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PREFACE
The present publication had its origin in 1983 .at the first session
of the CIMO Working Group on Instruments and Methods of Observation for
Surface Data when it was decided to prepare, as a contribution to the
Integrated System Study of the World Weather Watch, a practical guide for the
person who has to install and maintain instruments and systems for surface
observations in a developing country. It was decided that the material should
contain information on practical considerations in selecting meteorological
instruments which are most suited for specified local conditions and
information on factors to be considered before the selection is made.
The drafting of the material was assigned to Mr. E. Engawi, one of
the members from Saudi Arabia of the Commission for Instruments and Methods of
Observation and a member of its Working Group on Methods of Observation for
Surface Data. After seeking information and advice from many Members, the
first draft of the guide was prepared by him in 1984 and circulated to other
members of the Working Group for comment. The final version, which is
contained in the present publication, was completed by him after taking into
account the comments received.
The WMO Executive Council has expressed the op1n1on that major
emphasis should be given to the preparation of guidelines for selecting
cost-effective instrumentation which could also be easily operated and
maintained in developing countries. The preparation and issue of this
publication in the "Instruments and Observing Methods Report" series is in
line with this view.
WMO wishes to take this opportunity to express its sincere
appreciation to Mr. Engawi for preparing this valuable report.
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CHAPTER 1 - SPECIAL PROBLEMS OF DEVELOPING COUNTRIES
1.1

General

1.1.1
The purpose of this guidance material is to assist developing
countries in planning, implementing and improving meteorological surface
observations.

1.1.2
Most of the developing countries are located in a harsh climate and
environment, sometimes with extreme weather conditions. Thus a developing
country may require an observing system which has to cope with more severe or
more widely varying conditions than those in some developed countries.
Furthermore, in a developing country economic considerations and the
efficient use of the available skilled manpower are important factors in the
establishment and operation of a meteorological observing network.
One solution to this problem can be a complex and costly system which
a developing country may not have the resources to acquire or to maintain.
Hence, the need for a careful evaluation of all the factors involved in order
to arrive at an optimum solution.
1.1.3
It is fair to say that a developing country may have to put more care
into the choice of a component of an observing system than would a developed
country. While the latter may find it easier to make changes, if needed, to
cope with any subsequent problem, a developing country is likely to have
difficulty in allocating its skilled manpower to undertake an in-depth study
of a new observing system.

1.1.4
It can only be said that prov1s1on of sufficient resources for such a
study can provide significant benefits in the future. However, it should also
be noted there is often no complete solution to the problems and that
compromises will be necessary. The best solution will only be achieved by
starting from a careful evaluation of the results to be achieved (including
priorities where more than one goal may be acceptable) and of the resources
which can be made available for the task.
1.1.5
This chapter discusses some problems likely to be encountered in some
developing countries and offers examples of possible solutions to the problems.

1.2

Climate

1.2.1
This section is confined to a consideration of climatic factors in
relation to the measurements which it is desired to make. The effects of
atmospheric conditions on the performance of instruments and systems will be
discussed in section 1. 3 "Environment".

1.2.2
Some of the more difficult problems in rainfall measurement
encountered by some developing countries are due to the wide variation of
precipitation during the year, with a dry season often characterized by small
infrequent rainfalls and a wet season with intense falls of large amounts.
The choice may then be between:
(i)

one observing system which measures one type of fall,
imperfectly or not at all;

(ii)

