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Preamble1

This report has been compiled on the request and with the financial assistance of WMO and 
continues a series of regional reports about data availability in Africa and South America and 
the Caribbean. With a focus on regional development of water resources and availability of 
hydrological information in WMO-regions II (Asia) and V (South-West Pacific) this report 
highlights some of the hydrological issues and presents an overview of the data availability in 
these regions.

1 Geographical delineation of WMO - regions II and V

The regional associations of the World Meteorological Organization (WMO) established by 
WMO-Congress are as follows:

Regional Association I 
Regional Association II 
Regional Association Hl 
Regional Association IV 
Regional Association V 
Regional Association VI

Africa
Asia
South America 
North and Central America 
South-West Pacific 
Europe

Figure 1 shows the borders of WMO regions.

Countries covered bv WMO region II include:
Afghanistan, Myanmar, Bangladesh, China, Hongkong, India, Iraq, Iran, Japan, Kirghiztan, 
Rep. Korea, Dem. People Rep. Korea, Kazakhstan, Laos, Mongolia, Nepal, Pakistan, Russian 
Federation, Sri Lanka, Tadzhikistan, Thailand, Taiwan, Uzbekistan, Vietnam.

Countries covered bv WMO region V include:
Australia, Fiji, Guam, Micronesia, Malaysia, New Caledonia, Papua New Guinea, New 
Zealand, Palau, French Polynesia, Philippines, American Samoa, Singapore, USA.

1 The Statements and conclusions in this report are those of the Global Runoff Data Centre and do not 
necessarily reflect the view and opinion of the World Meteorological Organization (WMO).
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2 Scope of the Report

"Within a perimeter offour hours around Hongkong live 50% of the world’s population" 
(Tony Tyler, Service Director, Cathay Pacific Airlines)

The terrestrial hydrological cycle determines the available water resources, the agricultural 
production potential, water for domestic purposes and the available water for the industrial 
infrastructure (Nachtnebel and Shuttleworth 1993). Increasing water demand with at present 
insufficient demand control mechanisms and an increasing vulnerability of water management 
Systems to scarcity and pollution requires a much more precise quantitative assessment of the 
availability of the quantity and quality of water resources in time and space. The WMO 
Commission for Hydrology (CHy-DC) acknowledged that scarcity and misuse of freshwater 
pose a serious and growing threat to sustainable development and the protection of the 
environment. It observed "the deteriorating capability in many countries to assess accurately the 
Status and trend of their freshwater resources, in terms of both quantity and quality" (cit. in 
Rodda 1993). The ratio of water consumption to water availability in Asia has risen from about 
6% in 1900 to 22% in 2000. At this extent the water utilization ratio in Asia will be the highest 
among all continents and will be nearly twice the global average (Biswas, 1995). The cost of 
developing each cubic meter of water for the next generation will be 2-3 times higher than for 
the present generation in real terms (Biswas 1995). Developing water resources is also critical in 
Asia for the development of hydropower to meet the steep demand of energy for industrial 
development and a rising quality of life. With respect to the latter aspect, the pollution of rivers, 
Coastal areas and oceans from land-based activities has reached proportions which make its 
remediation a common, regional task. Water resources development, the availability of data and 
information as a planning prerequisite and the utilization of information has to be seen in the 
dualistic concept of economic necessities and social acceptance which finds its expression in 
political priorities with regard to water resources.

Excluding the desert areas, the drainage basins associated with GRDC discharge stations drain 
52% of the territory of Asia and 33% of the territory of Australia and Oceania (Grabs, De Couet, 
Fauler, 1996). This regional coverage is a good basis for regional hydrological assessments and 
monitoring of runoff.

The report tries to present a concise overview of current trends and constraints in its socio- 
economic context and the relation of these issues to the currently insufficient availability to 
good quality hydrological information. Given the large geographical extend of WMO regions II 
and V and the disparities in the hydrological regimes of these regions, surface water availability 
and the vastly differing state of national development, the report does not attempt to provide 
equal coverage for all countries of these regions. The report is guided by the deliberation that 
future "Hot Spots" in water resources management will coincide with the most densely 
inhabited regions of the world. Therefore, in its descriptive part, the report gives priority to the 
most densely populated regions of Asia.
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3 Value of hydrological data and Information

An insufficient information base and lack of high quality data and observations are prominent 
obstacles to the rational assessment, planning and Operation of hydro-structures. "It seems that 
only when hydrological data are completely missing, is their value fully appreciated" (UNCED, 
1992). A few examples demonstrate this Observation:

o From 232 dam failures in Sichuan province, 52% or 122 dams failed due to inadequate 
discharge capacities of the spillways as a consequence of design of the structures with 
inadequate hydrological information such as historical time series and information about 
extreme events (Yongping 1989). To illustrate this point, the 100-year retum peak flood 
discharge of Huang Bizhuan reservoir in Hobei province, China changed from 12.660 
m3/s calculated on the basis of an 18 year time-series (in 1956) to 33.900 m3/s based on 
43 years of hydrological records in 1981.

o After the break of the Banquiao dam in He’nan province, China, where about 230.000 
people perished, the Chinese govemment initiated a study which found amongst the 
most grave findings amongst the 89 largest dams of China, that hydrological data were 
insufficient for planning, design and safe Operation of one third of China’s major dams 
(Wang 1997). Hegmanns (1997) cites an internal Memorandum of the Worldbank (Price 
1995) which concludes that none of 25 investigated dams (including the largest dams 
Hirakud and Gandhi Sagar) in India could retain the water volumes as a result of floods 
which would lead to catastrophic consequences in case of a failure of these dams.

These cases from China and India serve only as examples which have been published and do 
not imply that in China and India the conditions for planning, design and Operation of dams are 
inferior to those of other countries of the region.

The cost - benefit ratio for various uses of data such as water resource development projects, 
storage design, flood forecast varies between 1:1.50 and 1:21.20 (WMO, UNESCO 1997). Even 
under the most conservative estimates therefore, the benefit equals or exceeds the costs for data 
collection analysis and use by at least 50% . These figures do not include long term benefits 
outside the scope of specific projects. The scarcity of available streamflow data can partially be 
explained with the economic focus on short-term retum of investments, insufficient Strategie 
planning in water resources development and an inadequate marketing of the benefits of data 
collection Systems for water resources development and derived socio-economic benefits in a 
country or region.

