de noyer les pointes courtes d'intensite. Si
une resolution fine est souhaitee, avec le souei de ne pas omettre ces pointes courtes, .une
modification est possible: on introduit uneperiode nouvelle, appeIt~e periode J, qui n'est
non nulle que si SOIl intensite moyenne depasse un certain seuil M • Si la dUrE~e de cette
s

.,. -/.'

..
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periode) atteint une duree N)

=9

(M), duree qui est choisie inferieure aN (M), alors

on decide de sortir les periodes 1 et 2 en cours, meme si elles ne sont pas assez longues.
Le choix de 9 (M) determine la dl.lree des pointes a ne pas perdre ; le seui1 M determine
s
les valeurs a noter.
III - COllAGE DU MESSAGE
Le format propose est le suivant
PRECI

OT1

IIiii

3HHMM

(5cccc)
avec :
T

1

T2

JJ

1ccnn --- 20nnn ---

4~1

(3HHMM ----------- 4HHMM)

: type de pluviometre et base de temps utilisee

.p.ex

T = 2 : augets de 0,2 mm, base
1
de temps de 6'
T =3 l'augets de 0,2 mm, base
2
de temps de l' •

Ce parametre a ete introduit pour permettre l'uti1isation d'un autre type de p1uviometre et
d'une autre base de temps (t ~ tout en conservant le meme format de codage.
o

T2 I nombre d·'interva1Ies ou les precipitations ont ete codees (contr81e de qualite du message).
P.ex : 1 interval1e

24 h

T

1 intervalle .. 24 h

T

2

2
JJ : jour dans le mois.

0
1

Groupe 3

heure et debut de traitement

Groupe 4

heure de fin de traitement (idem),

(~I

en heures et minutes),

Groupe 1
periode caracteristique non nu11e: cc = nombre de basculements dans la periode
(de 1 a 99), nn = duree (de 1 a 99). Letraitement effectue sur la recherche des periodes
caracteristiques tiendra compte du fait que cc ~99 et nn ~99,
Groupe 2

periode d1intensite nulle (nnn est la duree en minutes),

Groupe 5
facu1tatif, n'est pas code automatiquement. cccc represente le nombre de basculements estimes pendant le trou de fonctionnement.
IV - EXEt-IPLE

L'exemple suivant montre les points caracteristiques determines par l'application
de la methode a partir de l'enregistrement (reconstitue) du pluviogramme.

... / ...
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Nancy, le 18 Novembre 1971.
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CONCWSION

Le traitement propose est une methode simple, pour exploiter numeriquement d'une
fine les renseignements d'un pluviometre. La validite de cette methode reste a confirmer ou a invalider par une exploitation operationnelle qui va commencer fin 83 dans quelques stations du reseau de base de la Meteorologie.
fa~on
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ANNEXE

PSEUDO-LANGAGE

- acquerir l'echantillon pluie : cumul c ;
- si la periode 1 est trop courte (n <N ), alors
i

i

debut
cumuler c sur la periode 1 (c

i

=c

+ c)

i

increment er la duree de la periode 1 (n

i

fin
sinon
debut
cumuler c sur la periode 2 (c

2

= c2

+ c)

incrementer la duree de la periode 2 (n

2

fin
- si llintensite moyenne de la periode 2 (M ) est voisine de celle de
2
la periode 1 (M ) alors
i

debut
la periode 1 englobe la periode 2 (c

i

= c

i

+ c2 , ni

la periode 2 est remise Et. zero (ct, = 0, n", = 0) ;
fin
- si la periode 2 est assez longue

(n2~N2)

alors

debut
sortir la periode 1 (c , n ) comme periode caracterist,:j.que
i

i

la periode 2 prend la place de la periode 1 (c
la periode 2 est remise a zero (c

2

= 0,

n

2

i

= 0)

fin
fin
Jusqu'a ce que lIon doive sortir un message;
Faire une edition des periodes caracteristiques en incluant les periodes (1 et 2) en cours

(Reference VI.9)

PARTIAL - AUTOMATIC CLIMATOLOGICAL STATIONS IN AUSTRIA
H. Mohnl and E. Ruder.
Central Institute of Meteorology and Geodynamics in Vienna
1. Introduction
On account of its pronounced vertical structure, Austria possesses a relatively dense net of 255 climatic stations
(March 1984). These stations produce values, mainly in the mountainous zones, which are also representative for the further
regions and which are not directly influenced by the local micro - climat. To fulfil these conditions perfectly is often difficult,
because the choice for the location of the instruments frequently depends on the person eligible as observer.
Long distances to the registration instruments, installed appropriately from a meteorological point of view, can considerably
deteriorate the quality of the data. Furthermore, the hourly evaluation of the generally analogous registrations of different
meteorological parameters, is increasingly necessary for the diverse purposes or the technical meteorology and climatology of
health - resorts (2). This, however, entails great expense of personel and costs. These reasons, as well as the considerable progress of micro processing technique in the last decade, caused the development of low - priced automatic systems for the recording of meteorological and climatological data.
2. Systems of partial automatic meteorological measuring stations in Austria
It is possible to register with electronic measuring systems most of the meteorologically relevant parameters through
sensors, to process partially the data and, with the aid of a corresponding transmission network, to transmit them to the users.
Such a network of automatic meteorological stations has been in· operation for some years in different countries with positive
results. In 1982, the test operation of the first stations of a network, which later would be increased to 50 partial automatic
weather stations (T AWES), was also started in Austria. The TA WES are to replace primarily the synoptical net of stations.
Because of the high costs it is, however, impossible to replace the whole network of climatological stations by TAWES installations. Therefore, the Central Institute of Meteorology and Geodynamics in Vienna suggested developing small, low - priced
autonomous partial automatic installations (TAKLIS) to replace the normal climatological stations. At the same time, the
structure of the two types of stations in the sensoric and the data processing for the climatological service is to be identical.
The volume of the measurement and observation programme is in no way less than that of the customary climatological
station. Attention should be paid also, when changing the ordinary stations, to the fact that modified methods of measuring
and different instruments may cause inhomogenities in the longstanding observation series. It may be, therefore, that the
results of two neighboring stations using different systems are not comparable.
3. Configuration of TAKLIS
1n the standard model the installations are equipped with 9 sensors with following technical specifications:
o .
Analog measuring channels:
Temperature (air, ground, water) (NTC - Sensor), measuring range -40 0 C to +50 C, measuring accuracy ::0.1 5 C
Relative humidity of the air (Pernix - hairhygrometer), measuring range 50/0 to 1000/0. measuring accuracy ::20/0
Pressure. measuring range 650.0 mbar to 1050.0 mbar, measuring accuracy ::0.5 mbar
Wind direction (Wind vane), measuring range electrical angle of rotation 357 0 , measuring accuracy ±2 (potentiomatic)o
Global radiation, diffuse sky radiation, net radiation, measuring accuracy ::4. 2J/cm 2 of the hourly total
Digital measuring channels:
Duration of sunshine, resolution 1 s
Precipitation (tipping bucket gauge), receiving area 500 cm 2 , resolution 0.1 mm
Wind speed (Cup anemometer), optoelectronic pulse transmitter, measuring accuracy ::0.5 m/s
An extension with additional feelers - up to 20 channels - is however possivle at any time without changing the hardware.
Thus for instance some stations are equipped with sensors for the registration of the grass minimum temperatuDe and soil- and
watertemperatures in various depths. Stations in mountainous regions also measure snow depths with an ultrasonic sensor.
The air temperature and the humidity are registered by an aspirated ordinary thermometer screen so as to avoid the alteration
of the measuring methods of customary stations. The task of the observer of a partial automatic station is reduced to the recording of the elements not measured by the sensors but necessary for the climatological service, for example cloudiness
(amount and density). visibility, difference between liquid and solid precipitation, atmospheric phenomena and, if not in
mountainous regions, snow depthS.
.
The central data evalution unit comprises the following functions:
Microprocessor (MC 6809)
Storage devices / RAM an UV - PROM. max. 56 K
Real time clock with buffer battery and calendar
Interface to operation and display elements
Interface to built - in cassette station
Interface to external printer
V 24 interface to telecommunication lines
Interface to analog and digital measuring channels
Standard equipment:
Lightning protection of all sensor cables and electric power supplies
Supervision of sensors and heating circuit
Emergency power supply except for sensor heating and printer. at least one
hour and one week for the real time clock.
Software - assisted test and service aids
Alphanumerical LCD display of errors
Supply voltage 220 V/50 Hz
Power input 50 VA without sensor heating, 300 VA with sensor heating
4. Data processing and transmission to the users
To make possible a comparison with the ordinary registrations and evaluations of meteorological data, special programs were developed for the interrogating and processing cycle,

Table 1:
Calculated data
Measuring
Channel

Inter- Average Total (T)
Peak (P)
rogation (min)
(sec)
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Data processing

Displayed data
Electr. Techn.
Units
Units

Recorded data

Average

Hourly
Printer

summary
Tape

Daily
summary
on!rinter
an tape

Temperature

10

1

24-24h p
19-19h P

analog

°c

Average!
min

60.minAverage

60. minAverage

Peak v~l
24h -24
19h -19 h

Humidity

10

1

24-24h p

analog

0/0

Average!
min

60.minAverage

60.minAverage

Peak
value

Pressure

60

24-24h p

analog

mb

Actual
value

59. min.
Actual
value

59. minActual
value

Precipitation

60

hour!
day T

digital

mm

Tptal/
day
in mm

Total/
hour

Total/
min
60x

Total/
day
in mm

Duration of
Sunshine

1

min

Total!
day
in min

Total/
hour

Total/
hour

Total/
day in
hour
and min

Globalradiation
Sky-

2

mV

Average!
30 min

Average!
hour

Average!
30 min. 2x

2

30

~Speed

2

10

Wind
-Direction

2

10

hour!
day T

30

1/0

analog
analog

mV

hour P

digital

km!h

hour P

analog

Deg.

Average!
10 min

..

