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The first edition of Guidance Material on the Choice ofMeteorological Instruments for Surface
Data Suitable for Use in Developing Countries, written by Mr E.S. Engawi, was issued in the
Instruments and Observation Methods Report No. 18 in 1983. The eleventh session ofthe Commission
for Instruments and Methods Observations (CllvlO-XI, held in 1994) considered it appropriate to review
and update this publication to satisfy the continuously increasing need for more and better quality
observations. This is particularly important in the light of capacity building related to meteorological
instruments and for exploring the potentials of Meteorological Services in developing countries for
increased technical self-sufficiency. Mr lB. Odero, Kenya, member ofthe CIMO Working Group on
Surface Measurements, was invited to take on the task.
This updated edition should serve as a practical guide to meteorological officers, and particularly
instrument technicians, with regard to the choice, installation and maintenance of instruments and
systems for surface observations in developing countries. It is also useful for mangers responsible for
planning and conducting procurement ofequipment. The report considers factors such as environmental
conditions, costs and other considerations that have to be faced on a daily basis. However, while doing
so, it also should ensure standards required ofWMO Member countries are achieved in a cost effective
manner.
There is a strong emphasis placed on factors, other than the purely technical specifications, which
will impact the cost and maintainability ofthe equipment over its lifetime. This guidance will be useful
also to suppliers with little experience with the needs specific to developing countries. Consideration
ofthese factors can lead to procurement of equipment which minimizes the cost of ownership over its
lifetime. These considerations are specifically addressed in the Annex written by S. Huovila, a former
president ofCIMO.
The recommendations and guidance offered in this report are consistent with the Guide to
Meteorological Instruments and Methods of Observations (WMO-No. 8) but provide some useful
complementary information. A further update of this publication may be required as the needs and
constraints in developing countries change. I am convinced that the present edition contains information
currently useful for practical application.
I wish to thank Mr lB. Odero, Kenya, for his effort in drafting this valuable report. I am also
grateful to Dr R Canterford and Ms D. Thistlethwaite ofthe Bureau of Meteorology of Australia, who
have assisted in its revision and update. I am also thankful ofthe support given to this undertaking by
the Meteorological Department of Kenya and the Australian Bureau of Meteorology.

(Dr. 1. Kruus)
President of the Commission for
Instruments and Methods of Observation
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1.

SPECIAL PROBLEMS OF DEVELOPING COUNTRIES

1.1

Introduction

The National Meteorological Services of developing countries face very serious personnel, technical,
technological, organizational and financial problems in their task of measuring meteorological variables and
disseminating data. This has been especially prevalent in the area of technological expertise and selection and
purchase of equipment. Hence, the main objective of this guidance material on the choice of meteorological
instruments is to identify ways of assisting developing countries in planning, implementing and improving their
meteorological surface observations.
Several ofthe developing countries have to cope with severe climatic and harsh environmental conditions,
ranging from very high temperature and humidity to torrential rain fall and extremely high wind speed, especially
in areas affected by tropical cyclones. Only a few related Member countries regularly experience strong frost
conditions making measurement of some variables such as precipitation easier. Some areas suffer weather
conditions so extreme that make it impossible for humans and other living creatures to survive. Therefore, there
is a great need for a developing country to acquire observing systems which can forecast and provide valuable
information relating to weather and climate. These systems should be designed such that they can perform well
under the harsh environmental conditions. However, the acquisition and maintenance of such systems is often
beyond the capability of many developing countries, basically because of lack of resources, both fmancial and
human.
When selecting instruments/equipment for general or specific applications, it is highly recommended to
initially consult the Guide to Meteorological Instruments andMethods o/Observation (Guide), WMO-No. 8.
The Guide provides information on:
i.)
ii.)
iii.)
iv.)
v.)

the function of instruments for measuring the main meteorological variables;
the general performance characteristics of instruments;
siting and exposure of instruments;
calibration and maintenance; and
accuracy requirements of users.

In addition to this, it might be useful to fmd out whether there are already WMO publications available,
especially in the WMO Instrument and Observing Methods Report series, in which results ofWMO instrument
intercomparisons have been published. Besides information on the performance characteristics of
sensors/instruments of various manufactures, compared at trials under operational conditions, conclusions and
guidelines are given for application, data corrections, etc.