4. Economic context of water resources development
and hydrological monitoring in WMO regions II and V

Insufficient investments in the water sector and low retum from investments have been a major 
reason for govemment subsidies and, when governmental resources dried up, for lacking or 
unsatisfactory Services in drinking water supply, waste water management etc. There is a large 
number of literature i.e. Erikson et al (1994) which calls for the establishment of water markets 
and effective pricing of water which substantiates the aforementioned (economic) value of 
water.
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The sixth session of the UN Commission for Sustainable Development (April 1998) recognized 
the dual value of water as both: an economic good and a social basic necessity. Although the 
development of water markets and pricing structures needs further determined efforts to become 
efficient tools for demand management and an incentive for non-governmental Investments into 
the water sector it must be recognized that economic considerations are always embedded in the 
social and cultural set of values in the regions concemed. With regard to meteorological (and 
hydrological) forecasts, Nicholls (1996) cites Krasnov (1986) who concludes that economic 
approaches alone suggest little social values to forecasts. Given the cultural setting in many 
countries of the region (Holmes and Tangtongtavy 1997; Hofstede 1991), the social values and 
perceptions in most cases dominate political decisions over economic considerations. This 
means that the economic value of hydrological information needs to be translated into culturally 
accepted social values and priorities. So far this aspect has not been sufficiently recognized by 
westem influenced schools of economic thinking. Until now, major investments in the 
development and management of water resources are made by national govemments (Tollan 
1993) and yet, govemment support to National Hydrological Services is dwindling. With 
increasing investments into the sector by Non-Govemmental Organizations (NGO’s), it is 
recognized that a further fragmentation of information sources on the national level has become 
a reality. It would be a grave misconception to believe that water resources development could 
be undertaken mainly or to a large extend by NGO’s without a national framework and a sound 
national and regional knowledge base on water availability in space and time and a consensus 
on allocation priorities. All experiences show that the development of a scarce resource gets into 
a competitive race for short-term economic benefits in which the sustainable use of the resource 
is left out of sight.

The assessment of the criticality of water resources has to be viewed in the socio-economic 
context of individual countries. In figure 2 and table 1 the population growth and selected 
indicators of economic development are shown for countries of the region. Even though the 
covered time-series do not coincide, the figures given in figure 2 can be viewed against the 
availability of freshwater per capita and year on the basis of a United Nations projection of 
population growth and sectoral water consumption in table 1. The data for energy consumption 
are reproduced in table 2. A comparison of the Purchasing Power Parity (PPP, see figure 2) with 
population growth reveals that with the exception of city States like Macau, Hongkong and 
Singapore, most nations with a high population growth are also amongst the poorest countries in 
comparison to others in the list. In the scatter plot below, GDP growth rate is plotted against the 
energy consumption development rate. For a country like Indonesia it is evident that a low 
population growth is one key factor for a high GDP growth of 7.8 % and an increase in energy 
consumption of nearly 300 % in the period 1984-1994 which is an expression of Indonesia’s 
dynamic economic development in a rapid industrialization process until its sudden slump since 
October 1997. South Korea is expected to experience water scarcity in the coming decades 
despite a rather low population growth. Its growth rate of 6.3% is underlined by an increase in 
energy consumption of over 200% . The development process of South Korea indicates an 
increasing competition between domestic and industrial water consumption versus agricultural 
water consumption. Increasing pollution of water resources is likely to worsen the water scarcity 
and would affect strongly domestic and industrial water supply in terms of both: quantity of 
supply and cost. On the other hand, South Korea is (still) in the economic Situation to avert a 
water crisis as a result of pollution.
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GLOBAL RUNOFF DATA CENTRE (GRDC)

* GDP(PPP): Purchasing Power 
Parity, based on World Bank 

ratlos takes into account price 
differences between countries, for 
a more accurate measure of 
national wealth.

** GDP-growth(%): Gross Domestic 
Product growth is the % increase 
of the value of all goods and 
Services produced in one year.

1 Smgapore 16 Philipp ines
2 Hong Kong Maledives
3 Japan 18 P N.Guinea
4 Australia 19 Pakistan
5 NewZealand 20 Mongolia
6 Macau 21 Laos
7 Taiwan 22 India
8 South Korea 23 Bhutan
9 Malaysia 24 Bangladesh
10 Thailand 25 Vietnam
11 Fyi 26 Cambodia
12 Iran 27 Nepal
13 Indonesia 28 Myanmar
14 Sn Lanka 29 Afghanistan
15 China

Data compiled 
by ASIAWEEK 
26 September 
and
31 October1997 
from various 
sources.

Figure 2 : Population growth and dynamics of economic development of selected countries 
in Asia
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GLOBAL RUNOFF DATA CENTRE (GRDC)

Number Country Availability of freshwater 
per-capita and year *

Sectoral water consumption 1970-1987
Oomestic Indust ry Agriculture

m3 % % %
1 Singapore 179 45 51 4
3 Japan 4499 17 33 50
8 South Korea 1158 19 35 46
9 Malaysia 14441 23 30 47

10 Thailand 2433 4 6 90
12 Iran 955 4 9 87
13 Indonesia 9180 13 11 76
14 Sri Lanka 1718 2 2 96
15 China 1835 6 7 87
16 Philippines 3090 18 21 61
18 P.N.Guinea 106346 n.a. n.a. n.a.
19 Pakistan 1643 1 1 98
20 Mongolia 6533 11 27 62
21 Laos 27870 8 10 82
22 India 1498 3 4 93
23 Bhutan 30293 36 10 54
24 Bangladesh 12018 3 1 96
25 Vietnam 3182 13 9 78
26 Cambodia 25297 5 1 94
27 Nepal 4178 4 1 95
28 Myanmar 14319 7 3 90
29 Afghanistan 1105 1 0 99

