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FOREWORD

An assessment of the quantity and quality of the water available is an essential
prerequisite for water resource development and management, whether it be for the purpose of
water supply for the population, agriculture, industry or energy production. The United Nations
Water Conference (Mar del Plata, Argentina, 1977) recognized this fact and resolved that all
efforts should be undertaken at the national level to substantially increase, financial resources for
activities related to water resources assessment. Significant advances were made in the
immediate follow-up to the Mar del Plata Conference. However, these advances gradually lost
their momentum in subsequent years. The latter 1 980s and early 1 990s saw a distinct
deterioration in water resources assessment capabilities in many countries. This situation is in
conflict with the increasing call for a Water Resources Assessment (WRA) as a prerequisite for
external assistance to countries for water development projects. It is therefore important that
countries be self-sufficient in their ability to undertake WRA.
This situation is also at odds with the current perceived importance of water resources
in sustainable development as espoused at the International Conference on Water and the
Environment (ICWE) (Dublin, 1992) and UN Conference on Environment and Development (Rio,
1992). It seems, therefore, inconceivable that at a time when the international community at
large is placing increasing emphasis on environmental issues, nations are rapidly losing the ability
to assess their own water resources, which are the life blood of our ecosystems.
WRA is a national responsibility and any review of the extent to which it is capable of
being undertaken in a country is also the responsibility of the country concerned. With demand
for water increasing in most regions and corresponding greater pressure on the use of water from
transboundary river basins, there is potential for overall regional assessments of water resources
(involving more than one country) to become more common in the future. Internationally
developed guidelines on this subject were published by UNESCO and WMO in 1988, in the form
of the Water-Resource Assessment Activities, Handbook for National Evaluation (the English
version was issued in 1988 and the French and Spanish versions in 1993). It was hoped that the
use of these guidelines would lead to a certain degree of uniformity in approach between
countries, and would be helpful in the development of regional and international cooperation with
regard to WRA. The methodology was tested in pilot projects by Australia, Federal Republic of
Germany, Ghana, Malaysia, Panama, Romania and Sweden. It was also reviewed at regional
meetings of experts in Africa (Harare, 1985), Asia (Manila, 1984) and Latin America (Montevideo,
1985). Since that time, the methodology has been applied in many countries around the world,
in particular in Latin American and African countries.
Recent developments in water resources assessment and management, in particular
following ICWE and UNCED, have resulted in the need to review and revise the original publication
with the aim, in particular, to make it a more user friendly handbook. A small group of experts
[Messrs G. Arduino (Uruguay}, J. Khouri (ACSAD}, 0. Starosolszky (Hungary) and B. Stewart
(Australia), designated jointly by WMO and UNESCO and supported by Messrs J. Bassier (WMO)
and H. Zebidi (UNESCO)) have therefore revised the Handbook. The update was also requested
as supporting background material to the activities on the Comprehensive Freshwater Assessment
which was being undertaken at the request of the UN Commission on Sustainable Development
(CSD). The methodology has been revised and updated on the basis of experience in applying the
old methodology and increased technical and scientific material which have become available. The
revised methodology has undergone further review by experts from a number of countries including
Australia, Canada, Germany, Hungary, New Zealand, Panama, Romania and Uruguay.
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The revised methodology is presented in this handbook for use by all charged with the
task of reviewing the capability of a country to undertake basic water resources assessment. The
Secretariats of WMO and UNESCO are interested to learn of the experiences of evaluators in the
use of the methodology contained in this handbook and of any proposals for its further
development and improvement.
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1

INTRODUCTION

1 .1

Purpose of the Handbook

The purpose of this handbook is to provide guidance for reviewing current levels of activity
in the basic Water Resources Assessment (WRA} programme in the whole or part of a country or
region. These current activity levels are compared, where possible, with minimum acceptable
requirements in terms of density of installations, degree of computerization, skilled manpower and
related management structure and education, training and research programmes. This comparison
provides a basis for proposing actions considered necessary to achieve the minimum requirements.
On this basis, a National Action Plan for upgrading basic WRA programmes with an emphasis on
capacity building can be established and the contributions of External Support Agencies (ESAs) can
be planned to support the National Action Plan.
The methodology contained herein is based and expands on that previously developed in
the UNESCO/WMO publication Water-Resource Assessment Activities - Handbook for National
Evaluation (UNESCO/WMO, 1988).
This handbook can be used to review basic Water Resources Assessment (WRA)
capabilities in any country or region. However, it is particularly aimed at reviewing the capability
of developing countries. While the activities required for basic WRA should be independent of the
economic conditions and level of development within any particular country, these factors must
be taken into account when reviewing the current capability to undertake basic WRA and making
recommendations for improvements in basic WRA. Therefore, while the information provided in
this handbook for comparison purposes comes in the main from developed countries, it is essential
that users of the handbook are fully aware of the economic conditions and level of development
of the country under review.
It is recognized that because of the varying political, socio-economic and technical
circumstances in many countries, the derivation of a standard methodology that can be applied
to all countries is a difficult task. Other reasons for not using a standard methodology include the
variability of water in space and time, the level and type of use of the resource and the rate at
which the resource use is increasing. Hence, it should be pointed out that the methodology
provided here is to be regarded only as a guideline. In particular, it should be noted that reference
levels are not necessarily available for all situations, such as, for example, in the case of countries
with a low population or small island States.

1.2

Scope of the Handbook

Three stages can be identified in the implementation of programmes for the assessment
of water resources of a country or region. These are:
(a)

basic water resources assessment;

(b)

the extension of networks and more detailed investigations to meet the requirements of
water resources development;

(c)

the provision of the data and information required for the integrated management of water
resources.

The scope of this handbook is limited to the provision of guidance for the review of basic
WRA programmes, which is the first stage of the assessment of water resources. This limitation
was adopted as the second and third stages of the assessment of water resources are related to
the analysis of water supply and demand scenarios and such an evaluation requires comprehensive
consideration of economic and social factors, which is beyond the scope of the international
project initiated by WMO and UNESCO.

-2On the other hand, since basic WRA depends mainly on natural conditions, reference levels
and other adequacy guidance can be developed on a regional basis. These reference levels or
criteria can be established for use in determining the extent to which a basic WRA programme is
satisfactory. Application of the methodology yields an objective evaluation, but the conclusions
and recommendations based on the evaluation should take into account many socio-economic,
administrative and other factors which cannot be included in the methodology itself.
1.3

Expected Results of the Application of the Handbook

The results of the evaluation will be different for each country, depending on the
characteristics of the corresponding basic WRA programme and the country's conditions and
needs. Nevertheless, there will be a minimum set of results that are expected to be obtained in
practically each case. This set includes:
(a}

an analysis of the existing institutional framework determining the basic WRA programme
and the resulting advantages, disadvantages and related constraints;

(b}

an evaluation of institutional mandates, policy environment, coordination mechanisms,
managerial capabilities and key capacity building issues that affect basic WRA
programmes;

(c)

an indication of the extent to which a country is involved in international cooperation
(including research, training and exchange of knowledge};

(d)

a comparative evaluation of the measurement networks and indications of network
elements that require improvement with respect to station density, equipment, operational
and supervision staff and other factors;

(e}

a review of the available surveys and programmes for collection and processing of
physiographic data pertinent to basic WRA and the corresponding needs related to areal
extension of basic WRA;

(f}

an evaluation of the application of various techniques for areal extension of basic WRA,
and related data and information transfer techniques used in the country and of the future
requirements;

(g}

an estimation of manpower and skills required for an adequate basic WRA programme and
appraisal of existing education and training programmes when compared to current and
future requirements;

(h}

a review of basic and applied research activities in the country (and region), their
adequacies (or inadequacies) for water-resource assessment when compared to current
and future needs including needs for scientific and technological regional and international
co-operation;

(i)

an analysis of the hydrological information requirements for 1ong-term planning, of the
production and flow of this information to the user, and of the results of the use of such
information in the planning process which demonstrates the adequacy or inadequacy of the
basic WRA programme ;

(j}

indications as to the major sources of inadequacies in the programme in terms of
institutional framework, financial resources, instrumentation, techniques and others;

-3(k)

recommendations for eliminating the inadequacies of the basic WRA by means of national
or regional co-operation and/or technical assistance.

The former Handbook was used with varying degrees of completeness in different regions.
In the Sub-Saharan Africa region, it has been used at the regional scale. In Latin America and the
Caribbean, it has been used at the national scale (see Chapter 9). The first Handbook proved to
be a very good catalytic tool and its use has produced many valuable reports. Many subjective
considerations were required in the previous methodology and, therefore, UNESCO and WMO have
produced this new version with the aim of minimizing the subjective components as much as
possible, based on new information that has come to light over the past few years. In addition,
more emphasis has been given to the production of overall conclusions and recommendations, in
order to give guidance on which aspects of the assessment capability should be strengthened and
in what order of priority.
The WMO/UNESCO report on Water Resources Assessment (Progress in the
Implementation of the Mar del Plata Action Plan and a Strategy for the 1990's) (WMO/UNESCO,
1 991) made use of the previous Handbook and established the state of water resources
assessment activities at that time at the global, regional and national levels. Based on that
assessment the following conclusion was made:
"The recent regional assessments of the situation, which have resulted in a notable
concordance in identifying a number of key issues despite diversity of economic and
physical conditions, give cause for concern that data collection and analysis are not
keeping pace with present water development and management needs, not to mention the
new demands being created by pressures for sustainable development. "

The World Bank/UNDP Sub-Saharan Africa Hydrological Assessment Project (SSAHA) has
produced comprehensive studies of the status of national agencies and on the
adequacy/inadequacies of water related information in some 40 Sub-Saharan countries. The
SSAHA had diagnosed and evaluated the decline of the water resources monitoring activities in
most of the countries and had prescribed some 200 national and regional projects to treat the
'illness', but without identifying the cause of the decline (WMO, 1995a).

1 .4

Structure of the Handbook

This document is designed to allow countries to evaluate the level of water resources
assessment data collection infrastructure they have in place to undertake a basic WRA. The
evaluation will be focused on the basic WRA programme, that is, on the inventory of water
available for various uses, including characterization of time-space variation of water quantity and
quality. This type of inventory is required at any point of the area covered, and may be considered
to consist of three components (Figure 1.1 ):
(a)

Collection of hydrological and hydrometeorological data - the collection of historical data
on water cycle components at a number of points distributed over the assessment area;

(b)

Collection of physiographic data - obtaining data on the natural characteristics of the
terrain that determine the areal and time variations of the water cycle components, such
as topography, soils, surface and bed rock geology, land-use and land-cover. These
characteristics are designated for brevity as physiographic characteristics;

(c)

Techniques of areal assessment of water resources - techniques of transforming data into
information and of relating the hydrological data to the physiographic data for the purpose
of obtaining information on the water-resource characteristics at any point of the
assessment area.
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The document consists of nine chapters. Chapter 1 covers the introductory aspects and
Chapter 2 outlines the methodology applied in the handbook. The following chapters deal with the
relevant steps in developing an overall review of basic WRA capability including:
(a)

institutional framework (Chapter 3);

(b)

data collection, processing and retrieval - evaluation of the water cycle and physiographic
data collection activities (Chapter 4);

(c)

areal assessment of hydrological elements - the basic WRA programme is considered
adequate if the three components of the programme are available and, by relating them,
sufficiently accurate to supply water-resource information required for planning purposes
at any point of the assessment area (Chapter 5);

(d)

manpower, education and training - all basic WRA activities require skilled manpower and
this in tum require training and education of the manpower needed, and basic and applied
research for developing the required technology (Chapter 61;

(e)

research, technical development -WRA also requires technological exchange and efficient
equipment and techniques for field surveys and network design and operation and
development of reliable areal interpolation techniques (Chapter 7);

(f)

hydrological data and information required for planning purposes - the definition of the
type of information required for planning, the manner in which this information is produced
and transmitted to users and the effects of lack of information or inaccurate information
on the decision-making process at the planning stage (Chapter 8);

(g)

practice of water resources assessment evaluation - guidelines for the evaluation of all the
afore-mentioned WRA related activities (Chapter 9).

The nine appendices provided for this Handbook provide a range of background information
and supporting documentation for the methodology presented. These include:
(a)

background information on recent major international meetings on water, international
organizations with water-related programmes and comprehensive freshwater assessment
(Appendices I, II and Ill);

(b)

supporting information for the application of the methodology provided in the Handbook
including reference levels and examples of completed tables (Appendices IV, V, VI and
VII);

(c)

examples of the application of the methodology from the original Handbook at national and
regional levels (Appendices VIII and IX).

1.5

Water Resources Assessment

Freshwater is vital to all forms of life. It is used for drinking, agriculture, sanitation,
industry, aquatic environments, recreation, transport and many other functions. In all ecosystems,
water interacts with the solid earth, the atmosphere and living creatures. Water is the integrating
feature that flows through our lives. It reflects our care and concern for the environment.
Sustainable management of our water resources is therefore intimately linked to our ability to
adequately assess these resources.
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Collection of hydrological
data (e.g. in data banks)
(water cycle components,
including quantity and quality of
surface and groundwater, station
information )

Collection of physiographic
data (e.g. in a GIS)
(topographic, soils, geology,
political borders, catchment
borders, land use, river networks)

Basic

Education
and
training

and
applied
research

Techniques of areal
assessment of water
resources
(regionalization techniques)

Water resources
information
(Publications, maps, etc.)

Users
(planning for water
resources facilities)

Figure 1.1
Components of a basic Water Resources Assessment Programme

-6The International Glossary uf Hydrology (UNESCOIWMO, 1992) defines Water Resources
Assessment as the "determination of the sources, extent, dependability and quality of water
resources for their utilization and control". Water resources are defined as the "water available,
or capable of being made available, for use in sufficient quantity and quality at a location and over
a period of time appropriate for an identifiable demand".

In light of the above, the first step to be taken by water resource managers should be to
carry out a review of the country's present programme for basic WRA with the aim of developing
and strengthening the assessment programmes throughout the country so that they adequately
meet current and future needs.
As indicated in Section 1.2, there are three stages in the implementation of programmes
for the assessment of water resources. These are: basic water resources assessment; the
extension of networks and more detailed investigations to meet the requirements of water
resources development projects; and, the provision of the data and information required for the
integrated management of water resources.
This document deals only with the first stage, that is, the evaluation of the capability of
a country to undertake a basic water resources assessment. Basic WRA involves the collection
and processing of existing hydrological and hydrogeological data, plus the auxiliary data required
for their areal interpolation, in order to permit an assessment to be made of available water
resources on which to found national or regional long-term plans for overall water resources
development. These plans should be based on or associated with present and future water needs.

It must be recognized that requirements for and uses of water resources are evolving and
changing with time. They also vary significantly from place to place. The capability to undertake
basic WRA is also being influenced by changing economic, po6tical, sociological and environmental
factors. Recent history (Appendices I, II and Ill) has seen significant changes in the principles
associated with the management of water resources. These principles have been identified and
highlighted by a mrnber of International meetings, including the International Conference on Water
and the Environment (ICWE, Dublin, 1992) (WMO, 1992a) and the United Nations Conference on
Environment and Development (UNCED, Rio de Janeiro, 1992; Keating, 1993) and include:
(a)

identification of water as an economic good with an associated economic value in all of
its competing uses;

(b)

importance of water within the principle of ecologically sustainable development;

(c)

multi-disciplinary nature of water resources management; and

(d)

recognition of freshwater as scarce, vulnerable resource, essential to the preservation of
all forms of life.

The net result of these conferences has been increased awareness of the need to collect
important information required for the management of water resources under the principle of
sustainable development (WMO, 1991; WMO, 1992a), but a reduction in the budgets allocated
to those agencies charged with this responsibility; that is, the "do more with less" approach has
created major problems in many countries. While many advances have been possible through new
technology and more efficient and effective operations, the need to collect basic information
remains. This fact has also been recognized by major external aid agencies such as the World
Bank. The World Bank (1993) proposes the adoption of a comprehensive framework for analyzing
policies and options to assist in decision making on managing water resources in countries where
significant problems exist, or are emerging, concerning the scarcity of water, the efficiency of
service, the allocation of water, or environmental damage. This framework would facilitate the

-7consideration of relationships between the ecosystem and socio-economic activities in river basins.
A principal component of this analysis would include an evaluation of the status of water resources
within each basin, an essential component of which is the ability to undertake basic WRA.
Recognizing the importance of WRA, UNESCO (1994) have published a methodological
guide: Water Resources Assessment studies for use in the preparation of water resources master
plans and environmental studies. The aim of this document is to provide methodologies that will
allow a thorough understanding of water availability and movement within a nation or region.
It seems incongruous that at a time when the value and importance of the water resources
is being recognized so strongly within the framework of ecologically sustainable development that
the status of water resources assessment activities, the basic building block of water resources
management, is diminishing.

1.6

Value of Water Resources Assessment Data

It is not surprising that when faced with reduced funding and the requirement to introduce
the user pays philosophy, agencies have looked to economic evaluations of the worth of their data
to support the continuation of networks. Hydrometric networks have tended to be judged on their
costs rather than on their long term economic benefits or their contribution to sound environmental
management. Table 1. 1 lists some examples of studies of the value of data that have been
undertaken.
WRA cannot be carried out effectively without the commitment of financial and human
resources. In many countries/regions the fundamental issue is a lack of financial resources for
WRA. It is essential that more resources be made available and that those already available be
effectively and efficiently used.
This is by no means an exhaustive list and it includes both site/region/use specific and
general network assessment examples. Additional information on the value of hydrological data
and the cost of water resources data collection can be found in Acres Consulting Services Ltd
{1977), Australian Water Resources Council (1988), Fontaine et al {1983), WMO {1989), WMO
(1990a), WMO {1990b), WMO (1994a), WMO {1994c) and WMO (1995b). Despite the wealth
of information supporting the value of data collection, funding for basic data collection is still under
threat in most countries. It must be noted, however, that none of the above analyses have
evaluated the worth of hydrological data with respect to sustainable development and in most
cases the beneficiary is easily identified.
On their part, water resources engineers and hydrologists must collect hydrological data
in a cost effective and integrated manner, ensuring that the data being collected meets the
identified (and often changing) needs of the user environment. They must also be able to
demonstrate the importance of the information to the management of the resource in terms of its
sustainability for future generations.

1.7

Cost of WRA relative to GNP

The WMO/UNESCO (1992) report on Water Resources Assessment, Progress in the
implementation of the Mar del Plata Action Plan and a Strategy for the 1990s, provides
information on the relationships between the resources available for WRA, the recognition of the
importance of WRA and the per capita GNP for a range of countries within different economic and
social environments. In general, countries with high GNP per capita have a high level of
recognition of the importance of WRA and have access to high levels of resources and technology
for WRA. However, as can be seen in Table 2. 1, investment in water development as a
percentage of annual GNP differs significantly from country to country.
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TABLE 1.1
Results of studies of the value of hydrological data
Type of
Data

Uses of
Data

Methodology

BenefitCost Ratio

Reference

Rainfall
Streamflow
Flood Maps

Flood
Forecasting
Warning

Avoidable damage - Initial costs plus
annual costs

6.60

Heatherwick
& Quinnell
(1976)

Rainfall
Streamflow

Flood
Forecasting

Annual damages
Annual Costs

4.26

Reynolds
(1972)

Rainfall
Streamflow

Flood
Forecasting

Residential property damage

1.50
2.33

Day (1973)

Streamflow

Various

Percentage of costs of application of
data

8.64

Acres (1977)

Streamflow

Water Resource
Projects

Error reduction - Studies for three
different basins

2.81
4.99
21.20

lngledow
etal (1970)

Streamflow

Water Resource
Projects

Error reduction

7.06

Solomon
(1976)

Streamflow

Various

Lowest value of benefits attributable to
data

9.00

Cordery &
Cloke (19921

Streamflow

Storage Design

Reduction in uncertainty - 40 years of
data in hand collection for a further 20
years

1.60

Cloke &
Cordery
(19931

Streamflow

Small Stream
Crossings

Over/under design costs
Damage and delays

4.40

Cloke et al
(19931

Streamflow

Reservoir
Capacity

Opportunity loss

•

Wain et al
(1992)

Streamflow

Single-use
Reservoir

Opportunity loss

••

Adeloye
(1990)

•
••

Economic justification for collecting hydrological data
Economic justification dependant on coefficient of variation of annual flows

1.8

References

Acres Consulting Services Ltd (1977) Economic Evaluation of Hydrometric Data, Prepared for the
Inland Water Directorate, Department of Fisheries and Environment, Canada. Acres, Niagara
Falls.
Adeloye, A.J., (1990) Streamflow Data and Surface-water Resource Assessment - a Quantitative
Demonstration of Need for Adequate Investment in Data Collection in Developing Countries. J
Water SRT-Acqua, Vol. 39, No. 4, pp 225-236.
Australian Water Resources Council (1988) The Importance of Surface Water Resources Data
to Australia, Prepared for the AWRC Surface Water and Catchment Committee by The Snowy

-9Mountains Engineering Corporation, AWRC Water Resources Management Series No. 16,
AGPS, 1988.
Cloke P.S. and Cordery I., (1993) The Value of Streamflow Data for Storage Design. Water
Resources Research, Vol. 29, No. 7, pp 2371-76.
Cloke P.S., Cordery I, and Gallagher D.R., (1993) Assessment of the Value of Streamflow Data
for the Design of Minor Waterway Crossings, Australian Civil Engineering Transactions, Vol. CE35,
No. 2, pp 121-130.
Cordery I., and Cloke P.S., (1992) An Overview of the Value of Collecting Streamflow Data,
Institution of Engineers, Au~ ~ralia, Civil Engineering Transactions, Vol. CE34, No. 3, pp 271-276.
Day H.J., (1973) Benefit and Cost Analysis of Hydrological Forecasts. World Meteorological
Organization, Operational Hydrology Report No. 3, Vol. WMO No. 341.
Fontaine, R.A., Moss, M.E., Smith, J.A., & Thomas, W.O. Jr (1983) Cost Effectiveness of the
Stream-gauging Program in Maine - A Prototype for Nationwide Implementation, US Geological
Survey Water-Supply Paper 2244.
Heatherwick G., and Quinnett A.L., (1976) Optimising Benefits to Urban Residents of a Total Flood
Warning System for the Brisbane Valley, Hydrology Symposium 1976, Sydney, June, 1976, IE
Aust., NCP 76/2, pp 61-66.
lngledow, T.E. and Associates Ltd, (1970) Hydrometric Network Plan for the Provinces of
Newfoundland, New Brunswick, Nova Scotia and Prince Edward Island. Report for Department of
Environment, Vancouver, B.C., Canada.
Keating, M. (1993) The Earth Summit's Agenda for Change. A plain language version of Agenda
21 and other Rio Agreements. Centre for Our Common Future, Geneva, 1993.
Reynolds, P.J., (1982) Economic and Social Benefits of the Application of Hydrological Forecasts.
Workshop on the Application of Cost-Benefit Assessment of Hydrological Data for Water
Resources Projects, WMO, Geneva, Switzerland.
Solomon, S.I., (1976) Worth of Data. Chapter 13 ln: Stochastic Approach to Water Resources
(H.W. Shen, ed.) Fort Collins, USA.
The World Bank (1993) Water Resources Management. A World Bank Policy Paper. The World
Bank, Washington, D.C.
UNCED (1992) Agenda 21 - Chapter 18 - Freshwater.
UNESCO/\NMO (1988) Water-Resource Assessment Activities. Handbook for National Evaluation.
UNESCO/WMO (1992) International Glossary of Hydrology. Second Edition. UNESCO/WMO.
Wain A.T., Atkins, A.S., McMahon T.A., (1992) The Value of Benefits of Hydrologic Information.
Centre for Environmental Applied Hydrology, University of Melbourne. AWRAC Research Project
P87 /24, pp 59.
WMO/UNESCO (1991) Report on Water Resources Assessment. Progress in the Implementation
of the Mar del Plata Action Plan and a Strategy for the 1990s.

- 10 WMO (1989) Adverse effects of insufficient or inaccurate hydrological information. HWR Tech.
Rpt No. 29, WMO/TD No. 325, Geneva.
WMO (1990a) Cost benefit assessment techniques and user requirements for hydrological data.
OHR No. 32, WMO No. 717, Geneva.
WMO ( 1990b) Economic and Social Benefits of Meteorological and Hydrological Services Proceedings of the Technical Conference (Geneva, 26-30 March 1990). WMO No. 733, Geneva.
WMO (1991) WMO and UNCED-1992 Protecting the atmosphere, oceans and water resources:
Sustainable use of natural resources. WMO No. 760, Geneva.
WMO (1992a) International Conference on Water and the Environment. ACC/ISGWR. The Dublin
Statement and Report on the Conference, WMO 55pp.
WMO (1992b) Meteorology and hydrology for sustainable development. WMO No. 769, Geneva.
WMO (1994a) Assessing a precious resource - water. WMO No. 801, Geneva.
WMO (1994b) Guide to Hydrological Practices. Fifth Edition. WMO No. 168, Geneva.
WMO (1994c) Conference on Economic Benefits of Meteorological and Hydrological Services, 1923 September 1994, Geneva.
WMO (1995a) African Conference on Water Resources: Policy and Assessment. Report of the
Conference. WMO/UN Economic Commission for Africa. Addis Ababa, Ethiopia, 20-25 March
1995. WMO May 1995.
WMO (1995b) An overview of selected techniques for analysing surface water data networks.
OHR No. 41, WMO No. 806, Geneva.

- 11 -

2

METHODOLOGY

2. 1

Approach/Methodology

The handbook presents a step by step approach for the evaluation of national basic WRA
capability. This does not imply a rigid methodology of evaluation as conditions determining WRA
programmes are extremely varied from one country to another. Table 2. 1 (while being outdated
information) provides indicative data on the diversity of the role and the significance of water in
national development. These data support the need for the evaluator to be aware of the water
resources development needs in the country under consideration and aware that those needs will
change with time. Significant adjustments will have to be made to the proposed methodology to
adapt it to this variation. However, for basic WRA, that is for the inventory of water availability,
the assessment requirements can be expected to show limited variation for similar natural
conditions. Therefore the experience obtained in one country or region is to some extent
transferable to a country or region with similar hydrological conditions. Consequently the approach
suggested is based on activity and reference levels relating to conditions observed in countries
with various hydrological characteristics, in which the basic WRA is generally considered to be
adequate.
The approach is aimed at enabling the evaluator to examine the various components of a
basic WRA programme and identify in each case, on the basis of the reference levels, the causes
of inadequacies. The latter may originate in legislative-administrative constraints, or lack of funds,
equipment or personnel, or a combination of these factors. In each particular case the evaluator
will be required to use considerable judgment in identifying the above-mentioned cause or causes.
However, the results of the evaluation carried out as indicated in this Handbook should provide him
or her with both the required information on the state of the basic WRA programme of a given
country and a basis for substantiating his conclusions and recommendations as to remedial action,
including international technical assistance.
Chapter 9 provides advice with respect to the selection of the evaluator and a methodology
for the overall review of basic WRA capability.

2.2

Evaluation elements and levels

The evaluation will be based on a series of levels characterizing the various activities and
elements required for obtaining the components of a basic WRA programme together with its
supporting activities.

2.2.1

Activity levels

Activity levels are absolute or relative numerical characteristics of the WRA programme
components reflecting the current status of development of the various related water resources
elements for the area under consideration. They can be used to compare different programmes
and possibly to indicate reasons for inadequate performance. The adequacy of activity levels will
be established by the evaluator using comparisons with similar levels obtained in countries with
adequate basic WRA programmes and with his own judgment, experience and knowledge of the
country's economic and water resources development conditions. When activity levels can be
shown to be adequate in a number of cases, they may be accepted as reference levels for future
studies.
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TABLE 2.1
Indicative data on the diversity of the role and significance
of water in national development (United Nations, 1976)
Country

Floods

Irrigation

Hydropower

Investments

(1)

(2)

(3)

(4)

Argentina
Bangladesh
Bolivia
Brazil
Costa Rica

8-10
>40

4
2
11

20
22
88
85
88

5
9
2
1-2
1-2

Ethiopia
Gabon
Gambia
Greece
Guatemala

1

90-95
51
0
35
45

1

1
15

1
2
5
20
1

Hungary
India
Iraq
Israel
Malaysia

50
5-10
20
2
20

7
25
54
60
10

Nepal
Pakistan
Poland
Senegal
Spain

9-15
1-2
40

Sudan
Syria
Thailand
Tanzania
Yugoslavia
(11
(2)
(3)
(4)
(5)
(6)
(7)

Note:

7

15
3

-

7

-

60
2
4-8

0
12-14

5

6

10
69
8-10
0-1
12
20
10
15-25
0-1
1-2

-

Inter-basin
Transfer
(5)

Planning

Organization

(6)

(7)

c
c
c
8
c
c

B
B
B
B

A

8

c
c
c
c
c
c
B
A

c
c

0-1
1

c
B
B

A

2
40
1
0
29

3
2
2
1
0-1

B
B

A

8

A
A

83
50-60
2-3
0

2
4
2-3
1
1

40
7
28-30

40
40
65

-

22
10-20
2
8-10
10

A
B

-

c
8
8

c

8

A

c

8

A
A
B

A

8

-

c
B
c
c

B

c
B

c
c
c
c
A
B
B
A
A

-

-

A
A
B
A

B
A

c

A

Approximate percentage of population living in areas exposed to catastrophic floods
Irrigated area as percentage of total cultivated land
Hydropower production as percentage of total energy production
Investments in water development as percentage of annual GNP
Inter-basin transfer of water: A - national significance; B - regional significance, C - non-existent or
negligible
Long tenn river basin development programmes have been prepared: A - for almost all river basins, B ·
for a few selected river basins; C - have not yet been prepared
National water administration is: A - almost entirely ..• ; B - partially .... ; C - not... structured according
to river basin areas.
data not available
The majority of information provided is for 1974, however some data is from earlier years.