Vectorial
Average!
hour
Peak
value

Average
hour
Peak
value

As example for the processing, the data and program scheme for the parameter temperature is shown in figure 1. From it one
deduces that just the same as with the evaluation of a normal thermograph, the value occuring at every full hour is registered
and stored, but not the physically more significant, and not comparable integral average value. At the stations at present in
operation, the data is stored locally on cassette recorders. For security reasons and to ensure an output for the observer, the data
is visible on a printer. Together with the observations by the observer, the cassette is mailed monthly to the Central Institute.
For special purposes, there exists at some stations the pOSSibility to transmit the data by normal telephone service at any desired
time to the Central Institute or its branch offices. This kind of data transfer is, however, relatively expensive and is resorted to
only when special problems arise - like avalanches or storm danger in regions which cannot be sufficiently covered by synoptical
stations. Figure 2 shows the data flow and processing scheme at the Central Instituteread from a cassette.
From the chart one can gather that two computer systems connected together are at present in operation to meet all requirements
regarding the different collectives of data recorded at the TAKLIS. Hourly data, as well as minute by minute precipitation values,
are processed on system I which provides the more extensive disk storage. Furthermore, climatological data are deferred into
system II after being converting into a blocked structure. The second computer system carries out all the subsequent.procedures
for organization of climatological data from the TAKLIS (together with that from conventional climatological stations). The
blocked data are transmitted via telecommunicating channels from the central site to corresponding branch offices where error
check occurs. After correcting and completing, all data collectives can be archived on magnetic tape for statistical analysis.
5. Previous Results
At present (March 1984) 21 TAKLIS are in operation and almost 300 months of experience, gathered in the stations
is available. The first station in Grdbming (Styria) was set into operation in 1981 and an ongoing extension of the network is
planned. Temporarily, about 100 partial automatic systems are to be installed, by which the major part of customary stations
will be replaced. Altogether, up till now from the values registered hourly, halfhourly and minutely, short of 1 % failed.
In otherwords, it means that per station and per month about one data-block failed to function. Not considered in this connection
are failures owing to purely external causes, for instance power-breakdowns or mistakes by the operating observer. But even
including these causes (electric power-breakdowns which last longer than one hour are very rare) the rate of failures is very low.
The tabfe 2 shows that the sensors, as was to be expected, are more than anything else liable to disturbances in the system.
Damage to the bearings or line breakages, however, are more frequent compared with the failures in the electronic system.
This is by no means a disadvantage, since in the normal climatological station the sensors of the mechanic or electric
registration instruments are liable to the same disturbances. Conscientious care by the observer is cruciaL Analysing the data
from a meteorological point of view and controlling them by statistical methods for inhomogenities, the follOWing summary
of the previous analyses can be given:
Temperature: Drift within the accuracy of measurement from j;. O,1 0 C.
0
Deviation in comparison to the mercury thermometer (aspirated) t 0,5 C
No significant jumps in the series of data for previous years. .
Deviation in comparison to the customary hygrometer by additional aspiration.
Humidity:
During the day; on average 7 % higher RH. On days with sunshine; on average 10 % higher RH.
Sunshine duration: No significant differences compared with the registrations of Campbell-Stokes autographs.
Winddirection and Speed: the same as above
Global and diffuse sky radiation: the same as above
Pressure:
Drift of 0,5 mb per year
Precipitation: Faulty measurings through false adjustement of the tipping bucket gauge; up to 30 0/0,
strongly dependent on intensity (1). On an average as against ombrometer: 50/0 diminished
values.
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Table 2: Analysis of failures

Type of Failure

Extern

Power failure
Sensor power supply break
ADC zero vOlta~e error
ADC voltage re erence error
Sensor network voltage break
Humidity over maximum
Winddirection over maximum
Temperature over maximum
Temperature sensor defect
Humidity sensor defect
Pressure sensor defect
Winddirection sensor defect
Windspeed sensor defect
Global radiation sensor defect
Diffuse sky rad. sensor defect
Others

Causes
Central . unit

+
+
+

Percentage of
total failure amount
23
2
4
2

+
+
+
+

6

+
+
+
+
+
+
+
+

+
+
+
+

+
+
+
+

Sensors

-4'

+
+

+

1
12
15
1

1
5
21
1
1
1
4

Figure 1: Example of data- and programscheme after (3)
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Figure 2: Schematic data flowchart
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System I (with extensive disk storage potential)
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THE ROMANIAN EXPERIENCE IN CONCEIVING AND ACHIEVEMENT OF SENSORS FOR
AUTOMATED UNATTENDED METEOROLOGICAL STATIONS OPERATING IN MOUNTAIN
AREAS UNDER SEVERE HOAR FROST
Florian Patrichi
Institute of Meteorology and Hydrology - Bucharest, Romania
Introduction
The mountain region in Romania at altitudes exceeding 1,500 m displays
particularly unfavourable conditions for running the meteorological instruments during the cold season of the year.
Hoar and ice deposits on the wind speed and direction seusors moat often
cause the obstruotion of the mobile pieces.
The ice stuck on the wings of the propeller generates strong vibrations of
the entire wind device, with very high wind speeds, sometimes leading to the
self destruction of the equipment. When accompanied by strong wind,snow is
drifted in the instrument shelter to its full influencing the aocuracy of
the instruments. Hoar frost may also bea contributing factor in prOViding
the complete tightness of the instrument shelter.
Under such Circumstances, it is very difficult to obtain data on wind speed
and direction, air temperature and humidity at mountaineou8 automated wr
attended meteorological stations under icing or severe hoar frost
during
the cold season of the year. This aspect is further more complicated by the
lack of energy for the eventual heating of some pieces with ice deposits.
This paper is an attempt at rendering the main possibilities to avoid such
difficulties.
The experiments w~re carried out beginning with 1968 at three isolated,
automated meteorological stations in mountain regions; being unattended,
these stations are supplied from batteries not from the electrioal network
(Cozia situated at 1,677 m altitude,Paring at 2,075 and Pietrosu Rodnai at
2,305 m altitude in the northern part of the country).
The data reoeived by radio from these automated meteorological stations show
that the values of wind speed anddirection as well as those of air temperature and humidity are not influenoed by perturbating meteorological phenomena. The trained staff interferes only onoe every 3-5 months within the
operation of these automated stations.
Measurement of wind speed and direotion
Considering the unfavourable conditions for such measurements to take place,
it is necessary that all rotating parts should form maximum oouples
of
forces in order to prevent any obstruction due to the formation of an ioe
bridge between the fix and mobile parts of the equipment. This might be
achieved by using a propeller instead of cups; the diameter of the propeller
should be as large as possible.
As far as the wind direction device is ooncerned, the length of the tail
group should be signifioant enough to provide a larger oouple
of foroes
on the vertical axis.The devioe under study has a 800 mm suoh part.It is to
the same purpose that the inolination angle of the blades should be around
the value of 45 0 •
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In view of stimulating ice detaching from the blades of the propeller it is
advisable that those blades were made of elastic metal so that a wind
of
40 m.s- l may curve by a 500 mm radius.
In order to reduce the probability of blocking the rotor of the propeller
and the vertical axis of the direction empennage by forming ice bridges
between them and the neighbouring fixed pieces, it is necessary that conical
protecting parts should be attached to the rotating pieces according to a
and b in fig.1.

l

E

c

E

o

o

to

'IS\.
11

-0

1------

e

=800 mm

_!_""

--------1

Fif.l. a. conical protection of the propeller
ro or; b. conical protection of the rotor in
the wind direction sensor; c. ring-shaped protection against water penetration; d. diameter
of the propeller; e. length of the direction
empennage
In order to provid.e a waterproof statue of the propeller axis annular protection is attached according to c in fig.l.
The overmeasure of the mechanical resistance is particularly required
for
such instances when ice gets stuck on the propeller blades
under
high
speeds of the wind leading to strong vibrations which after long operation
in such unfavourable regime may lead to the self destruction of the device.
It is worth mentioning here that the vibrations have a positive r81eas well
in that they contribute to the detaching of ice and hoar frost from·
the
outer sides of the equipment.
The exterior side of the device should be teflon covered compUlsorily black,
in order to facilitate ice detaching with sun radiation penetrating towards
dark surfaces. It is also in this respect that before the beginning of the
cold season a thick layer of silicone heavy vaseline black in colour
to
protect the eqUipment all through the interval.
Measurement of air temperature and humidity
The correct measurement of these two meteorological parameters at an automated unattended mountain station during the cold season of the year under
severe conditions of ice deposits is conditioned by the standard
of the
instrument shelter providing protection against snow packs and tight~due
to ice deposits.
The classical instrument shelters, with rectangUlar sides made of wood and
provided with ventilation slits proved thoroughly unfit for the conditions
dealt with in this type of experiments. These shelters get completely full
of packed snow and are quite often tightened by hoar frost so
that
the
values read on the thermometer and hygrometer mounted inside are no longer
reliable.
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Considering these inadvertancies we worked out a new type of
instrument
shelter, able to meet the requirements mentioned so far. After
several
a"ttempts we finally conceived of and tested successfully a new
type
of
shelter fit for operation in the specific mountaineous conditions.
This
type is cylindrical in shape having both the diameter and the length
of
1,000 mm ended in two 8uperposed"roofs" of conical shape (fig.2).The lower
and upper extremi"liies are open for ventilation achieving.
The
entire
shelter is made of relatively thin plate iron and the cylindrical body is
p1anked with wood on the inside. The planking laths have been
previously
impregnated with waterproof substances. The superposed conical roofs have
fixing kits between them and the cylinder, which are made of thermal-isolating matter to prevent altering the thermal regime inside the cylindrical
shel ter. It is to the same pur'pose tha.t thermal isolating matter was used
to coat the joinings of the shelter supports with the cylinder proper. The
ventilation is achieved by the open ends of the cylinder.
All outside surfaces are painted white while the inside is black. The use
of a teflon paint is recommendable.
Inside the shelter the two sensors for air humidity and temperature
are
fixed on a horizontal grid of 300 x 300 mm having its bars at 30 mm distance
(fig.J).
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The simultaneous comparative measurements in the classical meteorological
shelters and their processing showed that for situations of calm
and the
presence of sunshine, differences of measured air temperature accuracy are
not observed. This was a proof that the new type of
instrument
shelter
achieved by our team would be efficiently used at attended
meteorological
mountain stations. Provided permanent ventilation inside the
instrument
shelter the hair hygrometer may operate correctly if the mobile pieces are
not blocked. In this respect several versions of hair
hygrometer
were
tested before the present type was selected to provide accurate operation
all through the cold season. It consists of four clusters of hairs displayed horizontally and ha.ve a length of 200 mm. The spacing between the
hair clusters lies in three nets preventing snow penetration.
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The roof is thus devised as to hinder water
leakage through
the
nets
allowing the aeration of the hairs.
The hairs are prolonged by wires that reach
the
electrical conversion
system through a space orifice neighbouring the wires to which snow or rain
have no access.
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AUTOMATIC SYSTEMS AND NETWORKS

(Reference VII.I)

AUTOMATIC SYSTEMS IN OPERATIONAL USE - QUALITY AND RELIABILITY

R. E. W. Pettifer
United Kingdom Meteorologioal Offioe
1.

Introduction

The term "Automatic System" covers a very wide range of meaning. Even within the
restricted field of meteorology we must consider under this heading such diverse equipment
as individual automatic raingauges, full climatological or synoptic observing stations and
complete radiosonde systems. Moreover, any such "system" includes many oomponents: sensors,
prooessing eleotronios, prooessing software, communications, data reception, da.tavalidation
and redistribution are some of these although they are arbitrarily defined and alternative
sub divisions of an overall system would be just as valid. However we sub divide it, we
can envisage the overall system as forming a chain which acquires data at one end, transfers
it and delivers it at the other (Fig 1).
DATA
ACQUISITION

~

SENSORS

PROCESSING
I-ELECTRONICS

COMMUNICATIONS I - -

PROCESSING
SOFTWARE

DATA
RECEPTION

DATA
VALIDATION

REDISTRIBUTION

FIG.1

AN AUTOMATIC OBSERVING SYSTEM
VIEWED AS A CHAIN ALONG WHICH
DATA FLOWS.