1.2

Factors affecting climate

Any factor which alters the earth's radiative budget (ie radiation received from the sun or lost to space),
or which alters the re-distribution of energy within the atmosphere and between the atmosphere, land and ocean
will affect climate. Greenhouse gases, aerosols (small particles) from volcanoes, emissions of sulphate from
industrial and other sources can absorb and reflect radiation. In most cases, aerosols tend to cool the climate.
Any changes in the radiative balance ofthe Earth will tend to alter atmospheric and ocean temperatures and also
the associated circulation and weather patterns.
The projections of future concentrations of greenhouse gases, aerosols and other chemical constituents
are used in climate measuring models to estimate the climate response. Atmospheric models have proved to be
capable of reproducing a range of aspects of atmospheric variability. However, they require substantial
adjustments to fluxes of heat and fresh water so as to achieve a realistic simulation of present climate. The
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meteorological observations made throughout a region are an essential input to monitoring the climate, studying
climate processes and helping in the development and validation of atmospheric circulation models.
The following sections highlight some of the parameters which we require meteorological instruments
to measure for climate purposes and the problems often encountered in their measurement in developing
countries.
1.2.1

Precipitation

Water falls on the earth's surface in the form ofrain, snow, sleet, drizzle or hail and is deposited on it
in the form of dew and frost. The purpose of precipitation measurements is to obtain as much information as
possible about the amount and temporal and spatial distribution of this precipitation.
However, measurement of precipitation is faced with some serious problems. Measurement should be
made oftotal precipitation, whether ofrain, hail or snow in the form of liquid water. During the periods of frost,
in the case ofthe tilting siphon rain recorder, if water in the float freezes, then the float will be fixed in position
by the ice which forms on the water surface. Hence, a known volwne of ethylene glycol or some other antifreeze
agent should be added to the contents of the rain gauge (WMO-No.8). Developing countries which experience
winter temperatures below zero degrees Celsius should consider such measures. In areas where snow falls the
use of a shield (e.g. Canadian Nipher type) is also recommended to minimize losses due to wind (WMO-No.8).
A rain-gauge with a fairly small collecting area of say about 200 cm2 employing a tapered measuring
cylinder for small falls and a dip-rod for larger falls (WMO-No.8) is an appropriate solution for the ordinary
rain-gauge network.
For automatic recording of rainfall a tipping bucket gauge (WMO-No.8) 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). Electricity can be provided by mains or batteries or batteries recharged from mains if the latter
supply is erratic.
The accuracy of the measurement with a rain gauge depends, to a great extent, on its exposure to wind
and also on the disposition and height of surrounding objects. The wind eddies around the gauge interfere with
the water collection, with up-currents reducing the catch and down-current increasing the catch. Therefore, after
selecting the most suitable gauge, it should be suitably installed to achieve maximwn accuracy.
1.2.2

Wind speed

Another major problem in some developing countries relating to recording climatic parameters is the
measurement ofwind speed at stations where winds of above 50 ms·1 are encountered in tropical cyclones. It is
as yet difficult to achieve satisfactory accuracy (WMO - No. 8) with one anemometer with a range capable of
withstanding winds ofthe maximwn value without damage. When planning the installation of an anemometer,
measures should be taken to protect from lightning and these should be included in the installation requirements.
The cost saving made by not installing lightning protection is a false economy. The mast and anemograph
recording unit require protection against damage by lightning. An earth termination of not more than 10 ohms
resistance should be installed.
The installation oftwo anemometers to achieve measurements over the required range should be avoided
on the grounds of cost, maintenance and standardisation. WMO docwnents (see WMO - No. 8) should be
consulted on the recommendation of a single instrument which will suffice for the range of conditions
encountered.
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1.2.3

Atmospheric pressure

The range ofpressure to be measured throughout the network may pose a problem 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 pressure normally experienced at one station).
The wider range instnunent can be used without adjustment at all stations in the network but only at the expense
of reduced sensitivity.
A better solution is to employ the same general type of instrument throughout the network but with the
smaller span ofmeasurement provided that the mid-point ofthe span can be adjusted to several values depending
on the elevations of stations in the network. The selection of a barograph is a typical solution.
Sources of errors in barometer measurements are many and hence precaution is necessary when selecting
instruments. The properties of the bimetallic strip used in the aneroid barometer should be carefully studied.
The properties of aneroid systems depend on the elastic properties of the aneroid and the supporting spring, if
any. Therefore, in selecting an aneroid barometer, it is recommended to get one with a bimetallic link inserted
in the system, or one which has some gas in the chamber. Either of these will eliminate the possibility of errors
due to changes in temperature.