* UN - middle projection of population growth until 2025 Compiled from:
___________________________________________________________Wasser in Asien (1997)
Indices of water scarcity 
( m3 per capita and year)

< 500 acute freshwater deficit 
500 -1000 chronical freshwater deficit
1000 -1667 periodical freshwater deficit = (water scarcity)___________

Table 1 : Availability and consumption of water in selected countries in Asia
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On the other side of the scale are countries which will experience a water scarcity in the context 
of a low PPP, high population growth, low GDP but a strong increase in energy consumption in 
an overall environment where water is mainly consumed for agriculture. Pakistan can serve as 
an example for this Situation. If the quantity-based scarcity is amplified by increasing water 
pollution, the economic reserves would be strained to avert the amplification of a water crisis. 
An economic upstart is evident for Vietnam: With a high population growth of still 2.3% and a 
PPP of less than 1.000 U.S $, Vietnam experienced a GDP growth of 9.5% and an increase in 
energy consumption of almost 150%. This represents the rapid build-up phase after the war with 
fast growth of domestic and industrial water consumption which accounted for 13% and 9%, 
respectively, of the sectoral water consumption in the period 1970-1987. Reduction of the 
population growth is seen as a key requirement to sustain economic growth and the ability for 
Investments in water protection and demand reduction strategies. Another macro-economic 
aspect of demand management are the increasing development costs of water resources 
development in future. The necessary increase in Investments will result in deductions in 
investments required in other sectors of high social and economic priority. This is mostly feit in 
nations with stagnating economies.

Country TWh (1984) TWh (1994) % - Change

Indonesia 11,74 46.77 298

Thailand 19.46 65.14 235

South Korea 50.62 156.32 209

Malaysia 12.55 35.20 180

China 349.00 866.0 148

Vietnam 3.87 9.59 148

Pakistan 19.94 47.70 139

Bangladesh 2.87 6.75 135

India 137.89 322.90 134

Taiwan 49.02 110.64 126

Singapore 8.90 19.10 115

Iran 68.17 31.98 113

Hong Kong 15.04 29.21 94

Sri Lanka 1.89 3.61 91

Philippines 22.71 17.22 32

Table2: Electricity consumption of selected countries in Terawatt-hours. Data from
International Energy Agency, cited in: ASIAWEEK, 26 September 1997
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4.1 Water, agriculture and the economy

Water is the main limiting factor in agricultural production (see table 1 which shows the sectoral 
water consumption for some Asian countries). A workshop on "Irrigated agriculture in 
Southeast Asia beyond 2000" in 1992 notes as one important area of common concem for the 
region the "Flanning and management of water resources use, with particular reference to caring 
of the environment and to improving Conservation and beneficial application of the water 
resources, with due regard to competing uses of water" (Heim et al 1994). On a global average, 
93.4% of the available fresh water is consumed by agriculture (Shiklomanov, 1996, op. cit. 
WMO, UNESCO 1997). In India, 93% of water supplies go for irrigation. The degree of water 
scarcity is therefore determining the direction (aggravation, persistence or alleviation) of poverty 
development in the region. An example demonstrates the relationship between water scarcity 
and adverse effects on the national economy: The agricultural sector of India contributed about 
57% to the gross national product (GNP) at the time of independence in 1947. Today, this figure 
is about 25% (The Economist, 11/1997). However, the agricultural sector uses more than 90% 
of the available water which is indicative of a low profitability of Investments in the agricultural 
water sector from an economic point of view. With the realization of a predicted water crisis, 
food self-sufficiency is endangered. A general tendency in irrigated agriculture in Indonesia, 
Malaysia, the Philippines and Thailand is the continuing increase of the cost of investment per 
ha of irrigated land with a simultaneously falling revenue from crops harvested from irrigated 
land (Heim et al 1994). Compounding to this Situation is the increasing competition for water 
mainly for industrial purposes, where the per unit investment in water development yields 
higher profits in terms of produced industrial Outputs. Under both feasible options: Allocation of 
more water to agriculture or import of food using (scarce) foreign reserves, the economic 
productivity will be lower and therefore also the financial resources for Investments in industrial 
and urban water pollution control and measures for poverty alleviation. The seriousness of the 
Situation is underlined by a Statement of the World Wildlife Fond (WWF 1990) which States 
that in the State of Uttar Pradesh "the number of villages short of water has risen from 17,000 to 
70,000 in the last two decades". With respect to food production for a still growing population 
in regions II and V, the limited availability of freshwater and conflicting water uses may make it 
necessary to re-think the politically influenced paradigm for national food self-sufficiency to an 
economically driven paradigm of food security. This paradigm would seem promising for newly 
emerging industrialized countries which could afford to import food from irrigated agriculture 
in trade for industrial Outputs.

The growth of mega-cities in the region (see para 4.3 below), limits of suitable land for 
irrigation, availability of suitable water and a decline in the profitability of irrigated agriculture 
leads to a stabilization of investments into irrigation schemes. In the future it can be expected 
that the optimization of water use in agriculture will stabilize water demand on a high level of 
the total freshwater demand. The largest demand for surface freshwater utilization is expected to 
arise from the need for energy production in a region, where most countries are chronically short 
of fossil resources. Table 2 above gives an Impression of the dimension of the increase in 
demand for energy in the countries of the region.

4.2 Hydropower development

With regard to the energy consumption development, hydropower plays an increasing role in 
Asia as the only important renewable resource. It is therefore safe to assume that a large part of
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the future energy supply will be provided through the development of the hydropower potential 
in the region. Exceptions to this general development are countries such as Iran where the 
hydropower potential is small. "Hydroelectric power will make large demands on the 
international rivers of the world. Thailand, a country that has urgent needs for both energy and 
water, lies alongside the Mekong river with its unexploited resources amounting to some 30,000 
MW. India, with similar problems, needs to pursue the vast untapped resources of the Ganges 
and Brahmaputra rivers." (World Bank 1994). To give examples for the developments within 
the Mekong basin, three projects are now under consideration (Ryder, G. 1997):

Kohne Falls (238 MW) and Ban Koum (2.330 MW) both in south Laos and Sambor (3.300 
MW) in northeast Cambodia. In the upper Mekong river in Yunnan province, China the 
Manwan dam (1.500 MW) has been finalized in 1994; the Dachaoshan dam (1.500 MW) is 
under construction and the Xiaowan dam (4.000 MW) is planned. The debate between 
prominent supporters and opponents of large dam projects often centres around the economic 
benefit of these projects and the socio-economic disadvantages and ecological costs of these 
projects. Energy for rapidly developing economies, water for agriculture and flood protection 
contrasts with loss of biodiversity and associated direct economic losses (i.e. fishing industries), 
loss of land use for agriculture and debated resettlement schemes.