~

~

DATA OUT
TO USERS

~

The term "automatic" is not well defined, either. Many "automatic" systems have one
or more of the above oomponents which require positive human intervention to enable them to
function. For our present purpose, however, it would be futile to spend time debating what
is or is not an "automatic system". Any system which acquires all or most of its basic data
without the need for human intervention can be considered to be the subject of our
discussion.
In order for an automatic system to be of operational value, all of its component
parts, "automatio" or not, must function to a quality and reliability which are sufficient
to deliver operationally satisfactory data in a timely and dependable fashion. We must
judge the durability and quality of the data chain in this sense b,y the characteristics of
its weakest link. We can, nevertheless, order some priority into our judgement. The
greatest priority will be placed upon different characteristics of the data chain b,y
different data users. Synoptic meteorologists might, for example, place timely delivery of
the data. above extreme aocuracy in order of importance but climatologists could well take a
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applied to data cannot be divorced from the use to which the data are to be put. Clearly,
we do not have time to relate our discussion to the viewpoints of all the different
possible users of the data so we will try to pick out one or two characteristics of
automatic systems which are of high importance to the main data users and not worry about
which is actually the most important or significant among them. That agreed, let us state
our important characteristios and then oonsider how modern automatic systems inoperational
use measure up to our demands. From such oonsiderations we may be able to draw some conclusions about how we should design, implement and monitor the performance of operational
automatic systems.
2.

The Important Characteristios
2.1

Dependability - User Confidenoe

Perhaps of all the characteristics of automatic systems one of the most
universally important among users is the dependability of the da.ta. The question
Which, for a system to be really valuable, must always be answered "yes", is: "Can
the user rely upon the data he receives?" With the increasing use of automatio
devices used in isolated places to provide SDlall quantities of data from areas where
no corroborating information exists, it is vital that the user does not have cause to
doubt the validity of the quantitative statements he receives. This point is
illustrated in Fig 2 in which are shown the effects upon upper air analyses for the
N Hemisphere of the data from an isolated shipborne automatic upper-air sounding
system (the Canadian ASAP) in the N Pacific. The figure, reproduced by courtesy of
the European Centre for Medium Range Weather Foreca.sts, shows isopleths of the
differenoe between the first guess field and the final analysis field at 200 mb. The
large increment oentred near 45°N 155°W was caused by the data in an isolated ASAP
TEMP report from the ship ELXP located at 45°N 40'N 156 0 80'w. If the user has
oonfidence in these isolated data, he will evidently base his foreoasts on a different
analysis than he would use if he lacked that oonfidence. Since an analysis error in
the Pacific can intensify and propagate rapidly downstream to affect Western Europe at
times after only four days in Winter (4), the user's confidence in isolated automatio
system data is crucial to the end result of his work.

FIG.2
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Clearly, then, it is of major importance for those who design, implement, operate
and maintain automatic systems to set as an important objective a high degree of
reliability in the data which reaches the user. The degradation of these data may
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those involved with the chain and the movement of data along it bear a special
responsibility in this respect for information from such isolated automatic systems.
Nor should we forget the very high financial investment needed to provide these
systems, an investment that is sharply devalued if, at critical times, the output from
the systems cannot be trusted.
2.2

Availability

However valuable in meteorological terms a single, isolated piece of data may be
on a particular occasion, the overall worth of an automatic system is in some direct
way related to the availability statistic. The percentage of possible observations
which actually reaches the user in time to be of value is a critical quality factor in
the assessment of operational automatic systems. The point at which a decline in this
figure from 100% becomes sufficient to render the system non cost:...effective migh"t;
depend somewhat upon the circumstances of its use but, in general, we aim for a data
availability in excess of 90% for successful operational systems.
Again, reference to Fig 1 will illustrate how many possible sinks exist for data
passing along the chain and the importance of attending to the strength of every link.
As an example of how even a tiny kink in the chain can stop the data flow, consider
the case of the automatic retrieval of observations from the ships of the UK VOF b,y a
system operating through the meteorological geostationary satellites (1). In trials,
when the aim was to demonstrate the principles of the system, da"t;a we~e very successfully transferred from the ship, through the satellite to the ground stations in
Europe and N America on international frequency channels. However, in operational use
we quickly exposed an incompatibility between the procedures associated with manipulating the data at the ground stations which resulted in the condition that data which
would sucoessfully pass through the European system automatically failed to pass
through the N Amerioan system and vice-versa. 'I'he chain was broken and data availability fell, under some ciroumstances, to very low levels despite the excellence of all
other aspects of the system.
A characteristic of any automatic observing equipment which will have a direct
effect upon data availability is the functional reliability of the hardware and software involved in the elements of the chain. By its nature, an automatio observing
network will generally not be the subject of close human supervision and, moreover, it
will often be expensive, difficult or even (for example in the case of off-shore buoys)
impossible to respond quickly to an equipment failure.
To keep the availability high, therefore, operational systems must be designed,
built and tested to standards aimed at very Iow :failure rates. The concepts of
redundancy (duplication of vital components) and of graceful degradation (that is, noncatastrophic :failure) are becoming indispensable for such operational systems.
2.3

Maintenance, Repair and Logistical Support

As the last major characteristic we have time to examine, let us consider the
demands made upon a service to keep the data chain intact. However intrinsically
reliable a system may be, sooner or later it will require attention to some of its
component parts either to ensure that it will continue to function or to restore it
when it has failed·. Once again the oharaoteristics of networks of automa.tic observing
systems, that they are unmanned, often remote and difficult of aooess and that the data
must be of high quality and availability, present a set of mutually oompetitive conditions. If such networks are to be genUinely operational, it is essential that they
are maintained and repaired promptly and efficiently. To do this three requirements
must be met. There must be in plaoe a maintenance capability staffed by competent,
properly trained technical personnel (3); they must have swift access to a sufficiently
large pool of appropriate spares which have been properly tested; and there must be a
sensibly short and properly filled repair pipeline to a competent repair authority.
These support requirements are an expensive adjunct to the initial costs of developing,
procuring and installing operational automatic systems. For example in the UK we
expect, for an operational network, to allow an initial expenditure on spares, test
eqUipment and similar items of between 50% and 30% of the capital cost of the network
itself. Nevertheless, there is no surer w~ of wasting an investment in automation,
nor of depriving the user of access to or confidence in data derived from such an
investment, than to negleot these vital elements of the overall package. It is
generally more important to spend resources upon the support infrastructure needed to
maintain a small automatic network than to enlarge the network without such a support
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Moreover, it is futile to expend resources on any automatic network unless
sufficient support is also provided to maintain it.

3.

Monitoring the Network

Imagine then that we have met the problems and constraints outlined above and all the
many others which we have had no time to discuss, and that we have in place a high quality,
fully automatic, network of observing systems to proVide operational data from remote,
unmanned sites in data sparse areas. How do we maintain confidence in the data we obtain
and how do we know when an individual component of the network requires attention? There
is the obvious case in which our data chain breaks and the user fails to receive the data.
Evidently, he can, if he has time under operational pressures, activate the repair
organization. However, this apparently simple reactive process can be very inefficient
because mere loss of data to the user does not identify where or how the chain has broken
and there may be no need to dispatch a technician on a repair mission to a remote site at
possibly high expense if the fault lies elsewhere.
But there i.s a more subtle problem which relates to the user confidence in the data
quality which we discussed in Section 2.1. It is often the case that data from the automatic system does not fail to appear but rather that its quality begins to deteriorate,
perhaps quite slowly With time, as a sensor goes gradually off calibration. Other similarly
obscure problems can arise such as local pecl.llarities of instrument exposure like pressure
effects related to wind direction. We can see these effects in operational automatic
observing systems in use within the UK in the earlier paper by my colleague Mr Ponting (2).
As he has shown, once networks of this type become operational, it is essential to
institute, as a parallel activity, an operational quality evaluation scheme to ensure the
integrity of the data and to prOVide early activation of the maintenance and repair
organization.
4.

Conclusions

The opera.tional use of automatic systems plaoes considerable demands upon the design,
implementation and support of both the individual components of the network and the network
itself.
The vulnerability of the data ohain demands design of a high quality in which attention
to detail in both the engineering and the organizational aspects is critical.
The costs of restoring failed systems, particularly if they must be restored quickly,
can rapidly become unacceptable. Moreover, in some cases, force majeure will prevent the
rapid restoration of systems however much we are prepared to spend. Therefore we should
design our operational systems with a signifioant degree of redundancy (SUCh as duplioate
sensor SUites) and With the ability to continue to function, perhaps at a reduced level,
even when component parts fail. We should oonsider building-in the ability, via the
communications and software facilities, to reconfigure the functional arrangements of remote
parts of the system from a central control point. Systems with this type of facility are
now being introduced, for example in the new automatic thunderstorm location 6![Uiplllent.now
under construction in the UK, and should lead to a reduction in the cost of supporting
networks, especially in terms of the need to provide a very rapid response to equipment
failure.
In order to ensure that the large capital investment in an operational network of
automatic systems is fully utilized in terms of the quantity and quality of the data which
reaches the users, it is essential to accept the associated major costs of adequate spares,
maintenance and repair.
Finally, to generate and to maintain the high degree of confidence by the users in the
integrity of the data, which integrity is a vital part of the overall value of a network of
automatic systems, it is necessary to institute an operational, near real-time monitoring
programme continuously to validate the quality of the data generated by the network. There
has never been an equivalent need to do this for fully manned networks because the numerous
human interventions at almost every point in the data chain have constituted a nearly
continuous, intelligent and flexible quality monitor in real time as the data flowed along
it. Ultimately, with fully automatic systems, we lose this facility entirely and it is a
significant new responsibility of operational instrumentation in meteorology to replace it.
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AN ECONOMICAL AUTOMATIC DATA ACQUISITION AND PROCESSING SYSTEM FOR
AIR QUALITY AND MICRO-METEOROLOGICAL STUDIES
K. F. NG, E. KOO, H. K. LAM; ROYAL OBSERVATORY, NATHAN ROAD, KOWLOON
HONG KONG
Summary
For the purposes of air quality studies and micro-meteorological research, a microcomputer controlled data acquisition and processing system was built to sample and process
meteorological data in real time. This system is deployed in the field with off-site
display and archival accomplished via telemetry.
This system is based on the Z-80 micro-processor and the software is developed inhouse. Special outputs include the standard deviation of the horizontal wind direction and
vertical temperature difference. Sampling rates and algorithms for the derivation of
parameters are in accordance with those generally required for characterizing diffusion
processes.
1.

Introduction

Site-specific meteorological information is indispensable to air pollution dispersion
modelling (2). A proto-type micro-processor based data acquisition system was designed and
built by the Royal Observatory, Hong Kong, in 1982 to sample and process meteorological
data for this purpose. Data thus collected is also useful for micro-meteorological research.
This system runs on AC power, which
is available in most accessible parts of Hong Kong.
The design goals of this system are that it should be economical, and that both the
hardware and software be easily replicated and/or modified to suit specific research needs.
Functionally, it should be able to prOVide, in real time, as much information as is
deemed necessary for air quality modelling. It should also have telemetering facilities
so that information can be displayed and stored at operational and archival centres that
may be distant from the site.
2.

Meteorological Requirements

Hoffnagle et al. (1) identified the parameters that are "essential to further progress
in atmospheric dispersion modelling". These include the mean wind speed and direction at
10 m, standard deviations of the horizontal wind direction and vertical wind speed,
temperature difference between 2 and 10 rn, friction velocity, bulk Richardson's number,
Monin-Obukhov length, and the sensible heat flux.
The present version of the data acquisition system either measures or derives the
above parameters. For the last four parameters, hourly averages are computed, while for
the rest, both 10 minute and 60 minute averages are computed.
3.