Where specific activity level data are not available, the evaluator should make a subjective
judgement of the situation as either adequate or inadequate and provide comments in the relevant
tables accordingly. There may be some elements for which it is meaningless or impossible to make
an evaluation for the area under study. In addition, elements other than those listed in the tables
may be of particular local importance, in which case the evaluator should add them to the table
and include them in his evaluation. This flexible approach applies to all chapters of the Handbook.
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2.2.2 Reference levels
For the purpose of the evaluation, reference levels are defined as absolute or relative
numerical values indicating the minimum requirements of the evaluation elements with which a
basic WRA programme in a country or region should comply to be considered adequate. As
suggested earlier, basic WRA information should be independent of economic and water resources
development conditions of a country. Certain reference levels are based on values or ranges of
values accepted by the relevant international organizations. These have been provided for a range
of climatic and physiographic conditions (natural hydrological conditions). Such reference levels
are expected to be valid in all countries (regions or countries) with similar natural conditions.
Where available, absolute reference levels for basic WRA are suggested in Appendix V and
are based chiefly on WMO recommendations (WMO, 1994b). As some activity levels are based
on percentages, for example of data processed or stored, or area covered, 1 00% is assumed to
be the reference level. The evaluator should make an assessment as to whether the reference
levels are indeed applicable in the country under review and should provide justification for not
adopting any particular reference level. In some instances, a staged progression to meet the
identified reference level may be more in tune with the economic development of a particular
country.
In deriving activity and reference levels, it is necessary to use a dynamic approach, in the
sense that past and future conditions should be considered when relevant. For example, network
stations that have been operated for a long time and are currently closed because incremental data
would not significantly increase the information already collected should be considered in counting
the number of stations. On the other hand, existing network infrastructures that are scheduled
to disappear in the near future following the end of an external aid programme should be
considered only in a qualified manner. Deficiencies that will certainly be corrected in the near
future should also be thus qualified and the corresponding levels considered accordingly.
2.2.3

Capability indices

On the basis of the information collected within each chapter of the Handbook, a Capability
Index has been defined to reflect the outcome of the evaluation for that particular component of
basic WRA. In some cases this Capability Index is derived in a subjective manner by answering
a series of questions which describe current best practice principles, in other cases, the Capability
Index is derived from the direct comparison of Activity Levels with Reference Levels. Chapter 9
provides a framework in which to combine the Capability Indices for each chapter into one overall
evaluation of national capability to undertake basic WRA.
2.2.4 Regionalization
As mentioned above, the activity and reference levels which are to be established for the
purpose of the evaluation will vary with the particular natural and socio-economic conditions of
the country evaluated. Not all the relevant conditions in countries can be readily foreseen.
However, as a starting point, and to maintain this handbook within practical limits, it is proposed
that the variations in activity and reference levels be presented in terms of major climatic and
geological conditions of the country.
From a climatic viewpoint the variation considered is between humid and arid. For the
purpose of this handbook, an arid climate is defined as a climate in which mean annual
precipitation is less than the mean annual potential evaporation. Conversely, in a humid country,
the latter is less than mean annual precipitation. Natural hydrological characteristics are obviously
different in arid and humid countries. In addition, organizational, technical and economic water
use problems are also basically different in humid and arid countries or regions. In humid countries,

- 14 water availability is usually an auxiliary element in most economic activities, other resources being
the main development factor and countries water availability is frequently a prime development
factor. Therefore, activity and reference levels used in evaluation of WRA programmes will be
different in arid and humid countries or regions.
Basic water resources characteristics may also vary significantly from one country or
region to another in terms of the surface geological characteristics. In countries or regions with
significant sedimentary deposits one may usually expect significant groundwater resources in
addition to the surface resources, whereas in countries without such deposits the importance of
groundwater is frequently less. The values and emphasis of the various activity and reference
levels for evaluating basic WRA vary therefore with the major surface geology conditions
(sedimentary or non-sedimentary) of the country.
Sharp variations of climatic and/or geological characteristics within a country may lead to
the necessity of subdividing the country into sub-areas for which the appropriate activity and
reference levels can be applied. On the other hand, the proposed climatic and/or geological
characteristics may offer almost no sub-divisions in other countries.
The use of activity and reference levels in the evaluation is based on the climatic-geologic
characteristics of the area. Accordingly, the evaluator should regionalize the country in
accordance with the major climatic (arid/humid) and geologic (sedimentary, non-sedimentary)
characteristics. For this purpose the evaluator should obtain a map of mean annual isohyets and
a map of potential evaporation, both expressed in mm (maps a and bin Figure 2.1 ). By overlaying
the two maps and subtracting from the precipitation values of map a the potential evaporation
value of map b, the evaluator will obtain a map showing positive and negative values (map c in
Figure 2.1 ). Areas with positive values will be zoned as humid, the others as arid. By overlaying
this map on a geological map on which areas with sedimentary and non-sedimentary surface
formations have been separated (map d), the evaluator will obtain a map such as that shown as
map e, on which it is possible to delineate the four climate-geologic regions used in the handbook;
humid non-sedimentary, humid sedimentary. arid non-sedimentary and arid sedimentary. By
overlaying on map e the map of the geographical boundaries of WRA jurisdictions, the evaluator
will be able to delineate the geographical boundaries of the four regions in each jurisdiction. Of
course, in many jurisdictions the number of regions will be less than four and a large number of
jurisdictions may be related to one single region.
The scale of the maps to be used may vary with the size of the country. For countries
between 1 00 OOO and 250 OOO sq km, 1 :250 OOO to 1 :500 OOO maps are adequate. For
countries between 250 OOO and 2,500 OOO sq in, 1 :1 OOO OOO or 1 :2 OOO OOO maps would be
acceptable. For countries larger then 2 500 OOO sq km maps 1 :5 OOO OOO could be used. Where
detailed maps are not available, the evaluator could use general maps such as those included in
the Atlas of World Water Balance (UNESCO, 1978) and other published international, continental
or regional hydrogeological and water resources maps (IAH-UNESCO-CCGM publication;
Struckmeier and Margat, 1995). It should be noted that the accuracy of the delineation of the
climate-geologic regions will not have a very significant effect on the evaluation process.
If sharp variations exist in the level of the basic WRA in various regions or subregions of
one and the same country, each region or sub-region of the country should be assessed separately.
This is required for two major reasons: to avoid the use of unrepresentative values; and to obtain
data on successful basic WRA programmes in subregions of countries which on the whole, may
have inadequate basic WRA.

500

1oc:L

700

•

\'t•;> /,/'.

0

a) lsohyetal map (mm/year)

1

b) Potential evaporation map (mm/year)

c) Map of annual precipitation annual evaporation (mm/year)

......
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d) Geological regions
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INSTITUTIONAL FRAMEWORK

3.1

Introduction

Basic WRA is not an activity that is undertaken only once. It is a continuous activity
providing increasingly accurate information on the availability of water resources in the area under
investigation. Varying socio-economic and environmental conditions and modifications in the range
of development targets set in an area exert changing requirements on the accuracy of basic WRA
data required. If a basic WRA programme is to be valid even when rapid changes are made in
development plans, it has to cater for any conceivable development alternative and be fairly
independent of any concrete short-term or medil.m-term water resource planning and development
projects. For this to be possible, it is necessary that a sound but flexible institutional framework
exists ensuring the continuous basic WRA activities.
Today's water problems, which pose a growing threat to sustainable development and an
increasing concern over the link between water and the environment, are a compelling illustration
of the need to enhance institutional capabilities and the need for a holistic approach to basic WRA.
Such issues have been reflected in the ·oublin Statement" issued by the International Conference
on Water and the Environment (ICWE}, (Dublin, January, 1992} and "Agenda 21 ", a blue print for
action to the 21.t century (Rio de Janeiro, 1992).
New fundamental approaches to the assessment, development and management of
freshwater resources can only be achieved through political commitment, which needs to be
backed by "substantial and immediate investments, public awareness campaigns, legislative and
institutional changes, technology development and capacity building programmes" (WMO, 1992).
Agenda 21 recognized the importance of capacity building for the sustainable development
of water resources at all levels, and in the area of water resources assessment, recommended
actions, included the establishment of a policy framework for the strengthening and development
of institutional capabilities of countries, including legislation and regulatory arrangements.
The institutional framework of basic WRA should undertake, effectively, the following
tasks:
(a)

Collection of water resources data and processing of this data into the required
information;

(b)

Collection and processing auxiliary (physiographic) data required for the interpolation of
water resources information and a holistic approach to water resources management;

(c)

Training and education of the personnel required; and

(d)

Basic and applied research related to WRA.

3.2

General Administrative-Legal Framework in Relation to Water Resources Assessment and
Planning (WRP)

3.2.1

Definition of the general administrative-legal framework

The totality of institutions involved in long-term WRP and basic WRA and the legislation
and regulations (written or oral) governing the activities of these institutions constitutes the
general administrative-legal framework of the WRA programme. This framework varies widely
from one country to another.

- 18 The basic administrative-legal framework of WRA is the product of the country history and
socio-economic structure and is a component of a wider institutional system which ensures the
inventory, development, planning and management of the natural resources of the given
jurisdiction. A starting point for establishing the major components of this framework can be found
in the information provided by WMO (1994a and 1994b).
3.2.2

Description of the general administrative-legal framework

Defining the general administrative-legal framework of WRA in its relationship to long-term
WRP requires an understanding of the relationship that exists between long-term WRP and WRA,
and knowledge of the legislation that governs these activities. The former has a more general
character; the latter is specific to each country. A further complication results from the areal
boundaries of jurisdiction of various institutions.
3.2.2.1 Water Policy, Legislation and Administration
National water resources policy must be viewed within the context of national economic
and social policy, as it constitutes a catalyst to national development plans, whereas water
administration is a part of national infrastructure and acts, if effective, as a stimulus for the
national development process. Likewise adequate water legislation constitutes a means to
implement water decisions and facilitates the rational utilization of water resources. Appropriate
policies and strategies are necessary to ensure sustainable development.
As a consequence of increasing scarcity of water and growing environmental concerns,
there is an increasing need for formulating or reviewing water resources policies. The objectives
and basic principles underlying water policies provide the goals and criteria on which a detailed
strategy can be based. For addressing current and potential water issues, it is necessary to
consider the water system as an integral part of the environmental system and recognize the
interlinkage between the latter system and the human system (Hoekstra, 1995). If we consider
the complexity of current and potential problems, it becomes evident that better understanding of
today's water policy issues requires an integrated analysis of hydrology, water availability and
water demand in relation to land use changes, as well as in relation to food and energy supply and
economics and •only through such integrated water policy analysis will it be possible to develop
water policy for sustainable development" (Hoekstra, 1995).
A widespread trend in the past decade has been the functional integration of water
resources administration. Integration has been pursued at the central government level as well as
at the regional or basin-level. The mandate in some countries encompassed a broad spectrum,
ranging from policy making to planning of water resources assessment, and from pollution control
to the design, construction and operation of water development projects. Such integration has
solved fundamental, issues such as co-ordination and feedback of data between basic WRA,
development and management.
A counter trend has taken place in certain countries, but mainly through privatization of
irrigation and water supply services. In most cases the functional integration of the new water
administrations remains, however, largely intact (Burchi, 1991 ).
Assessment of institutional capacity to fonnulate water policies and strategies in response
to critical issues of the decade, involves identification of critical issues and evaluation of the
pressure on the water resources. The next step will be an evaluation of to what extent, national
institutions are capable of formulating policies addressing the most important issues. Once major
problems are identified and the pressure on the water resource is quantified, the following policy
and strategy components should be examined (FAO, 1995);
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Legal and institutional arrangements including management structures, systems of coordination, privatization and corporatisation;

(b)

Enabling environment, empowerment of users groups and stakeholders participation;

(c)

Information, education and public awareness campaigns; and

(d)

Water resources assessments, data and monitoring systems, use of modelling and
research.

Indicators and indices could be used to provide information to policy makers in order to
facilitate the policy making process. Indicators can also be designed to assess how effectively
policy works. A pressure-State-response framework for environmental indicators, developed in
the 1970s, is well suited for sectorial analysis at the national level. This framework follows a
cause-effect-social response logic. Pressure indicators measure policy effectiveness and are
particularly useful in evaluating policy performance, whereas response indicators assess the efforts
taken by a given institution to mitigate resource degradation (UNEP-Blue Plan, 1995). As regards
institutional issues quantitative indicators cannot be used and therefore benchmarks could be used
as a tool in the process of performance evaluation. Benchmarks can also be used for evaluating
the overall national efforts to control pollution, manage water resources and integrate economic
and environmental policies. A framework of water indices could be linked to an integrated water
simulation model to form one policy support tool (Hoekstra, 1995).
3.2.2.2 Long-term WRP and relationships to basic WRA
Long-term water resources planning involves the forecasting of water demand and
corresponding development of water resources from potential into actual resources, in accordance
with the economic and other long-term objectives of the social groups having jurisdiction,
ownership or other rights over the potential water resources under consideration.
When using the terms "water resources" and "water supply" recognition is given to the fact
that the simple existence of a source of water does not automatically define it as a water
resource. For water to be a resource it must be available, or capable of being made available, for
use in sufficient quantity and quality at a location and over a period of time appropriate for an
identifiable demand. There are many such demands, each with its own requirements, and account
must be taken of the socio-economic as well as the physical circumstances surrounding each
potential demand-resource interaction. The natural environment must now be considered as an
critical and important user when considering the demands on water resources.
The water supply-demand interaction, that is, the interaction between the water available
for use and the water needed by the various uses, embraces many forms according to the type
of water use. It should be borne in mind that in all cases this interaction includes water quantity
and quality aspects.
From the viewpoint of WRA water uses can be divided into three major groups:
(a)

Those in which the prime development element is the availability of water itself in certain
favourable circumstances. Such is the case with hydroelectric power and fisheries. In
some circumstances drinking water supply, water for waste disposal, irrigation and
recreation could be included.

(b)

Cases in which water plays a secondary, auxiliary role and development takes place
because of a number of favourable conditions of which water is not the most important
one. These are for example, primary extractive industries, oil, processing and construction
materials industries and water transportation (including hydraulic transportation of
minerals). Sometimes, such uses as drinking water, irrigation, recreation, fish farming,
livestock watering fall into this category also.
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The third group is related to the deleterious effects of water which could be labelled as
"negative uses". One could include in this group the effects of water quantity (flooding
of residential or industrial areas and farmland, excess water in mines), effects of erosion
and sedimentation, and effects of naturally poor or deteriorated water quality (direct or
sectorial spreading of diseases, increased cost of water treatment, reduction of value of
riparian real estate and of recreational value, etc.).

To be complete, a basic WRA programme should include institutions which have the task
of supplying all the relevant water resource inventory information. In addition, the usefulness and
continuity of the basic WRA programme depends also upon the existence of the institutions
involved in long-term WRP that require and use this information, thus continuously checking and
correcting (improving) its efficiency.
Strategic (long-term) water resources planning is a continuous process involving feedback
of data resulting from each development and management stage. Feedback and cross-over
between assessment and monitoring expands the WRA data base and thereby strengthens the
water resources assessments. UNCED (1992) called for a holistic approach to assessment,
development and management of freshwater resources because of water's special nature as a
unitary resource. This integrated approach is based on a balanced consideration of the needs of
the people and the environment including the protection of ecosystems and freshwater living
resources. Protecting the environment can only be accomplished with adequate water policies,
effective institutions and legislation. The effectiveness of the institutional framework in dealing
with environmental issues should be examined as a part of the countries evaluation of national
capabilities for basic WRA.
3.2.2.3

Areal framework

An essential starting point in defining the general political-administrative WRA framework
is the definition of the areal framework (boundaries) within which the assessment is taking place.
Three types of areas have to be considered in establishing such a framework.
The first is the natural river basin or aquifer boundaries, that is, the boundaries of the area
which is drained by the river or underpinned by the aquifer under consideration. The second is the
jurisdictional region. This is the region over which the same government or water resources owner
has authority with respect to the basic use of the water resources. Usually, water diversion from
one basin to another is legally possible within such a region. The third is the economic region: the
region within which the movement of people and merchandise is unimpeded by fiscal barriers, and
within which alternative locations of industrial and other development can be selected without
extraneous differential incentives (disincentives). The river basin or aquifer framework makes it
easier to assess the potential water resources of the area. The jurisdictional and economic regions
make it easier to plan water resources development and consider water resources diversions.
When the boundaries of the three types of regions coincide, the areal framework for WRA
in its relation to WRP is obviously the common area of the three regions. However, in practice this
is rarely the case. Frequently, the boundaries of two of the areal elements coincide (particularly
the jurisdictional and economic regions). In such cases it is also easy to select the assessment
areal framework for water supply-demand as the one which is common to at least two of the three
types of regions, but this requires the introduction of boundary conditions in the assessment to
take into account the effects of the non-coincidence of one of the regions to be considered with
the assessment area. When a river basin is divided into several jurisdictional regions, the WRA for
the whole river basin requires a co-ordination between the jurisdictions. In such a case, the
inflow-01..n:flow characteristics of the jurisdictional boundaries may have been already defined in
existing agreements between the jurisdictions, or may have to be agreed upon on the basis of the
findings of the assessment. When all three sets of boundaries are different, the problem becomes
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of boundary conditions has to be considered. In such cases, jurisdictional arrangements making
it possible to include a whole river basin in the assessment area are probably advisable and
examples of such arrangements are available in many areas of the world (UN, 1977, WMO,
1994a}.
3.2.2.4 Legal factors
The general political-administrative framework of a WRA programme depends, sometimes
significantly, upon the legislation governing various aspects related to basic WRA, namely
legislation:
(a}

Establishing the responsibilities and rights of the organization(s) entrusted with long-term
WRP and basic WRA;

(b)

Establishing standards and norms to follow in carrying out WRA, particularly basic WRA;

(c)

Enabling WRA activities to be carried out on private land or waterbeds.

The word •Legislation· should be interpreted in a board sense as the totality of relevant
juridical regulations, which is also related to jurisdiction levels according to the country
organization.
Legislation in this field varies enormously from one country to another and has a significant
bearing on WRA activities. In some countries such legislation may be completely lacking and
activity is based on unwritten but generally accepted (traditional) rules. In other countries, lack
of legislation and related institutions may be at the source of inadequate (or even non-existent}
basic WRA programmes.
3.2.3

Analysis of general administrative-legal framework

An understanding of the general administrative-legal framework of WRA in relation to
long-term WRP is required for the evaluation of the basic WRA programme.
For this purpose the evaluator should:
(a)

Identify the institutions that require basic WRA information for long-term water-resource
planning purposes (WRP);

(b)

Identify the institutions that collect basic WRA data and process them to provide the
required information;

(c)

Establish the areal jurisdiction of the various institutions involved in long-term WRP and
basic WRA and the resulting needs for providing boundary conditions;

(d)

Identify policy components including enabling environment, stakeholders participation,
public awareness, co-ordination and privatization;

(e)

Identify legislation governing the activities of long-term WRP and basic WRA (or generally
corresponding to accepted traditional rules);

(f)

Analyse relationships between various institutions and the corresponding jurisdictions and,
where applicable, identify lack of proper institutions and/or legislation.
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National and local institutions performing basic WRA

In most countries a number of institutions at the national or local level perform various
activities that could be included in the basic WRA. In addition to identifying them, it is necessary
to define the space and time dimensions of these activities to obtain a comprehensive description
of the WRA work carried out in the country, in preparation for its evaluation from the viewpoint
of coverage and accuracy.
3 .3. 1

Definition of tasks

National or local institutions to be considered as part of the basic WRA programme are
institutions whose water cycle related activities include one or several of the following tasks:
(a)

Planning, designing, installing, operating of systems of collection of water cycle data (that
is, precipitation, runoff, air and soil moisture, evaporation, groundwater, water quality)
making the data available to users;

(b)

Processing of water cycle data with the purpose of obtaining information on the statistical
or deterministic characteristics of the water cycle characteristics (e.g. yearly or seasonal
means, standard deviations, time series statistics, mean annual runoff maps, precipitation
or runoff corresponding to given storms, flood flows of a given return period).

3.3.2

Enabling environment

Institutional frameworks are markedly influenced by governments through the "enabling
environment• created by policy and regulations.
Improving the performance of institutions may require organizational development, and
when the structure of the institution needs substantial reorganization, capacity building may
become necessary to address fundamental institutional issues, and develop an enabling
environment. Capacity building is the development of managerial systems and their human
resources which in turn require a favourable policy environment (Alaerts et al, 1991 ).
Institutions can increase their organization strength and improve their effectiveness through
organizational scaling up; diversifying their sources of support; increasing their degree of
self-financing and by establishing collaborative links with international organizations and the private
sector.
Each country has its unique set of institutional, legal, socio-economic and environmental
conditions, and consequently has its specific requirements with regard to its water resources
institutional framework. An essential step in initiating a programme of capacity building activities
that are required to enhance national capabilities for conducting WRA programmes includes the
following actions (WMO-UNESCO, 1991 ):
(a)

Establishment or review of an appropriate policy framework;

(b)

Review of the legislative and regulatory basis of water resources assessment;

(c)

Establishment and maintaining effective co-operation between the various agencies
responsible for the collection, storage and analysis of water resources data; and

(d)

Enhancing co-operation between information producers and users and strengthening the
capabilities of water user groups.
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can be made on a continuous basis. Capacity building in itself is a long-term continuing process.
Capacity building comprises three inter-related basic elements (UNDP symposium, Delft,
1991 ):
(a)

Creating enabling environment with appropriate policy and legal framework;

(b)

Institutional development including community participation; and

(c)

Human resources development and strengthening of managerial systems.

3.3.3

Privatization

Studies throughout the world demonstrate that participation of the private sector groups
in water resources assessment, development and management activities improves access to
information, reduces monitoring costs and increases transparency as well as accountability in
decision making.
The roles of public and private sector groups have been refined in the past decade.
Increasingly countries are experiencing a variety of organizational arrangements (FAQ, 1995).
Governments often retain WRA planning and regulatory functions whilst delivery of services is
being entrusted to the private sector. Privatization can take many forms (FAQ, 1995):
(a)

Full private ownership;

(b)

Management contracts: the contractor is responsible for managing, operating and
maintaining all or a part of the water system;

(c)

Service contracts: the contractor provides a specific service;

(d)

Lease contracts: the contractor assumes full responsibility of all operations;

(e)

Concessions: the responsibility of the contractor may include the investment in additional
capital facilities, and/or

(f)

User organization: they can contract with a government agency to manage the water
system or certain part of it.

In addition to these various types of private sector participation, privatization may include
mixed enterprises. Corporatization is another approach of re-organization of the water sector. It
entails turning public sector institutions into financially and administratively autonomous agencies,
within the public sector.
Many private sector organizations collect water resources data for operational purposes.
These private sector groups, together with recipients of water use permits are required to provide
data to WRA and water management agencies.

3.3.4 Description of institutions
The institutions involved in basic WRA to be considered are all institutions carrying out the
tasks discussed above for one or several components of the water cycle. In some cases, both
sets of tasks are carried out by one and the same institution for a given water cycle component.
In other cases the two sets of tasks are carried out by different institutions.
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institutional set-ups that might be encountered in practice, these are grouped into three main
types:
(a)

Vertical.
The limits of the jurisdiction coincide with those of one or several
watersheds and, within those limits, basic WRA tasks are carried out by one and the same
institution;

(b)

Horizontal.
Basic WRA activities are split among several institutions in a similar
jurisdiction. For example, separate organizations are involved in collecting data on various
components of the water cycle such as precipitation, river flow and groundwater, whereas
other institutions are involved in developing information such as the areal distribution of
these components; and

(c)

Complex.
The watershed is divided into several jurisdictions and there are one or more
basic WRA institutions within each jurisdiction.

Vertical, horizontal and complex institutional set-ups can be found at various administrative
levels (inside a province, state, or prefecture, at the level of a country, or at the international
level). Each type of institutional arrangement is the result of a long historical evolution and
changing from one type to another is generally difficult. UNESCO (1969), UN (1974, 1975) and
WMO ( 1 994) provide descriptions of the various actual institutional arrangements found in various
countries. As can be seen from these publications, the most frequent types of institutional
arrangements are the horizontal and complex ones. It should be noted that in some cases the
arrangements may appear as horizontal when in fact they are complex. This is because the
reporting on the existing institutions was done by one level of government only.
3.3.5

Analysis of institutional arrangements

The large variation in the institutional framework within which basic WRA may take place,
from one country to another, makes it necessary to adjust the evaluation of the basic WRA
programme of a country to the specific conditions of that country (Figure 3.1 ). For this purpose
it is necessary first to carry out a survey of the institutions that participate in this assessment and
their methods of co-operation. Such a survey is necessary for two major purposes: to exhaustively
inventory and evaluate the basic WRA activities; and to evaluate the influence of the complexity
of the institutional framework on the basic WRA programme.
Figure 3.1 illustrates two extreme cases: a completely centralised state administration
covering the water resources administration from the top to the bottom and a federal system with
a very high share of decentralised (autonomous), privatized and private activities and with a multidisciplinary concept of tackling water problems. In the first case, a clear vertical structure can be
observed; the various ministries responsible for different water aspects are working in a parallel.
Each vertical column is responsible for planning and supervision at the top and execution at the
bottom. The action flow is strictly vertical. In the second case, a multitude of agencies with
completely different administrative structures are working complementarity. Decisions are taken
not only at the top level, but at each level as a consequence of decentralization. The action flow
resembles a net.
The first step required in evaluating the institutional framework is to establish the type of
organization (vertical, horizontal, complex).
The second step consists of identifying the institutions involved: in the case of a vertical
organization one institution; in the case of a horizontal organization a number of institutions
involved in various components of the hydrological cycle and various tasks; in the case of complex
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in the fonn of one or a series of organization charts or tables. A starting point can be found in
WMO (1994), UN (1974 and 1975) and UNESCO (1969).
The third step consists of identifying, for each institution, its tasks for data collection and
information production separately for each jurisdiction and defining the space-time limits for each
task. The results may be presented in Table 3.1. Appendix IV presents an example of the use of
Table 3.1.
The fourth step consists of determining with the assistance of the above table the:
(a)

boundary interfacing condition requirements;

(b)

activity duplication;

(c)

inefficient utilization of measurement and inspection crews;

(d)

inconsistencies in standards and techniques; and

(e)

insufficient data and information exchange.

In this step the streamlining of the WRA programmes that may be obtained through
interjurisdiction co-ordination and co-operation and interjurisdiction compacts or boards should be
considered.

3.4

International co-operation

One major purpose of this document as stated in Chapter 1 is to provide a practical basis
for planning international assistance to countries with inadequate water resources assessment
programmes. In view of this, it is important to recognize the significance of international
programmes and co-operation in assisting various countries with their water resources activities.
Appendix II examines the contribution of international organizations and agreements to
basic WRA. A more detailed discussion of this subject can be found in Nemec (1976), UN (1977)
and WMO/UNESCO (1991 ).
The involvement of countries in international co-operation aims to achieve the following
objectives:
(a)

to address issue and reconcile interests in the use of international water resources;

(b)

to promote the exchange of information, experience and knowledge as regards water
resources; and

(c)

to initiate and develop joint activities in the areas of training, research and development.
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3.4.1

International water resources

The basic principles of international law as stated by the draft articles of the "Law of
Non-Navigational Uses of International Water Sources" can be summarized as follows:
Water resources of an international river basin ought to be utilized by countries sharing the
basin in an equitable and reasonable manner, and in such a way as not to cause
appreciable harm to other basin states. Each state has the duty to exchange on a regular
basis available data and information on the conditions of the basin, in particular that of
hydrometeorological, hydrogeological and ecological nature.
International water law, which encompasses the international aspects of water resources
administration, seeks co-ordination among national water policies and administrations affecting
international water resources. The institutions responsible for the management of international
water resources, established between two or more states sharing a common basin or aquifer may
take different forms, such as commissions, committees agencies ... etc. The management of
international water resources raises some questions and problems of which need to be examined
and addressed. One issue pertains to co-ordination between the regulatory processes set forth by
the international agreements establishing the commissions and those of national legislations.
Likewise the problem of co-ordination between the international commission and national water
institutions may arise. To solve this issue, it may be necessary to incorporate the obligations
derived from international law into national legislation. It is also necessary to develop a relevant
institutional mechanism to address groundwater problems. The rights and obligations of
neighbouring states in respect to shared groundwater resources need to be clarified. The answer
to these questions is found in the agreement such states may have concluded with other co-basin
countries or if no such agreements exist in the general principle for international water resources
law.
3.4.2

Needs for, and benefits from international co-operation
International co-operation in basic WRA is needed for a number of purposes, and mainly

for:
(a)

basic WRA at continental and global scales;

(b)

development and implementation of advanced techniques for collection and processing of
data in the water cycle components and for providing information on the same;

(c)

technology transfer in the field of basic WRA;

(d)

organization of co-operative efforts in carrying out basic WRA in international basins;

(e)

providing data at boundaries of countries when WRA is carried out separately by various
jurisdictions; and

(f)

exchange technical and methodological information on basic WRA.

3.4.3

Significance of international co-operation programmes for basic WRA

Involvement of a country in international co-operation programmes related to water
resources may be of significance both in evaluating the existing programmes and in setting up
plans for upgrading the existing programmes to satisfactory levels. As the focus of this project
tends towards developing countries, this significance is outlined for these types of countries only.
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hydrological activities of the programmes of the main international organizations having
responsibilities related to basic WRA. The most important of these organizations are referred to
in Appendix II.
The information presented in Table 3.2 can give only a very general and indirect indication
of the extent to which basic WRA activities in a country benefit from international programmes,
in particular technical co-operation and assistance. In some countries a major part of the basic
WRA programme has been developed or is supported with external sources of finance and an
evaluation of the WRA programmes in such countries would not be complete without some
recognition of this fact.

3.5

Community participation

Community participation in the design and implementation of irrigation and water supply
projects is a well known approach, that leads to sustainable water resources development and
management. However, many water resources development programmes have not fully involved
the people affected by them. A broader approach in this context would be the stakeholder
participation in formulating strategies for water resources management. This entails involvement
of those who are concerned with water resources and who will be affected by the outcome of
policy and its implementation (FAQ, 1995).
Stakeholders include public and private sector agencies, professional associations, NGOs,
water users associations and other interested civil-society organizations.
Civil-society organizations include those associations ·beyond the reach of the state and
corporate economy which have the capacity of becoming autonomous centres of action"
IFAD(1995). Active partnership between water resources institutions, NGOs, private-corporate
sector and other relevant interested or affected civil society organizations could help in gathering
data and information identify sources of information and mobilize public support and political
backing to the WRA programme.

3.6

Community awareness and basic WRA issues

There is a growing need in persuading decision makers that the value of a continuously
updated and refined water resources information justifies increased investment. To achieve this
goal, an increased awareness of the value of water resources information is required.
Community awareness raising, may require a mechanism for enhancing the participation
of interested and affected groups in decision making and resource allocation to basic WRA
activities. This is now generally recognized. The World Bank Learning Group on Participatory
Development defines this mechanism as "a process through which stakeholders influence and
share control over development initiatives, decisions and resources, which affect them·. The
organization of Economic Co-operation and Development (OECD) defines this topic as a "strategy
which combines effective economic policies, equitable access to basic social and economic
services and broader popular participation in decision making, on the orientation of government
policies and programmes".
Because many decision makers are usually not fully aware of the economic value of water,
it is not likely that water resources data and information are adequately valued (Chapter 1). The
value of hydrological data could be demonstrated in cost-benefit forms (Table 1.1 and
WMO/UNESCO, 1991 ). However, such values exhibit large variations depending on varying
physical, technological and socio-economic factors. Several methods have been developed to
estimate the value of water and this could be considered an essential step toward valuing water
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Important methods entail the computation of the cost of provision of water, calculation of
opportunity cost and market pricing. Application of economic principles could constitute a
powerful tool for demonstrating the value of water resources assessment.
The value of data on water could also be demonstrated by estimating the cost of adverse
impacts of water resources development due to lack of data required for environmentally sound
water management. Adverse social and environmental impacts such as flood damage, water
pollution, water logging, salinisation and resettlement of displaced people could be observed and
quantified. The negative effects of intensive groundwater development such as land subsidence,
quality deterioration and increased cost of pumpage due to excessive decline in water levels could
also be estimated in economic terms. It is unlikely, however, that rigorous economic analysis of
the value of information will be feasible in all or even most circumstances (WMO/UNESCO, 1991).
In spite of constraints and difficulties which may arise in valuing water and WRA
information it is important to endeavour to demonstrate in quantitative terms the value and need
for water resources data and information and since the media, often shape public opinion it is
important "that media professionals themselves are persuaded of the importance of WRA"
(WMO/UNESCO, 1991).
Information demonstrating the link between water availability and the standard of living
may be conveyed to the general public through a variety of media, and the link between WRA on
the one hand and environmental protection and sustainable resource management on the other
hand needs to be demonstrated.
To increase acceptance of the importance of WRA it is necessary to illustrate that the
value of information it provides "in terms of improved decision making" exceeds its cost. With the
knowledge base substantially improved, it is also possible to integrate environmental
considerations rationally and effectively into water resources planning and development, not only
at the project level but also at the national plan and policy level. Information depicting the value of
WRA and its role in formulating water policy detailed strategies and environmentally sound
management water management could be presented and disseminated effectively through:
(a)

Public information media, and

(b)

Publications addressed to the public, professional, decision makers, NGOs and interested
members of the civil society.

Further progress in this regard could be achieved if NGOs would co-operate with WRA
agencies for mobilizing public opinion in persuading decision makers of the importance of
enhanced WRA information base and of its contribution to sustainable development and
environmental protection. WRA agencies need also to develop closer collaboration and partnership
with users of information, continuously assessing their needs, informing them about their
products, and providing them with the required products and information.
3. 7

Derivation of capability index

An indication of the capability of the institutional framework of the country to support
basic WRA can be obtained from the information collected in response to the discussion in this
Chapter. An index of this capability can be derived as described below.
Based on the information collected by the evaluator, he or she should complete Table 3.3
by answering the questions posed.