two systems which may have to be operated side by side.
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1.2.3
It is not practicable to operate the system on a change-over basis
because during the rainfall transition period both heavy and light falls may
be encountered.
1.2.4
A raingauge with a fairly small collecting area of say about
200 cm 2 employing a tapered measuring cylinder for small falls and a dip-rod
for larger falls (WMO- No.8, Section 7.2.3) is an appropriate solution for
the ordinary raingauge network.
1.2.5
For automatic recording of rainfall a tipping bucket gauge
(WMO- No.8, Section 7.3.3) with an electrical recorder is perhaps the best
option. An additional advantage with this system is that the recorder can be
housed indoors (See paragraph 1.3.8). Electricity can be provided by mains or
batteries or batteries recharged from mains if the latter supply is err~tic.
1.2.6
For countries which experience significant snowfalls, but where a
substantial part of the precipitation is liquid, gauges with collectors at a
higher level than normal and above the level of accumulated snow may be the
only practical solution. Wind shields can be used in windy locations. A
tipping bucket raingauge may be the best solution to the problems of
automatically measuring precipitation which includes some snowfalls.
1.2.7
For countries where the major precipitation is in the form of snow
there is little which can be added to the guidance already provided by WMO
(WMO- No.8, Section 7.4).
1.2.8
Another major problem related to climate in some developing countries
is the measurement of wind speed at stations where winds of above 50 m s- 1
are encountered in tropical cyclones. It is not yet practicable to achieve
satisfactory linearity and distance constant (WMO- No.8, Section 6.3.1) and
with one anemometer with a range of 1-100 m s- 1 • Note that the anemometer
must be capable of withstanding winds of the maximum value without damage.
1.2.9
A solution to the problem is to have two anemometers. The first
would provide, inter alia, wind measurements before the approach of a cyclone,
say to 30 m s - 1 • It may be accepted that such an anemometer might not
survive winds of above 50 m s- 1 •
1.2.10
The second anemometer may have an unacceptable performance at lower
speeds (say below 10 m s- 1 ) but would even be capable of surviving and
measuring reliably winds of even 100 m s- 1 • It would probably be necessary
to accept that such an anemometer would provide only a record, not available
until after the wind has diminished to a safe level.
1. 2.11
Another problem which can be considered under "climate" is the range
of pressure to be measured throughout the network if station elevations differ
widely. It is tempting to employ a pressure sensor with say a 200 hPa range
rather than one with a 100 hPa range (the latter being sufficient to cope with
the range of pressures normally experienced at one station). The wider range
instrument can be used without adjustment at all stations in the network but
only at the expense of reduced sensitivity.

1.2.12
A better solution is to employ the same general type of instrument
throughout the network but with the smaller span of measurement provided that
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the mid-point of the span can be adjusted to several values depending on the
elevations of stations in the network. The selection of a barograph is a
typical example of this problem.
1.3

Environment

1.3.1
Under section 1.2 "Climate" the range of conditions to be measured
has been considered. Under "Environment" the discussion will be confined to
the effects of the environment on the performance, reliability and durability
of the system used. For example, sand can abrade or block equipment, low
temperatures can cause ink to freeze in recorders, high temperatures and high
humidity can cause corrosion problems, particularly in coastal environments
and so on.
1.3.2
An important factor for a developing country to keep in mind is that
many instruments with proven performance and in widespread use, may have been
designed for, and operated in, a limited range of environmental conditions.
These may have included few severe conditions, or may not have included the
particular types of conditions encountered in the developing country concerned.
1.3.3
In choosing an instrument or system it is essential for the
prospective user to obtain adequate evidence that the equipment has been
operated under the specified environmental conditions, routinely and reliably,
and at a sufficient number of stations, without excessive attention for
operation and maintenance. For example, a developed country having generally
a mild to warm climate but also a very few alpine stations, may be able, by
providing special care and attention, to operate at these stations instruments
not specifically designed for alpine conditions. But a developing country
would find it difficult to make such special arrangements.
1.3.4
It is also important to be aware of the ways in which the instruments
have been used in severe environments. For example, in a highly developed
country, recording raingauges employing a metal float may be protected from
damage due to freezing by an electrical heater (WMO- No.B, Section 7.3.2).
Such a solution may not be appropriate for a developing country which should
look to alternatives such as plastic floats, or a system which does not employ
a float at all. Simple solutions may sometimes be effective in overcoming
problems. In the example given above it may be practicable to bring the float
assembly indoors during periods of frost.
1.3.5
In some cases it may be necessary to depart from the ideal exposure
conditions in order to enable the system to keep performing under adverse
conditions. Particular examples are the heights of precipitation collectors
and thermometer screens to prevent burying by sand or snow. In such cases a
difficult choice must be made between comprising the representativeness of all
measurements or taking steps to ensure that the system keeps functioning under
severe environmental conditions which may be encountered only rarely. Similar
remarks apply to the use of fences or barriers to prevent interference by
humans or animals.
1.3.6
A hazard likely to be encountered in developing countries is dust
from unpaved roads and airport runways. taxiways, etc. This may cause
difficulties with some sensors (e.g., for humidity) which have been proven
reliable in more favourable situations.