General Description of the System Hardware and Software
Figure 1 shows a functional block diagram of the data acquisition and processing

system.
The hardware, which is Z-80 based, comprises of one central processing unit (CPU)
board, a real time clock (BCLK) board, a parallel input/out (PlO) board, a serial input/
output (SIO) board, an universal asynchronous receiver and transmitter (UART) board, and a
32K dynamic RAM board. These are all commercially avai1ab1e,costing around US$ 1,500 in
total. In addition, there are four other boards for signal conditioning(indicated as
interface boards 1 to 4 in Figure I),and an Analog-to-Digital converter (ADC) board with a
sample-and-ho1d and a multiplexer. All these plus a power supply and fan fit snugly into a
19 inch rack.
System software, written in Z-80 assembler, is developed in-house. There are two
major programs, INTRPT and MAIN.
The sampling rate is once a second. The program INTRPT is interrupt driven and updates
counters, causes data to be read, fetches data and places them in pre-assigned buffers and
accumulators at this rate. It also sets flags every 10 and 60 minutes.
The program MAIN executes commands received from the control terminal, enables
interrupts, performs data analysis, and sends the results to the various peripheral devices.
All programs are stored in EPROMs which reside in the CPU and the UART boards. All
together, the programs take up about 14K bytes of EPROM memory.

-346 -

4.

System Operation

On power up, the terminal automatically enters the 'monitor' mode which allows
calendar time and the real time clock to be set. Diagnostic tests for hardware are then
carried out. On keying 'E', program execution begins, and the terminal switches automatically to the 'display' mode for viewing meteorological information.
Once an interrupt is initiated by the counter timer (CTC) on the CPU board, a control
signal is sent via the parallel input/output board (PIa) to the ADC. The incoming voltages
are scaled between 0 to 10 volts, multiplexed, sampled, and converted to digital form.
Next, they are transmitted, again via the PIa interface, to assigned buffers and memories.
At the detection of a time-up flag, calculations are made and the results sent to
the various peripheral devices, either through the SIO or the UART interface.
The calculation of the standard deviation of the horizontal wind direction is of
particular interest as it calls for the temporary storage of all the 1 s wind direction
data until such time that the calculations are completed. To do this, wind direction
data are stored in two separate buffers in the RAM board, and about 18K bytes of memory
are required. While one buffe,r is busy receiving new incoming data, data from the other
buffer is used to do the calculations. The functions of the buffers are swapped after
each 10 or 60 minute interval.
Figure 2a gives a sample printout from this data acquisition system, and an
explanation of the symbols used in this printout is given in Figure 2b.
5.

System Deployment and Data Archival
Figure 3 shows the configuration of the current version of the data acquisition

system.
The terminal is deployed in the field, caters for the on-site display of meteorological information and for interaction with the operating programme, for example, for
hardware testing through its 'monitor' mode.
A pair of modems is used to telemeter the information back via telephone lines to
Royal Observatory Headquarters for archival on a cartridge recorder. A hard copy is
effected through simultaneous output on a matrix printer. If desired, the telemetered
data can also be archived directly on computer tape via a central computer.
6.

Conclusion

A prototype automatic system for obtaining site specific meteorological data for
air pollution modelling studies was built and tested in the field. It meets the design
goals of low cost, easily replicated, and provides the required meteorological
information efficiently. Also, it has proved to be robust and reliable, with the monthly
data capture rate exceeding 90%.
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Figure 2a.
Sample Printout. 10 minute means based on the past 10 minutes are
given in each of the first 6 rows, and hourly means centred on the hour are
given in the next 2 rows.
DDDFF

DDD : Scalar mean horizontal wind direction,

FF
UVCTOR
DRTVH
PH
WBAR
WVCTOR
PV
SMADITA
SMAW
T2M
DT
DEWPT
Solar Rad
HFX
MFX

degrees from true north

-1

Vector mean horizontal wind speed ( m s )
Vector mean horizontal wind direction (Deg)
Persistence of the horizontal wind
Scalar mean vertical wind speed (m a-I)
Vector mean vertical wind speed (m s-l)
Persistence of the vertical wind
Standard deviation of the horizontal wind direction. usually denoted
by <1'6'- (Deg)
Standard deviation of the vertical wind speed (m s -1). i. e. rJ'w
Temperature at 2 m above ground level
DT : TI0M - T2M. where TI0M is the temperature at 10 m above ground level (oC)
Dew point, measured a~ 10 m above ground level (oC)
Solar radiation (W m- )
Sensible heat flux (W m- 2 )
Momentum flux (N m- 2 )

L

Friction velocity (m s-2)
Monin-Obukhov length (m)

RiB

The bulk Richardson's number

~

i~

: Scalar mean horizontal wind speed (m s- )

Figure 2b.

List of Symbols in the printout.
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MULTIPURPOSE AWS FOR SMALL SCALE AUTOMATION
P. HanaK - O. Bzenn
Budapest Technical University
Department for Measurement and Instrumentation Engineering

o

Int ....oduction

A modular system of microprocessor controlled, automatic weather
stations (AWS) has been developed at the Budapest Technical University
providing both synchronous and asynchronous data for synoptic, agricUltural and aviation users.
The system involves both unmanned and partly supervised, aid-to-the-observer type stations. The central station, which acts as a receiving
centre too, can communicate wi th its sub-stations on VHF radio, pub 1 ic
telex or switched telephone lines.
The stand-alone version of the AWS may be used as a data logger for
agricultural plants, greenhouses and meteorological towers.
The AWSs generate synchronously SYNOP and CLIMA reports in FM 12-VII
code, and also issue storm warnings (so called SPECI reports) in FM 16--V
code when appropriate. Other data are also available for local usage.
The system's architecture and that of its main components will
be
presented in section 1 and 2. Section 3 discusses some problems of optimizing the hardware-software ratio. Section 4 gives an overview of the
software structure. Section 5 describes shortly the creation of reports.
N

Central station (CS), unmanned and superVised measuring stations
(UMS, SMS) are very similar;
they all are various configurations of the
same basic AWS. A measuring station (MS) - either a UMS or an SMS
is
equipped wi th only one of the CCHs, while a CS - consisting of an SMS and
a rece i v i ng cen tre (RC) - may oper'a te on E!'ach of the CCHs.
(However,
mainly for maintenance purposes, it is possible to change TEL or TLX to
radio as this Kind of transmission is very flexible.)
In order to KE!'ep the overall system organization as simple as possible we do not allow simultaneous data transfE!'rs on two or more channels
although the hardware of the RC would 0.1 low it (however, it may be used
later for improving the system's throughput).
SYNOP messages are automatically created at a quarter to every hour,
and then must be collected by the RC in ten minutes (as the radio net is
also used for voice communication in the meteorological service). Once a
day, at 05:45, CLIMA reports are also genE!'rated and collected. Thus, the
amount of characters to be transferred from each station in ten minutes is
between 100 and 200 but sometimes - duE!' to transfer errors - repetition
may be needed. Consequently, at 50 Bd rate cca. 30 seconds are used to
transmit a report, and 10-30 more seconds are nE!'eded to get control over
the radio net or maKe a call through telex or telephone. ThUS, the resonable number of MSs that may be 1 inKed to the same RC is about ten.

This work has been granted by the National Committee for
Development and the Gamma WorKs, BUdapest, Hungary.
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2

Archit~ctur.

of

th~

AWS

Sas.ically, the AWS is a Z80-based, modular' microcomputer that may be
configured to various needs.
Components required for specific functions only are marked by RC, MS
and SMS in Fig.
2.
E.g.
the buffer memory is needed in a receiving
centr'e wh i 1e the ADC and DDC ar·e used for meas.urement onl y,
Usually, sensors for the following quantities are connected to an MS
through ADC:
temperature (air, soi 1), dry and wet temperature, relative
humidity, soil radiation, wind direction, air pressure, global and reflex
radiation;
through DPI:
precipitation indicator, sunshine indicator;
through DEDI amount of precipitation, flash count, evaporation;
and
through DEC: wind speed.
Most modules are real ized on Eurocard-size printed circuit boards
ensur'ing great flexibility.
The front panel contains 1. the mains switch;
2. a mode selecto~l
3. a 2 + 4 1/2-digit LCD displaying date or time; or parameter identifier
and value; 4. two push buttons for setting date and time
in a cold
restart procedure; 5. five LEDs indicating errors or warnings.
There are three types of digital to digital converters (DDCs): DPIs,
DEDs and DECs.
Two different types of sensors may be connected to the parallel
inputs (OPI):
1. sensors producing coded information; and 2. sensors
informing upon states.
Et)en t de te-c tor's (DEO) shou 1d be use-d i ns.tead of DPI if state changes
must asynchronously be detected, I.e.
through interrupts.
If the frequency of these- state change-s is relatively high <)120 Hz
in our case)
the CPU and the in terrup t mechan i srn may some times be uncapable to count them;
in this case- event counters must be used.
In an RC the casette (and also the printer),
i.e.
sequentialstor'ages pr'eserve the
incoming data for' later usage. Thes.e data should already be checKed and sorted, data errors and missing data should be marKed
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etc.
Due to the nature of a 'loosely-l inKed' network of distributed
processors some data may be delayed for hours.
Thus, a smaller random
access stor'age, the buffe-r me-mory is. also nee-ded allowing the- preproce-ssing of data. These- two type-s of storage will
be referred to as'long-te-rm' and 'short-term' storages, respe-ctive-ly.

RC

+sv -5V+12~-12V+15V-15V

analog input5
I

PROGR t1EM
DATA MEM
BUFFER MEM
FPIF
PIF
CIF
DIF

ROM: max.
RAM : 30 Kbyte
32 Kbyte RAM
fr'ont panel i nter'face
printer inte-rface
casette interface
video display inte-rface

ADC analog to digital converter
DDC digital to digital conve-r·ter·
- DPI digital par'allel inputs
- DED digital event detectors
- DEC digital event counters
CCI communications inte-rface

Fig, 2

The timer issuing interrupt requests in one-second intervals Synchronizes the operation of the AWS.
The functions of other modules are self-evident.
An a-level interrupt system ensures that asynchronous events (ope-rator's requests through the Keyboard, message-s through communications
1 ines:., analog to digital and digital
to digital conversions etc.) are
serviced in due time.
Device drivers of slow peripherals (printe-r, casette, display, communications channels) use the interrupt mechanism and data buffering techniques allowing some simultaneity and thus increasing the operational
power of the total system.
3 Optimizing the Hardware-Software Ratio

Our main goal was to real ize- a flexible system.
For this reason,
software- solutions had to be pre-ferred to hadware ones.
On the- othe-r hand, most of the nee-ded printed circui t boards were- to
be found in a unified set of ready-to-use modules manufactured in bigger
quantities at a re-asonable price in Hungary.
Therefore, the following principles have been appl ied in choosing
betwe-en hardware- and software solutions:
1. use pre--fabricate-d units
where possible-; 2. maKe- simple- but ge-neral and flexible hardware units
whose- programming is easy; 3. prefer software solutions to hardware one-s
lA!here poss i bl e.
Principle 1 was use-d for selecting the CPU, me-mories, DIF, CIF, ADC
and multiple-xe-r etc.
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Principle 2 and 3 were appl ied in designing the V-24 interface for
the serial printer and the communications interfaces. To ensure flexibi 1i ty data transfer protocols are implemented by software.
Principle 3 should be used to choose between event detectors (DEDs)
and event counters (DECs). As mentioned earl ier (section 2, paragraphs on
DDCs) th i s is the typ i ca 1 si tua t i on where poss i bl e hardware and sof twar'e
solutions should be studied carefully to select the optimal one. Software
is usually cheaper than hardware but it maKes extensive use of the computing power of the CPU which often can not be tolerated. E.g. DEDs have
many input channels per boar'd but frequent signal changes causing inter'rupts may overload the CPU. On the other hand, DECs have more expensive,
autonomous 16-bit and/or 8-bit counters, but - consequently
a rather
I imi ted number of input channels per board.