1.3

Environment

In order to meet the needs ofpeople, nations must develop their resources. However, the resultant growth
in industry and agriculture can create severe problems, many of which are of global concern. Global warming,
ozone depletion, soil degradation and hazardous wastes are examples of current environmental issues which are
common worldwide. In an attempt to manage the environment, it is necessary to have information concerning
pollutants and their concentrations.
Under 1.2 "Climate" the range ofconditions 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
ofthe 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.
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 and operated in a limited range of environmental
conditions. These may not have included severe conditions or other particular types of conditions encountered
in developing countries.

In choosing an instnunent 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, with an acceptable level of maintenance. For example, a developed country
with a generally 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 fmd it difficult to make such special arrangements.
Some of the measures recommended for developed countries to operate instruments under extreme
"conditions may not be appropriate or possible in less developed countries. For example, recording rain gauges
employing a metal float may be protected from damage due to freezing by an electrical heater.(WMO - No. 8).
Developing countries may seek an alternative solution to this problem by using either a plastic float or a system
which does not employ floats at all. Simple solutions may be effective. It may be necessary to bring a float
assembly indoors during periods of frost.
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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. A particular example involves height of the installation
ofprecipitation collectors and thermometer screens to prevent burying by sand or snow. In such cases, a difficult
choice must be made between compromising the representativeness of all measurements or taking steps to ensure
that the system keeps functioning under severe environmental conditions, which albeit may be encountered only
rarely. A similar decision is involved in the use offences or barriers to prevent interference by people or animals.

A hazard likely to be encountered in developing countries is dust from unpaved roads, sandstorms, etc.
This may cause difficulties with some sensors (e.g. for humidity) which have been proven reliable in more
favourable situations.
There is a need to ensure that systems, particularly anemometers and their support, are able to survive
the strong winds likely to be encountered with tropical storms and other severe weather events. 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, anemometer should be sited as far as possible away from sources
of wind-borne debris. This may require remote sites with telemetry back to the meteorological station (a
potential source of debris) but telemetry poses other problems (see below). As well as assisting in exposure
problems, short distance telemetry of say up to 2 km from sensors to processors and recorders and displays
located indoors are a protection for an observing system against 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 excavation and construction). In some cases over short distances, battery powered
radio links may help in this regard. Before considering the use of radio links it should be determined whether
permission for such links is required from the national authority responsible for radio-frequency allocation.
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 and 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

This section deals with the special problems of developing countries in relation to the resources needed
(other than manpower) for the operation and maintenance of observing systems. Human resource issues
(including training and manuals or handbooks) are discussed in section 1.5.
1.4.2

Power supply

The power rating ofinstruments is of prime importance when a choice of systems is being made. Most
ofthe instruments on the market are designed for 110 or 230 VAC. Acquiring instruments with a power rating
suitable to the country or area where they are to be used is imperative.
Where mains power is to be used with instrumentation a complete description of supply should be sought
from the power authority to ensure that it is suitable for use with the instruments. It is also essential that systems
used have adequate protection from damage due to power surges or incorrect connection by installers and
operators.
Many developing countries have problems with the regularity and reliability of power supplies. It is
therefore essential that a stable and reliable power supply is guaranteed by the mains, or measures have to be
taken to secure an alternative supply of power such as solar energy or battery.
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Solar power may not always be a viable option. Although energy can be stored, storage may not be
sufficient to ensure supply during extended cloudy periods, such as occur during the monsoon season. Other
sources of electrical energy should be investigated, but research in this area may prove costly, and it may be
advisable for developing countries to procure instruments which can be operated on battery power. This will
probably be the most viable option when installing instruments in remote areas where mains electricity is not
available.
1.4.3

Consumables and spares

This is one area which severely affects the continuous operation of instruments in developing countries.
Whereas in developed countries, consumable and spares can usually~:::be bought directly off the shelf, in
developing countries arrangements for their importation must be made, usually with the provider of the
instruments concerned. Under certain circumstances, delivery of spares may take weeks or even months. When
the goods have been delivered to Customs, the procedure to clear them may be lengthy and may result in a period
ofa month's delay before the spares are eventually able to be fitted to the equipment/instrument concerned.
Therefore, maintenance procedures for these instruments should ensure planning in advance for the
procurement of consumable and spares. Alternatively, when the contract agreement is being signed, adequate
assurances should be made such that the supply of consumable and spares will be available during the expected
operational life of the system. Another solution with more durable consumables is to purchase and stock
sufficient to cover a considerable period. With spares, the manufacturers should be frank and pinpoint
components oftheir instruments/equipment which are prone to failure, so that they may be bought in bulk and
stored.
1.4.4