(WWW 1751)

- 4 1.3.7
The need to ensure that systems, particularly anemometers and their
supports, survive the strong winds likely to be encountered with tropical
cyclones does not require emphasis. However, many otherwise adequate systems
fail, not directly because of the force of the wind, but indirectly due to
impact on wind-borne objects. At stations subject to very high winds
anemometers should be sited as far as possible away from sources of wind-borne
debris. This may require remote sites with telemetry back to the observatory
(a potential source of debris) but telemetry poses other problems, see
paragraph 1.3.8 below.
1.3.8
As well as assisting in exposure problems, short distance telemetry
of say up to 2 Km from sensors to processors, recorders and displays located
indoors is a way of protecting elements of an observing system from a harsh
environment. Obvious disadvantages of such a system are cost, complexity, and
the need for reliable power supplies. Less obvious is the vulnerability of
cables to excavations, particularly due to development work (possibly more
likely to be encountered in developing countries due to expansion and
reconstruction). In some cases over short distances, battery powered radio
links may help in this regard.
1.3.9
It is necessary to ensure that all components of a system are
suitable for the environment concerned. Sometimes a manufacturer will modify
nearly all components of a system to suit a particular environment but neglect
some essential component. This can result, for example, in recorders suitable
for hot humid conditions but not in charts which are able to withstand
hygroscopic effects. Components may be supplied which are corrosion resistant
(because they were originally designed for marine use) but housings used may
be vulnerable to corrosion (because they have been designed only for dry
inland conditions).
1.3.10
As stated earlier, the ideal solution to the problem of environment
suitability is to obtain evidence that the total system has operated in the
destined environment. Particular care must be taken with offers of a system
proven for another environment, even if accompanied with promises to modify it
to suit the new conditions.
1.4

Material Support

1.4.1

General

1.4.1.1 In
relation to
maintenance
and manuals
1.4.2

this section the special problems of developing countries in
the resources needed, other than manpower, for the operation and
of observing systems are discussed. Manpower (including training
or handbooks) is discussed in section 1.5.

Power

1.4.2.1 Many developing countries have problems with the regularity and
reliability of power supplies or the use of more than one type of power supply
in the country. It is important to obtain from the power authority concerned
a complete description of the supply. Even if the observing system supplier
has experience in the country, it does not necessarily follow that he can
supply equipment suitable for the power supplies available.
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1.4.2.2 It is essential that the equipment offered has adequate protection
from damage due to power surges or connection by unskilled personnel to a
wrong supply.
1. 4. 3

Consumables

1.4.3.1 A factor which often causes an otherwise satisfactory system to fail
is the inability to obtain consumables such as charts, ink, pens, etc. A
developing country may represent a very small part of the market for the
system concerned, or sources of supply may be limited, e.g., to only one agent
who may not have a specialized knowledge of the equipment.
1.4.3.2 Adequate assurances must be obtained that the supply of a consumable
will be available during the expected operational life of the system.
Therefore, there are advantages in systems for which consumables are
obtainable from more than one supplier and, preferably, from more than one
manufacturer.
1.4.3.3 Another solution to the consumables problem is to make an initial
purchase of several years' consumables, but only provided that the items will
not deteriorate in store. Care must be taken also to ensure that the local
agent is not meeting orders for consumables from stocks, the quality of which
has deteriorated, having been on the shelf too long a time.
1.4.4

Water

1.4.4.1 In a developing country the quality of water may be variable,
particularly in regard to dissolved minerals. Where systems employ water in
substantial quantity (e.g. evaporation pans), provision must be made for the
availability of adequate quantities of water of quality suitable for reliable
measurements, without damage to the equipment. It may be necessary to select
systems which, although otherwise less attractive, do not need water of high
purity.
1.4. 5

Spares

1.4.5.1 The remarks given above under section 1.4.3 "Consumables" generally
apply to spares. However in a developed country many spares for a system may
be purchased "off the shelf". In a developing country such spares may not be
available in that way and the system supplier may either not include them as
specialized spares for the system or may do so, but at high charges
appropriate to special items.
1.4. 6