F i gur'e 3 shollJS the program struc ture of the AWS.
Aga in, some components are needed for specific functions only and might not be real ized in
an I'1S or' an RC.
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Fig. 3
The scheduler is the soul of the system starting actions when one of
the follolNing happens:
1. a predefined time has· come;
2. a given time
period has expired; 3. a remote command has been arrived;
4. a user
command has been typed in; 5. the selected mode has been changed.
The remote and user interfaces accept commands from the communications interface drivers and the video display driver, respectively, and if
they are comp le te the i r' execu t i on star ts by the command in terpr'e tel".
The inter'nal commands part in an RC automaticalb' initiates s.ending
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of various commands to the sUb-stations, e.g. synchronizing the timers or
requesting reports.
The command editing part generates the appropriate command sequences,
handles internal command tables, checKs, confirms or repeats commands etc.
The SYNOP, CLlMA and SPECl report editing program parts create
reports in standard formats and pass them onto the printer, video display
or communications drivers.
The internal functions blocK is a highly sophisticated part of the
total
system.
It controls the whole measurement process. It is also
responsible for the date or time or measurement data display.
The functions of the drivers are thought to be evident without explanation.

As mentioned already, SYNOP reports are created once an hour at hhl45
and satisfy international standards. The RC collects them between hh:50
and (hh+1) 100.
CLlMA reports are created and collected once a day between 05:45 and
06100 for national purposes only.
SPECI reports are generated when selected parameters exceed predefined 1 imits. They also correspond to international standards.
These selected parameters are currently the following:
1. flash
count;
2. beginning of precipitation (rain or snow); 3. wind blasts
exceeding 12 m/s and 20 m/s, respectively.
When an MS generates a storm warning it sends a 'looK-at-me' request
to the RC. Then, the RC may issue a 'send spec i a I r'epor t' command to the
station in question. The incoming data will be processed in the usual
way.
There are some restrictions on the generation of the 'look-at-me'
request: 1. events signalled in a SYNOP message generate no storm warning
during the next hour; 2. events reported in a storm warning do not generate another storm warning during the same hour; 3. issuing a 'look-at-me'
request is suspended between hh:45 and (hh+l):OO (as it would load additionally the CPU of the RC and the communications network).

An experimental system consisting of three AWSs has been installed
this year
in Hungary.
Like with their predecessors, made also at our
department for the Hungarian National Meteorological Service,
the first
experiences are encouraging. We are going to improve some of their parameters, and then prepare them for manufacturing.

(Reference VII.4)
CAPTIVE BALLOON SONDE SYSTEM

K.H. Liebig
A. Sprenger KG GmbH & Co., Federal Republic of Germany

Abstract
Based on more than 15 years of construction of Captive Balloone
Sondes a new sonde was constructed to measure air pressure,
temperature, humiditiy, windspeed, winddirection and one additional
parameter. The narrowband serial radiotransmission with cristal
controlled transmitter of 2 mW output power is in accordance with
international requirements of meteorological radiosondes. The solid
construction of the sonde ensures a reuse for many years. The
according receiver, powered from mains or battery has digital
simultaneous display ot all data. A computer interface and a
connector for rough data storage on a simple cassette recorder
for later data evaluation are integrated.
1. Sonde
1.1.Mechanical Construction
The sonde is bUilt into a protective cage to prevent a damage
during sounding at strong wind conditions. The sonde itself
is built into a thermic isolated housing. The sensors for
temperature and humidity are mounted in a horizontal tube to
protect them against rain and radiation. For sounding during
low wind conditions there is the possibility of ventilating these
sensors by an additional fan. At the lower end of the tube at
the bottom of the housing in a distance ot approximately 8 cm
the cup star for wind velocity measurement is mounted. Inside
this tube the batteries are arranged. The batteries can be
exchanged without opening the sondes housing. The sensors tor
the measurement of wind direction and pressure are installed
with the complete electronics inside the housing. Weight of
the sonde ready for lauching is 1.8 kg. The diameter of the
protective cage is 335 mm •
1.2 Accuracies and Measuring Ranges
The accuracies and the measuring ranges of all sensors are
given in table 1.

sensor
temperature
humidity
pressure
wind direction
wind velocity
free channel
table 1

resolution

range
+45

o

600
o

o
o

-45°C
100% RH
1060 hPa
360 deg
20 m/s
999

*

o• 1

K
1 % RH

0.5 hPa
2.825 deg
0.04 m/s
1

transmission only

max error
0.2 K
2% RH
0.5 hPa
1.5 deg
5%

o *
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1.3

Data Preparation and Transmission

The sensors for temperature, humidity and wind velocity are
producing frequencies which are corresponding to the measured
values. This frequencies are counted over a period of 0.7
seconds. The wind direction is given as a 7 bit Gray code. The
analog output of the pressure sensor is A/D converted. The free
channel information has to be BCD coded. All digital rough
values where requested by a DART once every 0.7 s. The serial
output of the DART is feeding the FSK - modulator of the transmitter. The narrowband serial radiotransmission via a cristal
controlled RF-transmitter with 2 mW output is in accordance with
international requirements of meteorological radiosondes.
The output power is sufficient for distances up to 50 km
between sonde and receiver with a simple dipol to receive
the signal. The time of operation with one battery set
(8 x mignon, size DD, Alcaline) is approximately 6 hours
with fan and approimately 15 hours without fan~
2. Receiver
2.1

Mechanical Construction

The receiver is constructed in 19 inch technic, 6 height units.
It can be powered either from mains 220/110 V 50/60 Hz or from
24 V DC. The power consumption is approximately 25 W.
The receiver is equipped with a microprocessor system for
data evaluation, display and transmission. Each receiver
can opperate with any sonde of this system. For this, a
keyboard is provided. This keyboard is used to program the
microprocessor with individual calibration coefficients.
During programming all coefficients can be controlled on
the bUilt-in LC-Display. During sounding all data are dis~
played simultaneously with there dimensions.
For data storage during field measurement there is an interface to a simple cassette recorder to store the unevaluated
sonde data. Furthermore a computer interface is build-in for
individual evaluations. The cassette recorder data can be
given to the receiver instead of the sonde data. This ensures
a data stream like data as directly transmitted by the sonde.
Remark
A Sonde system as described above was tested during the
Antarktis expedition in 1984. We express our thanks to the
Meteorological Institute of the Dniversity Bonn for performing
this test.

(Reference

VII.5)

NETWORKS
I.F.H.C.C. van den Enden
Royal Netherlands Meteorological Institute
De Bilt, the Netherlands
Networks
Networks are as old as operational meteorology. Measurements and observations are
made at different places simultaneously and the information is gathered and
distributed via the Global Telecommunication System. For instrumentation specialists
networks are understood to be instrumentation-networks. These networks often operate
without human observers.
Instrumentation-networks
A traditional meteorological station was a manned station with the following inherent
properties:
- the information or data are available with a delay
- the data are a mix of objective and subjective measurements
- quality control is done at the measurement site
the human observer can improvise.
In time the distance between sensor and observer increased. Networks were developed
for airports and remote measurement sites. Unmanned measurement stations can be
characterized by:
- the information is available in real-time or near real-time
- because of the unmanned operation there is a requirement for:
* quality control
* well-defined algorithmes to process the data
* additional facilities to ensure the availability of the measurements.
Technical means are insufficient to provide the traditional data set with the same
availability as an observer with a set of simple instruments. Because of unmanned
operation we experienced several problems.
For example on our North Sea network:
- we underestimated the salt deposition on temperature sensors and visibility sensors
- seabirds interfere with visibility measurements
- the selection of locations is often reduced to oilplatforms with their own
micro-climate
- we experienced unexpected wear and tear on sensors and equipment because of the
marine environment (different from our experience with weatherships)
- training of the maintenance personnel to work from checklists before leaving the
site is a must (leaving in a rush has caused loss of data in several cases).
Because of all these reasons networks when installed do not operate as expected in
the first year or so.
The networks described so far, are simple straightforward systems with sensors at
remote sites with read-out and processing at a central position.
New development in networks are emerging. For example:
- radar and lightning networks
The equipment at a radarsite is complex. Extra equipment is necessary to control the
movements of the antenna and process the data from the receiver. The data also have
to be formatted for transmission to the central collecting station. Unmanned radar
sites are now in operation in the UK, Switzerland and elsewhere.
- Processing and quality control at the measurement site.
Modern electronics offer the possibilities to process and check the sensordata at the
measurement site. Sensors with built-in logic can produce measurements corrected for
calibration and other influences. Self-checking and status reporting of the sensor
can be done automatically. Averidged and extreme values can be calculated at the
measurement site and reduction of the data transmission is possible.
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Some aspects of unmanned operation of instrumentation-networks
The traditionnal meteorological dataset was provided by manned stations. The quality
of the dataset was not perfect but the meteorologists were used to its quality.
Unmanned stations or automatic stations have their own characteristics with regard to
quality and availability.
Despite objective instructions the human observer is prone to preference and
persistence in his behaviour. The possibilities to improvise are not always a benefit
to quality. An example are the estimates for wave height during the night. Observers
are tempted to estimate the previous value and in the reports wave heights decrease
or increase significantly at dawn. The data from anunmanned station are produced
without human interference. The measurements are checked in the automatic procedures
and if the calibration is correct, the value is true. Because of the absence of an
observer the instrument or sensor has to reproduce very accurate. Drift or sudden
jumps in value may occur without detection. To detect such faults in measurements
additional precautions are required for quality-control and to ensure the
availability of data. These precautions can include the addition of extra sensors,
data collecting and transmission equipment etc. or provisions for what is called
"gracefull degradation". Technical means are available to get better measurements
from automatic stations but these better measurements still onl y partiall y make up
for the lack of visual observations.
To guarantee the availability of data and for quality assurance, sensors on unmanned
stations are often doubled. In most instrum~ntation-networks many single elements
exist that will result in total loss of data in the case of malfunction. Fully
duplicating all system components still does not guarantee a 100% reliability and is
very expensive. During the development of a road warning system the Ministry of
Transport in the Netherlands has developped the concept of "graceful degradation". In
this concept communications and parts of the system are allowed to fail but the road
warning system is still capable of giving warning to motorists based on a reduced (in
some areas local) dataset. Actually this concept is very well know in meteorology.
The quality of a forecast will not degrade significantly if the measurements from a
single instrument or station are not available. In instrumentation networks this
possiblity is often forgotten. A requirement of 10m~ availability cannot be met
neither is it an absolute requirement. One has to allow for some degradation of
operation. This allowance has to be planned and built into the network. Elements do
fail and according to Murphies law they fail at the moment it hurts most. If an
element fails this should not be allowed to hurt the end result and the remaining
functions must allow for time to react on the failure. Even some single elements may
be allowed to fail if sufficient data is still available. We have not used this
concept in our North Sea network, but we are considering it seriously for use in the
future. Examples are:
- local logics and processing capacity at the measurement site to reroute locally or
reformat data-messages
- rerouting of communications along different lines of communication
- overlapping star-type networks.
The concept is aimed at high reliability almost the same as doubling the system, but
as we think at significantly lower costs.