Bearing in mind, that most of the necessary structures can only be built in the headwaters of 
some of the largest rivers it becomes clear, that key watersheds originating in the Himalayas 
serve as watertower for a large part of the region. The dimension and regional extent of these 
key basins is illustrated in map 1. It will be shown below that exactly for these critical regions, 
the hydrological information base is insufficient for sound planning and Operation of reservoirs 
and runoff the river projects.

4.3 Thirsty cities

Until 2015, fourteen out of 27 mega-cities of the world will be in South- Southeast and East 
Asia. Mega-cities are "Thirsty Cities" and thus are hot-spots with regard to water supply and 
pollution problems. The main source for water supply of most of the mega-cities in Asia is 
surface water. An assessment of water resources and its use in China (ESCAP 1997) shows that 
for 570 cities with more than 100.000 inhabitants 428 cities or 75% lack adequate potable water 
supply with an estimated daily deficit of 10 million cubic metres. The case studies below 
highlight a scarcity syndrome which is common for almost all of the mega-cities in Asia: 
Increasing demand, even if the increase rate is lowered by use of efficient control mechanisms 
(efficient water use, pricing etc.) is confronted with increasing difficulties to tap new resources 
due to physical constraints and increasing water conflicts. The development of new resources 
and the use of water recycling technologies also have a price tag which is largely increased as a 
result of the staggering pollution of many freshwater sources. This syndrome complex puts a 
special pressure on the governmental and institutional capacity of decision-makers to optimize 
the rational use of water.

The adaptation of traditional management practices has not kept pace with the rapidly changing 
water supply and demand Situation of mega-cities which are competing with their hinterlands 
for water use. As the majority of the region’s population is projected to live in mega-cities, the 
water crisis of these cities can pose a threat to the political stability of govemments and parts of 
the region. A further Observation is, that in most cases a knowledge base for the rational 
assessment of the scope and extent of the problem is non-existent or not accessible. A
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knowledge base however is the pre-condition for the participatory development of rational 
Solutions which are transparent and acceptable by the affected people. Some case studies 
highlight the Statements made above:

Madras (Weber 1997):
In 1993, the three drinking water reservoirs contained only 26 billion cubic meter water for the 5 
million inhabitants of Madras instead of the average 131 billion cubic meter. The water crisis 
was manifest in the supply of 23 Ihres of water per day and capita which however was unevenly 
distributed. Suggestions for Solutions to this problem have been manifold; none of these could 
be completed: The Veeranam Water Supply Scheme was abandoned mainly due to institutional 
weaknesses and intrastate disputes between Tamil Nadu (with Madras) and Kamataka: If the 
scheme had been completed, the water supply of Madras and the irrigation of the rice 
plantations in the Cauvery delta, which is the most productive rice plantation region of south 
India had depended on the political good will of the govemment of Kamataka state. The Pulicat 
Lake Supply Scheme was not executed because of environmental considerations and the 
elimination of profitable fishery, if the brack-water Pulicat lake had been converted into a 
freshwater lake. The Telugu-Ganga project is promising. However, due to intrastate conflicts 
about the water use of the Krishna river between the States of Maharashtra, Kamataka, Andhra 
Pradesh and Tamil Nadu the plan has not been realized so far. In addition it became apparent 
that such a scheme can only be operated if necessary hydrometeorological information is 
available: In spring 1996, lowflow in the upper course of the Krishna river resulted in a water 
volume of the Kandaleru reservoir which would have been insufficient for the water supply of 
Madras.

Bangkok
With a projected population of about 12 million inhabitants in 2015, Bangkok belongs to the 20 
largest cities in the world. 43% of Metropolitan Bangkok is connected to the Metropolitan 
Water Works Authority, network water losses are in the order of 40%, which is typical for many 
large cities in Asia. Most of the water supply is drawn from the Chao Phraya river which is 
heavily polluted i.e. the concentration of heavy metals exceed the maximum permitted 
concentration by a factor of 13 for lead, 3 for Mercury and 6 for Cadmium (all numbers cited 
above are from: Kraas, F. 1997). A rapidly sinking groundwater table leads to saltwater 
intmsion and additional water quality problems. There are no ready Solutions to the problem.

Beijing (compiled from: Stemfeld 1997)
The projected population for Beijing is 18 million in 2015. Already now the city faces almost 
annually severe water shortage with an average of 1.2 cubic meter water per person and year 
(This includes supply of water for municipal and industrial use!). Lack of surface water and 
over-exploitation of ground water leads to a lowering of the groundwater table of about 2 metres 
per year; a third of the groundwater wells have fallen dry (WWF 1990).

High Sedimentation rates of the Yongding river and increased water withdrawal have lead to a 
drastic reduction of the utility of the Guanting reservoir, one of the main reservoirs for the 
Beijing water supply. Competing water demands between the city water supply and agriculture 
have led to intra-provincial water conflicts which so far could not be solved. Trans-basin water 
diversion schemes are contemplated but are yet not executed due to the competing water 
demand and use of the neighbouring provinces.
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Karachi (Gul 1997)
Twenty million inhabitants are projected for this city by the year 2015. The supply deficit will 
be about 10 million cubic meters per day. Reducing water wastage caused by network leakage 
and water use, increase of water prices and the supply with water from the Indus river are 
favored (temporary) Solutions for the severe problems.