Logistics

1.4.6.1 Here the developing country should consider its own special problems
for delivery and installation of the equipment. For example, is the system
suitable for transport over rough roads or is it suitable for air shipment?
Will the equipment deteriorate if exposed to extreme heat or cold before
installation (e.g., equipment intended for use indoors being stored in the
open)? Does installation or maintenance require special facilities not
available in the country? For example, servicing an anemometer on top of a
high mast which cannot be climbed or lowered may require a mobile crane.
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1.4.6.2 A possible solution to the problem of installation and maintenance is
to use one or more mobile workshop/laboratories to permit maintenance and
calibration, or at least the checking of instruments in the field. This may
be more economical and practical than returning instruments to a central
maintenance point, or providing tools and test equipment at many points.
1.4.6.3 One factor often overlooked both by purchaser and supplier is the
need for specialized tools and test equipment. Such items may be readily
available in a developed country and therefore not be regarded by the supplier
as "special". However, they may be scarce in a developing country.
1.5

Manpower

1.5.1
A developing country often has difficulties in providing manpower
with adequate skills to operate or maintain equipment. Care is, therefore,
needed in selecting systems appropriate for the manpower likely to be
available. For example, it may be necessary to decide between options such as
the following:
(i)

labour intensive to operate and maintain but only requiring
simple skills;

(ii)

highly automatic with first-line maintenance by replacement
plug-in components. Maintenance other than first-line by
contractor (e.g., the supplier);

(iii)

training of operators and technicians by the supplier;

(iv)

major maintenance and recalibration outside the country (if
shipping and customs formalities permit).

1.5.2
Consideration should be given to obtaining systems employing the same
technology as that in use elsewhere in the country, but with care that
obsolete systems are not obtained as a result.
1.5.3
The availability of handbooks in the appropriate language and style
for both operators and maintenance technicians must be ensured. Purchasers in
developed countries may have themselves the resources to provide these, so the
manufacturer may not have readily available handbooks suitable for a
developing country.
1. 6

Cost

1.6.1
This is obviously a major concern of many developing countries. It
is important here to look at the total costs of a system over its lifetime and
not only the initial costs. Total costing is discussed in a number of
publications and is summarized by S. Huovila (Reference 3) as comprising four
components: Product Cost, Resource Cost, Operating Cost and Contingency
Cost. It is important to indentify and cost all sub-components e.g., under
Product Cost not only the basic price but also the cost of installation,
testing, taxes, duties etc. Resource Cost includes site works etc. while
Contingency Cost includes possible risks in the planned purchase. Because
cost considerations are so important for developing countries, the paper by
S. Huovila is included as an Appendix to this publication.
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CHAPTER 2 - FACTORS TO BE CONSIDERED IN CHOOSING A SYSTEM
2.1

General

2.1.1
This chapter contains a detailed discussion of the often conflicting
considerations which must be taken into account when choosing a system for
surface observations. Some of these considerations have been mentioned in
Chapter 1 as examples. As stated in that chapter all the factors require
careful evaluation to arrive at the optimum decision.
2.1.2
In many countries, because of resource limitations, one particular
station and its observations must serve many purposes. A station may at the
same time, be required to be synoptic, climatological, aeronaut~cal as well as
agricultural, and perhaps some of the observations may also be used for
special research purposes. The data for these different purposes may be
archived and presented differently but, one single set of sensors and on
station processor and recorders may be used for all. In such cases it is
useful to rank in order of priority all the requirements which could be met so
as to be able to eliminate the lower priority items if other considerations
make this necessary.
2.2

Reliability

2.2.1
The most important criterion which an observing system must meet is
the desired reliability. The user must be able to have confidence that the
data will be available when it is needed and that their quality will meet at
least the minimum needs. If an observing system is not reliable, then its
output is of little value. Thus, it serves little purpose to have a system
which, even though not expensive or is easy to use or maintain, if it is not
reliable, it would be better for a developing country not to make an
observation at all rather than to expend its limited resources on an
unreliable system.
2.3

Accuracy

2.3.1
Accuracy of measurements is fully discussed in WMO- No.8,
Section 1.7. In order to achieve reliability, a developing country may find
it preferable to aim at the minimum permissible accuracy for a limited range
of applications (see Section 2.1) rather than the highest possible accuracy
for the widest range of applications.
2.3.2
However, where the data are to be used for climatological purposes,
it should be noted that the very word "developing" has connotations of future
requirements being perhaps more stringent than current needs.
2.4
2.4.1

This question has already been discussed in section 1. 2 "Climate".