OVERLAPPING STAR NETWORK WITH
REROUTING PACILlTIES

SINGLE STAR NETWORK

o Measorement site

-

@ Data collecling s'ubcentre
• Data collee hng centre

--- Rerouting ophons

Line of communications

(Reference VII.6)

THE EUROPEAN WEATHER RADAR PROJECT (COST/72) TODAY
Jorma Riissanen
Chairman, Cost/72 co-ordination committee
Finnish Meteorological Institute

Abstract

The european weather radar project is in the second
half of its term. Nine countries have formally
signed the Memorandum of Understanding (MoU) of
the project and five others have activelly
participated in it.
The basic planning and study phase has led into a
concrete pilot project by which the value of radar
data as combined from several radars and with
satellite data and exchanged over various distances
will be studied. Several countries act as secondary
data sources and data receivers and the United
Kingdom forms the principal data source, where the
final product is formed and from where it is
disseminated to other participating countries.
It is expected that a short extension to the
project is necessary after which the implementation
project of a co-ordinated european weather radar
network can start.

1

Introduction

The project COST/72 started at the beginning of
1980 after the signature by four european countries
of the Memorandum of Understanding (MoU) (1) of the
project at the end of the previous year. The acronym
COST stands for "Co-operation in the field of
scientific and technical research in Europe" and
this co-operation is carried out under the COST
secretariat of BC. project number 72 has the title
"Measurement of precipitation by radar" calling for
the quantitative use of weather radar data. The main
goal of the project as laid down in the MoU is the
enhancement of the production of weather radar
systems in Europe and of the use of the available
weather radar data. This could be done by;
- collecting information on various kinds
of uses of radar data made in different
countries and formulating user
requirements, which are applicable in many
countries,
- defining the data to be exchanged between
countries,
- developing transmission procedures to be
used in exhanging the data and defining
what transmission media should be used in
the exchange of data,
- encouraging the formation of national
weather radar networks,
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- planning and implementing international"
networks and
- ensuring continuous research and
development in the field.
2

The present status of the project
Five years were originally planned for the
project. More than half of that period has already
elapsed. The number of signatories in the project
has increased to 9 (Denmark, Finland, Federal
Republic of Germany, The Netherlands, Portugal,
Sweden, Switzerland, The United Kingdom) and in
addition to those countries five more have actively
participated in the work of the project (Austria,
Belgium, Ireland, Italy, Spain).
In the early phase of the project the status of
radar meteorology in the participating countries was
investigated and at the same time different
applications in use ~ere also listed. Although it
turned out that different countries had widely
differing uses of data it was possible preliminarily
to define a set of user requirements on radar data
in Europe. In this connection a european weather
radar seminar was organized in the united Kingdom.
This seminar was recognized as the first of its kind
in Europe and it showed without doubts the very high
standard of radar meteorology in the area (2).
The set of user requirements showed that two types
of data have to be exchanged between countries in
Europe. The first type consists of fine resolution
data in time and space (probably even in three
dimensions) which should be exchanged between
neighbouring countries and would be used mainly in
direct operational applications such as short term
weather forecasting. The second type consists of
data, which is of interest generally and should be
exchanged over long distances. The resolution of
this data may be clearly coarser both in time and
space than that of the first type. The project is
now mainly concerned with the latter type of data
and the former is left to bilateral agreements
between interested nations.
Amongst the many possibilities for transmission
media WMO:s GTS was recognized as possibly the most
promising one quite early in the discussions on data
exchanges. Regional Association VI of WMO was
approached on the matter indirectly through a few
Permanent Representatives of the organisation in
Europe and the result was positive leading to the
formation of a regional working group on the
exchange of weather radar data on GTS. The chairman
of the COST/72 co-ordination committee ensuring the
most efficient exchange of information between the
two groups.
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The formation of national radar networks is either
progressing or under very active planning in almost
every'participating country. The national plans are
followed closely by the co-ordination committee and
they are revised in committee meetings and recorded
in the minutes ensuring that plans of neighbouring
countries are known and may therefore be easily
taken into account when national planning is done.
The project developed a plan for an integrated
weather radar network in Europe, basing this
planning on the known national weather radar network
plans (Fig. 1) (3). This plan is also known to have
affected national planning in a few pacticipatinq
countries.
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Fig. 1. The possible european weather radar network.
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In the planning of the european weather radar
network the co-ordination committee at a very early
stage realized that this cannot be done by basing it
only on the experiences of individual countries and
that a concerted action in the form of a test
project should be organized to prove in practice
that the planning is done on sound basis. This pilot
project, where developed procedures and various
ideas will be tested, is planned to last from the
first half of 1984 until the first quarter of 1985.
The following table shows how the various countries
plan to participate to the pilot project. In the
pilot project secondary data sources transmit their
data in digital form to the principal data source
where the pilot project product is formed and sent
to data receivers, where the usefulness of it in
various applications is assessed.
Table
Secondary
Pricipal
Data
data source data source receiver
Austria

Yes

Fed. Rep. of
Germany
France

E 1983

Yes

Portugal

Yes

Italy

Yes

united Kingdom

E

Yes

1983
E 1983

Switzerland

Yes
No

Netherlands
Finland

L 1984

Yes

Sweden

E 1984

Yes

Denmark

L 1983

Yes

E

=

Early

L = Late

Transmission media to be used in the pilot project
vary in different line seqments from public
telephone networks to GTS: Various codes and
transmission procedures are also tested in the pilot
project. The product to be exchanged is a
combination of radar and satellite data covering the
area shown in figure 2.
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Fig. 2. COST/72 pilot project data coverage.
It is understood that the product selected is not
necessarily the one to be finally recommended for
the european exchange, and the coverage of data
should be enlarged to include countries interested
in exchange of radar products. It is also
understood, that agreement in the european product
should be made just as soon as possible. The pilot
project is at the present time the main item on the
project's working agenda.
3
The future of the project

The output from the project is expected to be in
the form of recommendations for the formation of a
european multipurpose weather radar network. Those
recommendations will be given in a final report form
and they should be based on the findings by the
project from the expert knowledge in the field in
participating countries and on the findings during
the organized pilot project.
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In the final report a recommendation will also be
made on how the implementation phase of the european
weather radar network should be organized. There are
at least two options - another COST project or one
permanent organization available (e.g. WMO) - which
could administer the continuation of COST/72. It
anyhow seems guide clear that some kind of a
governing body is needed to follow the
implementation of the network and possibly to form a
european platform for the stimulation and
co-ordination of the practical weather radar
research and for the exchange of knowledge in the
field.
It is also hoped, that the project could be in the
position to formulate definite european reguirements
for the next generation weather radars, which could
be highly competitive in technological and financial
terms with the present qeneration radars so that
many european n~tions c;uld accept it for their
future networks.
The time left for the project in the original MoU
does not make it possible that all, which was
explained above, could be finalised before the end
of 1984. Therefore it is expected that the project
will continue until the end of 1985.
References:
(1)

Memorandum of Understanding for the Implementation
of a European Research Project on Measurement of
Precipitation by Radar (COST Project 72).
COST/300/79.

(2)

COST/72 workshop/Seminar on Weather Radar. H.
Duguesne, DG XII-C-4.

(3)

COST/72, weather Radar Project. BUR 8570 EN.
Cn-37-83-433-EN-C.
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THE OBSERVING SYSTEM OF PROM'S 600, A PILOT STATION FOR THE FUTURE
SWEDISH WEATHER SERVICE
Sverker Magnusson
'ngemar Ud i n
Swed i sh Meteoro logi ca 1 and Hydro log i ca 1 I nst i tute

(SMH')

INTRODUCTI ON
PROMIS 600, a pilot project aiming towards
a future Swedish weather information system, will be started in June 1984. Financial resources have been allocated.
A new developed three-dimensional doppler
radar - with a powerful data processing
capacity has already been installed - and
a processing system for high resolution
satellite data being purchased. They are
essentia 1 components in the PRor~IS 600
observation system which will be described
in this paper.
1.

PROMIS 90

In order to meet the needs of weather
information from a rapidly changing society
and to use the possibilities offered by
modern technology, a concept of a new weather information system for Sweden was worked out, Bodin et al (1979) and Bodin
'(1983). The concept was called PROMIS 90 PRogram for an Operational Meteorological
Information System. The system was designed
for time scales from very short to medium
range forecasts with six Regional Weather
Offices (RW) responsible for the range 0-12
h ahead and a Central Weather Office (CW)
for the range 12 h to 10 days ahead.
The nowcasting and very short-range forecasting at the RW's put new demands on the
system for observation, communication, data
processing, presentation and dissemination.
The observation system connected to each RW
was proposed to contain 50 automatic weather stations, 15 hybrid synoptic weather
stations, 1-2 aerological stations, 2-3
weather radars and connection to a satellite data system.
2.

THE PILOT PROJECT, PROMIS 600

In order to test the PROMIS concept and to
test the response from the customer to nowcasting products - and consequently get
complementary data for the design of PRO~IIS
90 - a pilot project called PROMIS 600 will
be carried out. In PROMIS 600 a first
regional weather office - in accordance
with PROMIS 90 and located to Norrkdping -

will be built up in connection with the
present CW.
The pilot project will run for four years.
During the first and second years the technical system will be built up. Simultaneously development and test of the analysis and forecasting methods will be done
like the dynamical/mathematical modelling.
During the third and fourth years the PROMIS 600 weather office will run operationally and give nowcasting products to its
customers.
The financing of the project has just been
arranged and the start will take place in
June 1984. The meteorological research work
has already been initiated and some of the
sensors already been installed or being
purchased.
3. THE OBSERVATION SYSTEM
The observation system forms a base for the
project. Its principles are shown in figure
1. together with the presentation system.
Datasources as:
- 2 doppler weather radars
- 1 satellite data receiver and processing system for Tiros and Meteosat
- 1 lightning location system
- 40 automatic stations
- 1 radiosonde station
will feed a central computer together with
existing conventional meteorological information. A mix of processed data will be
available to the meteorologist on graphical
colour screens at his working position.
The PROMIS 600 observation system covers a
circular area with a radius of 120 km
around Norrkdping, corresponding to the
doppler mode range of the first radar, (see
figure 2).
The second radar will be located to the
southern parts of Uppland, north of Stockholm, in order to investigate and decide on
methods for merging of data from two
weather radars.
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Fig. 2. The observation area and datasources of PROMIS 600.
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Fig. 1. The observation and presentation
system of PROMIS 600.

3.1 THE DOPPLEK WEATHER RADAR
The first of the two radars has just been
installed at SMHI in Norrkoping and is now
in operational use.
The radar can operate either in doppler or
amplitude (non doppler) mode. The amplitude
mode is used only for the largest measuring
range (480x480 km area), while the doppler
mode is used in lIleasuring ranges corresponding to the PROMIS 600 observation area.