5 Sharing of data and information

5.1 General approach

Sharing of data and information on a regional basis is especially important for transboundary 
river basins. Worldwide, as of 1987, nearly 286 treaties and agreements were related to 61 
basins out of about 200 international river basins. (UPRETI, 1993). The first Petersberg Dialog 
Forum on Global Water Politics - Cooperation for Transboundary Water Management 
(Petersberg Declaration, March 1998) recognized water as a catalyst for regional Cooperation. 
Main driver for this Cooperation is the growing water demand in transboundary river basins. 
Water alone is considered not the root-source of conflicts; the potential for conflicts over water 
issues develops in combination with other sources for conflicts.

The use of water resources in the region is characterized by strong contrasts in water availability 
and conflicts resulting from sector allocation on a national level and water resources 
management including allocation in transboundary river basins. The strongly differing economic 
development Status of countries in the region unfolds the little recognized level of the technical, 
economical and political capability of countries sharing transboundary rivers to utilize water 
resources for the development of national economies: Allocation schemes in transboundary 
river Systems therefore tend to be biased towards water demand projections of more dynamic 
economies, leaving behind less dynamic or even stagnant economies. This is inherently visible 
i.e. in the management plans for the Mekong river. Conflicts are foreseen when these countries 
pick up development and thus water demand increases beyond levels which might have been 
agreed upon in treaties.

Monitoring of negotiation processes between transboundary riparian countries reveals a strong 
tendency of countries to maintain an administrative Status quo in restrictive information sharing 
and a perception of high risks if information were shared. This Stands in contrast to a perception 
of enhanced regional development opportunities if existing policies for sharing of data and 
information were changed. Again, root causes are found in most cases in the general political 
climate of Cooperation which manifests itself inter alia in the handling of water-related issues.

Sharing of information assists decisions about the mutually beneficial use of water resources 
and by itself does not pre-empt negotiations on a political level and decisions about the 
allocation of water resources in a transboundary river basin. Governments and hydrological 
Services must be informed about the regional and global benefits of shared information and 
about the value-added benefit which can be derived from shared information. Sharing of 
hydrological data on a technical level does not by itself constitute a process of the 
intemationalization of water disputes. The opinion that water resources are tied to the national 
security, integrity and development potential of a nation is a strong factor which limits the 
transfer of information severely. There is the general perception that the sharing of hydrological 
data and information is not de-coupled from negotiation and decision-making processes, which 
impedes the transfer of hydrological data. It is important to recognize, that conflicts between
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riparian States are maintained in a climate of mutual distrust which in its technical component 
can be traced to the lack or absence of shared data and Information. The sharing of data and 
information can be a first Step in a series of confidence-building measures to overcome a 
conflict Situation on the basis of equal information which can be shared by all partners. Water 
resources development in the regions have partly been politized to an extend which makes the 
rationally based management of water resources on the basis of the river basins difficult. In the 
view of the GRDC, the exchange of hydrological information to users other than the directly 
involved parties does not invite interference of extra-regional powers if the information 
exchange is kept strictly on a technical level. In this way, the hydrological database forms an 
important basis for negotiations and decision-making. On the technical level, the hydrological 
database could then be made accessible to identified users with a genuine interest, while the 
riparian countries of a river basin decide independently on the political level about the mode and 
direction of bilateral or, as the case may be, multilateral negotiations and discussions about the 
beneficial use of the water resources of transboundary rivers.

5.2 Benefits for regional Cooperation

From a regional and global viewpoint, some major benefits of shared information in regional
Cooperation are summarized.

o Coupling of the forecast capability of meteorological/climatological anomalies such as 
El Nino with the ability to predict hydrological responses to such anomalies. A recent 
study (Cluis 1998) shows marked responses of river flow to El Nino events over WMO 
regions II and V. Such studies are only possible with a large number of available 
discharge records to downplay local singularities which may be caused by basin specific 
processes. Areal coverage with discharge information allow the recognition of pattems 
of water availability (see chapter 9 below) and responses to anomalies. If near real-time 
information is available, the Validation of predictions needs a large number of gauging 
stations for the validation of prediction models. In this context, flood and lowflow 
forecasts cannot be seen only from the basin view: There is a regional component to it 
especially in large, transboundary river basins.

o On the basis of large reporting networks it is also possible to detect trends and Jumps in 
the availability of freshwater in a region (Portmann 1998). The "early waming" value of 
large numbers of reporting stations is a pre-condition for mid- and longterm regional 
planning. It is indeed the kingpin for the kind of resources assessments on which 
Strategie socio-economic planning can build on.

o In economies which depend to a large degree on agricultural production, the assessment 
of regional hydrological response to climatic anomalies including climate change is vital 
both in mitigating negative effects of drought and lowflows as well as counterbalancing 
or averting speculation on commodity markets for agricultural products. With an 
increasing regional flow of goods and the interdependence of national markets from 
other countries inside and out of the region as well as an increasingly diverse and 
complex infrastructure linking nations, the regional aspect of hydrological processes, 
responses to change (i.e. through climate change, landuse changes, point- and non-point 
pollution sources) becomes a prominent issue for regional planners.
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0 Land-based sources of pollution use the watercourses as transport medium into the 
Coastal zones and the oceans where pollutants are re-distributed by ocean currents (see 
chapter 6 below). Thus, monitoring of discharge close to the mouth of rivers and 
monitoring of the transport of pollutants is of high regional interest.

6 Linkage of water quantity and quality

Pollution: "Asia’s rivers are, perhaps the most degraded in the world" (WWF 1990). From the 
same source it can be quoted: "About 70% of the country’s (India, the author) surface waters are 
polluted; out of some 2,119 towns and cities, only 217 have partial or complete sewage 
treatment facilities. Almost 600 km of the 2,525 km of the Ganges river are dangerously 
polluted. Out of 78 rivers monitored in China, 54 are seriously polluted with untreated sewage 
and industrial waste. Between a quarter and a sixth of the flow of the Huangpujian river, a major 
source of drinking supply for Shanghai, is untreated waste. More than 40 of Malaysia’s major 
rivers are so polluted with agricultural and industrial wastes that they are said to be biologically 
dead". The Bagmati river in Nepal is the only river draining the Kathmandu valley with more 
than 3 million inhabitants. The river is biologically dead even though its waters are used by a 
part of the urban and suburban population. The single most important reason for this rapid 
deterioration can be seen in the rapid growth of population, industrialization and industrial 
activities in Asia which have outpaced the ability of govemments to expand sewage and water 
infrastructure which contributes largely to the increasing pollution of rivers and Coastal regions 
along which most of the mega-cities are situated (UNEP 1995). The inability of many of the 
regions’ national govemments to respond to the worsening Situation is compounded by the 
generally inadequate and unplanned private investment into this sector which is perceived by 
private investors as a sector with a high investment risk.