Mineral resources

Increasing industrial development has placed increasing demand on the world's mineral resources. These
resources are non-renewable and as extraction increases, methods of recycling have to be investigated to ensure
availability of certain essential minerals and metals for future generations. The reduction in the rate of
consumption of certain metals such as aluminium can be attributed in part to the increasing use of plastics.
1.4.5

Water

In developing countries, the quality ofwater may be variable, particularly in regard to dissolved minerals.
Where systems employ water of substantial quality (e.g. evaporation pans and wet bulb thermometers), 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 initially more
expensive, are not as subject to corrosion and last much longer in harsh conditions eg Stainless steel evaporation
pans rather than galvanised iron.
1.4.6

Logistics

Here the developing country should consider its own special problems for delivery and installation of the
equipment. For example, can the system survive transport over rough roads or must it air shipped? 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
· COlll1try? For example, servicing an anemometer on top of a high fixed mast may require a mobile crane. A mast
· which may be lowered for servicing of the anemometer would provide a solution to this problem.
It may be advantageous to find a local solution to the problem ofinstallation, 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.
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One factor often overlooked, both by purchaser or supplier, is the need for specialized tools and test
equipment. Such items may be readily available in developed countries and therefore not be regarded by the
supplier as "special". However, they may be scarce in a developing countries.

1.5

Human resources

Developing countries often face difficulties in finding local people with adequate skills to operate or
maintain equipment. Therefore, care should be taken to select systems appropriate to the available indigenous
level of expertise. With the purchase of complex systems, training should be contracted, preferably at the
factory, before the system is delivered. Depending on the complexity of the instruments/equipment ordered, on
the spot training provided by the supplier may also be considered, as this provides the opportunity to involve
more staff members of the Service concerned.
Consideration should be given to acquiring systems employing the same or complementary technology
as that in use elsewhere in the countl)', but with care that this strategy does not result in the purchase of obsolete
systems.
Handbooks in the appropriate language and style for both operators and maintenance technicians are
essential. These should be provided at the time of purchase by the manufacturer, preferably as part of the
contract, but where this is not possible they may alternatively be developed in-house.

1.6

Costs

This is obviously the major concern of developing countries. It is important to look at the total cost of
an instrument/system over its lifetime and not only simply the initial purchase cost. Total costing is discussed
in a number of publications and is summarized by S. Huovila (see Appendix) as comprising four components:
Product Cost, Resource Cost, Operating Cost and Contingency Cost. It is important to identify and cost all subcomponents e.g. under product cost include not only the basic price but also the cost of installation testing, taxes,
duties, etc. Resource Cost includes site works etc., while Contingency Cost include possible risks in the planned
purchase.

1.7

International cooperation

There is a very wide scope of activities relating to environmental management in which co-operative
action is effective, beneficial and even essential for control or solution of environmental problems. These
activities, conducted within local areas, regions and globally, include infonnation collection and dissemination,
regulation setting and control and collaborative research and monitoring to protect the environment and preserve
natural resources. For instance, UNEP's endeavours to protect the environment and to enhance the awareness
are channelled through a family of organizations.
Through international co-operation, some of the obsolete instruments in developed countries may be
donated to developing countries where they will still be very useful. However, care should be taken that the
shipment and installation, if applicable, ofthe instruments/equipment is economical, that the equipments are well
documented, that the accuracy and reliability ofthe measurements is adequate to the needs and that the operation
can be guaranteed for a certain period, i.e. that servicing and maintenance can be secured by staff and that spare
parts and consumables are available.
It may be advantageous in some regions to set up an instrument calibration and maintenance centre
available to service a group of countries outside of the responsibility of the National Meteorological Services
concerned. This will require shipment of instruments from Services in the region to this calibration centre. To
expedite calibration, transportation, and repair of instruments co-operation and goodwill between participating
countries will be essential.

-6-

2.

FACfORS TO BE CONSIDERED IN CHOOSING A SYSTEM

2.1

General

There are several factors which need to be considered when choosing meteorological instruments. These
factors can he arranged in the following order of importance:
a.)
b.)
c.)
d.)
e.)
f.)
g.)
h.)