- 30 The capability index can be determined by summing the number of YES responses and
dividing by the total number of questions answered. The capability index will be a value between
O and 1 . The closer the value to 1 , the higher the capability of the country to undertake basic
WRA.
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Note: Appendix IV presents an example of the use of this table.
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- 33 TABLE 3.2
Participation in International WRA Programmes
International
Organizations

Corresponding
National
Institution

Participating
Countries

Programme

Main
Activities

Level of Participation
(indicate activities)
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Institutional Framework Capability Index 1

Question

YES

NO

Are all basic WRA activities undertaken in all regions of the country?
Is the existing institutional framework sufficiently robust to enable long-term
basic WRA?
Is the existing institutional framework sufficiently flexible to enable it to
adjust to future potential changes?
Is there existing water resources legislation in support of the institutional
framework?
Is planning undertaken within the river basin or groundwater aquifer unit?
Are duplication of effort and areas of overlap minimised to provide efficient
services?
Are there existing coordination mechanisms between institutions which
ensure:
a)
effective use of resources?
b)
consistency in standards and techniques?
c)
exchange of data and information?
Is the level of international cooperation adequate for the current status of
water resources development within the country 2 ?
Does the current institutional framework allow for community participation in
water resources issue?
Is adequate funding provided for the basic WRA function?
Overall lndex 1

The capability index can be determined by summing the number of YES responses and
dividing by the total number of questions answered. The capability index will be a value
between 0 and 1 . The closer the value to 1 , the higher the capability of the country to
undertake basic WRA.
2

Involvement in at least 1 and preferably 2 projects with international agencies would be
taken as adequate.
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DATA COLLECTION, PROCESSING AND RETRIEVAL

4. 1

Main activities for basic WRA

The main activities required for basic assessment of water resources are data collection,
processing and dissemination. Three types of data are usually required: data on the water cycle,
data on water use projects, and auxiliary data which are used for interpolating network data to any
point of the area under consideration. These activities are crucial for the basic assessment of
water resources and their adequacy is of foremost significance in evaluating the WRA programme
of a country. If hydrological data are not measured and collected in proper time (e.g. at the time
of the extreme events) they will be missing forever. They can not be replaced and the lack of
observed data can never be eliminated. Quality control procedures are therefore essential if data
are to be collected to the required levels of accuracy.
This chapter is concerned mainly with data. However, reference is occasionally made to
information in this chapter and in subsequent chapters. For the purpose of the evaluation, data
are defined as numerical expressions of measurements of some dimension of a natural or
man-made object or phenomenon. Information is defined as the result of processing time and
space series of data in various ways so as to provide insight into the characteristics of the object
or phenomenon, and for use in decision making.
4.2

Data on the water cycle

4.2. 1

Data needs

Basic WRA requires data on the variation in time and space of the flows and physical,
chemical and biological characteristics of water present in the various elements of the water cycle
(precipitation, evaporation, air humidity, runoff, river, lakes, snow and ice, soil moisture,
groundwater). There may be different priorities for data needs in different countries, or even in
different regions of one and the same country. These priorities are determined on one hand by the
current and future needs of the users and, on the other, by the characteristics of the available
water resources. However, the latter can not be estimated without information obtained from
basic WRA.
4.2.2

Water cycle observing system

Two of the basic principles of physics, the continuity of mass and the continuity of energy,
are applied to measuring and understanding the flow of water through the hydrological cycle. The
main one of these, the equation of continuity of mass, is in effect the water balance. For
example, one form of this equation: Q = AV often serves as the basis for the determination of the
flow rate in a stream or canal. In this equation, Q is the instantaneous rate of flow through a
cross-section of channel with area, A and average flow velocity, V. Traditionally, flow rate, also
known as discharge, could not be measured directly for streams of even a modest size. On the
other hand, cross-sectional area can be measured by sampling its spatial dimensions, and velocities
can be sensed by the use of current meters. Thus, the use of this equation has resulted in
derivations of the rate of discharge for even the largest rivers in the world.
Another example of the role of the equation of continuity of mass can be found in the
observation of evaporation of water from a lake surface. In this example, the equation takes the
form: P + I - 0 - E = LlS where P is the amount of precipitation that falls onto the surface of the
lake during a period of observation, I is the inflow of surface water and groundwater during the
period, 0 is the outflow of surface water and groundwater, E is the quantity of water evaporated
from the surface of the lake during the period, and LlS is the change in the volume of water in the
lake during the period.
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Guide to Hydrological Practices (1994a) for surface water and UNESCO (1977) and (1996) for
groundwater.
The WMO Guide (1994a) covers highly diversified instruments and methods of observation
of hydrological variables. In practice, many classical methods of measurement described therein
continue to be in use despite the advent of new technologies. Selection of new technologies must
be made from a wide variety of available instruments and methods of observation that are
continually expanding. There is a natural tendency for Hydrological Services to delay in the
adoption of new technology because of the costs both of purchasing the equipment and of training
its staff to use the new technology. Hydrological Services generally prefer to keep their
instrumentation as homogeneous as possible to minimize difficulties in training and in equipment
maintenance and to maintain the consistency and standard of the data recorded.
Data on the water cycle are collected mostly through conventional measurement networks.
More recently, collection of some of these data through remote sensing (air surveys and satellites
(WMO, 1994b) has become significant and the use of such measurements is increasing.
In the field of hydrological measurements, two kinds of remote sensing techniques are
commonly used: active (by emission of an artificial radiation beam toward the target, and analysis
of the target response) or passive (by analysis of the natural radiation of an object).
In active methods, radiation may be high frequency electromagnetic (radar) or acoustic
(ultrasonic devices). The apparatus may be installed on the ground (radar, ultrasonic), on
aeroplanes, or on satellites (radar). Optical devices (laser) are not yet commonly used in
hydrology. Active remote sensing is usually done on an areal basis, but may also be used for
point-oriented measurements (ultrasonic).
In passive methods, the radiation is electromagnetic (from infrared to violet, and rarely
ultraviolet). Most current applications are made by means of a multi-spectral scanner, which may
be airborne, but is more frequently carried on a satellite. Passive sensing is always areal.
Radars are presently used for rainfall intensity measurements over a given area. Other uses
of remote sensing in hydrology are still quite limited, but some use has been made in the
measurement of water body areas and the extent of flood inundation. Furthennore, the use of
hyper-frequencies (microwave) seems to offer some possibilities in the sensing of soil moisture
(WMO, 1994b).
Collection of water cycle data requires an infrastructure (stations. data transmission and
measurement equipment, repair and maintenance shops, rating laboratories, aeroplanes, satellite
receiving stations and corresponding staff of observers, technicians and engineers) and a
superstructure for planning the data collection system, and its operation, and for checking and
primary processing of the data. The infrastructure is an element which can be readily
characterized quantitatively and qualitatively (related to historical, real-time and field survey data).
The superstructure is usually more difficult to characterize, particularly from the quality viewpoint.
Data collected on water cycle elements can be separated into three major groups: historical
data, real-time data, and special survey data. Historical data are data collected to obtain the
space-time series of data on water cycle elements for long-term characterization of these
elements. Real-time data are data transmitted as recorded to data collection, processing and
dissemination centres, for monitoring and forecasting of water related phenomena for various
practical operational purposes. Of course, real-time data can be used also, after accumulation, as
historical data. The infrastructure of the two systems are different, that for the historical data
being much simpler than that for the real-time data. However, as communication costs reduce and
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for added quality control of the data collection process. The special surveys data are data
collected instantaneously; or for short duration in certain areas, in connection with studies of rare
events or special purpose studies or for initial exploratory purposes preceding, for example,
installation of permanent stations, or for data interpolation purposes.
4.2.2.1

Historical data
The infrastructure for obtaining historical data consists usually of:

(a)

measurement (gauging) sites;

(b)

measurement equipment (fixed such as raingauges, river gauges, and portable equipment
such as current meters, well drilling equipment);

(c)

operating staff (site bound such as observers and itinerant such as flow measurement
teams, well drilling teams);

(d)

equipment rating and testing installations and staff;

(e)

water quality, hydrobiological and sediment analyses laboratories and staff; and

(f)

flood marks, proxy data.

The historical data infrastructure is the essential component of basic WRA. Although it is
conceivable to use remote sensing techniques for collection of historical data, these techniques
are used mostly for collection of real-time and special survey data, and are discussed under those
headings. However, there is an increasing trend towards the use of these techniques for the
collection of historical data.
4.2.2.2

Real-time data

Real-time data collection is not essential for basic WRA. However, it does contribute in
several ways to this assessment by: increasing the density and frequency of data; providing,
particularly through meteorological and environmental satellites, basic information for areal
interpolation of point data as indicated in Chapter 5; and by providing valuable information for the
operation of the network such as warning on malfunctions, exceptional high or low flow for which
teams should be dispatched for flow measurements, accessibility of gauging stations, etc. Such
data are recorded and transmitted to data collection centres either instantaneously or with short
delays by telemetering (radio, telephone, satellite and meteor burst technology).
4.2.2.3

Field surveys

Field surveys are defined, for the purpose of this evaluation, as surveys of water cycle and
physiographic data that are carried out occasionally or routinely in addition to network-based
surveys. Examples of routine field surveys are snow surveys. Examples of occasional field
surveys are reconnaissance trips for finding groundwater resources by exploration and special flow
measurement programmes in an area during a drought. Field surveys can be carried out using
surface or airborne equipment. The use of remote sensing and nuclear techniques for field survey
of snow and soil moisture has been increasing over the past few years (WMO, 1994b). For field
surveys, there is also the possibility of using space platforms of various types.
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equipment, transportation vehicles and platforms, maintenance shops operation and maintenance
staff and of satellite data reception stations, when satellite data are used.
Special surveys may play a significant role in water assessment in certain regions (for
example, in regions with significant snow cover or with largely unknown groundwater resources).
Special surveys can be used with historical data for areal interpolation of network data, or with
real-time data for water resources operation and forecasting purposes.
4.2.2.4

Superstructure

The operation of a data collection agency · · quires that it has developed and/or adopted
industry standard techniques of measurement, proc1:ssing and storage of data and employs staff
with the required qualifications and experience. Such an agency should have the technical
organization able to operate the infrastructure and store and process the collected data in the
required form for dissemination to users. This should include the ability to obtain information from
measurement points or for ungauged points through regionalized information sources.
1

Techniques for collecting data on the water cycle have been described in the major guides
and operation manuals of the specialized UN organizations (see references to Chapter 3).
Therefore these techniques are not discussed further here.
The superstructure personnel in data collection institutions consists of the staff required
to plan and supervise the operation of the infrastructure, to adopt or develop techniques of
measurement, quality control and to develop techniques for data storage and processing, and
implement them. Superstructure staff requirements depend upon the size of the infrastructure and
the type of organization. As data storage and processing can be largely computerized, and quality
control can be made significantly more efficient by the computer, one can expect that staff
requirements will change as computer automation of these processes increases. The availability
of experienced staff for computer operation, programming and interpretation of computer output
must be considered when automation is introduced. Similarly, the introduction of new technology
can require staff with different levels and types of technical skills.

4.2.3

Evaluation elements and levels of activity

Table 4.1 presents a set of evaluation elements which may be used in considering activities
relating to the collection of data. The evaluator should, as far as possible, complete this table by
filling in values for the activity levels, as defined in the table. Where specific activity level data
are not available, the evaluator should make a subjective judgement of the situation as either
adequate or inadequate and provide comments in the table accordingly. There may be some
elements for which it is meaningless or impossible to make an evaluation for the area under study.
In addition, elements other than those listed in Table 4.1 may be of particular local importance;
in which case the evaluator should add them to the table and include them in his evaluation.

4.2.4

Adequacy reference levels

Adequacy reference levels may cover both the infra- and superstructure. It should be borne
in mind that the existence of stations per se without quality control, adequate staff, equipment,
repair and maintenance facilities for the equipment and storage, processing and dissemination
facilities for the data is insufficient for obtaining basic WRA data. Furthermore, the evaluation
should try to take into account the observing programme, data quality and length of record in
addition to the number of stations.
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comparing conditions where such inventories have been satisfactory with conditions where they
have not. However, it is difficult to define what constitutes satisfactory basic WRA. For the
purpose of the evaluation it is suggested that a satisfactory basic water resource inventory may
be considered to have been obtained in countries (regions) where development planning has not
been delayed by the lack or gross inaccuracies of such data (Chapter 8). Reference levels for
other data related to the use of water within specific developments (design, construction,
operation) are difficult to establish as they depend on socio-economic conditions. In general, one
can state that water resource data for actual water use are adequate when the cost of increasing
further the collection or accuracy of such data would exceed the economic benefits resulting from
an increased amount of data or their increased accuracy.
However, when increased accuracy of data may result in the saving of human life, other
criteria may be applied. Adequacy criteria for water resource data required for actual, individual
development projects, are outside the scope of this project, as in practice they cannot necessarily
be applied regionally or country wide.
Reference levels for basic WRA are suggested in Appendix V and are based partly on WMO
recommendations (WMO, 1994a), and preliminary checks made in some countries with adequate
basic WRA.
4.3

Data on water-resource projects and use

4.3. 1

Requirements

In addition to the measurement of the various components of the natural water cycle, in
developed areas, basic WRA requires data on the man induced changes which may have impacted
on the natural cycle. These data can be used for evaluating the effects of water resource projects
and re-establishing the natural hydrological conditions that are necessary for basic WRA. In
particular, data on such changes are required for:
(a)

reconstruction of the natural regime of the water balance components, to enable
elimination of non-stationarity in time and space series of data and development of
relationships between time series parameters and physiographic characteristics;

(b)

assessing through physical and/or statistical models future changes in the variation of the
quantity and quality characteristics of water resources due to development.

4.3.2

Water resources uses

Water resource uses and related projects affect directly or indirectly all water cycle
components.
Data on water resource uses and related projects can be collected either by the
organizations collecting data on the natural regime of the water cycle components, or by the users.
In some countries a combined system in which both groups of institutions may be involved in
various ways may be preferred. This is because bias may occasionally be involved in data reported
by users, when data are collected by them. It is therefore advisable to ensure that an independent
system of checking these data is available.
The observations necessary to record most water uses are usually made by the group using
that water. The agency in charge of allocating water resources usually makes the measurement
of use a part of their right to the use of water. The records are then forwarded to regional offices
where they are subjected to the same scrutiny as surface water and groundwater records. In
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diversions, reservoirs, wastewater outlets, irrigation canals, and land-reclamation and drainage
projects (UNESCO, 1990).
The data stored in computer files are retained in their most basic form so that each user
may assemble them to meet individual needs. Thus, daily uses and, in some cases hourly or even
instantaneous uses, may be stored in the computer. These data are also summarized and printed
in water use catalogues and annual reports for the ongoing benefit of the community of water
users and planners.
Water use data, once gathered, verified and filed in some systematic manner, may be
stored in a computerized data bank that is compatible with the data banks used for surface water
and groundwater. The configuration of such data banks varies, depending upon the needs of the
users of that information. The agency responsible for the water resources must decide on the
degree of detail needed for its own purposes. When a comprehensive data bank is maintained,
all possibilities are covered and thus water-use patterns can be examined in detail. The
disadvantages are financial. A limited data bank is less costly but may not provide the user with
enough detailed information for in-depth analysis of local conditions. Only the eventual user of the
data can decide the amount of data needed to study the relationship between the basin's water
supply and water demand. The staff responsible for recording and storing water-use data should
develop a system that is both comprehensive and economically feasible.
The water quality aspects of water use data collection include obtaining data which identify
natural water quality constraints on water uses and establish cause-and-effect relationships
between uses within the basin and effects of those uses on the quality of the water.
4.3.3

Adequacy of data on water resource uses and related projects

Projects related to water resource uses vary in size from a simple well system which
abstracts a small fraction of a groundwater resource, to large storage abstraction and diversion
projects that may completely change the hydrological regime of the largest rivers of the country
under consideration.
In most cases it is impossible to obtain data from all existing water resource projects and
a sampling system is required. A simple empirical rule for assessing the adequacy of a system of
monitoring water resource projects would be to assume that it is necessary to monitor all large
projects in a given category and a sample of medium and small ones. Large projects should be
defined in terms of their influence on the hydrologic regime. The characteristics of water
resources projects that may produce changes in the hydrologic regime are flow, storage,
abstraction, diversion, and return of used water. It is suggested that a large project be considered
as one for which the characteristic that produces hydrologic changes is at least larger by one
standard deviation than the mean of that characteristic for projects in the given group. On this
basis evaluation elements have been developed as shown in Table 4.2. This table should be
completed by the evaluator to the extent possible.
4.4

Physiographic data

4.4. 1

Data needs

Physiographic data are defined for the purpose of this project as data that are related
indirectly to water resources, and should be used with hydrological and hydrometeorological data
to estimate the characteristics of the water resources.
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(a)

explaining the causes of variation in space and time of water cycle elements and using this
for interpolation of measured water cycle data to ungauged sites;

(b)

prediction of changes in time and space of water resource characteristics due to water use
and changes in river basin conditions (including the impact of potential climate change);

(c)

estimation of costs for developing water resources for certain uses.

Physiographic data for all basic WRA purposes are mainly concerned with data on
topography, geology (geomorphology included), soil, land use and land cover. However, the
required level of detail (scale) of the data is different according to the purpose for which it is
intended. All above-mentioned data can be considered to be invariable in time except for data on
land-use/land-cover whose time variation closely influences variation in time of runoff and related
water cycle elements. In addition, prediction of changes in time of water resource characteristics
requires that data on water use projects (existing and being implemented) are also available as
mentioned in 4.3 above.

4.4.2 Data systems
The data systems required for basic WRA purposes are slightly different for each type of
physiographic characteristic in relation to the qualities of the characteristic and its use in basic
WRA activities (see also Chapter 5).

4.4.2.1

Topographic data

These are required as input to almost all types of water balance models and are used for
assessment of cost of developing water resources, since topography is an explanatory factor for
the variation of water cycle elements. Initially, the scale required usually varies between
1 :250 OOO to 1 :1 OOO OOO. Larger scales (e.g. 1 :100 000) are required for relatively small river
studies (less than 1 OOO sq km) and should not be considered necessary, in general, for
country-wide assessments. However, the scale of topographic maps required for assessing the
cost of development of specific water resources is between 1 :25 OOO and 1 :50 000. These maps
may also be valuable for hydrological studies, particularly those for urban flood mapping.
A very important element of the topographic maps for WRA is the river network.
Topographic maps are currently obtained from combined aerial photography and ground truth data.
In areas covered by dense forest it is generally difficult to trace the river network on the basis of
aerial photography and large scale maps; ground-based surveys or other techniques should be used
to complete the river network.

4.4.2.2

Geological and geomorphological data

The geomorphological conditions and the geological formations which form significant
outcrops are some of the major factors which determine the runoff and infiltration coefficients and
the availability and quality of the groundwater. Geomorphological and geological data are therefore
essential both for the indirect estimates of surface water and groundwater characteristics and for
development of various types of models for estimating surface water and groundwater
characteristics.
The main geomorphological and geological data required are: the geomorphology of the
river network including data on cross sections, meanders, braided channels and the like, the
lithologic-stratigraphic characteristics and distribution of pervious and impervious rock formations,
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permeability, transmissivity} of the water bearing layers, the geochemistry of actual and potential
water-bearing layers and the presence of fractured systems (including bedrock).
4.4.2.3

Soil data

In most areas there is a relationship between soil characteristics and the climate, primarily
precipitation characteristics, the runoff, infiltration, and other hydrometeorological characteristics.
Soil data are therefore extremely important as inputs in hydrological models of various types. The
type of soil is also of significance in connection with water quality and sediment-erosion
characteristics. Adequate soil data for WRA purposes therefore include data on the type of soil,
the thickness of its layers, the chemical-mineralogical composition and grain size distribution per
layer, infiltration and permeability characteristics, porosity, water retention (field capacity),
cohesion and erosion characteristics. In most cases all such data are not necessarily available
when soil surveys are made (usually by combined remote sensing - ground truth techniques), as
most surveys are carried out for agricultural-forestry purposes, and data of significance for water
resources purposes are usually obtained only in a subsidiary manner.
Except for smaller countries, appropriate scales of soil maps for hydrological investigations
vary from 1 :250 OOO to 1 :1 OOO OOO. A larger scale would be difficult and uneconomical to
process and smaller scales would not contain the required details.
4.4.2.4

Land-use/land-cover data

Land-use/land-cover characteristics in many ways reflect the hydrometeorological
conditions of an area. Generally land-use/land-cover vary slowly in time. However, occasionally,
this variation can be rapid, for example following forest fires or extensive deforestation by man.
Modifications in the hydrological regime following such rapid land-use land-cover changes may be
dramatic. Therefore, for obtaining inputs in hydrological models, as well as for detecting rapid
modifications (non-stationarities) in the hydrological regime, it is important to update
land-use/land-cover maps periodically, including also the areas/levels of urbanization.
Convenient land-use/land-cover maps that can be used in basic WRA are 1 :250 OOO and,
when very large areas are involved, 1 : 1 OOO OOO. Such maps are usually obtained through
combined remote-sensing ground-truth surveys. These maps should be updated periodically, more
frequently in areas subject to rapid change. This could be done, for example, by automated or
manual interpretation of Landsat imagery (WMO, 1994b).
4.4.3

Adequacy of physiographic data

For topographic, geological (geomorphological} and soil data, adequacy for WRA purposes
can be simply evaluated by the percentage of land area which is covered for the given country by
the maps of the required type. For soil maps the percentage of country for which hydraulic
characteristics of soils can be estimated is quite important. In the case of land-use/land-cover
data, adequacy depends also on the interval of time between updates of available maps.
Table 4.3 presents a set of evaluation elements to be used with regard to physiographic
data. The evaluator should complete this table to the extent possible.
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Data storage, primary processing and dissemination

4.5.1

Requirements

Water cycle as well as auxiliary data are usually stored, primarily processed and
occasionally disseminated to other users, by the agencies that collect them. Proper storage and
preservation of the data as well as consistent primary processing and data dissemination is
obviously essential for adequate WRA. Geographical Information Systems (GISs) are an evolving
technology that assists in the establishment of up-to-date and easily accessible data storage
systems.

4.5.2 Data storage
A full description of recommended procedures for storage and primary processing of water
cycle data is given in UNESCO/WHO (1977), WMO (1988), UNESCO/WHO/UNEP (1992) and
WMO (1994a).
Water cycle data can be stored in the form of original data sheets (observer's booklet, level
recording log sheets, etc.) in microfilm form, or in computer compatible form (CCF). The adequacy
of the storage system can be evaluated by means of two basic characteristics: probability of full
preservation of all original data and the time required to locate specific data. Time required to
locate data stored in CCF usually takes only a few seconds for online storage systems to a few
hours for off-line storage systems. Data in some CCFs are also exposed to aging and conservation
measures have to be taken accordingly.
Data on the operation of water resource projects are collected and usually stored in a
similar manner to water cycle data. However, such data are usually stored by the user and this
often makes it difficult to retrieve them. It is recommended that data on the operation of water
resources projects should be stored in such a manner that they can be linked with the water cycle
data and thus facilitate the reconstruction of the natural hydrological regime of flows.
Storage of conventional topographic, geologic and soil data represent relatively limited
volumes that can be preserved in original form or on microfilm. Data preservation as well as
locating specific data may present difficulties in some cases. Additional difficulties are
encountered with this storage system when checking the data for consistency or merging them
for various purposes is attempted. As more and more topographic, geologic, soil and land-use
land-cover data are collected using automated equipment, particularly by remote sensing, it is
convenient and efficient to store these data in CCF (in a GISI and also to transpose conventional
data to the same form.

4.5.3

Primary processing

Primary processing consists of two basic operations: the first is cataloguing and banking
of data, the second is preparation of user oriented data. Both operations are discussed in detail
in WMO (1994a) and particularly for water quality in UNESCO/WHO/UNEP (1992).

4.5.3.1

Data cataloguing

This requires establishing an efficient inventory of the data under consideration to enable
an evaluation of the extent of data availability and, rapid data retrieval. Although there are some
basic differences between time series of data, most of which represent water cycle data, and
space series of data, most of which represent physiographic data, both could best be catalogued
by means of a system of identifying each datum in a common system of "coordinates". Such
coordinates could conveniently be selected as the subject (type of data}, object (to which the data
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refer). time, space, data quality and source ("six dimensions"). A system of cataloguing that
enables locating the data only with respect to some of the above co-ordinates is usually inefficient.
4.5.3.2

Conventional data archives

Catalogued water cycle or physiographic data, accessible through all six coordinates or at
least through the subject-object-space-time coordinates to all data users, constitutes a
conventional data bank. In the case of horizontal or r'.)mplex organizations, at least one of the
institutions involved in the collection of a type of data i~ equired to have all catalogues pertaining
to this type of data as a basis for a corresponding conventional bank of such data.
4.5.3.3

Computerized data banks

Computerized water cycle and auxiliary data makes the work of both data collecting and
data using agencies much more efficient. Computerized banks of auxiliary data provide, in addition
to increased efficiency, the possibility of applying many types of models for the interpolation of
water cycle data (WMO/FAO, 1985).
The first, simplest and most important step in computerizing a water cycle or auxiliary data
bank consists in computerizing the catalogues of data. This enables one to search for data
according to any one of the six "dimensions• mentioned in 4.5.3.1. The data proper are then
transposed to CCF (eg a GIS) gradually, as needed.
Checking for data entry errors is a very important element in a computerized bank and
should receive utmost priority. Of course, some checks can be done also for conventional data
banks. However, this requires more manpower. In the case of physiographic data, checks can
be done by overlaying (eg through a GIS) maps of related data (e.g. soil and surface geology and
topographic maps).
4.5.3.4

User oriented data

This relates to the extraction of pertinent data from original records and to the elementary
processing for consistent presentation to users. It is a very important step in basic WRA activities,
as some of the collected data may be useless or misleading without it (WMO, 1994a;
UNESCO/WHO/ UNEP, 1992).

4.5.4 Publications
Publication of water cycle data is usually in the form of monthly bulletins, yearbooks and
longer-term summaries, including both tables and maps. Publications issued at regular intervals
usually contain primary processed data (4.5.3) and their format follows certain established
guidelines which are described in detail in WMO (1994a), UNESCO/WHO (1977) and in
UNESCO/WHO/UNEP (1992). There is increasing use of CCFs such as CD ROM for the storage,
presentation and access to data. Various reports and bulletins may be published to meet the
requirements of specific users and can complement the regular publications.
Physiographic data are usually published in the form of maps, less frequently in tabular
form (e.g. tables of areas of various land uses, types of soil, soil characteristics, etc.). More
recently, interpreted aerial photographs and imagery have been used for publishing auxiliary data
of interest in WRA (including digital maps or geographical information systems). Soil and
hydrogeological maps are usually published in the framework of reports on the studies that lead
to the given maps. Such studies are of great significance when soil and hydrogeological maps are
used.
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Adequacy of data storage, primary processing and dissemination

Table 4.4 presents a series of evaluation elements to be used in estimating the adequacy
of data storage, primary processing and publication activities. They are based on the
considerations discussed below.
The ratio between the total number of data stored and data collected, excluding data lost
and discarded, is a general indication of the efficiency of a survey. Another indicator of the data
collection efficiency is the ratio between data lost (gaps on records) and discarded (because of
gross errors, etc.) and actual data collected (i.e. excluding the above).
An important characteristic of the preservation reliability of the data storage system is the
ratio between the number of data with back up (data stored in two different places unlikely to be
involved in common cause accidents) and the total number of data stored.
Type of storage (original, microfilm, CCF) and related duration of locating specific data are
also important indexes of the efficiency of these processes.
Availability of Landsat repetitive imagery (photographic or in CCF) is becoming a significant
input in basic WRA.
The existence and extent of coverage of catalogues including all "coordinates" is a
significant criterion of the level of accessibility of the data. This is important for both water cycle
data and auxiliary data and the first step required for creation of a data bank.
In proposing indexes for assessing adequacy of data banks the following considerations are
used:
(a)

where computerization of data banks is beyond the country's means or when it is not
needed, conventional data banks are essential for a smooth flow of data; indices that may
characterize such data banks are the percentages of data included and the lag time
between a request for data and the actual locating of the data;

(b)

where computerized data banks are introduced the indexes should not be related to the
current number of data stored and/or available programmes, or even to lag time between
request of a document (data) and actually obtaining it, but rather to the training-experience
of the computerized data bank staff and the computer capacity (memory) and relevant
peripherals.

The extent to which collected data have been prepared for user oriented presentation is
also an indication of the efficiency of the data collection systems evaluated. As errors in daily
flow estimates, which are part of this preparation, are very important for basic WRA, and as such
errors are difficult to assess, an index of these errors is proposed. This is the ratio between the
range of levels for which flow measurements have been carried out to the total recorded range of
levels. The number of discharge measurements during the year is also an important component
of this index, as instability of the river bed, ice phenomena and bed vegetation impact on the
derivation of daily flow data. A similar evaluation element is proposed for water quality.
Publication of a minimum suite of data on the water cycle provides the best means to
inform a large number of users on data availability and on the data themselves, and their timely
publication increases their usefulness. The evaluator should, as far as possible, complete
Table 4.4.
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WRA techniques

4.6.1

Conventional techniques

Many different methodologies can be used to analyze a basin's water resource potential
{UNESCO, 1990; UNESCO, 1996). Numerous hydrologic textbooks and papers have been written
describing how existing and proposed water uses and constraints may be used, with recorded and
estimated data, to determine the degree and types of water use that can be rationally developed
with available sources of water.
Streamflow records can be used to establish historical maximum and minimum flows, mean
flows and, through the use of duration curves, an estimate of the probability that specific levels
of flow will be exceeded or not met. These records can be used to evaluate the river's ability to
meet present and anticipated withdrawals without the addition of reservoir storage. Studies of
this type may analyze daily streamflow for periods as long as 20 years or as short as one year,
and the validity of their results is usually consistent with the period of time studied with longer
time periods giving more reliable (lower risk) estimates of v1ater use potential. Similarly the water
supply potential of undeveloped aquifers may be roughly evaluated using the initial records of
groundwater levels and basic aquifer (pumping) tests to determine the percentage of the resource
that can be readily recovered.
4.6.2

Water management budgets

Upstream developments (diversion, dams and uses) may disturb the river's natural flow to
a point where these traditional methods are inadequate and more comprehensive water
management budgets should be used. The basic equation used in preparing water management
budgets for a basin or sub-basin is a modification of the water budget equation:
INFLOW+ STORAGE AT START OF PERIOD -WATER USE - OUTFLOW
= STORAGE AT END OF PERIOD
Each part of the water-budget equation may be sub-divided into as many components and
sub-components as are needed. Each of the components may be developed in more or less detail
depending upon its impact on the water supply, on the availability of data, and on the purpose for
which water budget studies are intended. When inflow, outflow, storage at the start of the period
and water use are compiled, they may be summed algebraically to find storage at the end of the
period.
Historically, the period of study used was the water year or an annual balance of flow.
Now, with the availability of computers, monthly, weekly and, occasionally, daily balance periods
are used in computerized studies. When seasonal or shorter periods of time are used, the equation
becomes more complex. Components for seasonal change such as bank storage, channel storage,
etc, need to be included. The time period selected is a function of available data.
INFLOW may include natural or recorded inflow for an extended period of time. Recorded
data on streamflow, precipitation, and uses may be utilized to synthesize monthly streamflow
records for the selected study period. Similarly, estimates for diversions, additional groundwater
inflow and return flow from upstream uses may be used to produce estimates of total monthly
inflow at critical study points.
STORAGE AT START OF PERIOD includes the storage volume at the start of each time
period, the first day of each month in a monthly study, and STORAGE AT END OF PERIOD is the
storage at the end of the same period. The storage at the end of the first period then becomes
the storage at the start of the next period being balanced.
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non consumptive instream uses necessary to maintain downstream flow. Reservoir evaporation, in
most studies, is treated as a water use. In more recent years it has become common practice to
remove the effects of water uses and flow regulation from recorded flows so that the streamflow
estimates approximate the river in its natural state. The present level of use is then subtracted
from the natural streamflow estimates to demonstrate the existing constraints on the river's
potential. The planners may then subtract proposed future uses from present-use flow estimates
to determine if specific modifications {such as proposed reservoirs or diversions) satisfy the needs
of the area. There are two advantages to this approach. Firstly, the planners may wish to
determine the effect of curtailing or modifying some of the existing uses, and this approach
enables them to do that. Secondly, natural streamflow estimates are more desirable for use in the
types of_ regression analysis needed to fill in missing streamflow records because natural
streamflow estimates do not include the water uses that are gradually increasing as the years go
by.
OUTFLOW is the estimated channel flow below the reservoir or diversion point. It will
include reservoir spillage, channel flow {minus any instream uses already accounted for under the
water use part of the equation), diversions around stream-gauging stations, exported water, and
may include sizeable components of underflow or groundwater flow past gauging stations.
Water management budgets using this type of water supply accounting have undergone
numerous refinements in the past two decades. Almost all such studies are now computerized
and most studies of this type use an extended historical record to ensure that several drought
periods with variable characteristics are included in the study.