Ultimately, coastal regions and the open oceans are the dump- sites of pollutants carried by 
rivers into the sea. Ocean currents serve as an effective transport mechanism of pollutants on a 
global scale.

Considering, that a large portion of the population lives in coastal areas and that these areas are 
the spawning grounds for fish on which a large part of the world’s population depends as a 
major source of protein, the protection of coastal regions and the oceans from land-based 
activities and the transport of pollutants into the ocean is a top priority for UNEP (UNEP 1995). 
The present methodology to assess water resources availability in most countries does not take 
into account the limiting effect of water pollution on the actually available water resources. In 
most countries, information about water quantity and quality is completely unrelated. As water 
pollution is dramatically increasing in practically all countries of the region, information about 
quantities of water availability present a strong bias, thus over-estimating net resource 
availability. It must be considered in this respect that treatment of polluted waters e.g. for 
agricultural use, domestic water supply etc. multiplies the unit costs of water with all socio- 
economic consequences as for example the production costs for agricultural products. 
Monitoring of water quantity and quality have to go hand in hand to allow a reliable assessment 
of the availability of freshwater for different purposes. In the absence of water quality data on a 
continuous monitoring basis, characteristic data from several selected river basins of WMO- 
regions 13 and V have been compiled from UNEP 1995 (Table 3 and 4).
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7 Data collection networks - Some General Remarks

As in many other countries of the world, hydrometeorological Services are declining in most 
Asian countries not only in terms of Station density but in the quality and reliability of the data. 
Keeping in mind, that between 20-25% of the region’s national investments are aimed to the 
water resources sector and that the cost-benefit ratio of hydrological data is in a bandwidth 
between 1:1.50 and 1:21.20 (see chapter 3 above), there is a clear lack of recognition of the 
crucial link between investments and sustainable backup of these investments with high quality 
data and information through capacity building in hydrometeorological Services (Grabs 1996a). 
Real-time information Systems are in place only in a few relatively advanced countries in the 
regions concemed mainly for flood forecast Systems. Like in other regions of the world, 
hydrological Services until recently have been viewed in most cases as basic Statistical Services 
which were expected to collect and archive hydrological information of the national territory. 
As these Services usually operate under civil service mies and regulations, active marketing of 
the benefit of hydrological information for the national development and the response to user 
requirements with meaningful data products has not been a priority of national hydrological 
Services (Grabs 1996b). Thus, despite the cross-sectoral growing demand for water related data 
and initial investments in hydrological Services, the economic value of water data for the 
national and regional development has not been sufficiently appreciated in national policies and 
the capability of hydrological Services. The widespread unawareness of decision makers of the 
potential of hydrological Services to provide timely hydrological information for national 
planning purposes is still a significant reason for the overall diminishing Support for national 
hydrological Services. The need for water-related information is growing; separate institutions 
with immediate economic interests (e.g. National Electricity Authorities) are conducting their 
own data collection and archiving activities which results in the present Situation, that in many 
countries hydrological databases are fragmented. The Situation is worse in cases of 
transboundary river basins in a politized environment, and also in the Compilation and use of 
hydrological information over the entire ESCAP Region.

Left with insufficient resources and direct access to data users after the termination of projects 
and programmes, some of these data bases lost their value after loosing the capacity and 
mandate to continuously update the database. The global and regional importance of long-term 
forecasts for national economies is aptly demonstrated with the Services of Smith Bamey 
Brokers Inc.: The Company issues the daily "Futures Research Weather Report" for each 
planting region of the world. This report is disseminated to about 18.000 brokers worldwide. 
The report strongly influences commodity futures exchange transactions and speculation in 
agricultural products (Der Spiegel, 1997). It should be noted that agro-based economies are 
especially affected by speculation in agricultural Commodities. The hydrological responses and 
impacts on irrigated agriculture can at present not be estimated accurately due to the lack of a 
near real-time reporting network of streamflow data from which affected countries would 
greatly benefit.
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8 GRDC data in regions II and V: Availability versus accessibility

8.1 General data Situation

Maps 2 and 3 show the distribution of GRDC data in WMO regions II and V. Tables 6 and 7 
give an overview of the number of gauging stations in the countries of the regions. A summary 
of Station data availability for region II shows, that only 4.3% of the stations mentioned in 
INFOHYDRO are available in the GRDC database. For region V, this figure is 5.8%, largely 
because of the contribution from Australia. As can be seen from the network density, the 
number of existing stations is inadequate and the number of stations in the GRDC database 
allows only a very general regional picture of the discharge and runoff Situation in both regions. 
In addition, the table shows that several countries have contributed no data so far; others have 
not updated contributed data for the last 20 years. This Stands in contrast to countries such as 
Nepal which contributes 50% of their Station data to the GRDC. Even though it is clear that in 
any case only subsets of national discharge data sets are of interest for the activities of the 
GRDC, the gaps in data and thus derived hydrological information are evident.

The average length of time series of discharge data in the GRDC is 24 years for Asia versus e.g. 
53 years for Europe (Grabs 1996c). Figures 3 and 4 show the yearly availability of mean daily 
and mean monthly discharge data for the regions. For region II, the majority of discharge 
information is available for the time period 1965 - 1985; the majority of daily values is available 
for the years 1975 - 1990. The strong increase of stations in GRDC is indicative of the efforts of 
the International Hydrological Decade of UNESCO and the resultant series of reports on 
discharge of selected rivers of the world and the Operational Hydrology Programme of WMO, 
making repeated calls for data. More than one third of the GRDC database has been compiled 
through direct bilateral data acquisition activities of the GRDC since 1993. The declining 
availability of data up to date can be explained by the long back-lag of hydrological data to be 
published. Typically, 3 to 4 years are needed by many countries to print and publish 
hydrological yearbooks.