Accuracy
Reliability
Simplicity
Ease of reading and manipulation
Robustness and durability
Low cost of maintenance
Low initial cost
Supplementary factors

Much care is required when making the selection of meteorological instruments which have to be
maintained in continuous operation and are usually either partially or wholly exposed to the weather. It must be
kept in mind that most meteorological observers can not give the same level of maintenance care and attention
to the instruments as a trained instrument-technician. Also, many instruments are located at a large distance from
workshops or repair facilities. As a consequence, complicated or fragile instruments which are easily damaged
or require constant adjustment are only suitable for use in observatories where the necessary attention can be
given. All these factors require careful evaluation so that one may arrive at the optimum decision when choosing
instrumentation.

In most countries, because of a lack of sufficient resources and the requirement for unified observations,
a station and its observations must serve many purposes. For instance, a single station may be required to
operate as a synoptic, climatological, aeronautical and also agricultural station. Perhaps some of the observations
may also be used for special research purposes. The data for these different purposes may be achieved and
presented differently, but one single set of sensors and recorders and one station processor may be used for all.
In such cases, it is useful to rank in order of priority all the requirements which need to be met so as to eliminate
the lower priority items.

2.2

Accuracy requirements

Accuracy ofmeasurements is fully discussed in WMO No. 8. More information on users' requirements
can be found for the application required in the relevant WMO Manuals and Guides and especially in WMO No. 544 Manual on the Global Observing System and WMO - No. 488 Guide on the Global Observing System.
In order to achieve reliability, a developing country may fmd it preferable to aim at the minimum permissible
accuracy for a limited range of applications (see Section 2.1 above) rather than the highest possible accuracy for
the widest range of applications.
...
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.
. . Therefore, a system that can maintain its accuracy for a long time should be preferred. For high accuracy in an
instrument to be sustained, maintenance and repairs to the instrument should be done promptly as required. This
may prove difficult to achieve in developing countries because of lack of spares and other shortage of other
:related resources.

-7 -

2.3

Reliability

The most important criterion for an observing system is the desired reliability. The user must have
confidence that the data will be available when it is needed and that quality of data will meet at least minimum
requirements. If an observing system is not reliable, then its output is oflittle or no value.

2.4

Simplicity of design

The design of instruments should be improved such that they become less complex, thereby making it
easier for technicians to understand their operation. Developing countries still lack highly qualified people who
can operate and maintain complicated instruments. As highly technical expertise is expensive it is desirable for
most of the instruments/equipment bought by or provided to developing countries to be reasonably simple in
design so that the local instrument technicians can easily repair and maintain them.
2.5

Ease of reading and handling

Ease of operation is a very important factor in ensuring reliability. The more complex the operating
procedures and instructions, the higher will be the skill needed by the operating staff and consequently the higher
will be the level oftraining necessary.
Extra expenditure to achieve simplicity is often a worthwhile investment. Systems where data are
displayed digitally or where computations are done automatically, should be considered. However, simplicity
may carry penalties, e.g. a digital precision aneroid is more simple to use than a mercury barometer, but requires
more frequent calibration and may be more costly.
The system chosen should be robust and easy to transport, operate and repair. Most systems, when
transferred from one site to another, will need adjustment and possibly calibration before they can provide a
desired level of accuracy.
Instruments should be selected for ease of repair where components are easily identified and accessed
and thus the unplugging of a component is a simple procedure and does not involve unnecessary disassembling
and then resoldering etc.
It should not be forgotten that modem instruments/equipment employ highly sophisticated software in
their operation. Therefore, the user should not only ask the provider for a documentation manual for the
hardware involved, but also sufficient information on the associated software package(s). This is of utmost
importance when an amendment to the software is required, e.g. for an automatic weather station if a change in
the Synop Code is needed. (This assumes that the software is able to be modified). Furthermore, for equipment
for which such amendment can be expected the necessary steps for re-programming should be well prescribed
by the supplier so that the work can be easily carried out by the responsible local technicians. If this is not
possible, a significant time delay has to be expected in getting the amendments done by the manufacturer's
experts and significant costs are to be anticipated.