4.6.3

Computer models

Computer models have been designed to deal simultaneously with multiple reservoirs and
diversions, assisting decisions on which reservoirs to draw water from based on the amounts of
storage in each reservoir. These computerized approaches cannot be classed as simulation
modelling, however, because they just use the computer to calculate the same basic water balance
that has been used historically in water management budget studies.
The computer has made it practical to simulate a basin's characteristics by building a
model of the basin and using that model to determine how the basin would react to proposed
changes in its regime. Simulation techniques represent logically appropriate tools for water
resources assessments, as opposed to the optimization modelling that is more applicable to
managerial aspects. This approach can be a very effective tool in complicated water management
situations where extended historical data are not available to test proposed changes to the
system. It may be applied to solve the following types of problems:
(a)

operational planning on existing water projects;

{b}

estimating water use efficiency in a water resources management complex;

(c)

establishing base lines for apportioning, allocating, and distributing water during periods
of water shortage;

(d)

determining technical parameters for planned projects;

(e)

selecting rational plans for future development in a basin or region.

In developing simulation models, the importance of maintaining equivalent accuracy in
both input and output data acquires special significance. The model constructed to duplicate basin
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equations such as partial differential equations or their analogs. The second class may be further
sub-divided into three types: analytical, analog or numerical.
The models used in simulation techniques may be applied either to simulate conditions for
a given set of circumstances or to optimize system performance subject to operational constraints.
The simulation models may also be used to select the most feasible solution from a set of
alternatives. Optimization models may also be used to test the most feasible solutions and to
develop strategies to optimize the potential benefits for multiple uses.
These methodologies provide a sampling of how water resource studies have been
undertaken historically and how they are now being defined. The list would not be complete
without some description of methods now being researched or developed that offer promise for
the future. The newly acquired ability to obtain satellite imagery of all areas of the earth on a
continuous basis opens up several new ways to acquire hydrological data and these are being
actively explored by many nations. Satellite images have reportedly been used to do preliminary
water resource assessments in Northern Africa and, as the quality of the images and the abilities
of the modellers improve, these studies, undoubtedly, will be refined to more accurate levels.
Similarly, aerial photography has been used to obtain additional hydrometric and hydrographic data
in several of the world• s countries.
Some thought should be given to operational requirements in analysing water resources
assessment capability. The capability of making timely operational responses to rapidly changing
hydrological conditions has been greatly improved in recent years by the development of real-time
data systems. These are integrated systems by which hydrological data are collected, usually by
automatic instruments, and rapidly transmitted to a central location by means of telephone lines
or radio telemetry. The real-time systems allow the operators at central receiving stations to
quickly learn of, and formulate responses to events such as intense rainfall, rising water levels, and
changes in water storage and stream quality.

4. 7

Standardization and quafrty control

4. 7. 1 Standardization
Standardization in the field hydrological measurements and methods of observation (WMO
1988, WMO 1994a) has improved, mostly as a result of efforts by specialized agencies of the
United Nations and the International Standardization Organization (ISO). These standards are also
applicable to other measurements related to water projects, for example, roof drainage design and
design of communication linkages. Standardization of water quality sampling and analysis is also
improving (for example, WMO Manual on Water Quality Monitoring, WMO Technical Regulations,
Volume Ill - Hydrology).
On the other hand, standardization of the total water resources assessment process has
not been achieved on basin-wide nor on regional scales. In certain developed countries a more-orless standardized approach like the methods described in subchapter 4.6. 1-4.6.3 has been
developed and implemented. For global or regional (basin wide) assessments, the participating
countries have agreed on a joint procedure which enables the homogenization of the method (for
example, the case of the Rhine or Danube studies). Standardization of the methodology is
sometimes hindered by differences of interest between for example upstream versus downstream
beneficiaries. International efforts to promote uniformity of the assessments by different countries
sharing the same river basin are currently in place.
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Quality control

The purpose of quality control is to ensure the highest possible standard of the data before
they are given to users. It includes establishing and meeting standards related to the inspection
of stations, checking of data, error detection and correction.
Quality control issues related to observed data have been identified for several parameters
of the water cycle and are summarized in the Guide (WMO, 1994a, Chapter 22) and in the WMO
Technical Regulations. They are expressed mainly in the form of estimates of the uncertainties
and the detection of errors of the measurements. Required accuracy levels, e.g. tolerated
uncertainties are given for several parameters {see Table 8.2). If the actual uncertainty of the
measured values is less than the tolerated value, the data are acceptable. The analytical
capabilities of the water quality laboratories are monitored within the framework of intercalibration
programmes, where reference laboratories evaluate the results of the analysis, as the basic
element of the quality control. In many developed countries the accreditation of the laboratories
is compulsory; therefore, the prerequisite for the participation of national or regional surveys is the
accreditation of such laboratories.
Water resources assessment itself is not, at this time, subject to any sort of accreditation
in most countries. Some national institutions (e.g. Hydrological Services) have and follow their
own quality control procedures. A number of data collection agencies have gained accreditation
of their data collection quality control procedures in association with ISO standards.
The accuracy of basic WRA depends on quality control procedures.
desirable that institutions:

Therefore it is

(a)

follow their own quality control regulations, if they exist; or

{b)

establish such regulations following international accepted regulations or recommendations.

4.8

Derivation of capahl1ity index

An indication of the capability of the data collection, processing and retrieval activities of
the country to support basic WRA can be obtained from the information collected in response to
the discussion in this Chapter. An index of this capability can be derived as described below.
Based on the information collected by the evaluator, he or she should complete Table 4.5
by deriving the following values:
4.8.1

Data coUection (basic data)

For each station type in Table 4. 1 determine the ratio of the activity level to the reference
level for that station type (see Appendix V). If this ratio is greater than 1.0, it should be set to
1.0. For all station types of relevance (for example, snow courses may not be of importance in
some countries) sum these ratios and divide by the number of station types. The result should be
value between 0.0 and 1 .0, which represents the capability of the country with respect to basic
data collection.
Data collection (basic data) value
Where

n

a;
Note:

ai

=
=
=

= (L a )/n
1

for i

= 1, n

number of relevant station types
activity level/reference level (if the value is
1 .0, if activity level/reference level > 1 .0

~ 1)
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Data collection (water resources projects)

Sum each of the percentages entered into Table 4.2 and divide by the total number of
evaluation elements of relevance to the country under review. A value between O and 1 00 should
result. Divide this result by 100 to obtain a value between 1.0 and 0.0. This result should represent
the capability of the country with respect to collection of water resources project data.
Data collection (water resources projects) value = (I ai)/(n. 100)
Where

4.8.3

n
ai

for i = 1, n

=number of relevant evaluation elements
=activity level

Data collection (physiographic data)

Sum each of the percentages entered into Table 4.3 and divide by the total number of
evaluation elements of relevance to the country under review. A value between O and 1 00 should
result. Divide this result by 100 to obtain a value between 1.0 and 0.0. This result should represent
the capability of the country with respect to collection of physiographic data.
Data collection (physiographic)
Where

4.8.4

n
ai

= (Iai)/(n. 100)

for i

=1, n

=number of relevant evaluation elements
=activity level

Data processing

Sum each of the percentages entered into Table 4.4 for the percentage of data that are stored
as originals, percentage of data stored on microfiche and the percentage of data stored in computer
compatible form (CCF), and divide by the total number of evaluation elements for which the
percentages are available. A value between O and 100 should result. Divide this result by 100 to
obtain a value between 1.0 and 0.0. This result should represent the capability of the country with
respect to data processing.
Data processing
Where

4.8.5

(I:ai)/(n. 100)

for i = 1, n

=

n number of evaluation elements for which percentages available
ai = activity level

Data retrieval

While basic WRA assessment does not require access to data in real time, easy access to
data is a significant advantage when carrying out the assessment. Therefore, the time to locate a
specific datum should preferably be in terms of a few days at the most. However, this will depend on
the method of analysis and the timeframe for the water resources assessment project. It is
recommended that the evaluator use the following scale to derive a value for the capability for data
retrieval with respect to basic WRA based on the information provided in Table 4.4:
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Value

Fully Capable

1.0

High Capability

0.75

Moderate Capability

0.5

Low Capability

0.25

No Capability

0.0

Comment
Data access within required timeframe for
all parameters
Data access within required timeframe for
most parameters
Data access within required timeframe for
half the parameters
Data access within required timeframe for
less than half most parameters
Data access within required timeframe not
possible for any parameters

4.8.6 Standardization and quality control
The capability value for the standardization and quality control component is relatively
simple. If an agency has established and tested quality control procedures in place the value is
1.0. If no such procedures exist then the value is 0.0.

4.8. 7

Capability index

The capability index can be determined by summing the values for each activity and
dividing by 6. The capability index will be a value between 0 and 1 . The closer the value to 1 ,
the higher the capability of the country to undertake data collection, processing and storage and
retrieval activities.
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TABLE 4.1

Collection of basic data
ACTIVITY LEVELS
TROPICAL

TEMPERATE

EVALUATION ELEMENTS
ARID

SED.

N.SED.

ARID

HUMID
SED.

N.SED.

SED.

N.SED

HUMID
SED.

N.SED

Precipitation stations; non-recording
rN umber ner I o• km2 )

Precipitation stations; recording
!Number oer 104 km2)

Uvaporation statiom; non-recording
(Number oer JO' km 2)
Evaporation stations; recording
(Number oer JO' km2)

'

.Snow courses; conventional
(Number ~r JO' km2 )

"

,.

Stations measuring water quality of liquid ~ solid precipitation
fNumher ner 100 precipitation and snow courses)

Surface water level stations; non-recording
lNun1ber oer I 0 4 km2)
Surface water level stations; recording
(Number ner 10' km')
River discharge stations 1
(Number ner 10 4 kn12)
Sedi.tnent discharge stations
!Number ner 10 4 km2)
Surface water temperature stations
rNu1nber .,,,,.r 104 km2)
..

These are either non-recording or recording surface water level stations where streamflow rneasurements are made.

01

w

TABLE 4.1

Collactlon of basic data

(continua~)

ACTIVITY LEVELS
TEMPERATE

EVALUATION ELEMENTS
ARID
SEO.

N.SED.

TROPICAL
ARID

HUMID
SEO.

N.SED.

SEO.

N.SED

HUMID
SEO.

N.SED

Water quality of surface water
(Number per 104 km2)
Groundwater level stations; non-recording
(Number oer 104 km2)
Groundwater level stations; recording
(Number per 105 km2)
Groundwater stations measuring hydraulic characteriatics
(Number oer 104 km2)
Groundwater quality stations
<Number rv.r l 05 km2l

NOTES:

a)

b)
c)

In addition to dividing the country into regions according to climate, aridity and type of aurface geology, countriea which are well assessed
in certain limited areas only should be divided, before completing the above table, into well asae11ed regiom and others, and a separate table
should be completed for each area. This is valid even if the assessment is satisfactory only for one or 1everal elementa of the water cycle.
The rows corresponding to groundwater elements can be subdivided into phreatic and deep groundwater.
Appendix V presents suggested reference levels for uae in conjunction with this table.
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TABLE 4.2

Availability of data on water-resource projects

ACI1VITY l.EVELS

TYPE OF DATA ASSESSED

EVALUA110N ELEMENT

SEDIMENTARY
HUMID

Large water-resource
projects
(surface or ground
water)

ARID

NON-SEDIMENTARY
HUMID

ARID

Percentage of storages surveyed
Percentage of abstractions surveyed
Percentage of diversions surveyed
Percentage of returns of polluted
water surveyed

Medium and small waterresource projects
(surface or ground
water)

Percentage of storages surveyed
Percentage of abstractions surveyed
Percentage of diversions surveyed
Percentage of returns of polluted
water surveved

Note:

a)

Using even approximate estimates of the total number of storages, abstractions, diversions and
~.evaluate the percentages of these for which data and information are available which could
be used to assess the impact of the projects on the hydrological regime.
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Physiographic data
ACTIVITY IEVELS

TYPE OF DATA
ASSESSED

EVALUATION ELEMENT

SEDIMENTARY

HUMID

ARID

NON-SEDIMENTARY

HUMID

ARID

Percentage of area covered by
I: 1 OOO OOO maps

Topographic

Percentage of area covered by
1 :250 OOO maps
Percentage of area for which river
network checked on ground or with
soecial techniaue
Geological,
geomorphological
and geophysical

Percentage of area covered by
1: 1 OOO OOO maps
Percentage of area covered
by 1:250 OOO maps
Percentage of area for which
piezometric levels available
Percentage of area for which
geophysical characteristics available

Soil

Percentage of area covered by
1: I OOO OOO maps
Percentage of area covered
by 1:250 OOO maps
Percentage of area for which
hydrogeochemical characteristics of
soils can be estimated

I.and-use
land-cover

Percentage of area covered by
1: 1 OOO OOO maps
Percentage of area covered by
1 :250 ()()() maps

...

Percentage of area covered by
uDdated (bi
'I ID8.DS
Note:

a)

Indicate map accuracy wherever available. Consistency of maps, particularly of their backgrounds,
for various scales and types of maps may constitute an additional evaluation index.
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TABLE 4.4

Data storage, primary processing and publication
ACTIVITY

TYPE OF ACTIVITY ASSESSED

EVALUATION ELEMENT

LEVELS

DATA STORAGE AND CATALOGUING

Water cycle data
Hydrometeorological

Percentage stored as originals
Percentage stored on microfilms
Percentage stored in CCF
Percentage stored in duplicate
Percentage lost or not stored
Percentage fully catalogued0
Time required to locate a specific datum

Hydrological

Percentage stored as originals
Percentage stored on microfilms
Percentage stored in CCF
Percentage stored in duplicate
Percentage lost or not stored
Percentage fully catalogued'>

T"lllle required to locate a specific datum
Hydrogeological

Percentage stored as originals
Percentage stored on microfilms
Percentage stored in CCF
Percentage stored in duplicate
Percentage lost or not stored
Percentage fully catalogued'>
Time required to locate a specific datum

Notes:

1)

Fully catalogued data means data that can be located according to object, subject, space, time,
quality and source.
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TYPE OF ACTIVITY ASSESSED

EVALUATION EI.EMENT

ACTIVITY
I.EVELS

DATA STORAGE AND CATALOGUING
(Continued)

Pbysiographic data
Topographical

Percentage stored as originals
Percentage stored on microfilms
Percentage stored in CCF
Percentage lost or not stored
Percentage fully catalogued1>
Time required to locate a specific datum

Geological and geomorphological

Percentage stored as originals
Percentage stored on microfilms
Percentage stored in CCF
Percentage lost or not stored
Percentage fully catalogued 1>
Time required to locate a specific datum

Geophysical

Percentage stored as originals
Percentage stored on microfilms
Percentage stored in CCF
Percentage lost or not stored
Percentage fully catalogued1'
Tmie required to locate a specific datum

Soil

Percentage stored as originals
Percentage stored on microfilms
Percentage stored in CCF
Percentage lost or not stored
Percentage fully catalogued1>
Time required to locate a specific datum

Notes:

1)

Fully catalogued data means data that can be located according to object, subject, space, time,
quality and source.
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TYPE OF ACTIVITY ASSESSED

EVALUATION ELEMENT

ACTIVITY
LEVELS

DATA STORAGE AND CATALOGUING
(continued)

Pbysiograpbic data (continued)
Land-use/land-cover

Percentage stored as originals
Percentage stored on microfilms
Percentage stored in CCF
Percentage lost or not stored
Percentage fully catalogued1>

Tnne required to locate a specific datum
I aivlsat imagery available (photo and

CCT's)
CONVENTIONAL DATA BANKS

Water cycle data
Hydrometcorological

Percentage of data included

Lag between request and receipt of data
Hydrological

Percentage of data included

Lag between request and receipt of data

Hydrogeological

Percentage of data included

Lag between request and receipt of data

Pbysiograpbic data
Topographical

Percentage of data included

Lag between request and receipt of data

Soil

Percentage of data included

Lag between request and receipt of data

Geological, geomorphological
and geophysical

Percentage of data included

Lag between request and receipt of data
Land-use/land-cover

Percentage of data included
Lag between request and receipt of data

Notes:

1)

Fully catalogued data means data that can be located according to object, subject, space, time,
quality and source.
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TYPE OF ACTIVTIY ASSESSED

EVALUATION ElEMENT

ACTIVITY
LEVELS

COMPUTERIZED DATA BANKS2 '

Water cycle data
Hydrometeorological

Computer types, core memories and
peripherals (list separately)
Programmers (number)

Hydrological

Computer types, core memories and
peripherals (list separately)
Programmers (number)

Hydrogeological

Computer types, core memories,
peripherals and data base systems
(list separately)

Programmers (number)

Physiograpbic data
Topographical

CompJter types, core memories and
peripherals (list separately)

Programmers (number)

Soil

Compiter types, core memories and
peripherals (list separately)
Programmers (number)

Geological, geomorphological
and geophysical

Computer types, core memories and
peripherals (list separately)

Programmers (number)
Land-use/land-cover

Computer types, core memories and
peripherals (list separately)
Programmers (number)
Average no. of years of education and

e

2

If one computer is used for a number of water cycle components and/or types of auxiliary data,
this should be stated and the data completed only for one water cycle component or type of
auxiliary data.
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TYPE OF ACTIVTIY ASSESSED

EVALUATION ELEMENT

PRIMARY PROCESSING

Water cycle data
Hydrometeorology

Percentage recording charts digitized
Percentage daily computations carried
out

Hydrological

Percentage recording charts digitized
Percentage daily flows estimated
Ratio of range of levels of flow
measurement to total range

Hydrogeological

Percentage recording charts digitized
Percentage 1-~ monthly regular
observations
Percentage temperature and water
quality observations

Pbysiographic data
Topographical

Percentage area with aerial photography
for which contours have been traced

Soil

Percentage area for which field work
bas been processed

Hydrological, river network

Percentage area for which field work
bas been processed

Land-use/land-cover

Percentage imagery (mcluding Landsat)
for which rectification and interpretation
have been carried out

PUBUCATIONS

Water cycle data published regularly
Hydrometeorological

Publication interval (months)
Publication lag (montm)

Hydrological

Publication interval (months)
Publication lag (months)

Hydrogeological

Publication interval (months)
Publication 111.P (months)

LEVELS
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TYPE OF ACTIVITY ASSESSED

EVALUATION ELEMENT

ACTIVITY
LEVELS

PUBUCATIONS (continued)

Pbysiographic data

Topograpbical3>

Topograph:c maps
1: 1 OOO OOO maps published
Total area
Percent of country
Publication lag
1 :250 OOO maps published
Total area
Percent of country
Publication lag
Soil maps
1: 1 OOO OOO maps published
Total area
Percent of country
Publication lag

Soil

Studies of 1: 1 OOO OOO maps
yes/no
Percent of country
1 :250 OOO maps published.
Total area
Percent of country
Publication lag
Studies of 1 :250 OOO maps
yes/DO
Percent of country
Geological and hydrogeological

Geological and hydrogeological maps
1: 1 OOO OOO maps published
Total area
Percent of country
Publication lag

Other small scale (1 :SOO OOO)
Total area
Percent of countey
Publication lag
Studies of 1: 1 OOO OOO maps
yesJDD
Percent of country

3)

Topographic maps 1:50 OOO and 1:10 OOO may be included depending on size ot the country and
also for particular hydrological studies (i.e. urban flood mapping).
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TYPE OF ACTIVITY ASSESSED

Land-use/land-cover

EVALUATION ELEMENT

ACTIVTIY
l.EVELS

Land-use land-cover maps
1:1 OOO OOO maps published
Total area
Percent of country
Publication lag
Studies of 1: 1 OOO OOO maps

1:250 OOO maps published
Total area
Percent of country
Publication lag
Studies of 1:250 OOO maps
yes/DD

Percent of country

Notes:

1)

2)

3)

Fully catalogued data means data that can be located according to object, subject, space, time,
quality and source.
If one computer is used for a number of water cycle components and/or types of auxiliacy data, this
should be stated and the data completed only for one water cycle component or type of auxiliary
data.
Topographic maps 1:50 OOO and 1:10 OOO may be included depending on size ot the country and
also for particular hydrological studies (i.e. urban flood mapping).
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Data Collection, Processing and Retrieval Capability Index 1

Activity

Value

Data collection (basic data)
Data collection (water resources projects)
Data collection (physiographic data)
Data processing
Data retrieval
Standardization and quality control
Overall Index 1

The overall capability index can be determined by SUTiming the values for each activity and
dividing by 6. The capability index will be a value between 0 and 1. The closer the value
to 1 , the higher the capability of the country to undertake basic WRA.
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AREAL ASSESSMENT OF HYDROLOGICAL ELEMENTS

5.1

Introduction

Basic WRA is usually carried out essentially through a network of stations. However, data
on hydrological elements are necessary for basic WRA (inventory, planning, and other various
purposes) not only at the gauging stations, but at innumerable other ungauged locations. Such
data can be estimated by combining the data measured at the gauging stations with physiographic
data in the framework of data interpolation or data transfer techniques (UNESCO, 1990). Auxiliary
data consist normally of physiographic data and, for a given type of data on a given water balance
component, data obtained on other components. Such techniques consist primarily of mapping
and modelling and less sophisticated methods such as linear interpolation. The adequacy of such
interpolation techniques is related to the accuracy of the estimates. This in turn depends upon the
density of network stations, their distribution, the accuracy of the measured data, the interpolation
technique used, and the availability and accuracy of the physiographic data required. In general,
the accuracy of the estimate varies, for a given technique and given related data, with the density
of the network stations. By comparing relationships between accuracy of estimate and network
density for various techniques, the adequacy of the models and implicitly of the related
physiographic data can be evaluated. With development of tools such as Geographic Information
Systems (GIS), the overlaying and associated analysis of areal hydrological elements has become
common and easier to undertake.
In effect, the problem becomes one of an ability to scale up from point data to areal
estimates of variables. This is an issue that remains largely unsolved despite significant efforts
by hydrologists. However, with increasing computer power and tools such as GIS, the ability to
provide areal estimates of hydrological variables will improve. A further significant factor is that
of the availability of remotely sensed areal data and the integration of this data with ground truth
point based hydrological data. This holds significant potential for the measurement, on an areal
basis, of snow extent, soil moisture, vegetation, precipitation (radar-based) and many other
hydrological variables (WMO, 1992a; WMO, 1992b; WMO, 1992c; WMO, 1994a; WMO, 1994b).

5.2

Surface water

The water balance components that are commonly interpolated for WRA purposes are the
characteristics of precipitation and runoff (WMO, 1992a). These water balance components can
be measured or derived using modeling techniques (Section 4.6). Actual and potential evaporation
is also frequently mapped for hydrological and other purposes (WMO, 1992b). Areal variation of
long-term values are most frequently required, but seasonal or event-related areal variation is often
also needed. Areal variation and statistical characteristics of precipitation and runoff is also widely
used. Water quality is less frequently interpolated in practice, although the techniques for such
interpolation are, in principle, the same as for water quantity, at least for a number of parameters
(WMO, 1991; UNESCO/WHO/UNEP, 1992; WMO, 1994c).
5.2.1

Mapping

Techniques for hydrological and meteorological mapping have been discussed in detail in
UNESCO/WMO (1977) and in WMO (1972, 1994e, 1995a, 1995c, 1996). Mapping of
hydrological parameters using conventional techniques (isolines) takes only partial advantage of
the physiographic data, such as topography and pedology, to the extent to which they are
considered as background indicators in tracing the isolines. Computerized mapping, for example,
by the square grid technique (WMO, 1972; WMO/UNDP, 1979), provides the advantage of
objective use of the physiographic data. More recently the use of GIS in the mapping and analysis
of hydrological data has become widespread (IAHS, 1993).
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Models

WMO (1975, 1990, 1992d, 1993a) describes a series of so-called deterministic and
statistical models that relate precipitation to runoff and which permit synthesis of time series of
flow and, in the case of deterministic models, othl..r water balance components such as soil
moisture and groundwater, at a gauged site for which the model has been calibrated. Numerous
kinds of models have been reported in the literature. Because of their capability of synthesizing
groundwater characteristics, deterministic models represent a preferred technique where
simultaneous areal assessment of surface and groundwater is required. Models are also important
for estimating flood discharge and levels from extreme precipitation data (WMO, 1992d, WMO,
1994d).

5.2.3

Remote Sensing

The use of remotely sensed (satellite, radar, air surveys, etc.) data in areal analyses of
hydrological variables is expanding rapidly (WMO, 1992b: WMO, 1994b). Remotely sensed data
provide a better areal representation; however, they depend heavily on the availability and quality
of the ground truth data used to calibrate the imagery data and require adequate equipment and
trained personnel together with a continuous supply of images (and the resources to purchase
them).

5.2.4

Other techniques

These may vary from methods based on multiple regression or kriging and regionalization
using hydrological, climate and catchment characteristics to the simple linear interpolation of these
characteristics in a very densely gauged area. As with other interpolation techniques, the sole
criterion of adequacy is the accuracy of the results obtained, estimated through validation.

5.3

Groundwater

Data that are most frequently interpolated for the assessment of groundwater- resources
are related to hydrogeological indexes (UNESCO, 1972), identification of aquifer systems and
hydraulic parameters with definable space variation. Water levels and hydrogeochemical
characteristics often vary in time and space and their interpolation is difficult. As for surface
water, both mapping and modeling techniques can be used (WMO, 1989; WMO, 1993b; WMO,
1995b). The kriging technique has also been applied successfully to the analysis of groundwater
data.

5.3.1

Mapping

Techniques of hydrogeological mapping have been discussed in detail in UNESCO/WMO
11977), Struckmeier and Margat (1995) (!AH/UNESCO) and WMO (1994d). Currently, UNESCO
also co-ordinates the publication of consistent hydrogeological maps of Europe, South America and
the Arab States (UNESCO, continuous). A hydrogeological map of Africa has been developed
through an OAU/ECA project. The concepts developed by the IAH/IAHS/IHP joint working group
on hydrogeological mapping provide an excellent guide on this topic. They have been published
as "Hydrogeological Maps, a Guide and a Standard Legend". In particular, the proposed
classification in the guide and the legend developed are recommended for use by WRA agencies.
Maps can be used to represent the aquifer system together with its hydrogeological
parameters, specific hydrogeological characteristics such as transmissivity, depth of the
groundwater table, or specific groundwater yield. The latter is of great significance, as it provides
a basis for groundwater resource assessment on a regional or countrywide scale. Similarly, GIS's
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physiographic data.
It is also of value to assess and map groundwater vulnerability. !AH/UNESCO (1996) have
published the "Guidebook on Mapping Groundwater Vulnerability". The model legend for
groundwater vulnerability mapping prepared in this guidebook can facilitate the preparation of
groundwater vulnerability maps in an internationally standardized form.
5.3.2

Models

Three types of models have been used in practice for groundwater modelling. The first
type uses the similarity between the electrical and groundwater flow fields and has been generally
used for the solution of limited local problems. The second type is based on hydraulicmathematical analysis of the water balance and water flow in the ground. The third is based on
time-series analysis of data records, in a similar manner as for surface water records. The
hydraulic-mathematical analysis can be used for the solution of both water quantity and quality
problems, and can be coupled with similar water surface models to provide a comprehensive
analysis of the water resources of a region (WMO, 1993b; WMO, 1995b).
5 .4

Adequacy of areal assessment

This can be evaluated from the percentage area of country (region) for which maps and
models that can and/or have been used for data interpolation are available, and from the
corresponding relative error of estimate. Similarly, another indicator would be the percentage area
of the country (region) for which remotely sensed data are available and the corresponding relative
error of estimate of the calibrated remotely sensed data. Simple interpolation techniques are not
considered since these would be adequate only in very limited areas (see Section 5.2.3). Table
5. 1 presents the evaluation elements to be used for assessing the adequacy of WRA from the
viewpoint of areal interpolation. In setting up these indexes the following points have been
considered:
(a)

from the viewpoint of water-resource inventory it is important to know the areal
distribution of mean precipitation, runoff, soil moisture and groundwater levels, the
seasonal variation of these, and their statistical characteristics that enable data synthesis
at ungauged sites;

(b}

the above can be obtained mainly through mapping and/or through deterministic or
statistical modeling. GIS's provide an avenue for the combination of mapping and
modeling/analysis in the one package. For modeling it is important to have the required
inputs in order that they are useful for the purposes of basic WRA;

(c)

in determining the capability of an agency in making use of current state-of-the-art
computing systems, such as GIS, an evaluation of the availability of the mapping
information (both hydrological and physiographic) in the required computer compatible
format is a key indicator;

(d)

for estimates of extreme flood events is important to have data on extreme precipitation
and adequately calibrated models;

{e)

for all interpolated data the final criterion of adequacy is the error of validation, for
example, the error obtained by random split sampling. It is not advisable to use a map or
model that has not been evaluated on such a basis, as the map or model may represent
the results of an excessive fitting exercise, that has no value for interpolation purposes.
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establish the non requirement for information on given parameters in given areas on a sound
hydrological basis. For example, a lack of hydrogeological maps in an area with no potential
groundwater resources.
Information on validation errors should be provided where available and will provide a
valuable tool for intercomparison when a range of such values are known. Reference levels have
in effect been established through Appendix VII, which contains reference levels concerning the
use of water resources data for projects. This Appendix provides allowable percentage errors for
a range of parameters for a number of uses of water resources data.
_ Table 5.1 may be divided so as to present the information on models and modelling in a
separate table. As a number of different models are often used for different purposes, it may be
useful to list each model separately. The evaluator should as far as possible complete Table 5.1.