2.4.2
In general wide-range instruments have advantages in regard to
standardization throughout the network and greater certainty of measuring
extremes. However, they may either cost more or have lower accuracy, or both.
2.4.3
In particular, the specification of non-standard ranges to a
manufacturer should be avoided, if possible, as it complicates supply problems
and increases the cost.
(WWW 1751)

- 8 -

2.4.4
If it is necessary to employ instruments with different ranges, then,
if possible, the one general type should be used so that maintenance
procedures, and as many spares as possible, are standard throughout the
network.
2.4.5
In considering the possible range of instruments, consideration
should in some cases be given to more than one type of instrument at a
station. This has been discussed in section 1.2. Different instruments even
at one location can be regarded as belonging to different "stations". For
example an anemometer with a range of 30 m s- 1 installed for an aeronautical
station plus another with a range of 10 to 100 m s- 1 , could form the wind
measuring system for a synoptic and climatological station.
2.5

Measurement of rare events

2.5.1
By "rare events" is meant extreme values occuring infrequently (say
on the average only once in every 5 years or less frequently) or types of
phenomena, e.g., snowfall, occuring say once or twice a year. By employing an
instrument which cannot measure the rare event (e.g., a precipitation gauge
which cannot measure snow) considerable reduction in the resources needed for
operating the system may be possible. It is then necessary to decide whether
measurement of the extremes is sufficiently important. It may be of general
and, or, of scientific interest, but may not be important for public safety or
national economy.
2.5.2
It is important, however, that a measuring system should be able to
survive the rare event without damage and recommence measuring once the value
of the element returns to within the range of the instrument.
2.6

Support Services

2.6.1
Some aspects of the question have been referred to in sections 1.4.2
and 1.4.4. If the system requires a highly stable power supply, this may be
arranged by interfacing with stabilizing equipment but at the penalty of
additional cost and complexity.
2.6.2
Alternatively, a reliable power supply may be obtained from batteries
and these could be charged by the mains even if the mains are not fully
reliable. A sometimes overlooked solution is to arrange connection of a
system to a special and secure power supply e.g., for an airport or a
hospital. The practicability and cost of these various alternatives must be
considered and if necessary, systems not requiring electrical power must be
selected (See section 2.13).
2.6.3
Care must be taken that the systems offered do not require
environmental conditioning (e.g., removal of dust, heat, moisture). The cost
of taking measures for this purpose can be high and can preclude the use of a
system at some or all stations.
2.6.4
All in all, it may be better for a developing country to obtain a
more tolerant system even at extra expense. Certainly, it is essential that
prospective suppliers be informed in detail of the operating conditions and
they should guarantee that their system will meet these conditions.
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2.6.5
As stated in section 1.4.4 systems using large quantities of water or
requiring water of high purity can be a problem, particularly if connection to
water mains is required. These aspects should be taken into consideration in
regard to both the type of equipment and the materials used in the system and
the site of the equipment.
2.7

Ease of use

2.7.1
This is the most important factor in ensuring reliability. The more
complex the operating procedures and instructions, the higher will be the
skill needed by the staff and consequently the higher will be the level of
training necessary.
2.7.2
Extra expenditure to achieve simplicity is a worthwhile investment.
Systems where data are displayed digitally or where computations are done
automatically, should be considered. However, simplicity can carry penalties,
e.g., a digital precision aneroid barometer is simpler to use than a mercury
barometer, but requires more frequent calibration and may be more costly.
2.8