2.6

Robustness and durability

To reduce the expenses of transportation and installation, the system should be compact and robust.
Equipment should be chosen for durability under the appropriate conditions, especially in countries where climate
is harsh, eg very hot or very cold. In countries where funds are scarce it is particularly important to select
equipment on the basis of longevity and reliability. Replacement and repair of equipment are expensive items.
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2.7

Low cost of maintenance

The design ofthe system dictates the amount of money that should be reserved for its maintenance. This
required level of maintenance is an important consideration for the choice of an adequate
instrument/equipment/system in developing countries. Problems which arise after the initial maintenance period
included in the purchase price by the supplier (say for the fIrst 12 months) are often difficult and expensive to
rectify. It is important to obtain adequate evidence of the level of maintenance needed as experienced by other
users in a comparable environment.
Caution should be exercised in considering equipment which:
i.) is new on the market and does not have an adequate service record;
ii.) has not been operated in a comparable environment; and
iii.) requires technical maintenance skills not readily available in the country concerned.
Where training oflocal 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 is common experience that technicians
with special skills may be quickly attracted away by other opportunities and thus may leave their initial employer.
An excellent way for technicians-in-charge to gain adequate practical experience with the equipment
concerned is to ensure their participation is engaged in the setting up, testing and acceptance of the
equipment/system.
The logistics, in particular relating to the initial stages of the project, should be arranged in consultation
with prospective suppliers so that adequate and appropriate tools and test equipment and transport for
technicians are provided as part of the contract (see also section 1.4.6).

2.8

Low initial cost

It is not always advisable to purchase cheap items. In the long run, one may end up spending more on
maintenance. Therefore, to reduce downtime, it is cheaper to buy a reasonably expensive piece of equipment
which will operate for a long time without any major repair.

2.9

Supplementary factors requiring consideration
Other factors which might be considered are:

2.9.1

Range of measurement

In general, care should be taken to select reliable, durable instruments which cater for measuring the
extreme values of a given variable in a given location. While this may seem obvious, extreme values may often
be neglected when choosing instrumentation. In doing this it is important to keep in mind the importance of
standardisation of instruments throughout the network.

If it is necessary to employ instruments with different ranges, then, if possible, the one general instrument
type/brand should be used so that maintenance procedures, and as many spares as possible, are standard
throughout the network. In particular, the specifIcation to a manufacturer of non-standard ranges should be
avoided, if possible, as it complicates supply of spares and consumables and may also increase the cost.
In considering the possible range of measurement of instruments, consideration may in some cases be
given to more than one type of instrument at a station, but this should be avoided if at all possible on the basis
of cost and maintenance alone. This has been discussed in section 1.2. Different instruments even at one
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location can be regarded as belonging to different "stations". For example an anemometer with a range up to 30
ms-I installed for an aeronautical station plus another with a range up to 100 ms·l , could form the wind measuring
system for a synoptic and climatological station. A better solution would be to investigate state-of-the-art
anemometers.
2.9.2

Measurement ofrare events

By "rare events" is meant extreme values occurring infrequently (say on the average only once in every
5 years or less frequently) or types of phenomena, e.g., snowfall, occurring say once or twice a year only. 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 ofthe extremes is sufficiently important. It may be of general and/or
scientific interest, but may not be important for public safety or national economy.
It is important that a measuring system be able to survive the rare event without damage, and
recommence operation once the value ofthe element returns to within the range of the instrument.
2.10

Support services

Some aspects of the question have been referred to in sections 1.4.2 and 1.4.6. Ifthe 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.
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 solution sometimes overlooked is to arrange connection of a
system to a special and secure power supply e.g., for an airport. The practicability and cost of these various
alternatives must be considered and if necessary, instruments/systems not requiring electrical power must be
selected (See section 2.13 below). However in this case no automatic measurements can be carried out, which
could be a significant deficiency.
Care must be taken that the systems offered do not require air conditioning where this is either impossible
or not affordable. It may be better for a developing country to obtain a system more tolerant system to extremes
of climate, even at extra expense. Certainly, it is essential that prospective suppliers be informed in detail ofthe
operating conditions and that they guarantee that their system will meet requirements.