5 .5

Derivation of capability index

An indication of the capability of the areal assessment activities of the country to support
basic WRA can be obtained from the information collected in response to the discussion in this
Chapter. An index of this capability can be derived as described below.
Based on the information collected by the evaluator, he or she should complete Table 5.2
by deriving the following values:
(a)

Areal assessment (area covered)

Sum each of the percentages entered into Table 5. 1 and divide by the total number of
evaluation elements of relevance to the country under review. A value between 0 and 1 00
should result. Divide this result by 100 to obtain a value between 1.0 and 0.0. This result should
represent the capability of the country with respect to collection of water resources project data.
Areal Assessment (area covered) value =

for i = 1, n

n = number of relevant evaluation elements
a; = activity level

Where:

(b)

u: a;)/(n.100)

Areal assessment (validation errors)

It is recognized that validation errors may not be available in many of the above cases
and also that the reference levels for data for use in projects may not be relevant to all countries
for all purposes. Therefore, it is recommended that the evaluator use the following scale to derive
a value representing the impact of areal estimate validation errors on a country's capability for
basic WRA, based on the information provided in Table 5.1 and in Appendix VII.
Rating
Fully Capable
High Capability

Value
1.0
0.75

Comment
All validation errors within requirements
Most validation errors within requirements

Moderate Capability

0.5

50% of validation errors within requirements

Low Capability

0.25

Few validation errors within requirements

No Capability

0.0

No validation errors within requirements

- 69 The capability index can be determined by summing the values for each activity and
dividing by 2. The capability index will be a value between 0 and 1. The closer the value to 1,
the higher the capability of the country to undertake basic WRA.
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Areal assessment

TYPE OF ACTIVITY

EVALUATION ELEMENT*

Hydrometeorological

Area for which annual isohyetal maps are available ( % of
total area)

ACTIVITY
LEVELS

Percentage of maps in stored CCF (%of total area)
Validation error(%)
Area for which seasonal isohyetal maps are available(%
of total area)
Percentage of maps stored in CCF ( % of total areal
Validation error(%)
Area for which maps of statistical parameters of annual
precipitation are available(% of total area)
Percentage of maps stored in CCF ( % of total area)
Validation error (%)
Area for which maps of statistical parameters of
seasonal precipitation are available ( % of total area)
Percentage of maps stored in CCF ( % of total area)
Validation error(%)
Area for which maps of statistics of storm precipitation
are available ( % of total areal
Percentage of maps stored in CCF (%of total area)
Validation error(%)
Area for which annual evaporation/evapotranspiration
maps are available ( % of total area)
Percentage of maps stored in CCF (% of total area)
Validation error(%)

*
Validation error is defined as the error obtained, for example, by split sample testing. In this the
available data sample is split into two. One sample is used to calibrate the model (e.g. to trace the isohyets)
and the other sample is used to estimate the errors as the difference between measured and estimated (e.g.
from the isohyets). This information should be provided where available. Future intercomparisons may be
possible based on this information.
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TYPE OF ACTIVITY

Areal assessment (continued)
EVALUATION ELEMENT*

ACTIVITY

LEVELS
Hydrometeorological
(continued)

Area for which seasonal evaporation/evapotranspiration
maps are available (% of total area)
Percentage of maps stored in CCF (% of total area)
Validation error(%)
Area for which maps of statistical parameters of annual
evaporation are available(% of total area)
Percentage of maps stored in CCF (%of total area)
Validation error(%)
Area for which maps of statistical parameters of
seasonal evaporation are available(% of total area)
Percentage of maps stored in CCF (%of total area)
Validation error(%)

Hydrological
(Surface Water)

Area for which annual runoff maps are available (% of
total area)
Percentage of maps stored in CCF (%of total area)
Validation error(%)
Area for which seasonal runoff maps are available(% of
total area)
Percentage of maps stored in CCF (%of total area)
Validation error (%)
Area for which maps of statistical parameters of annual
runoff available
( % of total area)
Validation error(%)

•
Validation error is defined as the error obtained, for example, by split sample testing. In this the
available data sample is split into two. One sample is used to calibrate the model (e.g. to trace the isohyets)
and the other sample is used to estimate the errors as the difference between measured and estimated (e.g.
from the isohyets). This information should be provided where available. Future intercomparisons may be
possible based on this information.
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TYPE OF ACTIVITY

Hydrological
(continued)
(Surface Water)

Areal assessment (continued)
EVALUATION ELEMENT*

ACTIVITY
LEVELS

Area for which maps of statistical parameters of
seasonal runoff available (% of total area)
Percentage of maps stored in CCF ( % of total area)
Validation error(%)
Area for which rainfall-runoff (snowmelt) models have
been calibrated ( % of total area)
Validation error(%)
Area for which rainfall-runoff model parameters have
been regionalized (%of total area)
Validation error (%)
Area for which maps of annual soil moisture are available
( % of total area)
Percentage of maps stored in CCF (%of total area)
Validation error(%)
Area for which seasonal soil moisture maps are available
( % of total area)
Percentage of maps stored in CCF (% of total area)
Validation error(%)

Hydrological
(continued)
(Groundwater)

Area for which annual groundwater level maps are
available(% of total area)
Percentage of maps stored in CCF ( % of total area)
Validation error(%)
Area for which seasonal groundwater level maps are
available (%of total area)
Percentage of maps stored in CCF (% of total area)
Validation error(%)

*
Validation error is defined as the error obtained, for example, by split sample testing. In this the
available data sample is split into two. One sample is used to calibrate the model (e.g. to trace the isohyets}
and the other sample is used to estimate the errors as the difference between measured and estimated (e.g.
from the isohyets). This information should be provided where available. Future intercomparisons may be
possible based on this information.
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TYPE OF ACTIVITY

Hydrological
(continued)
(Groundwater)

Areal assessment {continued)
EVALUATION ELEMENT*

ACTIVITY
LEVELS

Area covered by geophysical surveys ( % of total area)
Percentage of total aquifers for which geophysical
surveys are available ( % of aquifers)
Area for which groundwater models have been calibrated
(% of total area)
Validation error {%)
Area for which inputs to groundwater models are
available(% of total areal
Validation error (%)
Area for which groundwater vulnerability maps are
available(% of total area)
Percentage of maps stored in CCF (%of total area)
Validation error(%)

Hydrological
(continued)
(Other)

Area for which relationships between time series
parameters and physiographic characteristics are
available (%of total area)
Validation error(%)
Area for which inputs into relationships between time
series parameters and physiographic characteristics
available (%of total area)
Area for which remotely sensed (satellite) data are
available (% of total area)
Validation error(%)
Area for which remotely sensed (radar) data are available
( % .of total area)
Validation error(%)
Area for which other remotely sensed data are available
( % of total area)
Validation error(%)

•
Validation error is defined as the error obtained, for example, by split sample testing. In this the
available data sample is split into two. One sample is used to calibrate the model (e.g. to trace the isohyets)
and the other sample is used to estimate the errors as the difference between measured and estimated (e.g.
from the isohyets). This information should be provided where available. Future intercomparisons may be
possible based on this information.
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TABLE 5.2
Areal Assessment Capability Index1

Activity

Value

Areal assessment (area covered)
Areal assessment (validation errors)
Overall Index

1

The overall capability index can be determined by summing the values for each activity
and dividing by 2. The capability index will be a value between 0 and 1 .
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MANPOWER, EDUCATION AND TRAINING

6.1

Introduction

Correct water resources assessment can only be achieved with adequate manpower:
adequate both quantitatively and qualitatively at all necessary levels and for all specializations.
Manpower can be called adequate if it can execute, with sufficient competence and speed, the
tasks for which it is hired.
The Mar del Plata Action Plan (MPAP} identified a number of needs for the improvement
of WRA and management. The need for genuine efforts in improving the quantity and quality of
human resources at all levels was emphasized. The MPAP recommended that countries should
accord high priority to the implementation of training programmes based on a comprehensive
assessment of professional, technical and skilled manpower in the field of water resources
assessment and management.
An assessment of progress in implementing the MPAP
recommendations in the area of WRA, carried out by WMO and UNESCO, revealed that good
progress has been made with regard to Human Resources Development (HRD} but, nevertheless,
several areas of concern were identified. A major cause of concern which has been recognized
is the problem of recruiting and retaining water resources assessment personnel and upgrading
their abilities. The provision of satisfactory terms of employment, motivation and career prospects
seems to be a primary need (WMO-UNESCO, 1991 ).
Capable institutional and high quality human resources are required to ensure that sound
assessment of water resources can be made on a continuous basis. The importance of the
capacity building process was emphasized in the Delft declaration. Country capacity building
programmes involve improvement of policy environment and creating enabling environment in
which the institutions can develop. Strengthening or development of institutions, their managerial
systems and their hUTian resources constitute the basic elements of Capacity Building (CBI (Delft
Declaration, Delft, 1991 }.

Agenda 21 (Chapter 18} includes capacity building and human resources development
among four areas, as a means of implementation of six major programme areas proposed for the
freshwater sector. It was considered a pre-requisite to integrated water resources management.
Capacity building according to Agenda 21 consists of four interrelated basic elements:
(a}

Creation of an enabling environment with appropriate policy and legal frameworks;

(b}

Institutional strengthening and development, including local community participation;

(c)

Human resources development, including the strengthening of managerial systems and
water users interests

(d)

Awareness building and education at all levels of society.

Implementing training and education have been considered key capacity building
instruments which support long term water resources development strategies (Alaerts et al, 1991 ).

6 .2

Description of educational system

In most countries, the Ministry of Education, or equivalent, holds all the necessary
information on the national formal education system. Nevertheless, in some cases, it may be
found that there are formal educational facilities under other ministries such as the Ministry of
Agriculture. Any private institutions should also be described.
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education. General formal education covers primary schooling, secondary schooling and university
training. For each type of schooling the number of graduates, entry requirements and possible
specializations should be given. These statistics are normally readily available.
Specialized education includes the training of personnel to be employed more or less
directly for water resources management activities. This specialized education should be described
in more detail. For instance, if hydrologists are normally recruited from among civil engineering
graduates, the civil engineering curriculum should be described in such detail as to facilitate an
evaluation of appropriateness for water resources assessment. Particular care should be exercised
in the description of the education and training facilities for senior technicians as a large proportion
of problems may arise in this field. Specialized formal water resources education for higher
technicians exists only in a small number of countries. In most cases these specialists are
recruited from among graduates of institutions dealing with such fields as public works engineering
and irrigation or rural development engineering.
Important descriptive items are entry requirements, curricula, numbers of students over
the last five years, capacity of the institution to increase the number of students, profile of the
lecturers, ratio of hours of practical work versus classroom education, administrative aspects such
as availability of fellowships, job opportunities and the kind of job the respective graduates are
going into and the eventual social profile of entrants in this kind of education.
In some countries special technical schools for some aspects of water resources
development activities exist (e.g. groundwater borehole drilling schools). These should be
described in detail. If relevant, regional training schools should be described. If formal education
abroad is a normal practice, it should also be described.
There are many possible ways of classifying manpower levels. A very simple one is given
in Figure 6.1 which makes a distinction between professionals, technicians and auxiliary personnel
and observers. The technician level is subdivided into senior and junior technicians. The system
in Figure 6. 1 is based on differences in educational requirements and, because the situation may
be different in the various countries, should be regarded only as an example. The introduction of
automatic observation stations will eventually decrease the need for observers. However, on the
other hand the education of technicians will need to be upgraded to meet the developing needs.

6.3

Formal Education
The following formal educational and training levels can be distinguished:

(a)

Primary and secondary general education- important as a preparation for further training.

(b)

Junior technician education - usually undertaken within general technical education
institutions.

(cl

Senior technician education- generally undertaken within public works, civil engineering and
agricultural schools and other educational institutions.

(d)

University education - normally takes place as a specialization within civil, agricultural or
mining engineering or other fields, particularly geology, geography, etc.

Special attention was given in IHP-IV to hydrological education and a series of "Technical
Documents" was published within its framework. As regards the development of the conventional
educational systems in hydrology in a cost-effective manner, a gradual development of existing
educational system was envisaged.
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- 80 Rather than repeating even the essential features of the various educational levels only
brief definitions will be provided and for more details, the reader is referred to the respective IHP
publications.

6.3.1

Technicians

Junior technicians normally have undergone primary and secondary education and,
additionally, limited training in technical subjects.
Senior technicians, according to Maniak ( 1989) are "holding a non-academic degree, e.g.
high school graduate with twelve or more years of formal education, a specialized formal training
in a technical field and generally three to five years experience as a junior technician". They are
"mastering the more and more sophisticated laboratory instruments and office equipment, the
increasing character of daily problems, and also an instructor's role in the hydrological services".
Relevant IHP publications are:
(a)

R. Allaburton (1991 J: Effective on-the-job training in hydrology

(b)

M. Bruen (1993): Education systems for hydrology technicians

(cl

V. Maniak (1989): Model curriculum for short-term training courses for senior hydrology
technicians

(d)

Th. Winkler (1994): Curriculum for long-term training of hydrology technicians

6.3.2

Professionals

Professionals have undergone a complete academic study, in the water sector generally
in civil engineering, but one also finds hydrologists, (hydro-) geologists, geographers,
environmentalists, statisticians, agricultural engineers, biologists, chemists, rarely economists,
lawyers, etc. Very often following their undergraduate studies, postgraduate education has been
added sometimes crowned by a PhD.
The present trend to regard the water sciences as part of the environmental spectrum
definitely broadens the choice of disciplines with the effect that the water-related agencies are
becoming more and more interdisciplinary.
Relevant IHP publications are:
(a)

U. Maniak (1993): Curricula and syllabi in university education

(b)

P. Kovar/W.H. Gilbrich (1995): Postgraduate education in hydrology

6 .4

Development of education systems for hydrologists and hydrology technicians

The classification of manpower levels usually follows that of the education levels.
Roughly, these levels depend on the duration and intensity of the learning process. It is important
to note, that a job in a water-related administration or company does not in all cases condition
water-related knowledge.
The great number of auxiliary personnel, like secretaries, drivers, craftsmen, often also
hydrological observers do not require water-related education at all: seed education does not exist.
Yet, this category of manpower is absolutely necessary for the functioning of a service and it also
constitutes an enormous cost factor. Since this category will be hired from the free job market
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despite the enormous importance of this category and the costs it involves. The share of the costs
can easily exceed one third of staff costs. Manpower surveys for this category have never been
made. However, it would be relatively easy to obtain relevant figures by simply analysing payrolls.
The reason for not counting this type of staff probably is that they do not require water-related
education. It may be erroneous not to do so, because what is of interest for a service,
administration, etc is the total staff cost as related to the tasks to be fulfilled. Indeed in many
instances such costs are incorporated into a overhead running cost component.
As will be shown later, the trend to engage personnel not trained in water-related subjects
is unbroken. Not only the general service is attaining higher importance, but also at highest
educational level, non-water specialists will increasingly be engaged: experts in physics,
mathematics, biology, chemistry, law, informatics, etc. This short notice max explain the
problems to correlate in manpower surveys the needs of different professional categories and the
education needs (and subsequently training facilities).
During the past decade a gradual shift can be observed from the concept of water
resources development, with emphasis on the exploitation of water resources, to the concept of
holistic and environmentally sound water management. Rational water resources management
needs to be based on a thorough understanding of hydrological phenomena and accurate
information on the conditions and trends of water resources (WMO-UNESCO, 1991 ). In 1965,
UNESCO launched the International Hydrological Decade (IHD) followed in 1975 by the long-term
International Hydrological Programme (IHP). The IHD-IHP was basically a scientific programme
concerned with the study of the hydrological cycle. The research programme was complemented
by a major component concerned with hydrological education and training. Gilbrich (1991) after
reviewing "25 years of the UNESCO programme in hydrological education under IHD/IHP"
concluded that efforts made by these programmes with regard to postgraduate training have
reached a certain maturity, but little has been accomplished at the undergraduate level and with
regard to the education of technicians. During the following phase (1990-1995), however,
increased attention has been paid to university education and the educational systems of hydrology
technicians. Earlier attempts to address this issue have not been entirely successful (Gilbrich,
1994).
The two major orientations of hydrology, one towards a geoscience and the other towards
engineering which were observed in the past will continue in the foreseeable future. Accordingly,
it is possible to develop a fully fledged programme within existing university structures (Maniak,
1993). Ideally, the complete training of the "professional hydrologist" should be provided over a
full undergraduate course (fully fledged study), but the relatively limited number of employment
prospects for such graduates renders this early specialization impractical except in large countries.
The development of the civil engineering or geoscience curricula, without loosing the essential
engineering or geoscience components seems to be, therefore, a viable solution. For the
immediate future, however, the conventional method of training the "professional hydrologist" will
continue to be through postgraduate education. The main advantage of this approach is that
students following postgraduate courses have in most cases reached a decision to pursue a career
in hydrology or have already obtained a post in this area (Maniak, 1993).
Van der Beken (1993) in Figure 6.2 has visualized the educational and learning
environment. In the context of this Chapter, the section "Vocational, special and distance
education" can be disregarded in view of its low relevance to water problems and techniques.
Again, following Van der Beken (1993), the section "non-formal education" needs careful
consideration. Continuing education, on-the-job training form an essential part in practice.
Science, technology and practical applications but also changing socio-economic conditions require
frequent adaptation of the staff's knowledge to the actual needs. Continuing education is a life-
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continuing education; the bulk of training courses, seminars and training packages serve for
continuing education. The introduction of new techniques (informatics, electronic devices, new
measurement programmes) conditions continuing education. The undoubted importance of
continuing education (for the inherent philosophy but also practical details, the reader is referred
to Van der Beken (1993)) has, however, only limited influence on a manpower assessment. While
indispensable for the steady improvement of the staff performance, it rarely changes the
educational pattern and staff categories such as derived from the formal education. The evaluator
should complete as thoroughly as possible Table 6.1 to provide information for the review of
education and training capability.

Figure 6.2

6.5

Education and the learning environment
(ref: Van der Beken, 1993}

Existing manpower and future needs

The issue of greatest concern which has affected and continue to place a great pressure
on water resources is the rapid growth of population, especially in urban areas. The urban
explosion calls for special attention because urbanization is associated with industrialization and
concomitant pollution. The continuing rise of population in urban areas calls for a substantial
increase in the numbers of water resources professionals and technicians as well as enhancement
of their technical and managerial skills. The demand for trained personnel in the water sector
depends largely on the government water policy and its attitude towards the integration of
environmental concerns, effectively, in water resources planning and development. This will be
influenced by the stage of economic development and the publics perception of environmental
quality.
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WRA in particular should be based on the concept that education and training represent the
nucleus of the learning environment encompassing formal and non-formal "continuing" education
(Figure 6.2). Evaluation of the adequacy of the educational system to meet the needs of WRA
institutions should take into consideration not only the role of university (undergraduate and post
graduate) education but also the adequacy of non-formal education which comprises on-the-job
training, short courses, technical workshops, seminars. etc ..
6.5.1

Manpower needs

Since the beginning of the 1 960s, water resource manpower surveys have been executed
by a large number of countries and international and regional organization, with or without
expatriate assistance, in order to give the corresponding governments an idea of the personnel
needed and of the level of qualifications required.
An evaluation of the data available to UNESCO shows that the surveys considered have
not been carried out as part of a concerted action but on an ad hoe basis. None is comparable
with another, whether in scientific approach or in terms of definition, purpose and scope. Thus,
the figures obtained give only a very limited impression in a number of countries or cases and are
not suitable for use on a global scale. However, the evaluator should attempt to complete
Tables 6.2 and 6.3. On the basis of the surveys and studies available to UNESCO, a table
illustrating, very roughly, the demand for professionals and technicians in the field of water
resources in terms of the country's population has been prepared (Appendix VI) and presents what
amounts to suggested reference levels for manpower. Similarly, WMO has developed guidelines
for the determination of manpower requirements for hydrometrical and meteorological stations
(Appendix VI). In evaluating this information, it should be noted that the more stable the staffing
levels, the more efficient the education and training. Professionals and technicians with 10-20
years experience in the water resources field are very valuable.
In most countries throughout the world, and also in international organizations, a great deal
of information is available on existing manpower and forecasts of future needs. Although these
data are not completely reliable, they can often be used to at least estimate the educational needs.
6.5.2

Evaluation of manpower status and future needs
The evaluation is carried out separately for the main fields of WRA, namely:

(a)

data requirements for water-resource planning;

(b)

data collection, processing and retrieval;

(c)

areal assessment of water balance components;

(d)

research and development.

The manpower problems which exist or are likely to occur in the above-mentioned fields
should be indicated. Where a problem occurs which falls under any of the aforementioned
headings, the "main field" should be broken down according to the section in the respective
chapter of this handbook. There could be, for example, the absence of trained personnel, lack of
interest in the jobs offered or insufficient funds to employ personnel. In the case of the absence
of trained personnel the reasons should be explored under sub-chapters 6.2 to 6.4. The evaluation
should not only cover the quantity aspect but also the quality aspect. The human factor in training
and in working conditions should be considered, however difficult it may be to quantify. Another
aspect that may be evaluated, therefore, is the working and related social conditions of the

- 84different categories of personnel. For instance, does work in the field pose problems, or are there
sufficient career possibilities to make water resource assessment work attractive?
Given that. institutions are essentially people, evaluation of manpower status and
requirements is an essential step in the evaluation process of institutional capabilities. The
organization of an institution is less important than the people who occupy them. A major cause
of concern, however, is the problem of recruiting and retaining well qualified staff. Addressing this
problem entails the establishment of a favourable policy environment.
Such "enabling
environment" is the result of internal socio-economic and political factors, backed by external
factors like international and regional policies and agreements as well as working procedures of
external support agencies (Alaerts et al, 1991 ). For the assessment of the national abilities with
regard to the creation of enabling environment, several internal and external factors need to be
examined:
(a)

Priority accorded to the water sector;

(b)

Government policy, attitude and commitment to addressing and raising the national profile
of water issue;

(c)

Water law, regulations and law regulations and law enforcement;

(d)

Career opportunities, work conditions and remuneration;

(e}

Public opinion;

(f}

International factors, agreements and financing procedures of External Support Agencies
(ESAs).

6.5.3

Definition of needs

The formal national educational structure should supply sufficient school and university
graduates of the right background to cover the manpower needs of the different services and
bodies with water resources assessment tasks. In a stable situation, the number of yearly
graduates from any school should represent approximately 15% of the number of corresponding
staff. This percentage would normally supply the additional manpower requirements for normal
moderate development of activities and replacement of personnel resulting from promotions,
changes in career orientation, retirement or death. The required percentage might vary according
to local circumstances such as changes in development rates, immigration and emigration
conditions and administrative policies.
6.5.4

Adequacy criteria and evaluation

As mentioned in 6.5.3, under stationary conditions the number of yearly graduates should
represent roughly 15% of corresponding staff. If a considerable increase in manpower is foreseen,
an additional growth percentage should be added to the 15%. Evaluation of the educational
systems should start from the results of the evaluation of the manpower situation and in particular
from the identified problems in that field. Major problems may be related to policy, enabling
environment, work conditions, career opportunities and remuneration. Inadequacies in this regard
should be evaluated in order to define the requirements of capacity building.
If the educational facilities exist but the required numbers are still not produced, the
reasons may be the lack of interest in this kind of study or an inadequate number of people with
the required prerequisite schooling. In the latter case the prerequisite schooling system should be
evaluated.
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result of poor teaching of scientific subjects at the primary or secondary school level.
Criteria which are relevant to the situation of the country concerned should be used. The
task of the educational system is to produce personnel that can, and will, execute the necessary
work in the particular environment of the given country and not the production of manpower
according to one or another more or less international standard.

6.6

In-service training and other training activities
The following levels can be distinguished:

(a)

Junior Technician level - In-service training is most appropriate and practical at this level.
In-service training means all training. A problem may be that the supervisors are not
trained to teach. Therefore the first step may be to provide pedagogical training for
supervisors.

(b)

Senior-technician level - Even for countries which now have middle level formal education
institutes, post-school training is particularly needed for those appointed to supervisory
posts when formal education and/or in-service training has not yet been established.

(c)

Post-university level - In general, post-university training is available and, in most instances,
it is of a high level. This type of training lends itself greatly to international participation
and, in fact, a large number of such courses accept non-nationals.

6.6.1

Definition of needs
In-service training and other post-school or post-university training may be needed to:

(a)

(b)

(c)

adapt the general knowledge acquired at school to the specific requirements of the job to
be done;
acquire new knowledge as it becomes available or as the equipment, circumstances, or job
requirements change;
keep the quality of personnel at the required level.

These three kinds of post-formal training are necessary at all levels of hydrological
personnel.

6.6.2 Description of existing situation
The situation has to be described level by level.

6.6.2.1

Junior technician level

The description has to refer to different relevant questions. What is the level of education
of the recruited personnel and how are they trained initially to execute their duties? Is there an
organized training effort by the ministry or service or are they trained on the job by their immediate
supervisors? Is written material available to explain their tasks?
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Does an awareness of the training needs of junior technicians and observers exist at the higher
levels in the hierarchy?

6.6.2.2

Senior technicians and engineers

In principle, the same questions for the junior technician level apply here as well. In many
countries this level may not exist and, if it does, frequently no special training activities take place
at national level. If this is the case, it should be mentioned. Regional and other international
training activities which have taken place in the recent past should be identified. A most important
aspect to be mentioned is the attitude towards continuous training of this category of personnel
by the interested persons themselves and by their supervisors.

6.6.2.3

Post-university level

Engineers and scientists are expected to organize their training activities themselves. In
the description of training activities for this level, organized national, regional and international
courses followed by specialists from the country should be described as well as non-organized
contacts with colleagues through professional and international associations.
6.6.3

Adequacy criteria and evaluation

In-service training activities have both a technical and social function and are of the
greatest importance for keeping the work force competent and aware of their social and economic
role. The evaluator will be required to apply his best judgment in indicating the extent to which
in-service training contributes to the basic WRA Programme.
Information provided to decision-makers, planners and the public concerning the problems
of rational water use, management and control can also be considered as part of WRA. Some
countries have certain experience in this activity including special courses in schools, brochures,
films and video-cassettes. The evaluator may wish to include information on these when
reviewing WRA activities.
6. 7

The multi-disciplinary approach and its impact on manpower needs

Due to recent developments in the field of the environment in general, and in the area of
water resources in particular, the following influencing facts should be taken into account:
(a)

Counting only the staff in the government water administration would omit the whole
private sector, professional associations and local administrations. In highly decentralised
and privatised countries, the governmental share is supposed to be less than five percent
(whereas in former socialist countries it was close to 100%).

(b)

The fact that a professional is employed does not necessarily mean that his level is needed.
In countries with an over-production of academic persons there is strong pressure from
these persons to minor posts (with minor salaries). In countries with a high education of
senior technicians, many posts of academic qualifications are held by experienced senior
technicians.

(c)

The classical formula that a water resources administration employs only water resources
engineers is no longer valid. Increasingly, other professions penetrate into the water
services, particularly hydrogeologists, geographers, environmentalists, etc.
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"Water resources" is no longer a sharp expression. While on one hand water users such
as experts in drinking water, sanitation, navigation, must be included in a survey and
relatively easily can be delineated, other branches pose problems. The upswing of
ecological and environmental thinking has opened the doors of the water resources
administrations to people as strange to water such as biologists, chemists, sociologists,
economists, lawyers and finance experts. Branches such as leisure, recreation, health,
public welfare may be included. No service can exist without experts in informatics,
instrument repair and electronics. While the number of these people employed at least in
selected offices (hardly nation-wide) can be counted with some degree of reliability, any
conclusion from these figures to training needs or to capacities of schools and universities
must fail.

(e)

Each survey of manpower creates expectations amongst the persons contacted and
surveyed. With regard to needs, there is a temptation to indicate very high figures
assuming that at least part of the additional staff requested will materialize. Financial
pressure may lead the officer of personnel to indicate lower figures as he or she feels an
opportunity to cancel posts. Both extrapolations have been observed.

(f)

Caution is also invited as to whether a water-related task will continue to be performed by
the State or whether it will be decentralized or privatized. World-wide, the trend stands
for considerable privatization, even of tasks which years ago would not be imagined to get
out of the State's hands.

(g)

The number of students is no indicator of the actual needs, particularly not in countries
where higher education is free of charge. Having studied a specific subject does not
automatically imply that the person will later work in that profession. Even in the
UNESCO-sponsored postgraduate courses, the number of drop-outs is considerable, as
surveys have shown. Many, particularly small and poor countries do not provide the
training needed. The fact that many industrialized countries cater for such training is more
the consequence of development policy and less of matching with needs. The provision
of fellowships is vulnerable and can be stopped at any time when the economic situation
of the donor has changed. There are abundant examples.

(h)

The floating within disciplines and jobs, sometimes irrespective of the acquired degree,
disturbs a statistical evaluation. The high stock of people working in other fields than
educated and of unemployed persons is a further statistical disturbance. A student's
aspiration and the professional reality are of less and less congruence.

(i)

A survey is as good as its preparation. It will deliver useful results only if it allows for
consideration of all marginal aspects. Simple tables will fail. Given the high costs of a
survey, its objectives must be clear and the aim must be to bring transparency into a
service and to serve for an optimal use of manpower and an optimal functioning of waterrelated agencies.

(j)

Extrapolations from one country to another are likely to fail, even where the structure
seems to be similar. Even within a federal country, differences from State to State are
generally larger than expected.

All available information points to the fact that, at this stage, the most crucial manpower
problem in the majority of developing countries is the absence or insufficiency of training facilities
and in-service training programmes at the middle-level technician (sub-professional) level. Unlike
professional hydrologists and water resources engineers, whose tasks and educational
requirements are more or less similar in most countries, UNESCO (1974, 1983), working and
educational requirements for technicians may differ greatly from one region or country to another
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professional hydrologists and water resources engineers. International organizations can be of
particular help in the training of teachers and by publishing suitable training material.
Many previous surveys have been restricted to the pure water resources and eventually
hydrology. They have excluded the applications in agriculture, industry, drinking water, sanitation,
navigation, etc. This is an artificial separation, applicable only in highly centralized countries with
an artificially blown-up administrative specialization. It is also a consequence of the division of
responsibilities in the UN system. National administration does not follow UN patterns.
Nowadays, the inter-sectorial, multi-disciplinary way of thinking and of running the water sector
is prevailing.
This must have repercussions on surveys but many more on the educational
capacities. Times seem over where one state administration trained its own and only its own
staff. On the contrary, at a time of high flexibility where personnel change from one employer to
another, only those training institutions which cater for all possible cases of future employment
will have a future.
A survey could be meaningful within one branch of administration to asses whether it is
understaffed or overstaffed. The criteria, however, does not depend on the task of "water
resources management" but on the competences and on the amount and in-depth treatment
concerning the work actually to be accomplished. In other words, only a very individual survey
on consultancy basis will lead to meaningful results. The private sector escapes all surveys and
reglamentations in view of the self-regulating forces. Self-regulation helps to keep the staff at a
level in balance with the available financial resources and with the individual capabilities rather
than following a rigid staffing schedule which often is based on a historical development rather
than on a rational one. Administrations tend to swell.
Figure 3.1 (Chapter 3) illustrates two extreme cases: a completely centralised state
administration covering the water resources administration from the top to the bottom and a
federal system with a very high share of decentralised (autonomous), privatized and private
activities and with a multi-disciplinary concept of tackling water problems. In the first case, a
clear vertical structure can be observed; the various ministries responsible for different water
aspects are working in a parallel. Each vertical column is responsible for planning and supervision
at the top and execution at the bottom. The action flow is strictly vertical. In the second case,
a multitude of agencies with completely different administrative structures are working
complementarily. Decisions are taken not only at the top level, but at each level as a consequence
of decentralization. The action flow resembles a net.
With regard to manpower, in the first case the respective ministry has exact plans for
number and level of staff (in such a rigid system it does not matter whether the staff are needed
or not: the plan decides) and a survey will immediately show deviations from the plan. The
question, however, will not be posed as to whether the staff are really adequate (stationary
conditions). In the second case, the State ministries have only guiding functions; the execution
is left to autonomous district or local agencies or to private companies (dynamic conditions). No
figures on staff can be obtained since the staffing almost entirely depends on the financial
conditions and on economic factors. Ad-hoe adaptation is the rule. In reality, most countries will
be located between the two extreme cases. However, the trend clearly shows in favour of the
second case.
6 .8

Derivation of capability index

An indication of the capability of the manpower, education and training activities in support
of a country's ability to undertake basic WRA can be obtained from the information collected in
response to the discussion in this Chapter. An index of this capability can be derived as described
below.
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by deriving the following values:
(a)

Education and training

There is limited scope for the direct derivation of a numeric capability index with respect
to education and training opportunities within a country and to which the country has access.
Therefore, it is recommended that the evaluator use the following scale to derive a value for the
capability for education and training with respect to basic WRA based on the information provided
in Table 6. 1.