In amplitude mode the preamplifier feed the
preprocessor via the log receiver and the
DVIP from EEC. During the doppler scan the
signals from the echos are received and
amplified in the linear receiver which has
been designed with 90db instantaneous dynamic range to enable rain intensivity measurements from 0.1 to 70 mm/h. In the doppler
mode a short pulse length and two alternating high pulse repetition frequencys (PRF)
are used to ensure a wide range of unambiquous velocity measurements and high attenuation of ground returns. The doppler processing takes place in the preprocesor,
using Fast Fourier Transform techniques.
From the doppler information the preprocessor calculates the radial velocity and the
width of the velocity spectrum which is
correlated to the turbulence.

The doppler capacity makes it possible to
exclude the ground clutter in an efficient
way and to measure the radial velocity of
the echoes.

A block diagram of the radar system is
shown in figure 3.
system.

The linear receiver, the pre-processor and
the radar data processor are developed by
Ericsson Radio Systems and used together
with a C-band radar from EEC. This radar
has a peak power of 250 KW, an antenna with
a d~ameter of 4,2 m and a beamwidth of
0,8 •
The antenna makes two spiral scans - in
amplitude and doppler mode - from 20 0 _
00 each 10 minutes. The scannings is
controlled by the radar data processor (VAX
11/750) .

Information of range, amplitude, wind velocity, "turbulence" and direction is fed to
the radar data processor. The computer calculates the wind and precipitation data and
loads them into a three-dimensional tnemory
in the form of five cartesian volumes.
These are:
- Zl Intensity from long range amplitude
lilode.
Resolution 2x2xl km covering 480 km
square
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- Z2 Intensity from dopp1er mode.
Resolution 2x2xl km covering 240 km
square
- V2 Radial velocity.
Resolution 2x2x1 km covering 240 km
square

-Four sets of the constants A and B can be
chosen by the meteorologist.
I~egotiations

regarding the second PIWMIS

600 radar will be started in the near futu-

re. The radar is planned to have a performance similar to the one in Norrktiping.

- Z3 Intensity from dopp1er mode. ,
Resolution lx1xl km covering 120 km
square

3.2 THE SATELLITE SYSTEM

- V3 Radial velocity.
Resolution lxlxl km covering 120 km
square.

The satellite system will consist of an
antenna/receiving system and a processing
system. It will handle both high-resolution
NOAA data and Meteosat data.

A number defining the width of velocity
spectrum in each cell is included in the
radial velocity volumes.
On command from the meteorologist the computer generates an image displayed on a
colour monitor in a few seconds. They can
be displayed either separately or in
sequence.

The receiving system for the polar orbiters
is already installed and is a DATRON Metrack 8 equipment. The processing system,
PROSAT, is presently being purchased. The
layout of the system is shown in figure 4.
It will consist of bit- and framesynchronizers, host computer (probably a VAX 11/780
or similar), image processing system,
interface to and from other systems etc.

The following images can be. generated:

SMHlsYSTEM

Maximum values (intensity, radial velocity, turbulence etc.) from any volume,
horizontal
IIRPTBIT

'flWtE

SYHtH!srlCl

Two vertical sections with maximum values
from any volume

O»lPUTt~

SVSTE~

IINCL.tPU,OISl:5,
Il'ERATORS(OIlSOlEI

.- Echo-top map, height coded, from any of
volumes Zl-Z3
- Time lapse sequenses, horizontal
- Precipitation pictures, horizontal
- Vertical sections through any pointselected by the joy-stick from any volume
- selected CAPPI-levels, controlled by the
key-board, from any volume, 11 levels
exist. The first is a pseudo level
(lowest scan irrespective of height) the
second to the eleventh are the CAPPIlevels in 1 km steps up to 12 km.
The vertical and horizontal pictures are
treated as separate pictures, i e they can
be combined to show for instance horizontal
precipitation and vertical reflectivity.
Horizontal pictures can be shown independently.
Vertical pictures must be shown together
with a horizontal picture. Pictures can be
stored permanently by the operator. If not
stored permanently generated pictures will
be deleted when the allocated storage is
full.
For precipitation computations the reflectivity values are converted using an exponential relationship, log R = A+BxLog Z.

Fig. 4. General layout of the PROSAT system.

PROSAT will process data for different
areas shown in figure 5. The regional scale
(C and D) will use full resolution of data
e.g. approximately 1 km, while the medium
scale images (A and B) will be presented
with a resolution of 8 km respectively 4
km.
The images wi 11 be user-oriented to make
possible a quick reception of important
information. Multispectral analysis will be
used, classification, calibration, registration, map transformation (polarsterographic projection) etc. After each reception
of new data a set of predefined products
will be made and available to the user (meteorologist) after a limited time, see table 1.
3.3 THE LIGHTNING LOCATION SYSTEM
An important information source in PROMIS
600 is the lightning location system. A
number of detection antennas will be located in the observation area.
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:-Product/Area
1 Large-scale NOAA-image/A one channel
1 Large-scale NOAA image/A two channels
2 Large-scale Meteosat image/A one channel
2 Large-scale

t~eteosat

image/A two channels

u

3 Large-scale Meteosat composite/A

15

u

4 Large-scale Meteosat composite/B

15 "
30 11

6

r~ed;um-scale

cloud top temperature

ana lys i siB
7

I

5 "

15

5 Medium-sca.1e cloud classification/8

""''"

5 rnln
15 "

~Iedium-scale

30
precipitation analysis/B

11

30 "

8 r'ledium-sca le ground and water temperature
ana lys i siB

40

11

g Small-scale cloud classification/5xO

30

11

10 Small-scale cloud top temperature
ana lys i s/5xD

30

11

11 Small-scale precipitation analysis/5xD

30

u

12 Small-scale ice mapping (q-ll/C

15 "

13 Small-scale ice mapping

6D min

Table. 1. Predefined products of PROSAT.

3.5 THE RADIOSONDE STATION
Fig. 5. Map OVer different PROSAT areas.

The processed information from the antennas - sensing the electromagnetic field
from a lightning - gives the position of
strokes. On command frolll the meteorologist
at the working position a plotted map with
information of detected strokes will be
displayed.

An ~erological s~ation using conventional
radl0sonde technlque will be located to the
observation area during the operational
phase of the project. (year 3 and 4)
SO~~dings e~ery three ours are planned
dUrlng speclal campaigns. Data from the
station are fed to the central computer.

Lightning location systems of this type are
available on the market. The manufacturer
has not yet been chosen.
3.4 THE AUTOMATIC WEATHER STATIONS
A network of 40 automatic weather stations
will be built in the area inside the 120 km
circle around Norrkoping (see figure 2).
All stations will give information on temperature, humidity and wind. Some stations
will in addition give information on precipitation, air pressure, radiation. SOllle
few stations will be equipped with laser
cloud height detectors from ASEA and backscatter visibility sensors from AGA. Supplementary sensors will be possible to add.
A layout of a fully equipped station is
shown in figure 6.
The stations have primarily been spread
evenly over the area but other reasons have
also affected the locations, like requirements of weather data from large cormmmities, from important highways, from main
agricultural areas etc.
Data from the sensors will be collected and
preprocessed locally by an automatic data
acquisition terminal (ADAT-3), they will be
transmitted via telephone lines to the
automatic data acquisition central (ADAe)
in Norrkoping and further on to the PROMIS
600 computer system. The acquisition frequency will be selectable with a lrIaximal
rate of data co 11 ect i on every 10 mi nutes.

Fig. 6. PROMIS 600 automatic weather station.

4.

CONCLUSION

The single components in the PROMIS 600
observation system, either hardware or
software are not unique but anyhow close to
the "state of the art". The amount of different types of weather data from such a
limited area is however unique like the
concept of creating an integrated system.
SMHI will in the project carry out observation system experiments and use the results
in creating the future observing system in
Sweden.
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AN AUTOMATIC WEATHER STATION (AWS) NETWORK IN HONG KONG

M.C. Wong, K.H. Yeung, L.K. Yau
Royal Observatory, Hong Kong.

Abstract

A project to increase the meteorological coverage of Hong Kong by
implementing in a phased marmer a network of automatic weather stations is in
progress.
In the initial phase, three field stations will be installed in
1984.
From each field station, data are telemetered over private telephone
lines and/or UHF links to the Royal Observatory Headquarters where a front-end
processor computes the various output products.
A central multiplexing
processor collects the computed data from each front-end processor and routes
them to the various displays and recording devices including a video terminal
and a line printer at the Central Forecasting Office as well as the main
All hardware
computer where data are permanently archived on magnetic tapes.
and software for the telemetry, data acquisition and processing system are
developed in-house and adaptation to meet future requirements can be made
easily. In the later phases of the programme, an automatic weather station is
planned to be sited on a remote island south of Hong Kong where data are
sparse but essential.
As no city power is available on these islands, the
field stations will be powered by solar energy and the current system will be
modified using a low power consumption modular system design concept.

1. Introduction
The automation of synoptic scale surface observations in Hong Kong
began in 1983 with the development of a series of land based automatic
stations.
The first generation stations were designed for data sparse but
developing new town areas where city power is available. Implementation of the
first phase of three automatic weather stations (AWS) began in early 1984 and
a second generation low-power AWS is currently under development.
The primary objectives of the AWS network is to meet demands for
representative meteorological data for engineering projects in areas under
development and to improve the weather services provided to local residents.
The design of AWS network is described in this paper.
2. The Hong Kong Automatic Weather station (AWS) Network
2.1

The Network

The AWS network consists initially of a central station at the Royal
Observatory Headquarters and three field stations at Shatin, Lau Fau Shan and
Chek Lap Kok (Fig. 1) . The choice of location of these field stations was
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- 375 dictated by the requirements of engineering projects in areas under urban
Two more stations will be set up later with one located at a
development.
remote island south of Hong Kong to gather timely data for monitoring tropical
cyclones and other severe weather systems that occur in the northern part of
the South China Sea.
2.2 System Design
station.

The system comprises of a number of field units and a central
A system block diagram is shown in Fig. 2.