2.11

Automatic versus manual operation

Automatic operation ofan instrument/equipment 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 disadvantages of such automated systems are that their maintenance and servicing
is more complex and expensive and usually needs well educated and trained experts.
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. Here observers might be employed during day time and a simple automatic weather station
used at night. 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.
Excellent information can be obtained from the WMO publication "Guidance on Automatic Weather Stations
and their Implementation" (in press IOM series).
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2.12

Calibration and checking

In deciding on which instrument/system to adopt for a particular observation, it is important to consider
the calibration checking 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 onstation checking and, perhaps, calibration, will need to be addressed (See also paragraph lA.).
Thus consideration must be given to:
i.) How frequently does the instrument/system's network system need checking?
ii.) Is the instrument/system sufficiently portable to be returned to a central workshop?
iii.) Must the instrument/system be sent outside the country for re-calibration and is this practicable
having regard to customs formalities, shipping problems, etc. ?
With the more complex electronic systems e.g., automatic meteorological observing systems at
aeronautical stations, instruments/systems with built-in checking facilities should be selected where possible.
If removal of sensors from the system for checking is required, provision must be made for reconnecting the
components to the system satisfactorily and conveniently, having regard to the difficulties of making "weather
proof" electrical connection in a harsh environment.

2.13

Quality control

If the observing system is new to the country, then information on the type and amount of quality
assurance of observations 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 the least be familiar with the instructions given to the staff who will operate the system.

2.14

Location of data-processing systems

The disadvantage of central processing might be 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. It is recommended that staff members available should carry out the task of
establishing and performing real-time quality assurance procedures to widely guarantee homogeneous and
reliable observations. Also, iflarge 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.
Level I-data (WMO - No. 544, part I, Section 2.6 and part V, Section I) normally needs to be converted
into Level-II data, either on station or at a central point, depending on the type of system used and the location
ofstaffwith the required skills. Conversion at a central point is usually more practicable for data not required
for immediate use. The advantages ofcentral processing is that it reduces the need for skilled staff at the station
:':rind permits recording on media, e.g. magnetic tape, floppy disks, etc., which can be automatically processed.
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, often no record is retained at the station and it
is essential that a reliable way of transferring the records be established.

2.15

Location of recorders and displays
Observing systems can be considered under two broad classifications:
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i.) where the record or display is closely associated with the sensor, and
ii.) where there is considerable separation between the components which are linked by a telemetry
system, usually electrical cable.
The fonner class is represented by a family ofinstruments, such as the mechanical thermograph, which
have changed little, if at all, during the last half-century in which they have been in widespread use in most
Meteorological Services. Their advantages lie in simplicity, robustness, reliability, portability and low cost,
however their accuracy is nmmally relatively low. One of their disadvantages is that the whole of the measuring
and recording system is exposed, with the sensor, to environmental conditions (e.g. dust, heat and cold). Another
disadvantage, and one which may increasingiy pose a problem, is the limited availability of skins to maintain the
older technology (e.g. spring driven clocks, etc.). 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
staff and the quality ofrecords to be processed.
The latter class is represented, e.g. by electrical thermometers or, very commonly, electrical anemometer
for which telemetry is usually essential to provide a satisfactory exposure. The advantages are:
a.)

satisfactory exposure without long distances of travel by observers (an increasingly important
factor at larger airports);
b.) the recorder and processor can be protected from the environment (see section 1.3); and
c.) the suitability of the system for automatic recording and processing.
The advantages have already briefly been discussed in section 1.3.
An important consideration is correct exposure ofthe sensor/instrument. If a reasonable sensor exposure
cannot be provided without telemetry, and, if telemetry cannot be provided because of cost, availability ofpower,
etc., then serious consideration should be given as to whether the observation should be made at all. However,
telemetry should not be resorted to if a problematic power supply or cabling problems will lead to unreliable
observations.

2.16

Manufacturer's support

Before any system is purchased, assurance must be given that the manufacturer can supply adequate
maintenance and operating instructions and advice during the installation and commissioning phase (if the
supplier is not to l.U1dertake this as part ofthe contract). The manufacturers should also agree to train instrument
technicians or engineers on the system. This period of training should be such that the trainees will, in future,
be able to completely repair and maintain the system. During the installation, the trainees should be fully
involved. This will make it easier for them to trace the fault in case the system breaks down.
The maintenance and operating instructions, which should be separated, should be written and packaged
in a style appropriate to the personnel who will use them. It is not acceptable 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.
The instructions must be provided in an appropriate language. If they are required in a language different
from the original then the standard of translation must be technically adequate.
In the longer term, the supply of spare parts and consumable needs to 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.
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Preference could be given to manufacturers whose equipment is in widespread and successful reliable
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 oftime, care is needed to ensure that the system is not obsolete or about to become so, with the possibility
that some spares will shortly cease to be available.