Automatic versus Manual Operation

2.8.1
Automatic operation in this context means unattended operation except
for maintenance (including, for non-reporting stations, the extraction of the
stored data). The benefits of automatic operation are in the reduction of the
observer work force at the station and in their associated supporting costs
(housing, transport etc). The penalties are that automatic systems and their
maintenance are complex and expensive.
2.8.2
In considering an automatic system, it is essential to ensure that
costing is thoroughly carried out, having regard to all factors. In some
cases an economical compromise may be possible, for example, at airports which
are not used at night, observers might be employed during daylight and a
simple automatic weather station, which does not measure cloud base height or
visibility, used at night (WMO- No.8, Section 22.1.2). Where the
observations from an automatic station are needed for immediate use (e.g., for
synoptic purposes), alternative provision must be made for the quality control
normally provided by the observer.
2.9

Calibration and Checking

2.9.1
In deciding on which system to adopt for a particular observation, it
is important to consider the calibration and checking system needed to ensure
the accuracy and reliability of the system. Financial and other
considerations applicable to the establishment of central facilities for
calibration and of mobile facilities for on-station checking and, perhaps,
calibration, will not be the same (See also paragraph 1. 4. 6. 2). Thus
consideration must be given to:

(WWW

(i)

how frequently do the network systems need checking?

(ii)

are they sufficiently portable to be returned to a central
point?

Ciii)

must they be sent outside the country for re-calibration and
is this practicable having regard to customs formalities,
shipping problems etc?
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With the more complex electronic systems (e.g., automated
meteorological observing systems at aeronautical stations (WMO - No. 8,
Section 16.12), built-in checking facilities should be incorporated into the
system as far as possible. If removal of sensors from the system for checking
is required, provision must be made for reconnecting the components to the
system in a satisfactory and convenient way, having regard to the difficulties
of making "weather proof" electrical connection in a harsh environment.
2.10

Maintenance

2.10.1
The amount of maintenance required is an important consideration in
the adoption of a system. In developing countries problems can arise after
the initial maintenance by the supplier (say for the first 12 months) has
ended.
2.10.2
It is important to obtain adequate evidence of the amount of
maintenance needed as experienced by other users in a comparable environment.
Caution should be exercised in considering equipment which:
(i)

is so new that it does not have a record of service for an
adequate period;

(ii)

has not been operated in a comparable environment;

(iii)

requires maintenance technicians with skills not readily
available in the country.

2.10.3
Where training of local technicians is provided as part of the
project, it is essential that arrangements be made to train their replacements
as the need may arise in the future. It should be noted that technicians with
special skills may be quickly attracted away by other opportunities and may,
therefore, leave their initial employer.
2.10.4
It is essential that technicians-in-training receive adequate
practical experience with the equipment concerned. This can be achieved by
their participation in the setting up, testing and acceptance of the system.
2.10.5
Arrangements must also be made for the provision of adequate and
appropriate tools and test equipment and transport for technicians. There
should be adequate consultation with prospective suppliers conerning the types
of tools, etc. required and their availability in the country (see also
section 1. 4. 6) .
2.11

Quality control

2.11.1
If the observing system is new to the country, then information on
the type and amount of quality control needed should be obtained from the
supplier or another user of the system. Arrangements should be made for
providing instructions and training to the quality control personnel, who
should at least be familiar with the instructions given to the staff who will
operate the system.

(WWW 1751)

- 11 2.12

Location of data-processing systems

2.12.1
Level-I data (WMO -No. 544, Part I, Section 2.6 and Part V,
Section 1) may be converted into Level-II either on station or at a central
point, depending on the type of system used and the location of staff with the
required skills. Conversion at a central point is usually more practicable
for data not required for immediate use. The advantages of central processing
are that it reduces the need for skilled staff skills at the station and it
permits recording on media e.g., magnetic tape, which can be automatically
processed.
2.12.2
The disadvantages of central processing are that station staff may be
under-utilized and, if quality control is not undertaken at the station,
considerable amounts of data may be in error before a fault is discovered
during central processing. Also, if large quantities of data are involved and
manual data extraction methods are used (e.g., in scaling autographic
instrument charts), there may be too much work to be conveniently undertaken
at one point and it may be necessary to distribute it throughout the network.
2.12.3
If no records are to be automatically processed then the central
processing equipment can be complex and expensive. Also if central data
processing is contemplated, then often no record is retained at the station
and it is essential that a reliable way of transferring the records is
established.
2.13

Location of recorders and displays

2.13.1

Observing systems can be considered under two broad classifications:
(1)

where the record or display is closely associated with the
sensor, or,

(ii)

where there is considerable separation between the components
which are linked by a telemetry system, usually electrical
cable.