The field unit consists of a sensor suite, a data acquisition
controller and a telemetry transmitter.
Up to 16 sensors can be used at each
field unit. The minimum set usually consists of a wind direction sensor, a
wind speed sensor, a dry bulb thermometer, a wet bulb thermometer or dew cell,
a pressure transducer and a tipping bucket raingauge.
The output of each
sensor is an analogue voltage in the 0 - 10 V range.
A data acquisition
controller based on the 38P70 microprocessor samples these analogue signals at
a rate of 1 sample/channel/second, digitizes them into 12-bit binary data ,
serialises and transmits them with header information via the telemetry
transmitter to the central station at the Royal Observatory Headquarters. The
telemetry transmitter consists of a single chip modem interfaced to either
private telephone lines or a UHF transmitter.
The central station consists of a telemetry receiver, a data
conversion controller, a front-end processor and a multiplexing processor. A
separate set of telemetry receiver, data conversion controller and front-end
processor is assigned to each field station.
The telemetry receiver consists
of a single chip modem interfaced to private telephone lines or a UHF
receiver. It receives and demodulates the incoming signals from the field
station.
The 38P7Q-based data conversion controller decodes the serial data
and re-constructs the analogue signals using D/A converters to enable
recording on chart recorders as well as processing by the front-end processor.
The Z80-based front-end processor samples the analogue signals at a rate of 1
sample/channel/second, digitises them into 12-bit binary data and computes the
various output products.
The basic computations in the front-end processor
produces 1-minute mean or accumulated values and extremes from which running
mean or accumulated values and extremes corresponding to longer periods are
derived.
The latest set of values computed by the front-end processor is
stored in solid state memory. The Z8Q-based multiplexing processor collects,
groups and re-formats the computed data from each front-end processor and
routes them to the various display and recording devices (see Table 1). The
latest reports from all field stations are grouped into a composite report for
display on the video termina.l in the Central Forecasting Office (CFO). On the
oath and 30th minutes of each hour the displayed data are dumped onto a line
printer which serves as temporary archive. These data are also stored in the
multiplexing processor's own solid state memory. About 40 hours of the latest
half-hourly reports for 5 stations can be saved in memory for subsequent
examination.
The data which goes to the main computer are stored on hard
disk in real time and eventually archived on 9-track magnetic tapes.
Control of the operation of the multiplexing processor is done via
the same video terminal in the CFO.
All operator commands are implemented as
single-key entries from a command menu displayed at the bottom of the screen.
These commands enable the forecaster to set the real-time clock of the
multiplexing processor, search and display past reports, go forward and
backward from the searched report, dump the searched report on the printer and
temporarily exclude a certain station from the network
(eg.
during
maintenance).
The time critical tasks in the front-end processor and the
multiplexing processor are interrupt driven to speed up system response.
For
example, the time required to search for a past report or the time to go
forward or backward from a searched report is only a fraction of a second.
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Table 1.
Output product name

1•
2.
3.

4.
5.
6.

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
3.

Specification of AWS output products
Transmitted via mutliplexing processor to
main computer CFO terminal CFO printer
every minute
every minute every;D min

1-min scalar mean wind direction
1-min scalar mean wind speed
1-min max wind speed (instantaneous)
1Q-min scalar mean wind direction
1Q-min scalar mean wind speed
1Q-min max wind speed (instantaneous)
6Q-min prevailing wind direction
6Q-min prevailing wind speed
6Q-min max wind speed (instantaneous)
1-min mean dry bulb temperature (TT)
1-min mean wet bulb temperature (TW)
Dew point from TT and TW
Relative humidity from TT and TW
Maximum of TT since local midnight
Minimum of TT since local midnight
Time of' maximum TT (nearest minute)
Time of' minimum TT (nearest minute)
1-min mean station level pressure
1-min mean sea level pressure
1-min total rainfall
15-min total rainfall
6O-min total rainfall
Total rainfall since local midnight

Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
Y

Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y

Y

Y
Y
Y

Y
Y
Y

Y

Results

A prototype AWS has been installed for operational testing since
February 1984 and its performance has been satisfactory so far.
Real-time
display of data on a video terminal and the ease with which past data can be
searched, displayed and printed prove to be very helpful to the forecaster.
4.

Future Development

In the current version of the AWS field unit, the electronic package
and some sensors are power consuming. As such, it is not suitable for remote
sites where city power is not available. A new version using low power sensor
and CMOS electronics is now under development.
The computation of output
products will be transferred from the front-end processor at the central
station to a microprocessor (NSCSCO) at the field station.
The output
products will be transmitted in short bursts to the central station at regular
time intervals so that the'UHF transmitter needs to be switched on for about
10 seconds every half hour to conserve power.
Development of the low power version is expected to be completed
early 1985. It is planned that all future AWS will be of this type.
5.

in

Reference

Guide to Meteorological Instruments and Methods of Observation, pp
22.1 - pp 22.16, WMO NO.8, fifth edition, World Meteorological Organization,
1983·
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EXPERIENCE OFA SOLAR RADIATIONNET1WRK IN SWEDEN USING AUTOMATIC
DATA ACQUISITION TECHNIQUES

L. Dahlgren and S. Magnusson

Swedi.sh Meteorological and Hydrological Institute
S-601]~

Norrk~ping. Swe~en

THE NET wOH j(

THE STATION

The Swedish solar radiation network
consi.sts today ~f 12 fully autnmati.c
stations. They have been delivering
data regularly .since January. 1983.
The aim of this network is to create
a base of meteoro log i c.al data for
solar energy applications. The
configuration of the n~twnrk is
s how ni n fig 1.

The principle of the standard
solar racliationstationis shown
in fig 2. The radiation senSor
equipment consists of one
horisontally mounted pyrannmeter
for global rad~attonand one
Wind

Blower

"

sensor.oob--ll

Pyranomefer

....

TAFS "8001

Dir.radilltion
Gloo.rudhtion
Wind,s d

Wirddiredion
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Rel. humidi
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Telephone line

AzUnuth
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Fig. 1.'J'he Swedish solar radiation network.

Fig. 2. 'J'he standard solar radiation station.
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pyrheliometer mounted on an automatic
suntracker for direct solar radiation
measurements. The station has also
sensors fo~ measuring wind,
temperature and humidity. Data are
collected and pre-processed by means
of a microprocessor controlled
automatic- logger, TAFS 8001 by ASEA
(fig 3).

Fig. 4. Pyranometer with ventiZation
device.

However, due to the influence
of wind and atmospheric
longwave radiation, the
displacement is not constant
and that will of course rllake
such a correction less accurate.
The ventilation has appeared to
be fully capable of preventing
frost and dew formation on the
glass dome, but on occasions with
freezing rain or heavy snow tt
may take a couple of hours to
evaporate the ice or snow cover
after the precipitation has
stopped.
Direct radiation is measured
with Eppley NIP pyrheliometer
mounted on an automatic suntracker
(by ASEA} (fig 5) which is controlled by the microprocessor of the
automatic logger. There does not
Fig. 3. The microprocessor-controZZed
Zogger.

Global radiation is measured with
Kipp & Zonen CM10 pyranometers
equipped with a ventilation device
which prevents the deposition of
hoar frost and dew on the glass dome
(fig 4). The ventilation air is
slightly heated, because it has
appeared that the blower motor
itself canriot produce enough heat
to defrost the gla~s dome during
severe frost conditions. While an
unventilated pyranometer of the
Eppley PSP or Kipp & Zonen CM5 or
CMll type exhibits a zero - point
dis~lacement ranging from -4 to 0
W/m as revealed by night
values, the corresponding values
of a ventilated Plranometer range
from -2 to +2 W/m •
At the evaluation of data a correction is automatically made by the
computer as determined from night
records.

Fig. 5. PyrheZiometer with suntracker.

seem to be a need for defrosting
the glass window of the NIP,
because it points downwards at
night and is therefore not exposed
to radiative cooling towards the
clear sky. Deposit of freezing
rain or foy droplets may of course
occur on rare occasions.

- 381 A message from a standard has
essentially the following
contents:

At all stations the sensors are
mounted on a standard platform,
2x3 m in size~ which is put on
the ground (fig 6) or on the top
of a building (fig 7) depending
on the horizon at the site. At
ground stations the electronics
are mounted inside a small wooden
house erected next to the platform.

a) mean values of
direct solar radiation
- global solar radiation
- duration of bright
sunshine
calculated over periods
of 6 minutes.
b) mean values of
- temperature
- wind (direction and speed)
- relative humidity
calculated over periods
of 1 hour.
c) mean values of
- direct solar radiation
- global solar radiation
- duration of bright sunshine
caculated over periods of
4 hours. This makes it
possible to retrieve hourly
mean values in case of missed
telephone connections.

Fig. 6. Standard station placed on the ground.

d) Instantaneous values valid at
time of interrogation of
- calculated value of the time
equation
- suntracker's hour angle
(calculated and measured)
- suntracker's elevation angle
(calculated and measured)
for remote check of the
suntracker function.

Fig. 7. Standard station placed on a building.

The loggers at the stations are
interrogated via the switched
telephone net twice an hour by
a central computer at SMHI in
Norrkdping and transmits data
valid for the previous hour.

At the field stations at Lund,
Norrkdping, Stockholm and Lulea
also the atmospheric longwave
radiation is measured with Eppley
PIR pyranometers equipped with
ventilators without heating of the
air. Presumably, due to the physical
properties of the interference
filter dome of the pyrgeometer, it
does not lose as much heat to the
night sky as does an ordinary
glass dome. That could explain
why it is not necessary in this
case to add any extra heat to
the ventilation air.
At Lulea and Norrkoping the
measuring programme is extended
to include radigtion on surfaces
sloping 90 0 , 60 and 30 0
to south.

At the main staion in
Norrkoping an autonomous,
computer controlled data
logger fom Hewlett Packard
is used for data acquisition
in connection with calibration
of pyranometers, pyrheliometers
and other radiation sensors
for the network. This logger is
also used for research and test
purposes within the solar
radiation project.
THE CALIBRATION
The radiation sensors at the
stations are replaced once a year
with in~truments that have been
calibrated at the central
station in Norrkoping. In doing
so the pyranometers are
compared with a standard CMll
pyranometer which has been
frequently calibrated against the
reference pyrheliometer A 171. The
NIP pyrheliometers are compared
directly with A 171.
At the calibration the cosine
response of the pyranometers can
be studied by means of daily
automatic plots showing the
ratio between the measured value
and a reference value
as a function of the solar
altitude. The latter value consists
of the sum of the diffuse
component measured with a
pyranometer shaded with a
moving disc and the direct
component measured with an
Eppley NIP.. However,
the measurement of the direct
component is not accurate
enough for such an application
and therefore only a single
calibration constant for
each pyranometer is used
presently.
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the n mate he d with it sin t erface and both are always
exchanged simultaneously.
A11 station loggers
can therefore use the same
calibration constant for a
certain type of sensor. That
means that all standard
stations can use the same
programme for the
microprocessor and that no
modification must be made
when exchanging a sensor.
This procedure makes it easier
to performe several kinds of
local data processing, such
as calculation the duration
of bright sunshine by
discriminating the d~rect
radiation at 200 W/m .
MAINTENANCE OF THE STATION
The sensors are inspected
every day by a member of the
local staff and the glass
domes or ~uartz windows of
the instruments are cleaned.
,Regularly, once a year the
station is visited by a member
of technical staff of SMHI
for replacement of the
radiation sensors. control
of the logger and calibration
of other sensors. Due to
technical problems on an
average one more visit has
been made to the station
during the same year.
On an average 3% of expected
data were lost during the
first year of operation. In
most cases the losses were
eau sed by III a If un ct ion 0 f the
telephone modems the telephone network. the logger and
minor errors in the .programme
of the microprocessors.

It is hoped that
a better characterization of
the pyranometers wi 11 soon
be possible by using an
absolute pyrheliometer as
reference instead of the
NIP. In that case a
calibration factor will
be used that is a function
of the solar altitude.

Also the central acquisition
computer has been out of
function at a few occasions.
An even better access to data
is expected in the near future
when a new central acquisition
computer will come into
operation.

Each radiation sensor has
its own exchangeable
interface card with an
amplifier. The amplification
is adjusted individually
at the laboratory in
Norrkoping according to the
calibration constant of
each sensor. The sensor is

The central acquisition
computer produces a warning
message if data are missing
or if the values are exceeding
fixed limits or if the position
of the suntracker does not
conicide with the calculated one.
At the evaluation of data a
second automatic quality

AUTOMATIC DATA CONTROL

control is made by comparing
measured global radiation
values with the extraterrestrial
radiation on a horizontal
surface. Also the consistency
between global and direct
radiation is checked.
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