2.17

Transfer of technology

The term Technology may be defmed as the sum of lmowledge, experience and skills necessary for
performing a task. Technological developments have tremendously improved the course of human progress
through the creation of innovative approaches to existing problems.
Developed countries should make all efforts possible to transfer the technology behind the operation of
a system in the course of the donation ofthe system. Developing countries will then be assisted in their course
ofbecoming independent. Hence, before acquiring a system, one should be certain that well trained people are
available locally to repair and maintain the system. This will avoid the spending of large sums of money on
systems which later on will become non-operational and finish up being dumped in the store. The transfer of
technology from one country to another can be in many forms, i.e. provision of equipment, expertise and the
training of local experts.
3.

CONCLUSION

Developing countries should be very careful when choosing an instrument/equipment for operational use.
Most ofthe factors explained herein will ensure that the instruments selected will perform well despite the harsh
environmental conditions and inadequate resources.
It is essential in coming to a decision as to the type and kind of instrument/equipment which might be
suitable for the task and to avoid later problems, to have a clear picture of the needs of the users. Bids from
several manufacturers/suppliers should be sought. However, it should be noted that in the tender prepared and
distributed, precise requirements should be formulated, such as: measuring range, accuracy, specific
environmental conditions, power supply, weight, dimensions, reliability (MTBF), types, cost and supply of
consumables, spare parts, guarantee, training oftechnicians, installation, shipment and environmental conditions
during transport and storage, customs conditions, procedures for commissioning, etc. (See also information
. contained in the Appendix.)
Note that it is not possible to provide clear-cut guidelines 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
countries concerned, but also by developed/donor countries. This is necessary to avoid situations which may
arise later, such as lack of spares, consumables or maintenance personnel, which could cause failure of an
otherwise excellent system.
Further guidance should be obtained from the relevant publications ofWMO. If automatic weather
stations are to be installed, useful guidance information is contained in the WMO publication "Guidance on
Automatic Weather Stations and their implementation". Advice may 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 technical co-operation activities ofWMO.
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ANNEX

COST-EFFECTIVENESS ASPECTS OF THE PURCHASE AND MAINTENANCE OF
METEOROLOGICAL EQUIPMENT
by
Seppo Huovila
Finish 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 nonnally specifies the main features
ofthe 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:
Resource cost:
Operating cost:
Contingency cost:

P
R
0
C

Systematic consideration of these elements and their relationship results in the Total Life Cycle Cost (T):
T=P+R+O+C
An attempt is made on the following pages to apply the essential parts of this scheme to purchase and
maintain 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
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 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 computing support is 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, transfonners and voltage stabilisers etc. may
be needed. Such constructions are sometimes carried out and fmanced by another government department and
the costs may not appear in the appropriate 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.
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4.

Operating cost

The Operating Cost consists ofdirect 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 ofmanuals.
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 modernisation of equipment or systematic replacement of defective system
components. Large modifications may be included in capital costs. A modification can lead to considerable
savings, ifthe mean time between failures (MTBF) ofthe 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 are inability to deliver due to a technical or fmancial
failure. These risks can largely be eliminated or cut down by including in the contract fmes 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 cost

The composition ofthe Total Life Cycle Costs depends largely on the relative weighting ofthe 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-effectiveness appraisal in which several optimum solutions are
possible 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 an extension of the life time of an expensive investment (main
computer, telecommunication equipment or weather radar) may be very cost-effective. Unfortunately, the rapid
evolution ofelectronics 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 ofthe 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 weather ships and upper air sounding stations are typically costly
to operate. Reduction ofmanpower by automation, cheaper consumables or replacement ofpresent systems by
a new technology can be mentioned among ways and means. Clearly, the WWW futegrated System Study ofthe
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 ofmodern systems together with their decreasing
- 16-

useful life time is continuously adding to the relative share of investments in annual budgets. More attention
should therefore be given to a competent system ofpurchase 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 contractual agreement is made but the purchase turns out to be a complete failure, the equipment never working
properly and the invested money being largely wasted.
A list of technical requirements, to be appended to the request for tenders and, possibly, to the contract
documents, should contain e.g. information ofpower 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
interferences 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.
Last but not least: what is the order of importance when purchasing meteorological equipment? By that we
mean the mutual importance ofproduct 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 much improve the
situation if the data is corrupted or unreliable. Popularly such operations are called the GIGO (garbage ingarbage out) law ofcomputers. Unfortunately, the importance ofbasic observations is sometimes forgotten when
commercial siren calls inveigle decision makers into premature purchases.

************
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