Most of what has been said for region II is valid for region Y with the notable exception of the 
availability of mean daily discharge data for most of the available time series. Like in region II, 
the contribution of daily data is the basis for the computation of mean monthly discharge data 
from the daily time series.

Hence, for many stations mean monthly (generated) and mean daily (original) data series are 
available. The distribution of discharge stations to classes of drainage basin size reveals for 
region II (figure 5), that the majority of drainage basins in the database is in the order of 5.000 
km2, which is the size of large scale water resources development schemes. Amongst the 
stations are also very large drainage basins from several of the region’s largest rivers. From the 
representation of basin sizes, the database is suitable to deal with hydrological questions on all 
scale levels. In contrast to region n, the basin size distribution in region V (figure 6) is 
dominated by small basins (< 500 km ), largely because of the lack of large rivers with the 
exception of the Sepik river. Table 5 shows that the number of stations at the main stem of 
major rivers in the region is inadequate, especially for the headwaters of the six key river basins 
in Asia. As the Himalayan mountain ränge can be viewed as the watertower of Asia, knowledge 
about the headwater discharge is of paramount interest for the calculation of baseflow in the 
majority of large rivers in Asia.
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Coimtry Area
[km2]

Number of 
Station^

(INFÖHYDRO)

Network Density 
[km2]

(INFOHYDRO)

Number 
of stations 
(GR DO

Network Density 
[km2] 

(GRDC)
Islamic State of Afghanistan 647497 149 4346 2 323749
Bahrain 622 ?? 0 ??
Bangladesh 143998 118 1220 4 36000
Cambodia 181035 0 ?? 0 ??
China (& Taiwan) 9600000 3396 2827 59 162712
Democratic Peoples Rep. of 
Korea

122762 64 1918 7 17537

Hong Kong 1046 0 ?? 2 523
India 3280483 1118 2934 44 74556
Islamic Republic of Iran 1648000 828 1990 24 68667
Iraq 446000 129 3457 4 111500
Japan 377682 1440 262 25 15107
Kazakhstan (Asia) 2537250 281 9029 17 149250
Kuwait 16000 0 ?? 0 ??
Kyrgyzstan 198500 ?? 25 7940
Lao People "s Democratic
Rep.

236000 40 5900 16 14750

Maldives 298 ?? 0 ??
Mongolia 1564663 78 20060 13 120359
Myanmar 694120 34 20415 4 173530
Nepal 140797 60 2347 30 4693
Oman 300000 121 2479 0 ??
Pakistan 776260 224 3465 27 28750
Qatar 11000 0 ?? 0 ??
Rep. of Korea 98477 47 2095 8 12310
Rep. of Yemen 482683 ?? 0 ??
Russian Fed. (Asia) 17881000 2293 7798 89 200910
Saudi Arabia 2149690 74 29050 0 ??
Sri Lanka 65610 63 1041 7 9373
Tajikistan 143100 ?? 27 5300
Thailand 514000 888 579 48 10708
Turkmenistan 488100 ?? 0 ??
United Arab Emirates 83600 22 3800 0 ??
Uzbekistan 447400 ?? 7 63914
Viet Nam 332559 76 4376 2 166280
Sum / Average 45610232 11543 3951 491 92893
Table 6: Comparison of Station densities in the countries of WMO Region II
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Country Area
[km2]

Number of 
stations

(INFOHYDRO)

Network Density 
[km2]

(INFOHYDRO)

Number 
of stations 
(ORDC)

Network Density 
[km2] 

(GRDC)
Australia 7682300 3285 2339 193 39805
Brunei Damssalam 5765 0 ?? 0 ??
Fiji 18272 113 162 2 9136
French Polynesia 4000 25 160 3 1333
Indonesia 1919464 420 4570 0 ??
Malaysia 332000 400 830 38 8737
New Caledonia 19100 41 466 5 3820
New Zealand 268675 591 455 34 7902
Papua New Guinea 466200 0 ?? 3 155400
Philippines 300000 831 361 47 6383
Singapore 518 1 518 1 518
Solomon Islands 28370 9 3152 0 ??
USA (South West Pacific) 19300 112 172 15 1287
Vanautu 14673 12 1223 0 ??
Sum / Average 11078637 5840 1897 341 32489

Table 7: Comparison of Station densities in the countries of WMO Region V
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River Basin area (km2) of last Station before 
mouth of river

Upper basin Middle Basin Lower Basin Total

Mekong 545.000 7 1 8

Indus 832418 1 1 2

Yellow River 730.036 3 3

Ganges 846.300 3 3

Brahmaputra 636.130 1 1 2

Table 5: Number of GRDC-stations along the main stem of five major rivers

8.2 Overlapping time series of rivers in regions II and V

Overlapping time-series are a necessity for most regional comparisons, assessments and 
monitoring purposes. The tables in annex 1 and 2 show the overlap of time-series in Asia and 
the Pacific. A dominant characteristic is the non-availability of homogenous time-series for 
major parts of the regions. Very few long time series are available and short time series with 
non-overlapping records of rivers characterize the Situation. A few countries such as the newly 
independent States of the former Soviel Union, Australia, New Zealand, China and Taiwan are 
exceptions. Other countries such as India have not updated their datasets and countries such as 
Indonesia have not contributed any data to the Centre. The catalog of river information in WMO 
regions II and V is given in annexes 3 and 4 to this report.
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9 Monitoring of regional runoff

The GRDC has developed a Software tool to monitor Continental and global runoff on a 
grid-based, comparative basis (Grabs, 1996c). The Software System "Global Runoff Monitor" 
allows the visualization of partial or the entire content of the GRDC database. The principal 
objective for the development of the tool has been to assess the temporal and spatial 
development of the runoff Situation of continents or the entire globe on a comparative basis.