(b)

Rating

Value

Fully Capable

1.0

High Capability

0.75

Moderate Capability

0.5

Low Capability

0.25

No Capability

0.0

Comment
Education and training at an adequate level readily
available across the full range of requirements for
water resources assessment
Education and training at an adequate level readily
available across most of the requirements for water
resources assessment
(Some concerns about adequacy)
Education and training at an adequate level readily
available across only 50% of the requirements for
water resources assessment
(Some additional concerns about adequacy)
Education and training at an adequate level readily
available across less than 50% of the requirements
for water resources assessment
(Some significant concerns about adequacy)
Education and training not at adequate level and not
readily available across the range of requirements for
water resources assessment

Levels of professionals and technicians in the water resource field

For each value Table 6.2 determine the ratio of the activity level to the reference level for
that value (see Appendix VI). If this ratio is greater than 1.0, it should be set to 1.0. Sum these
ratios and divide by the activity levels. The result should be value between 0.0 and 1.0 which
represents the capability of the country with respect to levels of professional and technicians in
the water resource field.
Levels of professional/technical staff
Where

Note:
(c)

= <L. a;) /n

for I

= 1, n

n = number of values in Table 6. 1
a; = Activity level/Reference level
if a1

> 1.0, a1 = 1 .0

Existing manpower for the collection, processing and analysis of surface water data

For each value Table 6.3 determine the ratio of the activity level to the reference level for
that value (see Appendix VI). If this ratio is greater than 1.0, it should be set to 1.0. Sum these
ratios and divide by the activity levels. The result should be value between 0.0 and 1 .0 which
represents the capability of the country with respect to existing manpower for the collection,
processing and analysis of surface water data.
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(f. a;)/n

Existing manpower for the collection etc. =
Where

n
a;

=
=

number of values in Table 6.2
Activity level/Reference level

Note:
(d)

for I = 1, n

if a;

>

1.0,

a;

=

1.0

In-service training

Based on the evaluator's judgement using the discussion in this Chapter and infonnation
obtained during the study, it is recommended that some indication of capability with respect to the
availability of in-service training of staff be derived. The following scale is recommended:

(e)

Rating

Value

Comment

Fully Capable
·High Capability
Moderate Capability
Low Capability
No Capability

1.0
0.75
0.5
0.25
0.0

All aspects of in-service training fully covered
High level of in-service training
Moderate level of in-service training
Low level of in-service training
No in-service training

Multi-disciplinary capability

Based on the evaluator's judgement using the discussion in this Chapter and infonnation
obtained during the study, it is recommended that some indication of capability with respect to the
availability of multi-disciplinary staff be derived. The following scale is recommended:
Rating

Value

Comment

Fully Capable

1.0

> 25% of staff are multi-disciplinary in water

High Capability

0.75

Moderate Capability

0.5

Low Capability

0.25

No Capability

0.0

agencies.
15-25% of staff are multi-disciplinary in
water agencies.
1 0-1 5 % of staff are multi-disciplinary in
water agencies.
0-10% of staff are multi-disciplinary in water
agencies.
0% of staff are multi-disciplinary in water
agencies.

The capability index can be detennined by summing the values for each activity and dividing by
the total nl.ITlber of values. The capability index will be a value between 0 and 1 . The closer the
value to 1, the higher the capability of the country to undertake basic WRA.
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TABLE 6.1

Education and Training In Water Resources and Related Areas

No. of Schools
COURSE
Regular

Occasional

Duration
(Months)

Average
Annual
Enrolment

Meteorological observer
Hydrological observer
Hydrogeological observer
Meteorological technician
Hydrological technician
Hydrogeological technician
Computer technician
Meteorologist
Hydrologist (Surf ace Water)
Hydrogeologist
Hydraulician
Systems analyst
Computer scientist

Note:

Examples of information to be included in this table are presented in Appendix VI.

Remarks

- 93 -

TABLE 6.2
Levels of professionals and technicians in the water resource field

··• • ·.•.

Cl~SifY tb8

Nlltllral ioo EcOriDmic ·.

..· ·•· • .· Chitl'aCt&ristics 01 t11.t C:ountr:Y .• ·•.• ·
Low economic development; simple
hydrological regime; no major problems in
water use
Average conditions
High economic development; complicated
hydrological regime; great problems in
water use; multiple use of water.

TABLE 6.3
Existing manpower for collection, processing and analysis of surface water data
Number of Staff per 100 Stations
Item

Professionals

Technicians
Senior

Observers

Junior

L Hydmmetric statjoos
- Field operations and maintenance
- Data processing, analysis and
interpretation
- Supervision
Sub-total

u..

Rainfall and eyaporatjoo stations

- Field operations and maintenance
- Data processing, analysis and
interpretation
- Supervision

Sub-total

It should be noted that:
1)
2)
3)
4)

5)

Many observers work part time or on a voluntary basis.
the same field staff often performs the tasks included in items I and II
Topographical and hydrographical characteristics and ease of access condition manpower needs in field
and maintenance operations. Therefore, the figures shown will have to be adjusted in each case.
It is convenient for each country to carry out the evaluation on the basis of this table, taking into
account the present and recommended operating conditions of its hydrometric, precipitation and
evaporation stations. It will be possible to determine the future manpower needs by means of the
subsequent table comparison by observing the expected growth percentages during a given period.
More details on staffing levels are given in Appendix VI.
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Capability Index for Manpower, Education and Training1

Activity

Value

Education and training
Levels of professionals and technicians in the water resources field
Existing manpower for the collection, processing and analysis of surface
water data
In-service training
Multi-disciplinary capability
Creating an enabling environment
Overall Index

1

The overall capability index can be determined by summing the values for each activity
and dividing by the total number of values. The capability index will be a value between
0 and 1 . The closer the value to 1 , the higher the capability of the country to undertake
basic WRA.
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RESEARCH, TECHNICAL DEVELOPMENT AND TECHNOLOGICAL EXCHANGE

7. 1

Introduction

Research, technical development and technological exchange is important for all basic
WRA activities. Research and technical development implies a careful, critical search to improve
or adapt a methodology, techniques or instruments to improve one or more national water
resources activities whether this involves the discovery of new facts or not.
In the evaluation of research activities, care should be taken to consider not only activities
within research institutions but also groups and individuals in government departments and
services carrying out research activities.
The following characteristics of water resources are relevant when analysing research and
technical development in this field:
(a)

water resources development has generally a multi-disciplinary character, requiring close
collaboration between various development sectors (e.g. water supply, irrigation, animal
husbandry, environment);

(b)

research needs are very different from country to country and are mainly governed by
climate, geography and land use;

(c)

exploration and exploitation of water resources often requires sophisticated technology,
especially with regard to groundwater;

(d)

investment in water resources development projects in developing countries often requires
a large component of hard currency funds.

7. 1 . 1 Research
The following list of research themes, although not exhaustive, could be considered to
includP. those most frequently relevant to basic WRA programmes:
(a)

development of efficient equipment and techniques of measurement of water cycle
elements and of physiographic characteristics (including remote sensing measurement
techniques);

(b)

design of networks for water cycle elements and of surveys for physiographic
characteristics and estimation of errors of interpolation;

(c)

analysis of space-time relationships between water cycle elements, meteorological and
physiographic factors and related model building for space-time interpolation of water
balance elements, including techniques of interpolation of water cycle network data;

(d)

water quality characterization and modelling;

(e)

statistical characteristics of time series of water cycle data and relationships between
these characteristics and physiographic characteristics and related techniques of time
series synthesis ..

The following themes generally lie beyond the range of basic WRA itself. Nevertheless,
they are mentioned because of their connection with the specific topics of basic WRA in research
projects:
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analysis of effects of man's activity on water cycle elements and techniques of forecasting
changes in the regime of the water cycle elements, including changes in the statistics of
the corresponding time series;

(b)

techniques of quantity and quality conservation of water and of improved use of water
included in various elements of the water cycle (e.g. reduction of specific use of water
and pollution in various industries, use of brackish water for irrigation of certain crops, use
of warm and/or eutrophicated water in fish farms);

(cl

techniques for increasing the quantity of water in certain water cycle elements by using
the water included in other elements (e.g. groundwater recharge, retention of flood water,
evaporation reduction, increased infiltration in soils, increased condensation of air
moisture);

(d)

techniques for more efficient improvement of water quality and for the use of residual
matter resulting from treatment processes;

(e)

techniques for improved water extraction from the ground, improved water transportation
and more efficient hydroelectric and pumping plants.

Climate change research has been introduced recently as one new topic that is related to
both basic WRA and also to the next steps of water resources assessment.
7. 1 .2 Applied research
The topics of research and applied research are basically the same, but the aim is different.
Research deals with the increase of knowledge (new methodologies and techniques), whereas
applied research is concerned with adapting available methodologies to local conditions and
facilitating their application by users (including water resources institutions).
Applied research can also contribute to research and to drawing up of the main themes of
research.
7. 1 .3 Technical development and technological exchange
To reach a certain level of technical development there is not a single way. The research
that is carried out inside the country is just one of the possibilities. Technology can be obtained
from abroad on a commercial basis. There is also the possibility of obtaining technology freely.
The access to information on new technology is one of the aspects that should be considered by
the evaluator.
Use made of geographical information systems (GIS), remote sensing techniques for data
collection and monitoring, computerized data bases, are technical developments that give an
indication of the level of technical development.
An important and in many countries successful way of transferring technology is HOMS.
HOMS is the acronym for the Hydrological Operational Multipurpose System established by the
World Meteorological Organization for the transfer of technology in operational hydrology.
This technology is usually in the form of descriptions of hydrological instruments, technical
manuals or computer programs, material which has been made available for inclusion in HOMS by
the Hydrological Services of member countries of WMO from the techniques which they
themselves use in their normal operations. This is an important aspect of the HOMS philosophy
in that it ensures that the technology transfer is not only ready for use but also works reliably.
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HOMS Office,
Hydrology and Water Resources Department,
World Meteorological Organization,
Case Postale no. 2300
CH-1211 Geneva 2
Switzerland
Information on the organization of the HOMS National Reference Centre (HNRC), on the
number of institutions that are represented on the HNRC (the filled tables of Chapter 4 provide
information on all the institutions that perform basic WRA), on the frequency of the sessions of
the HNRC and on the transference of components will provide information to the evaluator on the
use made of HOMS.
Besides the possible technology transfer that could be carried out on a international basis
through the HNRC, also the transfer of technology inside the country through coordination bodies,
among them the HNRCs and the National Committees for the IHP, should be surveyed.
7 .2

Science policy structure, research institutions and in-service research

Most countries have a clearly formulated national science and technology policy. These
policies vary greatly, going from "laissez-faire" to full co-ordination of scientific and technical
research by a central body with the power to determine the funding of research on the basis of
the relevance of research to national development objectives. Usually there are included in the
policy subjects that have high priority, and projets in their related fields are easily funded than in
other fields. The inclusion or not of water resources in the national science policy is an indicator
of the relative importance of the research on water. In the process of reviewing the national
capability of water resources assessment the above-mentioned characteristics of the science
policy structure should be covered.
Research in basic WRA varies from one country to other. However, it can be stated that
the establishment of water resources institutions is an effective way of strengthening the structure
in the field of water resources assessment. In these institutions different research projects are
carried out. Table 7. 1 summarizes the information needed for the evaluator from the research
institutions and the basic aspects of the research projects.
In-service research is the research that is done by a water resources institution among
other routine activities. On one hand in-service research shows the capacity of the service in
carrying out a research by itself and on the other hand the position of the service inside the
research structure of a country. Also the inclusion of research activities gives the institution a
better position to contract consultancy services.

7 .3

AppUed Research

7 .3. 1

General

The applied research is related to the investigations carried out to execute the basic WRA
itself. Chapter 3, Institutional Framework, covers information on the institutions that are involved
in basic WRA activities. One important aspect among the characteristics of these information is
if they are from the private sector or from the public sector.
Recently, in most of the countries there is a new definition of the role of the state. There
is a tendency to keep the structure if in the public sector the activities that are defined are
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institutions. There are also activities that are considered not essential, but convenient to be
carried out inside the public sector. These activities could be done by consulting companies, but
they are done in the public sector just by convenience. There are activities that are considered
not convenient to be carried out inside the public structure. In this case there are two possibilities:
a) the activities are still done by public institutions, or b) the activities are carried out by consulting
finns.
The evaluator should include a description about the research activities that are considered
to be essential and not essential in relation to basic WRA. Also plans to modify the present
situation should be informed.
7 .3.2

Consultancy services

The expression "consultancy services" covers all research activities and studies related to
water resources assessment which are contracted to national or foreign bodies. This also includes
studies carried out by or through bilateral or multilateral technical assistance institutions.
The need of consultancies can be estimated as the total of planned activities minus the
planned capacity of the institutes in charge of the basic WRA. The total planned activities have
to be determined on the basis of the information collected as shown in Chapters 3 to 6.
The frequency of contracting and the size of the contract depend on the experience or
absence of suitable contractors, on the existence or absence of other possible ways of obtaining
outside knowledge and, of course, they depend very much on the political-economical framework
of a certain country.
The capacity of national consulting firms can best be estimated from a description of past
accomplishments, related to past and current staff and equipment availability.
The capacity of foreign consulting firms is practically unlimited and need not to be
described. It is, however, necessary to describe the amount and nature of past and current foreign
consultancies including those executed under technical assistance agreements.
7 .3 .3

Evaluation

Regarding the applied research that is carried out inside the public institutions, attention
should be paid to the actual capacity and the plans to increasing this capacity. Chapter 4 deals
with all these aspects.
Regarding consulting services, four aspects have to be evaluated. The first is the desirable
versus the actual capacity of the contracting institution to prepare and follow-up consultancy
contracts. It requires a scientific and administrative competence within the contracting institution
of comparable level with that of the contracting firm. Comparable here means that the work of
the consulting firm must be fully understood at the general supervisory level.
The second aspect is the desirable versus actual capacity of potential contractors within
the country. In the case where the law prohibits contracting, no evaluation is possible. If
contracting is not restricted it may be expected that the capacity of the consulting firms is
satisfactory; otherwise they could be eliminated by competition. This situation, however, is not
the case in the majority of the countries. The most obvious limitation is the requirement that
priority must be given to national consulting firms. In the last case the evaluation of the capacity
of national contractors is of importance.
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In general, it may be said that in the case of comparable technical competence preference should
be given to national contractors as it is more likely that they will have a better knowledge of the
environment and socio-economic conditions. It may thus be expected that the development of
national consultancy capacity improves national water resources assessment activities.
The forth aspect is the desirable versus actual ratio of direct contracting to contracting
through foreign technical assistance. In general, the contracting institution has more influence
over the work to be performed in the first case.
Of these four aspects, the first - that is the capacity of the contracting institution - is the
most important one.
In the evaluation of consultancy services systems for research and studies in the field of
water resources assessment, it is important that the existing socio-political-economic situation and
development objectives of the country be fully taken into account.
The applied research carried out in the universities under a contract should be considered,
if appropriate, in a separate way. Most of the considerations mentioned above in reference to
consulting firms are suitable.
The applied research carried out through technical assistance projects within the United
Nations System, most probably involving WMO or UNESCO, should also be considered in a
separate way.
7 .4

Exchange of information and documentation

The exchange of information and documentation to have a good access to the products
of the research and to be able to obtain the most suitable technology is an indispensable aspect
of research and technical development. In this subchapter information is meant to be the scientific
and technical knowledge and experience concerning methodologies, methods, techniques and
equipment for water resources assessment. Documentation in this respect implies cataloguing,
storage and distribution of such information by various means {paper, magnetic means, electronic
mail, etc.).
The need for information in the field of water resources assessment is basically not very
different from that in water resources research in general. A general water resource information
system will, therefore, be appropriate in practically all the cases.
The existence of bodies like the National Committees for the IHP and the National HOMS
Reference Centre or other similar bodies that can be established in the countries, assure a certain
degree of dissemination of information on the research needed, the research carried out and the
technologies available and the different ways in which can be obtained.
The existence of bodies like the ones mentioned above is one of the aspects that should
be included in the reviewing process. Information on participation of institutions in these bodies,
frequency of sessions, etc., should be taken into account in the reviewing process.
7 .4. 1

Determination of needs

The least information that should be accessible to all water resources specialists is national
and international up-to-date literature in the form of books, specialized magazines, information in
magnetic media and access to computer nets. This requirement is not met in the majority of the
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consequently a high recourse to foreign consultancy.
The most productive information will be, in most cases, study and research results
concerning cases in the country itself, whether this research was done by national or foreign
bodies. These reports should be easily retrievable and consultable. The second set of information
needed is foreign information concerning similar natural phenomena or situation.
The size and sophistication of the information system should be in relation to the needs for
information, the capacity of the information user to make use of the information provided and the
delays that are acceptable between request for information and production of it.

7 .4.2 Description of existing situation
A comprehensive list of institutions and bodies with or including a documentation or
information service in water resources should be made. In addition, a list of national information
producers should be established.
The interrelations between information users and information producers, that is the flow
of information, also needs to be described. It is also required to describe how a national specialist
will go about obtaining the information needed, as well as what happens in general to study
reports after they have been produced.
The above concerns information produced and used nationally. As regards international
knowledge, the availability and accessibility of foreign information in the country itself should be
described together with the possibility of obtaining foreign literature from outside the country.

7 .4.3

Evaluation

The key person in the information cycle is the user. It is, therefore, necessary to first
evaluate the willingness and capacity of the user to apply information. If this capacity is very low,
due for instance to limited specialized manpower, then it is still necessary for the results of studies
made in or around the country to be available and accessible to consultancy firms and technical
assistance experts. This accessibility should then be evaluated. In cases where motivation and
capacity to apply information exists, the evaluation is to be based on the difficulties encountered
in obtaining useful information.
As information users are frequently information producers, the willingness of information
producers to assist institution libraries or national documentation centres by supplying information
should also be evaluated.

7 .5

Derivation of capability index

An indication of the capability of the research, technical development and technological
exchange activities of the country to support basic WRA can be obtained from the information
collected in response to the discussion in this Chapter. An index of this capability can be derived
as described below.
Based on the information collected by the evaluator, he or she should complete Table 7 .2
by deriving the following values:
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(a)

Research

Based on the evaluator's judgement using the discussion in this Chapter and information
obtained during the study, it is recommended that some indication of capability with respect to the
level of research being undertaken within the country be derived. The following scale is
recommended:

(b)

Rating

Value

Comment

Fully Capable
High Capability
Moderate Capability
Low Capability
No Capability

1.0
0.75
0.5
0.25
0.0

All aspects of research fully covered
High level of research
Moderate level of research
Low level of research
No research being conducted

Technological exchange

Based on the evaluator's judgement using the discussion in this Chapter and information
obtained during the study, it is recommended that some indication of capability with respect to the
availability of technological exchange within the country be derived. The following scale is
recommended:
Rating

Value

Comment

Fully Capable
High Capability
Moderate Capability
Low Capability
No Capability

1.0
0.75
0.5
0.25
0.0

All aspects of technological exchange fully covered
High level of technological exchange
Moderate level of technological exchange
Low level of technological exchange
No technological exchange being conducted

The capability index can be determined by summing the values for each activity and dividing by
the number of activities (in this case 2). The capability index will be a value between 0 and 1.
The closer the value to 1, the higher the capability of the country to undertake basic WRA.
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-102 TABLE 7.1
Research on basic WRA and other water related projects

INSTITUTION

PROJECT

BasicWRA

Institution 1

Project 1

Research

Institution 1

Project 2

Institution 3

Project 1

Institution 3

Project 1

Institution 3

Project 2

Other water

Institution 1

Project 1

related

Institution 1

Project 2

projects

Institution 3

Project 1

Institution 3

Project 1

Institution 3

Proiect2

STATUS
(in progress or
planned)

BUDGET
ALLOCATION

DURATION

Notes: 1)

This table can be used to make an inventory of the relevant projects which have been
carried out in the country.

2)

The table's format can be modified in order to classify the projects according to topics
instead of institutions.

3)

If appropriate, the column ·eudget Allocation" can be divided into investment,
operation, maintenance and other.

4)

The percentage of the total budget allocation in reference to the GNP should be
computed.
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TABLE 7.2
Capability Index for Research, Technical Development and Technological Exchange

Activity

1

Value

Research
Technological exchange
Overall Index

1

The overall capability index can be determined by summing the values for each activity and
dividing by the total number of activities (in this case 2). The capability index will be a
value between 0 and 1. The closer the value to 1 , the higher the capability of the country
to undertake basic WRA.
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HYDROLOGICAL DATA AND INFORMATION REQUIRED FOR PLANNING PURPOSES

The basic WRA programme is considered adequate if all its three components (hydrological
networks, physiographic data and interpolation techniques) are available and sufficiently accurate
to supply the water resources information required for planning purposes at any point of the
assessment area (see Section 1.5).
Thus, although basic WRA is concerned only with the supply aspect of the water
supply-demand equation, evaluation of the adequacy of the basic WRA programme requires that
consideration be given to the use which is made of the data for water resource planning purposes.
This chapter provides general indications as to the type of data required for various
projects, particularly for various typical project elements, and the required accuracy of the data
in terms of project components. It also calls for consideration of which type of data is more
important for various project components. It is not proposed that a comprehensive study be made
of the requirements of each individual project. The evaluator will be required to define only the
types of projects, together with their typical elements, that may be expected to be included in the
future water resource plan. This will enable him or her to judge whether the type of data collected
and their accuracy is adequate for planning purposes, which is a very important conclusion to be
obtained from the evaluation of the basic WRA programme.
8. 1

Classification of water-resource data and information required for planning purposes

8. 1.1

Hydrological data

The types of water resource data required for planning water resources projects vary
according to the characteristics of the project and of the water resource involved. Depending on
the nature of the project, the planning of such a project may require any combination of the
following hydrological data and infonnation:
Precipitation: time series of daily precipitation; precipitation statistics; data on maximum
precipitation with various probabilities or return periods and storm characteristics;
areal distribution of precipitation for various months, seasons, etc.; time series of
snow depth and water contents including snow accumulated on the ground {plus
probability of maximum snow accumulations): temperature, radiation and humidity
data; time series of water quality parameters; the relationship between rainfall
depth and duration;
Evaporation: time series of pan evaporation and/or of meteorological data required for
estimation of evaporation, particularly solar radiation, air temperature, humidity and
wind;
River and lake levels: time series of daily (occasionally hourly or instantaneous) levels,
daily and/or instantaneous maximum and minimum levels with various
probabilities; hydrographs of flood levels for various probabilities or return periods;
wetland levels;
River flows: time series of daily (occasionally hourly) flows; daily and/or instantaneous
maximum and minimum flows with various probabilities and in ice conditions;
Sediment: time series of daily concentrations and/or total sediment discharge;
Water quaHty: time series of water quality parameters; relationship between flow and
parameters of water quality including water temperature;
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velocity; surface slope;
Groundwater: time series of groundwater levels and yield estimates, and of water quality
parameters; hydrogeological data (i.e. bore logs, hydrogeological mapping).
In addition to the more conventional hydrological measurements, there is a growing
recognition of the need to measure other aspects of the freshwater environment, and of the wider
environment in which freshwater is only a single component (WMO/UNESCO, 1 991 ). These
include:
(a)

the volumes of water needed for industrial, domestic and agricultural use, and for
navigation. These are now a significant modifier of the hydrological cycle in many basins;

(b)

attributes of rivers related to instream uses such as freshwater fishery habitats or
recreation, riparian vegetation;

(c)

watershed characteristics which may be related to hydrology, such as vegetation patterns,
soil moisture, topography, and aquifer characteristics like permeability;

(d)

environmental concerns (eutrophication of lakes, damage to natural freshwater and
estuarine ecosystems);

(e)

groundwater recharge/discharge, groundwater depletion and quality degradation;

(f)

indicators to monitor environmental conditions pertaining to continental and coastal water
and to evaluate the effectiveness of water policies and performance of countries according
to set objectives and identified constraints.

Together, these imply a vast range of water-related data and information that the
Hydrological Service and other related agencies may be required to collect and archive. Different
countries have different priorities, depending on their level of economic and social development,
the sensitivity of the natural environment to disturbance by human activity, and the nature of the
physical envirorment itself (climate, topography, the abundance or otherwise of water, and so on).
There are several critical requirements for an effective WRA programme:
(a)

data of high quality and accuracy must be collected to permit confident statistical analysis;

(b)

the data and information it provides must be carefully targeted to the users' requirements;

(c)

an integrated observation programme, in which measurements of several variables are
made simultaneously, is required to provide the greatest total value;

(d)

other forms of information should be available which are compatible with, and can be
analysed with, water resources information;

(e)

an effective system is needed for archiving and disseminating data to ensure that they are
not lost or corrupted, and are made available in a form that enables analysis.

The above requirements can increasingly be met by application of new technology such
as telemetry, to make data available in near-real time, archiving and processing data by personal
computers, remote sensing to more effectively collect areal information, geographical information
systems (GIS) to provide a means of analysing spatial data. At the same time, new micro-
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technology is not the only requirement; a trained and well-managed staff is of even more
fundamental importance. As financial resources become increasingly limited in many countries,
it becomes ever more vital that effective organizational structures are in place to ensure that those
resources are used most efficiently.
8.1.2

Structural and non-structural elements

Water resource projects are extremely varied in nature and may present a large variation
both in size and complexity and consequently a large variation in the type of data required.
Nevertheless all these projects can be considered to consist of a number of typical project
elements which, when grouped in accordance with specific local requirements and objectives,
generate the given project. The types of water resource data required by project elements are
easier to define than for the whole project The project elements can be grouped into structural
and non-structural elements.
The main structural elements are:
(a)

Modifiers of the water balance components (increasing or decreasing runoff, precipitation,
evaporation, soil moisture, through surface treatment, cloud seeding, etc.);

(b)

Redistribution of water in space (water collection, transportation and distribution, canals
and pipes, intakes, outlets);

(c)

Redistribution of water in time (surface and sub-surface reservoirs and other water storage
structures);

(d)

Extractors or suppliers of water energy (turbines and pumps);

(e)

Water confiners (dams, dikes, flood walls, flood-proofing structures, etc.);

(f)

Water relievers (spilling facilities);

(g)

Quality improvers at source (reduction of soil erosion, salinisation, etc.);

(h)

Quality improvers at point of use (water supply and sewage treatment plants, cooling
towers and lagoons, etc.);

(i)

River development.
The main non-structural elements are:

(a)

Water-resource related legislation and standards;

(b)

Zoning (for flood management, preservation of water resources, runoff and soil erosion
management, wild life and fish habitat protection, etc.);

(c)

Insurance (in relation to flooding of permanent or temporary structures (cofferdams),
non-performance, accidents and disasters);

(d)

Row and level forecasting (continuous forecast, flood forecasting and warning, operation
of -reservoirs, etc.).

- 108 -

8.1 .3

Importance of project elements

Although occasionally infonnation on all the characteristics of the pertinent water resource
are of significance for a given water-resource project element, a number of characteristics are
normally extremely important for it, others are only moderately important and others are of no
interest at all. For example, for water relievers, information on maximum flow is of extreme
importance, information on sediment characteristics (which may block gates) is of moderate
importance, and information on minimum flows is not relevant at all. Proposals in this regard are
presented in Appendix VII.
If the type of projects expected to be included in the water resource plan and the
corresponding typical elements are known or could be anticipated, it is possible to complete
Table 8.1 indicating the types of water resource data required. This can be used in assessing
whether the basic WRA programme is using the correct water resource characteristics. Table 8.1
can be completed either by indicating with a tick areas of interest to the country, or by providing
estimates of the required accuracy or current level of accuracy of data for each application and
element. Current information suggests the use of tolerance limits in percent (except for water
levels where the limit is given in cm) as suggested in Appendix VII.
Water projects may change the hydrological regime. Therefore, the observation of
elements that influence this regime should be considered. Data measured in connection with
water resources projects should also be collected and incorporated into studies which may enable
the estimation of the change in the natural water regime. The reconstruction of the hydrological
time series in terms of the natural flow regime is sometimes required for water resources
assessment.
Detailed indications of the water resource data requirements for various water resource
projects and of the manner in which the hydrological and other water resource data are used in
determining the main dimensions of water resource projects are described in detail in UNESCO
(1982) in WMO (1994).

8.2

Accuracy of water resources data for planning purpose.

The accuracy of the data determines their usefulness for planning purposes and the use
should define the required accuracy. If the standard error of estimate of a water resource
characteristic used for planning is very large it is sometimes not possible to decide whether or not
to include or exclude a given project in the development plan. Accuracy of hydrological
measurements can be defined in uncertainly levels expressed at the 95 percent confidence
interval. The recommended accuracy levels are formulated in Table 4.4 of the Guide to
Hydrological Practices (WMO, 1994). This table is attached to the end of this chapter (as
Table 8.2). Of course, the critical accuracy percentage level depends upon the type of project
element, and the ratio between the estimated mean value of the characteristic and the
corresponding dimension of the project. Thus, for example, if a 1 .0 m 3 /s diversion has to be made
from a river whose minimum flow with a probability level acceptable to the planner is 2000 m 3 /s,
an error of even 90% in estimating the minimum flow is not significant. However, if a
hydroelectric plant is to be built on a river with a fully regulated flow of, say, 1 00 m 3 /s and the
margin of financial return is only 15% per year, an error of 10-15% cannot be tolerated in
estimating this mean flow.

8.3

Data adequacy

The evaluation of the adequacy and sufficiency of the WRA programme from the viewpoint
of requirements for WRP is carried out by establishing whether or not the data required for
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planning purposes (WMO, 1989).
The evaluator should complete Table 8. 1 for all project elements included in any of the
projects which make up the current and future water resource plan for the area under
consideration. The activity levels to be entered can be either a tick indicating areas of interest to
the country or, if available, estimates of the required accuracy or current level of accuracy of data
for each application and element.
It will not be easy to provide the required estimates of error. The values finally used to
complete the table should be based as far as possible on objectively derived measures of likely
error, but in many cases they will be based, at least in part, on the personal judgement and
experience of the hydrologists, engineers and planners involved in such projects.
Table 8.1 can therefore be used as an aid to the design of a new, or the improvement of
an existing, WRA programme with respect to its scope and to provide guidance on the required
qualitative improvement in data collection and interpolation techniques. Where sites of future
projects have already been clearly identified, gauging stations at the sites and improvements in
data collection and measurement techniques are primarily required. Where the location of future
projects is in doubt, in addition to a generally denser network, better interpolation techniques
should be considered as having a very high priority.

8 .4

Data access and d"ISS8mination

A fundamental objective of the storage and retrieval system (WMO, 1994) is that it
encourages broad use. Special and continuing efforts should be made to ensure fast access and
easy retrieval. To this end, direct user (read only) access to the database should be employed
where possible, with particular care being paid to well-documented, user-friendly, interactive
retrieval routines. The standard output formats should be well publicized to assist potential
customers in making realistic assessments of their needs. This aspect has practical ramifications.
Time and money can be wasted by over-servicing clients.
One important aspect of data presentation is that it should accurately disclose the quality
of the data. Data collectors pay great attention to tagging and documenting their product with
the intention that this information be passed on to the eventual user. All output should be flagged
with appropriate quality symbols and accompanied by explanatory comments. Users should be
made aware that more detailed documentation may be available with the original data.

In addition to providing output in response to specific requests, periodic updates of the data
should be published. This should normally be done in standard output formats. The resulting
publications may be in book form, on microfiche, or in a computer compatible form, such as disk
or CD-ROM.
The dissemination of processed information encourages feedback by the data users.
Awareness of the users' needs allows collectors to review their methods and collecting
frequencies, to reassess the quality of data, to check for any errors in processing, and broaden
their knowledge base in relation to the stations they operate.
A catalogue should be designed to assist users to identify the hydrological records that are
suitable for their particular needs. For this purpose, information should be assembled for each
hydrological station and, if it is on a stream, for its related catchment (referred to as a gauged
catchment), as well. The catalogue can preferably be made available through a computerised
system such as the Internet.
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information, catchment map, and data availability.
In order to assist the users in identifying the gauged catchments that are appropriate for
their purposes, a description of the characteristics of each gauged catchment and the principal
features of the gauging facilities and an indication of the quality and reliability of the flow record
should be provided.
A map for each catchment or group of catchments has proven to be valuable. The map
should be produced at a scale that is convenient for displaying the information. Catchments of
different scales may warrant maps of different scales. In the near future any information for the
production of catchment maps will be retained within computer-based geographic information
systems (WMO, 1994) for ease of presentation at a variety of scales.
The data-availability page should present a relatively concise and easily updated summary
of streamflow, precipitation, and water quality data. It should be based on monthly data for flow
and precipitation and on annual water quality data.
For catchments with many precipitation stations, it is impractical to include a summary for
each station. All stations and their period of record are shown on the map described in the
previous section, so it would be sufficient to restrict the data availability to pluviographs and a
selected set of key daily precipitation stations. Stations with long periods could require several
pages to ensure adequate scales for legibility.
Many organizations publish Slnlmaries of data. Some examples include climate averages,
rainfall statistics, streamflow statistics/records, and water quality records/surveys.
Typically, such publications should consist of station information including station number,
latitude and longitude, type of data collected, other site specifications (name, river name, grid
reference, catchment area, etc.), period of operation, period of data processed, and instantaneous,
daily, monthly and annual data summaries (including minimum, maximum and mean values). Data
may be presented as part of the text or attached as microfiche or provided on a computercompatible form, such as a disk or CD-ROM. Due to the commercialization of hydrological
services, users may be required to pay for the hydrological data itself, and not just for the cost of
accessing the data.