2.13.2
The former class is represented by a family of instruments such as
the mechanical thermograph (WMO- No.8, Section 4.6), or, hair hygrograph
(WMO - No.8, Section 5.3) which have changed little, if at all, over the last
half-century during which they have been in widespread use in most
Meteorological Services. Their advantages lie in simplicity, robustness,
reliability, portability and low cost. One of their disadvantages is that the
whole of the measuring and recording system is exposed, with the sensor, to
environmental conditions (dust, heat and cold). Another disadvantage, and one
which may increasingly pose a problem, is the limited availability of skills
to maintain the older technology (e.g., spring driven clocks). Finally,
because charts are used as a recording medium, data extraction must be partly
or fully manual unless expensive and complex systems (e.g., optical character
readers are used. Manual data extraction may or may not be a problem
depending on the availability and cost of suitable manpower and the quantity
of records to be processed.
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The latter class is represented by electrical thermometers
(WMO- No. 8, Section 4.7) or, very commonly, electrical anemometers
(WMO - No.8, Section 6.3) - for which telemetry is usually essential to
provide a satisfactory exposure (WMO- No.B, Section 6.6). The advantages are:
(i)

satisfactory exposure without long distances of travel by
observers (an increasingly important factor at larger
airports);

(ii)

the recorder and processor can be protected from the
environment (see section 1.3);

(iii)

the suitability of the system for automatic recording and
processing.

The advantages have been discussed in section 1.3.
2.13.4
An important consideration is exposure. If at least a reasonable
sensor exposure cannot be provided without telemetry, and, if telemetry cannot
be provided because of cost, availability of power etc, then serious
consideration should be given to whether the observation should be made at
all. However, telemetry should not be resorted to if observations will be
unreliable due to power supply or cabling problems.
2.14

Manufacturer's Support

2.14.1
Before any system is purchased assurances must be available that the
manufacturer can supply adequate maintenance and operating instructions and
advice during the installation and commissioning phase (if the supplier is not
to undertake this as part of the contract).
2.14.2
The maintenance and operating instructions, which should be separate,
must be in a style appropriate to the personnel who will use them. It is not
appropriate to have day to day operating instructions distributed throughout a
very large and detailed system handbook which covers all aspects from theory
of operation to major overhauls.
2.14.3
The instructions must be in an appropriate language. If they are
required in a language different from the original then the standard of
translation must be technically adequate.
2.14.4
In the longer term the supply of spare parts and consumables must be
assured over the expected life of the system. This means not only that they
should continue to be manufactured, but also available to the country
concerned and at reasonable cost.
2.14.5
Preference could be given to manufacturers whose equipment is in
widespread use. Particular preference could be given to systems where some
parts are used in a wide range of equipment, not necessarily meteorological,
in the country. However, where "widespread" is associated with use over a
long period of time, care is needed to ensure that the system is not
obsolescent or about to become so, with the possibility that some spares will
shortly cease to be available.
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CHAPTER 3 - CONCLUSION
3.1
It is not possible in guidance material of this nature to provide
clear-cut rules which will make the choice of a system automatic. The factors
which have been mentioned must all be weighed carefully not only by the
developing country concerned but also by the donor country, if any, or WMO, as
appropriate. Consideration must be given as far as is practicable to all
factors which will apply over the expected life of the system. This is
necessary to avoid situations which may arise later on, such as lack of
spares, consumables, or maintenance personnel which would cause failure of an
otherwise excellent system.
3.2
Guidance should be obtained from the relevant technical publications
of WMO in addition to the present publication. Advice might also be sought
from other countries which have encountered similar problems either in their
own networks or in providing aid to developing countries. Advice and
assistance could also be sought through the technical co-operation activities
of WMO.
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COST-EFFECTIVENESS 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.
National administrative procedure normally specifies the main fe~tures of the
government's purchases but does not necessarily deal with the different
components needed for evaluating an optimum among the available purchasing
alternatives.
Fortunately, more advanced evaluation schemes have been compiled in
several countries for contracting policy and guidelines. Such schemes can
also be used when purchasing meteorological equipment of rather higher cost.
As an example, the following four cost elements are identified in a Canadian
guide for the use of Life Cycle Costing for contracting:
- Product Cost (P)
Resource Cost (R)
- Operating Cost (0)
- Contingency Cost (C)
systematic consideration of these elements and their relationship results 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 cost-effectiveness 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.
These expenditures include installation, testing and documentation, software
programmes, packaging and transportation, taxes and duties etc. In particular
individual software requests or changes may turn out to be more expensive than
the basic price and the costs of software programmes 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.