8.5

Data publication

The primary purpose of a data-publication programme (WMO, 1994) is to provide, in a form
convenient to most users of the data, tabulations, maps, graphs and summaries of observations
as well as the results of secondary processing of these observations. Regular publications that
include processing data provide a safeguard against the loss or destruction of irreplaceable records
and may reduce the number of special requests for data that must be answered by a central office.
By publishing data, it becomes readily accessible. Since data publications may form one possible
medium for international exchange of hydrological and climatological data, it is important that a
high level of data reliability be maintained in these publications and that some degree of
standardization of format, units, etc., be achieved.
If the main data requirements are related to monthly and annual water supply, an annual
publication containing summaries of data for each month will probably suffice. Yearbooks of
streamflow data containing, amongst other information, monthly streamflow volumes and
extremes of stage and discharge may be sufficient.
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daily or shorter intervals. Thus, whenever possible, data publications should contain daily data on
precipitation, temperature, and streamflow, and as much information on snow cover as is
available, whether the regular publication interval is the month or the year. If data are not
published on a regular basis, they should be updated in the database and associated computer
summaries should be made available on a regular basis.
In situations where publication of hourly data are warranted, a monthly publication is
generally issued. Also, if there is broad interest in hydrological forecasts and their associated data,
weekly publication of the forecasts may be justified.
In some cases, specialized requirements may be met by the infrequent publication of
summaries of data, e.g., at five-year intervals. This interval is particularly relevant when
considering the potential impacts of climate variability and change on water resources.
Special reports may be issued to document extreme events, such as heavy floods or
droughts. Such reports should contain all relevant data, graphs, maps, as well as considerations
on the magnitudes and recurrence intervals of the phenomena in view of the long-term frequency
distribution.
The contents and format of publications should be determined by the requirements of the
majority of data users. In general, streamflow and water level data are published separately from
meteorological observations, although a few countries publish all data pertinent to the hydrological
balance in one volume. In the former case, it may be desirable to publish summaries of
precipitation, snow cover and evapotranspiration for particular basins along with the streamflow
record. Precipitation data for such summaries should be areal means derived from point
precipitation data.
Yearbooks should contain a comprehensive index of the observation stations, including
elevation, latitude and longitude, instrumentation (with changes), years of record available,
authority responsible for the observation programme and the address at which original records are
kept. In larger countries, the index and the data in the yearbooks should be grouped by major
drainage basins, rather than by political or administrative subdivisions, or purely alphabetically.
Maps CJf drainage basins with the stations marked thereon are very valuable and should be included
in yearbooks if possible. In countries in which data are published more frequently than once a
year, only one issue per year need contain the index of stations. If yearbooks or other regular data
publications are not issued, then periodic publication of a catalogue of stations should be
undertaken.
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TABLE 8. 1 - Appllcabllity of water resource data for different projects

Water
resource project
element

Water-resource
characteristics

Precipitation
Storma

Time
Seriea

Snow

Evaporation

River water levels

Max.

Min.

River flow
Time
Seriea

Max.

Groundwater

Sediment

Channel chart
Velo
di.ttr.

Levell

Yield

Hydr.
char.

Quality

Redistributors of water in space

•

Redistributors of water in time

•
•

•
•

•

•
•
•

•
•
•

•
••

•
••

•
••

•

•

Quality

Time
Seriea

Min.

Quality

Croll
1ection

Piano

Modifiers of water balance

Hydropower generation
Extractors or suppliers of water
enen?Y
Water confiners
Water relievers
Oualitv imorovers at source

•

Quality imorovers at use points

••

Water related legislation and
standards
Zonimz
Insurance

•

Flow and water aualitv forecastimz

•

•
Notes:

If project or element deals specifically with groundwater;

I)
2)
3)

4)

••

If treated water infiltrates or ia pumped into the ground .

The elements of water-resource projects (first column ofthia Table) are described in Section 8.1.
The information can be expreaed u ticks or u percentages (errors), except for water level where they are to be preeented in centimetres.
The values shown could be usocl to llflt adequacy targets for interpolated meteorological and hydrological data but should not be construed u applicable to apecific individual gauging stations.
Appendix VII presents proposals u to current errors which may be usocl in conjunction with thia table.
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TABLE 8.2
Recommended accuracy (uncertainty levels) expressed at the
95 per cent confidence interval
Parameter
Precipitation (amount and form)
Rainfall intensity
Snow depth (point)
Water content of snow
Evaporation (point)
Wind speed
Water level
Wave height
Water depth
Width of water surface
Velocity of flow
Discharge
Suspended sediment concentration
Suspended sediment transport
Bed-load transport
Water temperature
Dissolved oxygen (water
temperature is more than 10°C)
Turbidity
Colour
pH
Electrical conductivity
Ice thickness
Ice coverage
Soil moisture

Source: WMO Guide to Hydrological Practices

Accuracy level
3-7%
1 mm/h
1 cm below 20 cm
or 1 0% above 20 cm
2.5-10%
2-5%, 0.5 mm
0.5 m/s
10-20 mm
10%
0.1m,2%
0.5%
2-5%
5%
10%
10%
25%
0.1-0.5°C
3%
5-10%
5%
0.05-0. 1 pH unit
5%
1-2 cm, 5%
5 % for :?: 20 kg/m 3
1 kg/m3 :?: 20 kg/m 3
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REVIEW OF CAPABILITY FOR WRA

9.1

Introduction

The evaluator or reviewer can be an individual, a technical group, a public institution or a
consulting firm, with a deep knowledge of the water resources inventory concerned and sufficient
information on long-term WRP (Chapter 8) so as to be able to evaluate the needs of basic data.
The evaluator will have to complete the work described in the previous chapters, which
will enable him or her to have a comprehensive description of the basic WRA activities and of the
problems encountered in long-term WRP because of inadequate basic WRA. He will then need to
evaluate the actual activities using reference levels which should be specific for the country or
region in question. These should take into account:
(a)

the hydro-climatological characteristics of the country;

(b)

the socio-economic characteristics of the country;

(c)

appropriate recommended practices, including the suggested reference levels contained in
different chapters of this handbook;

(d)

information available to him conceming reference levels contained in the appendices to this
handbook;

(e)

information available to him concerning reference levels used in countries considered to
have satisfactory basic WRA programmes.

The evaluation process requires sound judgement and extensive experience. The
comparisons with reference levels mentioned above should not be regarded as an exclusive basis.
It is necessary to use flexible procedures in accordance with local conditions. To illustrate this,
assume for example a country in which the density of the network is sufficiently high to enable
interpolation of hydrological data at any point of the area with high accuracy, but which has
unsatisfactory surveys of physiographic characteristics. As the areal assessment of the surface
water resource is still possible, it would not be rational to declare that the basic WRA programme
is inadequate from the viewpoint of surface water resources.
The evaluator should be very careful concerning the significance and causative
relationships of different components, trying to uncover the main causes of inadequacy. This may
be related to lack of proper technological means, lack of funds, low level of skills, education and
training or a particular combination of the above. A comprehensive analysis of the situation and
in particular of the historical data will make it possible to find the major causes of the deficiencies.
In the evaluation and recommendation stage the evaluator will have to make best use of
the background data, of his general knowledge of the area and of his own personal judgement.
The extensive interaction he has had with organizations and personnel involved in the basic WRA
programme during the collection of background information should also provide input for his
evaluation and related recommendations. In view of the above, the evaluation guidelines that
follow should be considered tentative and used in a flexible manner.
After analysing and producing recommendation on each of the components of the basic
WRA, an overall approach should be undertaken aiming, if possible, to give guidance for an action
plan on how to improve, if it is needed, the present situation. For this purpose, priorities among
the different components would be very useful because of the assignation of resources and efforts
than can be expected as a result of the follow up of the application of the handbook.

- 116 9.2

Implementation of the review
In effect, the present Chapter 9 is a summary of the previous Chapters.

9.2.1

Institutional framework

A map similar to Figure 2. 1 (f) that includes jurisdictional regions should be examined in
conjunction with completed Table 3. 1 "Institutions and tasks involved in basic WRA". Specific
points to be considered will have included:
{a)

difficulties in obtaining flows at jurisdictional boundaries and their effect on long-term

WRP;
(b)

activity duplication and efficiency reduction in utilization of measurement and inspection
teams;

(c)

difficulties resulting from inconsistencies in standards and techniques;

{d)

adequacy/inadequacy of the existing policy framework to meet the needs of WRA
programmes; including enabling environment, public awareness, privatization and
stakeholder participation; and

{e)

adequacy of legislative and regulatory basis of water resources assessment.

The results of the above analysis should be used to evaluate if there is a relationship
between the type of institutional arrangement and the significance of the above-mentioned
problems.
Recommendations should refer to possible reduction of the above deficiencies through
interjurisdictional co-ordination and inter- and intra-jurisdictional compacts or boards.
The evaluator should identify lack of institutional/legislation taking into account jurisdictions
duplications leading to inefficient utilization of resources, aspects not covered by any institutions,
differences in methodologies and coordination in boundaries are aspects to be evaluated.
Involvement of the countries in international and regional basic WRA programmes should
also be included. Completed Table 3.2 "Participation in international WRA programmes" should
also be used.
Past experience shows that is difficult to make an objective evaluation of institutional
framework. However, completion of Table 3.3 (based on Tables 3. 1 and 3.2) should provide an
overall indication of the institutional framework in terms of it providing a capability for basic WRA.
9.2.2

Data collection, processing and retrieval

Data collection has a very important and unique characteristic, that should be kept in mind
by the evaluator: data not collected in the present will not be possible to collect in the future.
Other aspects like processing and retrieval, access to methodologies for areal assessment, can be
done in the future if sufficient resources are made available.
Completed Tables 4.1 "Collection of basic data", 4.2 "Availability of data on water resource
projects", 4.3 "Physiographic data" and 4.4 "Data storage, primary processing and publication"
provide information to the evaluator and a quantitative result on the status of the data collection,
processing and retrieval activities can be obtained through comparison with reference levels in
Appendix IV.
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conclusions and recommendations can be produced. Completion of Table 4.5 (based on Tables 4.1
and 4.4) should provide an overall indication of the data collection, processing and retrieval
activities in terms of their providing a capability for basic WRA.
9.2.3

Areal assessment of hydrological elements

Completed Table 5.1 "Areal assessment" should be used for evaluating the capability of
the country with respect to the capability of providing areal assessment of hydrological elements.
Recommendations should be made on the basis of an analysis of the main causes of
inaccuracy. These may relate to network density, physiographic information, etc., and on
techniques available. The last aspect should be considered spatially, because the other aspects
were covered before.
Completion of Table 5.2 should provide an overall indication of the areal assessment
activities in terms of their providing a capability for basic WRA.
9.2.4

Manpower education and training

The completed tables 6.1 "Education and Training in Water Resources and Related areas",
6.2 "Levels of professionals and technicians in the water resource field" and 6.3 "Existing
manpower for collection, processing and analysis of surface water data" and in comparison with
reference levels included in Appendix V should be used to evaluate this component of the basic
WRA.
National abilities with regard to the creation of an enabling environment should be
considered. Several internal and external factors need to be reviewed:
(a)

The priority accorded to the water sector, including the government attitude and
commitment to raising the national profile of water issues;

(b)

The career opportunities, work conditions and remuneration of the water sector in relation
to other sectors in the country; and,

(c)

An appraisal of the capacity building requirements.

Recommendations should be made with respect to adding to, or improving existing
programmes or making use of international cooperation in this field to train personnel abroad when
this is not possible within the country.
Completion of Table 6.4 should provide an overall indication of the manpower, education
and training activities in terms of their providing a capability for basic WRA.
9.2.5

Research, technical development and technological exchange

Table 7 .1 "Research and applied research projects and institutions" should be used to
evaluate the research and technical development of activities for basic WRA purposes. Table 7 .1
provides data on activities that take place in the country on the basis of the science policy of the
country.
Special consideration should be paid to institutions like HOMS Reference Centres and their
activities of coordination inside the countries to promote technological exchange both at national
and at international level.
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development and technological exchange activities in terms of their providing a capability for basic
WRA.

9.2.6

Overall evaluation

After consideration of all steps indicated in sections 9.2.1 to 9.2.5 above, and the
information derived through carrying out the evaluation in Chapter 8, the evaluator will have a set
of quantitative results describing the state of the different activities of the WRA programme for
the given country.
The evaluator will be able to compare these results with other activity or reference levels
available to him, due to his familiarity with WRA programmes, or obtained by other evaluators in
other countries and regions.
It is difficult to develop a general formula leading to the definition of a single index for an
overall evaluation of all activities concerned. The reasons for this have been discussed previously,
and related to the evolving socio-economic, environmental, political and developmental factors
influencing each country and fact that hydrometeorological, hydrological and hydrogeological data
vary considerably in space and time.
The evaluation process requires judgement and experience and although the different
indices collected in the above mentioned steps will always provide valuable information, they are
unlikely to serve as the only basis for the final evaluation. Experience with the use of the
methodology presented in this handbook has already shown great variety in the manner and extent
to which it is applied in different countries and such variety is expected to be seen also in its
further use.
The next section has the aim of providing a method to present the results of the review
in a summarized manner. It also provided in a manner to allow a parameter varying from 0 to 1
to be derived that gives an indication of the level of adequacy of the country's capability regarding
basic WRA.

9.3

Findings of the review

As was mentioned before, the completed tables of the previous Chapters and their
comparison with the reference levels (where available), provides a numerical Capability Index,
between 0 and 1 for each of the aspects covered in the Handbook. The closer the value of the
index to 1 , the higher the capability. The evaluator should transfer the Capability Indices derived
for each of Chapters 3 to 7 to Table 9.1.
The numerical values in the tables enable the evaluator to derive certain quantified
conclusion, as an indication of the overall performance. It can be made independently for the
tables (for each aspect) or calculated as a summation of the results (for overall capability).
The approximate method suggested is the most simple and robust approach. The values
in Table 9.1 are summed, and then divided by the total number of the evaluation parameters.
It is evident that a summation of the several parameters without weighting them may be
found as a rather rough estimation; however, the absolute summa divided by the number of tables
may give an idea about the capabilities of the country.
The evaluator may use other combination of the parameters depending on the goal of the
evaluation, like evaluating only the parameters of surface water or groundwater independently.

TABLE 9.1

Overall evaluation of national capability 1
Chapter

Table
No.

Causes

Recommendations

3.3

Institutional
Framework

(Pg 33)

Data Collection,
Processing and
Retrieval

4.5
(Pg 63)

Areal Assessment

5.2
(Pg 75)

Manpower, Education
and Training

6.4
(Pg 94)

Research, Technology
Development and
Technological
Exchange

7.2
(Pg 102)

Overall evaluation

Index

1

The overall evaluation can be derived by summing the Indices in column 3 and dividing them by 6. This should result In a value between 0 and 1.
The closer this value to 1, the higher the capability of the country to undertake basic WRA.

........

co
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The method can be refined by introducing weighting factors for table averages, but this
has not been expanded on here as the objectivity in assigning weights can be questioned.
Of course, one may question how accurate was the quantification of the parameters made?
It should be clear that errors may appear in the estimations, and that their total elimination is not
possible.

One may evaluate the overall capability using the following scale:
Value

Rating

1.0
0.75

Fully Capable
High Capability
Moderate Capability
Low Capability
No Capability

0~5

0.25
0.0

Due to the objective character of the overall Capability Index parameter, it is not
recommended at this stage to intercompare different countries. The importance of the overall
evaluation should not rest on one numeric value.
9 .4

Examples of application of the previous Handbook, inCluding regional and national examples

At the national level, the first edition of the Handbook was widely used in Latin America
(details are given in Appendix VIII). At the regional level, Appendix IX is an example of an
evaluation of a study in Sub-Satiaran Africa.
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CONCLUSIONS OF THE DUBLIN AND UNCED CONFERENCES IN
RELATION TO WATER RESOURCES ASSESSMENT

INTERNATIONAL CONFERENCE ON WATER AND THE ENVIRONMENT

One of the main objectives of the International Conference on Water and the Environment
(ICWE), Dublin, Ireland, 26-31 January 1992, was to assess the current status of the world's
freshwater resources in relation to present and future water demands and to identify priority issues
for the 1 990s. The Conference made the following recommendations with respect to water
resources assessment:
Institutional and financial framework in support of water resources assessment
•

Defining the information needs of users and establishing a national policy, a legislative
framework, efficient institutional structures and economic instruments appropriate for
water resources assessment;

•

Establishing and maintaining effective co-operation in water resources assessment and
hydrological forecasting activities between national agencies within a country, and
between countries with regard to transboundary water resources;

•

Encouraging those responsible for collecting and storing data to apply the methodologies
that have been developed and endorsed at the international level when evaluating their
water resources assessment activities;

•

Developing and disseminating information on means of estimating benefits and costs of
water resources assessment activities and assisting national services to demonstrate the
benefits of water resources assessment; and

•

Making practical and legislative provisions for the long-term sustainability of water
resources assessment and forecasting activities, and allocating the necessary financial
resources, especially in the case of developing countries.

Collection and storage of water-related information

•

Installing monitoring systems designed to provide valid and comparable water-related
information;

•

Ensuring the continuous operation of such systems in support of studies requiring long-term
data, such as those relating to climate change;

•

Upgrading facilities and procedures for storing, validating and safeguarding such data;

•

Implementing techniques for processing such data and assimilating related information;

•

Comparing, selecting and applying hydrological technology appropriate to each country's
needs and ensuring the transfer of appropriate technology, particularly between
hydrological services.
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•

Identifying the need for water-related data and analysing and presenting such data in forms
appropriate for planning and management of water-resource development; and for other
purposes such as studies of the impact of water development projects on the environment.

•

Assembling and disseminating basin-wide, regional and global sets of water-related data
and information, inter alia, in the management of resources within international river basins
and in climate change studies;

•

Assessing surface water and groundwater resources and the interactions between surface
water and groundwater;

•

Assessing the risk of flooding from rainfall runoff, snowmelt, storm surges and land-slides
and installing hydrological forecasting and warning systems for areas subject to such risk;

•

Assessing the risk of drought and installing drought warning systems in support of
schemes to mitigate the effects of drought; and

•

Disseminating of these assessments to all requiring the information, and assuring the
incorporation of water-resource information in the decision-making process.

Research and development in the water sciences
•

Establishing and strengthening research and development programmes appropriate to the
needs of countries so as to increase understanding of the fundamental process involved
in the water cycle, including the interactions between water, land and the atmosphere, and
to support water resources assessment and hydrological forecasting activities;

•

Promoting the development of new technology for water resources assessment and
hydrological forecasting, making full use of local expertise in this regard;

•

Transferring appropriate technology to users; and

•

Strengthening relevant international and regional programmes both at national and global
levels.

The Dublin Statement, emanating from the ICWE, called "for fundamental new approaches
to the assessment, development and management of freshwater resources, which can only be
bought about through political commitment and involvement from the highest of government levels
to the smallest communities".
UNITED NATIONS CONFERENCE ON ENVIRONMENT AND DEVELOPMENT (UNCED)

UNCED, Rio de Janeiro, 1992, recognized that fresh water is vital for drinking, sanitation,
agriculture, industry, urban development, hydro-power generation, inland fisheries, transportation,
recreation and many other human activities and that it is also critical for the healthy functioning
of ecosystems. Through Agenda 21 , Chapter 1 8 (the largest of all of the Chapters), Freshwater,
UNCED called for more well-trained people to assess and develop freshwater supplies and to
manage water projects for sustainable use. It stated that poor countries, in particular, need access
to technologies that will allow them to assess their own water resources.
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In 1994, the UN Commission on Sustainable Development in reviewing the Freshwater
Chapter of Agenda 21 called for "a comprehensive assessment of freshwater resources, with the
aim of identifying the availability of such resources, making projections of future needs, and
identifying problems to be considered by the special session of the General Assembly in 1997".
CSD states that "lessons from experience indicate that we must fundamentally change the way
we think about and manage water. We must embrace new policies that are comprehensive,
participatory and environmentally sound. This will require difficult decisions and actions on the part
of all of us. But, one fundamental point is clear: we have no choice. At stake are our health, our
economies and a sustainable future". It is essential that these new policies are based on a detailed
and sound knowledge of our freshwater resources and their distribution in space and time. The
CSD urged UNEP, FAO, UNIDO, WHO, WMO, UNESCO, UNDP, the World Bank and other relevant
UN bodies as well as NGOs to strengthen their efforts in this endeavour.
OTHER MEETINGS
An number of other meetings have been held as follow-up to the call by the UN
Commission for Sustainable Development (CSD} (New York, 1994) for improved knowledge on
water resources and its management. For example, the African Water Resources Assessment
Programme: Policy, Strategy and Action Plan was developed during the African Conference on
Water Resources, convened by the World Meteorological Organization (WMO) and the United
Nations Economic Commission for Africa (UNECA) in Addis Ababa, Ethiopia (20-25 March 1995).
The seven main pillars of the strategy are:
1.

There should be unequivocal evidence of a national initiative for a demand-driven activity.

2.

WRA should be planned and implemented within the capacity of the national economy.

3.

Political will to cooperate on the river, lake and groundwater basins at the sub-regional,
regional and international levels should be enhanced and backed by concrete action.

4.

Direct linkages should be established with other water resources management strategies,
such as the one currently being prepared for Sub-Saharan Africa by the World Bank.

5.

There should be willingness of the agencies in charge of the water resources information
systems to improve their efficiency, productivity and to take initiatives and participate in
the water resources development process.

6.

Donors and UN agencies, involved in the water sector should coordinate their activities in
the Region and align their support as much as possible, along the lines of this strategy.

7.

A world-wide campaign should be launched to promote this strategy, improve the
awareness of the problems and highlight the water resources assessment programmes
adopted by African countries.

The Conference on Water Resources Assessment and Management Strategies for Latin
America and the Caribbean was held in San Jose, Costa Rica, 6-11 May 1996. An Action Plan
for water resources assessment and management was developed during this conference
(WMO/IDB, 1996). The Action Plan includes comprehensive water resources assessment as one
of the eleven fields of action. Within this field, the conference identified eight specific actions to
be undertaken. These are:
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To establish programmes for the research into, and assessment of, potential and available
water uses and resources (quantity and quality), including extreme events (floods and
droughts); ensure the regular updating, publication and dissemination of results; and see
that programme recommendations are implemented

•

To establish programmes for systematic groundwater assessment and the natural and
artificial replenishment of aquifers, considering the use of modern techniques, such as
isotopic methods

•

To draw up an inventory of the sources of water pollution, their levels of seriousness and
characteristics, providing the control and regulation thereof; and take the legal and technical
measures necessary for the protection of bodies of surface water and groundwater

•

To design and execute special assessment programmes for the restoration of the natural
quality of water bodies in which pollution levels are serious enough to warrant being
classified as a natural resource in crisis

•

To create, for the territories with extreme water scarcity, special research studies on
storage, collection and retention of precipitation and surface runoffs.

•

To investigate and recommend the most cost effective method for the transportation of
water between territories, where a shortage may occur due to drought or other natural
phenomena, as well as other means of increasing water availability (desalinization,
management of demand, importation of water)

•

To assess the institutional framework for water-related information and analyze the qualities
and deficiencies of national databases and their capacity to provide the necessary data for
integrated water management

•

To promote a closer relationship among the user agencies and data producers, organizing
consultative committees and other types of coordination which satisfy information
requirements and orient future data-collection and processing activities, raising the quality
thereof and providing access to databases and information sources

Other fields of action relevant to water resources assessment included the institutional and legal
framework, human resources and training and education and community participation.
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CONTRIBUTION OF INTERNATIONAL ORGANIZATIONS TO BASIC WRA

1.

WORLDWIDE ORGANIZATIONS

1.1

UNESCO

Water Resources Assessment in the IHP

The International Hydrological Programme (IHP) is an international programme of scientific cooperation developed by UNESCO in the field of hydrology and water resources. Its main objective
is to develop the scientific and technical basis for a rational management of water resources, both
at the quantitative and qualitative levels, including the protection of the environment.
The expected results are related to three main clusters:
(a)

provision of scientific documents to establish the state-of-the-art in specific hydrological
fields;

(b)

establishment of methodologies for assessment and management of water resources under
different hydrological and climatological conditions; and

(c)

technician and post-graduate hydrology education and training.

The assessment of water resources is accordingly at the heart of the IHP which provides not only
the methodologies for implementation but also greatly contributes to capacity building by enabling
countries to undertake their own national assessment.
All successive phases of the IHP have included the water resources assessment component.
During the first phase (IHPI 1975-80), the following basic components were developed:
(a)

methods of computation of water balances and their elements including groundwater;

(b)

evaluation of water balances at global, continental, national, regional and basin level;

(c)

the computation of the elements of the hydrological regimes for water-resources planning
and management; and,

(d)

the determination of fluctuation and long-term trends in the hydrological regime.

The following IHP phases improved the basic concepts for assessing water resources. These
concepts were adapted to different conditions arising from the development of water resources
around the world.
The third phase of the IHP (IHPlll 1984-89) introduced the social and economic component into
the national water resources assessment and management. The application of special techniques
for the study of water resources was also developed.
During IHP IV (1990-95) the focus was on "sustainable development in a changing environment"
and the water resources assessment component was enlarged to:
(a)

the establishment of water-related information and documentation systems; and,
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the evaluation of the environmental status of freshwater systems and the prediction of the
impact of management activities.

The fifth phase (IHPV 1996-2000) is orientated towards "Hydrology and water resources
development in a vulnerable environment" with emphasis on the aspects of groundwater
contamination and regional studies of, in particular, arid and semi-arid zones.
Among the main outputs of the different phases of the IHP, it is useful to mention the following
publications:
(a)

World water balance and water resources of the earth (1978 - being updated for 1996)

(b)

Methods of computation of the water balance of large lakes and reservoirs (1985)

(c)

Casebook of methodologies for computing hydrological parameters for water projects (1987)

(d)

Role of groundwater in the hydrological cycle and in the Continental water balance (1988 being updated for 1 996)

(e)

International legends of hydrogeological maps (1983 - updated in 1995)

(f)

International hydrogeological map of Europe (UNESCO/BGR)

(g)

Guidelines for water resources assessments of river basins (1990)

(h)

Limnology and Hydrology of Lake Victoria (1995)

1.2

World Meteorological Organization (WMO)

Practically all of the activities of WMO in the field of hydrology and water resources and part
of its activities in meteorology pertain to basic water resources assessment. Indeed, WMO has
specifically included activities in the field of hydrology and water resources in its basic document,
the Convention of WMO, as follows:
"The purposes of the organization shall be:
(a)

To facilitate world-wide cooperation in the establishment of networks of stations for the
making of meteorological observations as well as hydrological and other geophysical
observations related to meteorology, ... ;

(d)

To further the application of meteorology to aviation, shipping, water problems, agriculture
and other human activities;

(e)

To promote activities in operational hydrology and further close cooperation between
Meteorological and Hydrological Services;

(f)

To encourage research and training in meteorology and, as appropriate, in related fields and
to assist in coordinating the international aspects of such research and training."

Activities within the field of hydrology in WMO are coordinated through the Hydrology and
Water Resources Programme (HWRPJ. The role of the HWRP is to promote activities in operational
hydrology and to further close cooperation between Meteorological and Hydrological Services. The
overall objective of the HWRP is:
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related resources; to the mitigation of water-related disasters; and to effective environmental
management at national and international levels."
These needs relate to the planning, design, operation and management of water projects,
including forecasting and control. This objective includes promoting the development of, at least
the minimum capabilities in developing countries. through technology transfer and technical cooperation to enable them. on their own. to assess their water resources on a continuous basis. to
respond to threats of floods and droughts and thus to meet all requirements for water and its use
and management for a range of purposes.
The issues addressed through the HWRP concentrate on operational hydrology and on water
resources assessment in general. They include the measurement of basic hydrological elements
from networks of hydrological and meteorological stations; the collection. processing, storage,
retrieval and publication of hydrological data; the provision of such data and related information
for use in planning and operating water resources projects; and the installation and operation of
hydrological forecasting systems. Hydrological data are taken to include data on the quantity and
quality of both surface water and ground water.
The programme is supported by the Hydrological Operational Multipurpose System (HOMS),
which facilitates the transfer of technology between Hydrological Services. The Global Runoff Data
Centre (GRDC) in Koblenz. Germany is maintained under the auspices of the WMO. Information
on the activities of national Hydrological Services is compiled under a computer-based system
referred to as INFOHYDRO.
The scope of the WMO's Hydrology and Water Resources Programme within the context of
the WMO Convention is defined as:
"(a)

Measurement of basic hydrological elements from networks of meteorological and
hydrological stations; collection, transmission, processing, storage. retrieval and
publication of basic hydrological data;

(b)

Hydrological forecasting;

(c)

Development and improvement of relevant methods, procedures and techniques
in:
(i)

(ii)
(iii)
(iv)
(v)
(vi)

Network design;
Specification of instruments;
Standardization of instruments and methods of observation;
Data transmission and processing;
Supply of meteorological and hydrological data for design purposes;
Hydrological forecasting."

WMO cooperates with UNESCO in the framework of the IHP and with other international and
national organizations concerned with water resources assessment in a number of ways.
1 .3

Other organizations of the UN System

These activities have been defined by the organizations themselves. namely within the
United Nations Administrative Committee on Co-ordination (UN/ACC), and were presented to the
ECOSOC Committee on Natural Resources in November 1972 (Doc. E/C. 7 /38/Add.1). They are
reproduced in Annex 1 to that document but can be summarised with respect to WRA as follows:
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use (water administration and law), exploration of groundwater resources and general water
resources surveys.
UN Regional Economic Commissions: In general, co-ordination of international water resource
activities in the region as they pertain to economic and social development.
FAO: In its central area of activities, the Food and Agricultural Organization of the United
Nations (FAO) is developing effective water resources inventories within its sectoral
responsibility for water as a basic resource for agriculture, forestry and fisheries.
WHO: Activities of the World Health Organization (WHO) include collection and assessment
of data on environmental and sanitary conditions in rivers and other natural water resources
used as sources of community water supply.
IAEA: The International Atomic Energy Agency (IAEA) is active in the collection of
environmental isotope data and use of isotopes in WRA.
UNEP: Monitoring of inland waters to assess environmental impacts is an activity of the
United Nations Environment Programme (UNEP) (within the Global Environmental Monitoring
System (GEMS), see UNEP/WHO/UNESCO/WMO, 1977).
It should be noted that the above-mentioned activities in WRA cover all facets of the
assessment of requirements and needs for water supply: the UN Headquarters on a multi-purpose
basis, and FAO and WHO on a sectoral basis.
Many projects supported by the United Nations Development Programme (UNDP) have had
as primary or subsidiary purpose the assessment of the water resources of one or several
countries. Most projects in which UNESCO, WMO, WHO, FAO and other UN agencies act as
technical executing agencies are financed by UNDP. Similarly, many projects financed by the
World Bank have had WRA components.
Other non governmental international organizations such as the International Institute of
Applied Systems Analysis (llASA) have shown concern with water resources problems and
developed projects and studies in this field.
2.

REGIONAL ORGANIZATIONS

Most regional multinational organizations with economic or other purposes have been
involved to a great or lesser degree in WRA. Examples are the Organization for Economic
Cooperation and Development (OECD), the European Economic Community (EEC), the Council for
Mutual Economic Aid (CMEA), the Inter-State Committee on Drought Control in the Sahel (CILSS),
the Organization of American States (OAS). The preoccupations of OECD in the water resource
field led, for example, to the development of an aid project for alleviating drought problems in the
Sahel area. The EEC and CMEA have been active mainly in the fields of water quality and
management. The CILSS has made extensive investigations on the availability of water resources
in the countries of the Sahel area and on the management and development of water resources
in this region. The OAS has sponsored several regional development projects, some of which are
centred around water resources projects, most of which include WRA.
In addition to the above-mentioned activity of multinational organizations, it is worth noting
also the significance for WRA of agreements made between international organizations together
with several donor countries and one or several recipient countries involving water resource
projects and developments. Such projects contain WRA components. Examples are the
agreement between UNDP, the Organization of the Petroleum Exporting Countries (OPEC), EEC,
France's Fonds d'assistance et cooperation (FAC) as donors and the River Niger Commission as
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recipient.

3.

BILATERAL AGREEMENTS

Two types of bilateral agreements are of significance in water resources assessment. The
first type is represented by comprehensive agreements on matters of common interest between
neighbouring countries, which cover also water resource matters. The second type consists of
aid agreements between one donor and one recipient country on water resource assessment and
development or related projects.
Examples of the first type of agreement are the Canada-US Boundary Water Treaty ( 1909),
the Egypt-Sudan Nile Waters Agreement (1959) and the Senegal-Gambia, Senegambia Permanent
Secretariat (1977). Examples of the second type of agreement are those between France and a
number of countries in Africa for carrying out basic WRA through the Office de la Recherche
Scientifique Outre-mer (ORSTOM), between Germany and various countries in the world such as
Nepal and Bolivia for carrying out WRA and management studies through Gesellschaft flir
Technische Zusammenarbeit and between Canada and Colombia for hydrometeorological
investigations through the Canadian International Development Agency (CIDA).
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COMPREHENSIVE FRESHWATER ASSESSMENT

Global water resources assessment capabilities and global water resources assessment
networks have been by WMO/UNESCO ( 1992) and by the WMO ( 1 996). The following
suggestions and key points were raised in the review by WMO/UNESCO ( 1 991 l.
Suggestions from the review:
•

hydrometric networks need to be expanded, especially in tropical and arid regions;

•

there is a particular shortage of data from small basins, such a wadi systems, urban basins,
and agricultural areas frequently subject to development pressures;

•

networks of precipitation, groundwater and water quality stations are urgently needed,
especially in the ECA, ECLAC, and ESCWA Regions, and those should be planned and
coordinated with the hydrometric networks;

•

the growth of computerised data banks provides an opportunity to assemble regional data
bases, using new microcomputer technology such as optical disks, that would be extremely
useful for WRA purposes;

•

there are some very large basins with inadequate or incomplete data because of the lack of
coordination, planning and data exchange in some regions.

Key points of global relevance:
•

The need for good legislation, coordination, and integration in water resources management
and assessment.

•

The over-riding influence of the availability of financial resources as a control on the
effectiveness of WRA programmes, and the deteriorating situation in many countries during
the 1980s.

•

The lack of data and data collection networks for variables other than rainfall and surface
water - water quality, groundwater, sediment, water use and associated information such
as physiography and land use.

•

The importance of specific purpose, project data as an information resource which tends to
be neglected, and in many countries is in danger of being lost.

•

The success of some international river basin programmes in promoting collaboration and
information exchange, and the failure of others.

•

The increasingly critical part played by modem data processing systems in ensuring delivery
of data to the end-user in a suitable and timely fashion.

•

The particular need for transfer of existing technology, supplemented by rapid R&D to deal
with specific circumstances and issues, such as flow measurements under difficult
circumstances (e.g. wadis, etc.).

•

The severe difficulties experienced by WRA agencies in recruiting and retaining staff,
because of unfavourable conditions of employment.
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•

The generally good progress made in education and training at university and senior
technician level, and the poorer progress at junior technician and observer level.

•

The need to make full use of available training opportunities by proper planning, and the
effect of lack of resources, training materials, and capable educators in some areas,
particularly technician training.

•

The beneficial impact of international and bilateral programmes in many areas, but also the
large number of aspects which are undesirable or reduce their value below the potential.

The WMO (1996) Basic Network Assessment Project (BNAP) resuted in an evaluation of the
global networks used for water resources assessment. The overall results for this evaluation can
be summarised in Table A 1.
Table A1

Adequacy of basic station densities based on physiography
Percentage of inadequate basins (Number of basins analysed)
Physiographic Region

Parameter

Polar/arid

Coastal

Hilly

Interior

Mountain

Small Island

100

(5)

72 (43)

32 (41)

46 (50)

74 (54)

85 (13)

67

(3)

61 (44)

43 (42)

48 (52)

52 (65)

8 (12)

100

(5)

72 (29)

45 (20)

59 (29)

65 (48)

70 (10)

Evaporation

71

(7)

57 (35)

36 (25)

66 (291

65 (40)

73 (11 I

Discharge

60 (10)

49 (37)

55 (64)

64 (75)

65 (72)

33

(3)

Sediment

33

(3)

60 (10)

35 (17)

68 (25)

58 (31)

100

(1)

Water quality

0

(4)

13 (15)

7 (15)

0 (24)

8 (251

0

(3)

Groundwater

75

(4)

18 (11)

17 (12)

16 (19)

(9)

0

(2)

66

57

40

50

Non-recording precip.
Recording precipitation
Water temperature

Average

44

59

69

This percentage of inadequate basins is based on current WMO density criteria. It should be
noted that the density criteria for water quality, sediment and groundwater stations have since
been revised and the percentage of inadequate basins has risen accordingly. This table shows
that, globally, there still significant gaps in our ability to undertake water resources assessment.
The recommendations resulting from this study are:
1.

All countries should allocate to water resources assessment the financial resources that are
justified by the economic and social value of information about their water resources. Socioeconomic growth has reached a stage where freshwater issues have often become the
limiting factor for sustainable development.

2.

All countries should establish institutional arrangements needed to ensure the efficient
collection, processing, storage, retrieval, and dissemination of information in an integrated
manner. Network improvements must include all aspects of water resources monitoring, not
just increasing the numbers or densities of stations.

3.

Water resources assessment technology should be made available to all countries in a
manner appropriate to their needs, irrespective of their level of development. Continued
emphasis must be placed on technology transfer from the developed to developing nations
to reduce ever-widening gaps in water resources assessment capacity.
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There should be sufficient m.mbers of appropriately qualified and capable staff recruited and
retained by water resources assessment agencies, with training provided to successfully
carry out their responsibilities. Such training is a prerequisite for the collection of
standardized data collection--a must for data comparability and use. Training must be
formalized, comprehensive, and routine.

5.

Minimum network densities, according to physiographic and climatic zones as embodied in
WMO BNAP and the Guide to Hydrological Practices, are useful guidelines for the
establishment and assessment of basic hydrological networks, particularly when very little
other hydrological information is available.

6.

One of the most important steps in an integrated design is a comparison of the information
needs, and the ability of the stations available in the various hydrological networks to supply
that information. Development of geographical information systems (GIS) capabilities making
use of global data bases such as WMO INFOHYDRO would further facilitate the integration
of network design on a local and regional basis.

7.

Global information databases, such as WMO INFOHYDRO and BNAP are a useful inventory
of current network conditions.

8.

Countries are encouraged to undertake their own network analyses to further identify gaps
in their basic hydrological networks and devise plans to remedy such weaknesses. The
analyses contained herein could only account for spatial distribution of hydrological stations
to a limited extent; individual countries are in the best position to assess their own networks
and needs in a more detailed manner.

9.

WMO is encouraged to further examine its density criteria, suggestions are made within the
report as to possible revisions of some density criteria. Density criteria for evaporation
networks should also be examined in consultation with meteorologists.

10.

Greater effort should be made in regional network design and analysis; it may be possible
for a country to make use of station data located in another country, but near its borders or
within a common basin. This would result in greater resource and network efficiencies.

1 1.

More effort should be made by national hydrological services and the international
community to safeguard hydrological data and increase their accessibility. Countries
continue to lose partial or entire data banks due to war, natural disasters, etc. In this study,
one country indicated that it had lost most of its hydrological data records and virtually all
of its hydrological stations. Similar circumstances are known to have occurred elsewhere.
Provision of data to external agencies such as WMO would help to ensure that such records
are not lost. WMO in its tum may consider making such regional data available by computer
disc or a CD-ROM format. Perhaps the WMO Global Runoff Data Centre (Koblenz) could be
strengthened for this purpose.

12.

A series of rapid assessments of regional (WMO Regions) hydrological networks is required
in order to further define urgent monitoring deficiencies. These assessments should be done
according to standardized terms of reference involving basic, pragmatic procedures. The
assessments should include an overview of water resources conditions in the region, a
description of current socio-economic conditions, comparisons of networks on density, basin,
and per capita basis, an appraisal of water resources assessment activities, and
recommendations for improvements covering integration of networks, financial and human
resources, organization, training, and an implementation plan.

In February 1996, the State Hydrological Institute, St. Petersburg, Russia undertook an
assessment of water resources and water availability in the world as a component of the
Comprehensive Freshwater Assessment requested by the UN Commission on Sustainable
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from the report on this global assessment of water resources.
World water resources were taken to mean the annually recovered freshwater resources
comprising river runoff and underground water in the zone of intensive water exchange. Taking
into account that most of the annually renewable groundwater storage is drained from rivers,
mean annual river runoff is the significant proportion of the annually recovered freshwater
resource. River systems, covering practically all regions of the world directly contribute to more
than 90% of the global water supply for different economic and social needs. Thus mean annual
runoff may serve as an indicator of water availability in any large region of the world. A range of
assessments of the mean annual runoff from continents have been undertaken and the results are
shown in Table A2. The high variability of these results should be noted.
Table A2

Total river runoff from continents, according to different authors (mm)

Author

Year

Europe

Asia

Africa

North
America

South
America

Australia
and Oceania

Lvovich

1969

300

286

139

265

445

218

Lvovich

1972

319

293

139

275

583

226

World Water
Balance

1974

283

324

153

339

661

280

Baumgartner and
Reichel

1975

282

276

114

242

617

269

Institute of
Water Resources

1992

312

324

126

326

588

263

Using hydrological data from 2400 hydrometric stations out of the total 38600 in operation
globally, Shiklomanov (1 996) derived an estimate of the renewable water resources and water
availability of continents (Table A3). It should be noted that a greater number of stations could
be used if data quality and homogeneity were improved.
Table A3
Continent

Renewable water resources and water availability of continents

Area
(km 2 x 106 )

Population
(millions)

Water resources
(krn 3 /annum)

Average

Potential water
availability
(103 m3 /annum)

Max

Min

Cv

per km 2

per capita

Europe

10.46

685

2900

3210

2442

0.1

278

4.2

North
America

24.25

448

7770

8820

6660

0.1

320

17

Africa

30.10

708

4040

5080

3070

0.1

134

5.7

Asia

43.48

3403

13508

15010

11800

.06

309

4.0

South
America

17.86

315

12030

14350

10330

.07

.
674

8.95

28.7

2400

2880

1890

.10

268

84

135

5588

42650

44460

39660

.02

316

7.6

Australia &
Oceania
Total

38

- 137 The above information suggests that despite inadequacies in the global water resources
assessment networks, we are capable of undertaking a global water resources assessment. It is
the accuracy of this estimate that is affected by the lack of data in some key areas. Earlier
estimates show errors as high as 37%. This is well in excess of the reference level of 5-10% as
given in Appendix IV.
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APPENDIX IV
EXAMPLE OF IDENTIFICATION OF INSTITUTIONS AND TASKS INVOLVED IN BASIC WRA
Jurisdiction
Institution

Tasks

Area
covered

Meteorologlcal
Service of
Air
Trana port
Dept.

Collect
Preclp.
Data

Whole
country

Humid.
Data

Whole
country

Evap.
Data

Whole
country

Annual
budget

us$

%
Main type
of activity
Meteorological

Province A

National (Statel
Manpower and
Managerial Capability

%GNP

Total
Staff

'l6
Managerial
Staff

'l6
Profeaalonal
Staff

120 x101

482

8%

22'16

Hydrologlcal
Service of
the Mlnletry
of Publlc
Work•

Collect
level,
flow,
water
quallty
data

Whole
country

66 x 10•
0-2%

84

6%

16%

Hydrogeological

Hydrogeological
Dlvlalon of
Geologic al
Survey

Collect
level,
hydrau.
char'ct
water
quality
data

North of
12'N
parallel

4.2x10°
1.6%

62

3%

12%

Organizational Development
Human Reeourcaa Development

ID:
EE:

Institutional Development
Enabling Environment

Institution

Tasks

Area
covered

%

OD,HRD

0.6'16

Hydrological
(Surface Waterl

OD:
HRD:

Capacity
building

EE

ID, HRD

us$

Capacity
building

Managerial
Capability

Annual
budget
%GNP

Total
Staff

'l6
Managerial
Staff

'l6
Profeaalonal
Staff

40 x 10•

18

6'16

18%

require·
ments

EE,HRD

Collect
Preclp.
Data

Whole
state

Procea
Preclp.
Data

Whole
at ate

Collect
Evap
Data

North of
12°N
parallel

Soll
Moist.
Data

Ditto

Meteorologlcal Office in
Mlnletry of
Environment

Collect
Precp.
Water
quality
data

Whole
state

Hydrological
Service of
the Ministry
of Energy

Collect
level,
flow
data

South of
12°N
parallel

8 x 10•
0.1'16

24

7'16

23%

EE

Water
Supply
Division of
Ministry of
Plan Ing

Collect
level,
water
quality
data

South of
12°N
parallel

6 x 10°
0.08%

63

6%

16%

OD

Agromet.
Office of
the Ministry
of Agric.

0-2'16

.....

w
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APPENDIX V
REFERENCE LEVELS FOR COLLECTION OF BASIC DATA
REFERENCE LEVELS
TEMPERATE

EVALUATION ELEMENTS
ARID

TROPICAL
HUMID

ARID

HUMID

SEO.

N.SED.

SEO.

N.SED.

SEO.

N.SED

SEO.

N.SED

6

6

20

40

6

6

20

40

1.S

1

2

2

l.S

1

2

2

Evaporation stations; non-recording
(Number per 105 km2)

3

3

2

2

3

3

3

2

Evaporation stations; recording
(Number per 106 km2)

1

1

0

0

1

1

0

0

Snow courses; conventional
(Number per 104 km2)

3

3

2

2

Stations measuring water quality of liquid and solid precipitation
(Number per 100 precipitation and snow courses)

25

25

10

10

25

25

10

10

Surface water level stations; non-recording
(Number per 104 km2)

0.6

1.2

12

24

1.2

2.4

12

24

Surface water level stations; recording
(Number per 104 km2)

0.3

0.3

1

1

0.6

1

1

1

River discharge stations: (a)
(Number per 104 km2)

0.5

1

10

20

1

2

10

20

Sediment discharge stations
(Number per 104 km2)

0.3

0.2

3

2

0.7

0.4

s

3

Surface water temperature stations
(Number per 104 km2)

0.3

0.2

3

2

0.7

0.4

5

3

Water quality of surface water
(Number per 104 km2)

0.3

0.2

3

2

0.7

0.4

s

3

Precipitation stations; non-recording
(Number per 104 km2)
Precipitation stations; recording
(Number per 104 km2)

REFERENCE LEVELS FOR COLLECTION OF BASIC DATA (continued)

REFERENCE LEVELS
TEMPERATE

EVALUATION ELEMENTS

HUMID

ARID

(a)
(b)

TROPICAL
HUMID

ARID

SED.

N.SED.

SED.

N.SED.

SED.

N.SED

SED.

N.SED

Groundwater level stations; non-recording
(Number per 104 km2)

s

2

2

o.s

s

2

2

o.s

Groundwater level stations; recording
(Number per 105 km2)

2

1

2

1

2

1

2

1

Groundwater stations measuring hydraulic characteristics
(Number per 104 km2)

s

2

2

o.s

s

2

2

o.s

Groundwater quality stations
<Number oer 105 km2)

s

3

s

3

s

3

s

3

These are either conventional or recording surface water level atationa where streamflow measurements are made.
Two or three of these repair shops may be combined into a dual or multipuipose one.

....

t

APPENDIX VI
Table A1

EXAMPLE OF INFORMATION ON EDUCATION AND TRAINING IN WATER RESOURCES AND RELATED AREAS

No. of Schools
COURSE
Regular
Meteorological observer
Hydrological observer
Hydrogeological observer
Meteorological technician
Hydrological technician
Hydrogeological technician
Computer technician
Meteorologist
Hydrologist (Surface Water)
Hydrogeologist
Hydraulician
Systems analyst
Computer scientist

1+

Duration
(Months)

Occasional
2 in 10 years

Average
Annual

Remarks

Enrolment
regular - 3 yrs
occ. - 3 mths +

12 yrs pre-uilverslty education required. Available Inside
the country. Indicate approximate periodicity.
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REQUIREMENTS FOR PROFESSIONALS AND TECHNICIANS IN THE
WATER-RESOURCE FIELD - REFERENCE LEVELS

Profeaaionals per
Million Inhabitants

Technicians per Million
Inhabitants

Low economic development; simple
hydrological regime; no major problems
in water use

5

30

Average conditions

15

80

High economic development; complicated hydrological regime; great problems in water use; multiple use of water

40

200

Natural and Economic Characteristics of
the (;Oilntry

Table A3

MANPOWER REQUIREMENTS FOR COLLECTION, PROCESSING AND ANALYSIS
OF SURFACE WATER DATA- REFERENCE LEVELS

Item
I l:t\t(lmmAtric stations
Field operations and maintenance
Data processing, analysis and
interpretation
Supervision

Number of Staff per 100 Stations
Professionals
Technicians
Observers
Senior Junior

-

1
2

5
3

5
3

100

-

0.5

-

-

-

3.5

8

8

100

0.5
1

2
2

2
2

100

0_25

-

-

-

1.75

4

4

100

Sub-total

-

II Rainfall and evaporation stations

-

Field operations and maintenance
Data processing, analysis and
interpretation
Supervision

-

Sub-total

,

Notes:
)

2)
3)

4)

5)

Many observers work part time or on a voluntary basis.
the same field staff often performs the tasks included in items I and II
Topographical and hydrographical characteristics and ease of access condition manpower needs in field
and maintenance operations. Therefore, the figures shown will have to be adjusted in each case.
It is convenient for each country to carry out the evaluation of the basis of this table, taking into
account the present and recommended operating conditions of its hydrometric, precipitation and
evaporation stations. It will be possible to determine the future manpower needs by means of the
subsequent table comparison by observing the expected growth percentages during a given period.
More details on staffing levels are given in Table A2.

APPENDIX VII
ACCURACY LEVELS CONCERNING USE OF WATER RESOURCE DATA FOR PROJECTS

Water-resource
Water

Precipitation

Eva-

characte-

resource pro-

ristics

Stonna

ject element
Modifiers of water balance

Timo

Snow

Quality

lion

Seri..

River flow

Channel chart

30

10

40

2S

10

40

Timo

Max.

Min.

Timo

Max.

Min.

Quality

Seri..

40

2S

Groundwater

Sediment

Seri..

Redistributors of water in apace
Redistributor1 of water in time

River water levels

poraCrou

Piano

1ection

s

IS

IS

so

s

10

s

s

10

10

20

30

10

15

10

s

IS

10

20

s

10

s

s

IS

10

2S

s

Velo

Levola

Yield

s

s

Hydr.

Quality

char.

diltr.

s

10

20

20

s

10

20

2S

20

10

20

20

2S

20

10

20

IS

2S

Hydropower generation

2S

Extractors or 1upplier1 of water

s

s

U1

Water confiners

2S

s

10

s

s

10

2S

s

Water relievers

25

s

10

s

s

10

2S

Quality improvera at source

35

15

40

20

15

Quality improvera at use pointe

s

30

30

s

20

30

20

s
s

s
s
s

s

20

10

10

20

30

s

IS

10

20

s

s

s

20

10

10

20

20

40

20

so

30

40

10

IS

10

10

IS

IS

2S

20

20

20

30

20

20

30

30

Zoning

40

20

so

30

40

10

15

10

10

IS

IS

2S

s

s

s

30

20

20

30

30

Insurance

25

10

10

s

s

10

10

20

10

20

20

Flow and water quality forecaating

2S

10

10

s

s

10

10

20

10

10

20

Water related legislation and

_.
~

energy

standards

40

20

30

s

•Accuracy levels given as tolerance limits in percent, except for water levels where the limit is given in cm.

10

10

20
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EXAMPLE OF EVALUATION OF NATIONAL CAPABILITY

Introduction
The application of the first edition of the Handbook was undertaken with different intensity
in the different regions. In Latin America and the Caribbean, the Handbook was widely used. The
application of the former version of the WMO/UNESCO Handbook in Latin America and the
Caribbean started in 1985 and continues to date (1996). The information given in this Appendix
was provided by the Regional Office of UNESCO (ROSTLAC).
After the meeting of national committees of South America, Central America and Mexico
(Montevideo, 1990) it was decided to made an evaluation of the water sector using a holistic
approach, with the objective of having an instrument that would enable legislators, managers,
researchers, professors, anthropologists, hydrologists, environmentalists, meteorologists,
geographers, universities, and training centres, research centres, international cooperation and
water related sectors to make decisions and implement multiobjective and multidimensional
planning activities in the field of hydrology and water resources in Latin America and the
Caribbean.
The evaluation of the water sector was implemented by stages and modules, in order to
harmonize the information collected at national level into regional documents, with the following
details:
(a)

Quantitative water resources assessment (Execution of water surface balances, execution
of hydrogeological maps, execution of aerological balance)

(b)

Evaluation of national water resources assessment activities

(c)

Evaluation of environmental impact of the region's water resources activities

The first step for the execution of these activities was to establish was to establish
working groups for the preparation of a methodological guide to ensure the standardization of all
the projects following a set of criteria and the elaboration of regional documents in which the
management unit would be the hydrographic basin.

Evaluation of national water resources assessment activities
The project was initiated in the region by inviting countries to nominate a working group
and a project coordinator at national level. This enabled UNESCO to establish a contract with the
coordinator in order to guarantee that the project would be executed in approximately 12-14
months. The project was developed using as main reference one hydrology, hydraulics and water
resources research centre and a national hydrology and meteorological service. Since its launching
at national level the project faced the difficulty of access to information and therefore it was
decided that the coordinators should be the officials responsible for the water sector; this
facilitated direct access to data, which in most cases needed processing.
Administrative aspects.- The first step was to obtain an organization chart of the Executive
Branch of each country's government and on the basis of this organization chart pay visits to and
make a survey of all water related institutions. In most cases a substantial multiplication of efforts
was verified which weakened the water sector if it existed as such.
Legal aspects.- The general work strategy was to make a bibliographic survey of official
bulletins in each country in to establish a chronology of all laws and regulations in hierarchical
order, starting with the general subject of the environment and water. The experience in the
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water (in many cases water is classified as a mineral resource).
Data collection, processing and retrieval - The procedure was followed by the countries
that which had concluded their water balances and hydrogeological maps. A serious degradation
of the service was observed in what concerns human resources, technology and infrastructure.
In some cases the institutions even wanted to sell the information needed for carrying out the
review. It was also observed that in many cases data series have gaps and that consistency
analysis was not routine work. The common issue for the countries is that hydrometeorological
information is not exclusivity of the national hydrology and meteorology service; some of it is also
available from the following services: hydropower, drinking water, ministries of agriculture and
irrigation, public works, etc. In some cases among these institutions there is no coordination and
common standards. From experience, the most reliable information was that of the hydropower
services.
Areal assessment of hydrological elements.- In this region IHP contributions, surface water
balances and hydrogeological maps were used. It should be noted that a national water balance
was executed by basins at scales of 1 :1.000.000 and 500.000. The duration of the studies was
approximately four to seven years, with inputs from research institutions and bilateral, multilateral
and international cooperation as well as internal and external funding. Each country prepared a
detailed study and a synthesis of its water balance. The same procedure was followed for
groundwater, with the added active contribution of the geological services of the region.
Hydrological data and information required for planning purposes.- In the case of Latin
America and the Caribbean this chapter constitutes the global result of the water quantification.
At present, for the restructure of the water sector and/or creation of a water authority, the item
of management of water offer is based on the result of this chapter (the programme for the
strengthening of the water sector in the region is executed by UNESCO and the World Bank).
Manpower, education and training.- This chapter started with a survey of all institutions
involved in manpower training for the water resources sector and another survey for users of
water related knowledge both at public and private levels. The first result was to establish an
action plan for the IHP's training programme in Latin America and the Caribbean, aiming at
satisfying training needs. It was also established that an important percentage of training courses
offered in the region are unnecessary and to the contrary, courses that are in great demand are
not offered.
Research and development.- A survey was made at country level to identify all first
category centres. With these results UNESCO established a standard of excellence and a
certification of all research centres meeting this standard. Only 40 % of all centres identified were
certified and are included in a data base (HIDROJ which gives an integrated description of research
in each institution.

Practice of WRA evaluation
In this chapter a consolidation is made of the results of the global evaluation on the basis
of objective information an each subject. A common denominator of this chapter were the
following conclusions:
(a)

That the country lacks a water authority;

(b)

That the country lacks a master plan for managing its water resources;

(c)

That there is a manpower deficit in certain subsectors;

(d)

That there is a duplication of effort in international, multilateral and bilateral cooperation;
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(e)

That the water sector must be upgraded;

(f)

With respect to the profile of the evaluator (working group or coordinator) in charge of
carrying out the review; the experience in the region is as follows:
the working group must be a multidisciplinary team under the coordination of a
water resources engineer;
the coordinator must not be part of the water users sector (neutral);
the coordinator must have experience in water resources management;
the coordinator must have access to all sectors of the state system and of the
private sector;
the evaluator must have experience and/or knowledge of multicriteria decision
making for the general evaluation.

Products and app&cation of the manual in Latin America and the Caribbean
Once the information on the sector is concluded and consolidated it is being used broadly
in the following way:
(a)

Restructure and/or strengthening of the water sector. The evaluation now constitutes a
basic document for the restructure of the water sector applying the Dublin principles (6
cases in execution by UNESCO /WB);

(b)

Establishment of a Latin American and Caribbean hydrological cycle and water resources
activities information system \LACHYCIS) which is operational in UNESCO/LAC;

(c)

Establishment of criteria and an action plan for graduate and post graduate training courses
in hydrology and water resources and short refresher courses, as well as course
certification by !HP/UNESCO;

(d)

Establishment of criteria for coordination at national level of governmental and
non-governmental international, multilateral and bilateral cooperation;

(e)

Support to the development of projects in international basins through intercomparison and
harmonization of reliable integrated information.

Guatemalan Example
The example given has been selected from among the countries of Latin America and the
Caribbean that used the previous edition (1988) of the Handbook as a guide. The report produced
in Guatemala in 1993 contains almost 500 pages and was prepared by Sergio Hernandez, working
inside the national hydrological service (lnstituto Nacional de Sismologia, Vulcanologia,
Meteorologia e Hidrologia). The structure of the report follows almost exactly the chapters and
subchapters of the 1988 Handbook.
Chapter 8 of the Guatemala's report, called "Conclusions and recommendations" basically
follows Chapter 8 of the 1998 Handbook, called "Practice of WRA evaluation".
The components of the basic WRA evaluated, from which conclusions were derived are:

*
*
*
*
*
*
*

legislation (two pages)
national water management (two pages)
data collection (twenty five pages)
storage, processing and retrieval of hydrological data (three pages)
storage, processing and retrieval of physiographic data (two pages)
areal assessment of hydrological elements (half a page)
hydrological data required for planning purposes (one page)
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*
*

manpower education and training (three pages)
research and development (one page)
Recommendations included in the report covert the following aspects:

*
*
*
*
*

*
*
*

legal and institutional aspects (one page)
data collection (half a page)
storage, processing and retrieval of hydrological data (half a page)
storage, processing and retrieval of physiographic data (half a page)
areal assessment of hydrological elements (half a page)
hydrological data required for planning purposes (one paragraph)
manpower education and training (one page)
research and development (one page)

The report seems to be of great value and provides a good basis for improving the different
components of basic WRA in Guatemala. Subchapter 8.2.8 "Overall evaluation" of the 1988
Handbook has not been applied in the Guatemala report.
The main results of the analysis carried out in Guatemala are:
(a)

Availability of a document that shows the present situation of the water sector in
Guatemala;

(b)

Creation of the Secretariat for Water Resources of the Republic of Guatemala and
appointment of the former chairman of the !HP-Guatemala, as Secretary for Water
Resources of the President of the Republic;

(c)

Request by the Inter-American Development Bank of the Guatemalan report to define the
water action plan;

(d)

The Guatemalan report was requested by international cooperation agencies and
universities to be used for consultation and definition of activities.

In other countries of Latin America where the Handbook has been used the experience
regarding the consequences of its application are similar.

- 151 -

APPENDIX IX
EXAMPLE OF EVALUATION OF REGIONAL CAPABILITY
The example chosen is the Sub-Saharan Africa Hydrological Assessment - West African
Countries produced by Mott MacDonald International et al (1992) as one of the contributions to
the Sub-Saharan African Hydrological Assessment Project. The region covered is the West African
countries (see Figure A 1 ) . The report is based on a series of country reports combined to give a
regional assessment. The structure of the report is as follows:

*
*

*

•

•
*

•

Regional water resources (forty five (plus figures))
Regional organisations and programmes (thirteen pages (plus figures))
Method of assessment of data collection systems (eleven pages (plus figures))
Regional data collection situation (twenty pages (plus figures))
Data handling (twelve pages (plus figures))
Institutional development (sixteen pages (plus figures))
Recommendations (sixteen pages (plus figures))
The conclusions of the evaluation can be summarised as follows:

Data collection

•
•
•
•

•
•
•

•
*

many agencies are barely able to function and very few function efficiently;
wide variation in the level of development of organisations and the range of activities
routinely undertaken;
more often it is organisational and administrative problems that constrain performance than
technical problems;
inadequate funding associated with poor national economic performance is a very common
constraint;
sustained shortage of funds has lead to reduced staffing levels and shortages of equipment
and transport;
maintenance and servicing of stations is inadequate;
new technology offers potential savings in field staff and a reduced requirement for
transport;
inability to produce reliable information;
few countries attempt any systematic monitoring of sediment.

Data handling:

•
•

•

•
*

*
*

financial constraints on national services have had an adverse effect on the recent
performance of their data handling systems;
most agencies in transition phase from manual handling to computer based handling;
problems may include:
poor administrative procedures;
piecemeal development of systems (incompatibility and duplication);
inadequate manpower skills and resources;
inadequately thought out and inefficient data storage systems;
poor facilities;
inadequate supervision of work;
lack of support and maintenance of computers and software;
hardware support is minimal;
quality control is variable (cases of no checking of being undertaken);
where technical assistance has been provided long term, or the data base has been
maintained as part of a specific project, the systems have operated relatively successfully,
but where insufficient support has been provided the system has not fulfilled its potential;
it is not clear that long term storage of computerised data is being properly addressed.
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•
•
•

•
•
•
•

data collection agencies common target for emergency budget trimming exercises;
economic benefits of hydrological data need to be known and decision makers made aware
of hazards of designing projects with inadequate hydrological data;
transport availability is a serious problem;
manpower shortages exist in most organisations;
hydrometric services have a low profile and often poor career path and structure;
low funding levels;
regional cooperation is becoming ever more urgent .

The recommendations consist mainly of a range of projects aimed at improving the water
resources assessment capabilities of the region. The summary of the recommendations is as
follows:
"We strongly believe that the best prospects for more effective monitoring and
management of water resources lie in a long-term regional and national support programme
covering all aspects of the hydrometric services. The emphasis should be on a sustained
period of assistance; many of the region's hydrometric problems have a long history which
past experience has shown cannot be solved by two or three years of assistance. . . . . . A
period of 10 to 1 5 years of direct assistance is needed with large and systematic infusions
of capital goods, expertise, and training, designed to meet the needs of each country.
Our recommendations cover all aspects of water resources monitoring from basic field
procedures, data management, data processing, data presentation, and applications of
data. Throughout we have been mindful of the financial and administrative implications for
each country.
The programme consists of a series of country projects which have been carefully designed
to raise standard of operation. In addition to the country projects, a number of regional
projects have been designed to foster regional cooperation and to promote, support and
monitor hydrometric services."
Further details of the regional and country projects are provided.
Reference

Mott MacDonald International et al (1992) Sub-Saharan Africa Hydrological Assessment West
African Countries, Regional Report, December 1992, The World Bank, UNDP, African Development
Bank, French Fund for Aid and Cooperation.
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