*

Reproduced from the WMO Instruments and Observing Methods, Report No. 15
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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, transformers and voltage stabilizers etc. 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 expenditure.
Cost 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 institue or another government agency.
4.

Operating Cost

The Operating Cost consists of direct and indirect running costs as
well as of maintenance and modification expenses. The direct running costs
include building, equipment and personnel costs, which can be estimated rather
accurately whereas indirect running costs contain more obscure expenditure
such as support 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 automated meteorological stations such
as ocean buoys and platforms. Modification costs include modernization of
equipment or systematic replacement of defective system components. Large
modifications may be included in capital costs. A modification can lead to
considerable savings, 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. However, these precautions do not cover the cost of lost
time and efforts.
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, complete losses are to be expected at
times on the high seas or in space and upper-air activities whereas partial
damage can sometimes occur e.g., because of stormy winds or lightning. The
possibility of vandalism may also have to be taken into account.
6.

Total Costs

The composition of the Total Life Cycle depends largely on the
relative weight 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
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Product Cost but simultaneously decrease the Operating Cost by reducing the
number of operators. The target level of automation is thus a
cost-effectiveness appraisal in which several optima are possibly depending on
the relations between investments and salary costs in different countries.
The Product Cost and the Resource Cost can roughly be estimated to be
inversely proportional to the useful life time of the equipment. This means
that by an extension of the life time an expensive investment (main computer,
telecommunication equipment or weather radar) may be very cost-effective,
Unfortunately, the rapid evolution of electronics today offers resistance to
this principle by making sophisticated and expensive equipment very soon
obsolete and outdated. The sales policy of some manufacturers supports the
same tendency if the company is no longer willing to sell spares or to take
care of these young but dying electronic patients. A sound method of avoiding
too 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 high and
several methods of improving their economy are being investigated. Ocean
weather ships and upper-air sounding stations are typically costly to
operate. Reduction of manpower by automation, 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 modest
in comparison with the salary costs of Meteorological Services. However, the
increasing complexity of modern systems together with their decreasing useful
life time is continuously adding to the relative share of investments in
annual budgets. More attention should therefore be given to a competent
purchase and procurement.
Lawyers and commercial experts can be consulted in order to minimize
commercial risks discussed under Contingency Cost. On the other hand, very
little domestic expert advice is normally available, in particular in
developing countries, for compiling an appropriate request for tenders. It
may happen that no single tender is found to be relevant or, still worse, that
a contract is made but the purchase turns out to be a complete failure, the
equipment never working properly and the invested money being practically lost.
A list of technical requirements, to be appended to the request for
tenders and, possibly, to the contract documents, should contain e.g.,
information on power at the installation site (voltage, frequency, stability),
critical dimension (distance between sensors and transmitters/receivers, space
or weight limitations), requirements for spare parts and maintenance,
compatibility requirements with attached or neighbouring equipment (if the
equipment is intended to replace a part or to be a complementary part of
another system and possible interference with other systems (in particular at
airports, observatories or telecommunication and computer centres). An early
consideration of these and related items normally saves money and effort.
Also dubious tenders and quotations are less likely to arrive.

(WWW 1751)

APPENDIX, page 4

Last but not least: what is the order of importance when purchasing
meteorological equipment? 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 and calibration
equipment. Even the best computers cannot improve the situation if the data
flow contains a lot of rubbish. Popularly such operations are called the GIGO
(garbage in - garbage out) law of computers. Unfortunately, the importance of
basic observations is sometimes forgotten when commercial siren calls inveigle
decision makers into premature purchases.
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