In the absence of quality controlled station-related drainage basin boundaries, a grid overlay 
with 2.5° for the entire globe and 1.5° for the continents is created. All discharge stations which 
are located within the grid-cells are counted and a mean monthly mnoff value is calculated as 
arithmetic mean from the time-series available for all of these stations. This mnoff value is 
calculated on the base of the size of the grid cell. In this way, mnoff of a grid cell is defined as 
grid-referenced discharge which occurs within a grid at a given time. It is clear from the 
description that the monitor produces gridded mnoff only as a first estimate where only 
discharge data is used as input into the mnoff monitor. The calculated mean monthly 
(grid-based) mnoff values are classified and then plotted onto global or Continental maps. For 
special purposes, the regions can be zoomed in to obtain a more detailed image of the Station 
and mnoff Situation. The principal Utility of the mnoff monitor is to identify regions of relative 
water surplus or deficit in a given year or period of years in comparison with different time 
series. Depending on the analysis mode, the monitor allows the visualization of long-term 
development of mnoff on a monthly basis, indicate the deviation of mnoff values from the 
long-term monthly average, create slide-shows of the mnoff development over regions, 
continents or the entire globe for any given year where data are available and prepare maps of 
the classified differences of mnoff as a result of the comparison of two different time-series. In 
addition, the spatial distribution and density of discharge stations can be shown as well as the 
number of stations per grid. Several additional functionalities allow the user to select or discard 
stations for analysis or allocate stations to neighboring grid cells if this is necessary. Only those 
grid cells are used for the computation, where stations and data are available. It is evident from 
the maps (maps 4 to 20) that determined efforts are necessary to obtain the input discharge data 
for a tmly regional coverage. For the purpose of this report, three sets of maps have been 
produced for region II, V and the entire ESCAP2 region to demonstrate the potential capability 
of regional mnoff monitoring. For two sets of maps, a 1.5° grid overlay has been created (for the 
ESCAP map, a 2.5° grid has been selected) and the comparative mnoff calculation executed for 
those years where for a majority of stations the mean monthly discharge data were available. For 
all examples it can be demonstrated that complete, overlapping time-series are indispensable for 
regional mnoff monitoring. This would allow also the regional visualization of mnoff 
deviations in a given year or month from the long-term average or the comparison of the 
regional variability of mnoff. Given the present availability of data, this type of work cannot be 
completed. For all maps it can be observed that the surplus deviations especially in the monsoon 
season are far greater (> 60%) than the deficit deviations in the dry seasons (< 20%). This 
behaviour is evident from the variability of hydrographs of most rivers in the region. For 
examples see annex 5.

ESCAP: United Nations Economic and Social Committee for Asia and the Pacific with Secretariat in 
Bangkok
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For region n, the selected years were 1978 and 1981 where 1978 serves as reference year 
against which the year 1981 is compared. It is evident that all of India falls out of the 
comparison because of the non-availability of data for 1981. The maps for the months of 
February, May, August, November show, that the largest differences occur during the monsoon 
season largely in China and Indochina and parts of Central Asia, whereas no areas of explicit 
relative water deficit can be observed in the comparison period. In general, 1981 has been a 
much "wetter" year than 1978. The (+) - deviation of runoff is much higher than the (-) - 
deviation of runoff in all observed months.

9.1 Runoff monitoring in WMO region II (maps 4 to 11)

9.2 Runoff monitoring in WMO region Y (maps 12 to 19)

Because of the generally short time series in the region, the selected years were 1981 and 1985 
where 1981 serves as reference year against which the year 1985 is compared. In the maps, 
Australia is dominant in the documentation of runoff differences. In general, 1985 has been only 
slightly wetter than the year 1981 including the month of August. For this month, only the 
southeast tip of Australia shows significant runoff surplus whereas all other areas in region V 
show no change or mild deficits (coastal areas of east Australia, Malaysia and west Bomeo). 
Where (+) - deviations occur, they are more pronounced than (-) - deviations of runoff. Australia 
is a good example of the value of runoff monitoring when overlapping time series are available.

9.3 Runoff monitoring in the ESCAP region (map 20)

For the ESCAP region, the selected years were 1978 and 1985 where 1978 serves as reference 
year against which the year 1985 is compared. In this example, the annual runoff of the years are 
compared on a 2.5° grid size and the difference of runoff plotted as %-difference in map 20. 
Again, India, Pakistan and Indonesia could not be represented in the map due to lack of data. 
For the compared years, the following observations can be made:

Examples for areas of relative
water surplus (+40 - > 60%): Japan, North-East Siberia, tributaries of the Amur, upper

Mekong basin

Examples for areas of relative
water deficit (-20-< 20 %): Northern Thailand, Myanmar, Malaysia, Sri Lanka,

upper Hwang Ho river

10 Conclusions

The political recognition of the importance of data and information for the socio-economic 
development of WMO regions II and V has in many countries of these regions not been 
translated into nationally implemented strategies for the management of freshwater resources. 
An indicator for this Statement is the inadequate availability of hydrological data both in 
quantity and quality of observations and the way these data are disseminated to decision-makers
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and users. Hydrological processes are not bound to political borders and yet, the issue of water 
resources management in transboundary river basins is largely dominated by political 
sensitivity. Resource management and socio-economic development has also to be looked from 
a regional perspective and the viewpoint of a win-win Situation for all concemed partner 
countries. The scientific tools and methodologies are largely in place to perform regional 
assessments, forecasts and projections if reliable and continuous data could be made available. 
Given the wide disparity of countrie’s capacity to manage water resources in regions II and Y, 
some countries should take the lead initiative for Technical Cooperation between Developing 
Countries (TCDC). National and international water disputes will be more frequent when water 
is perceived as scarce resource and socio-economic necessities may in future be the drivers for 
political decisions about the national and regional availability and beneficial use of hydrological 
information.
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WMO-REGION 2: Value of Runoff in a 1.5° Grid 

February
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GRDCW
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Map 4 : Run oft in February 1978 and February 1981 in WMO region II
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WMO-REGION 2: Difference of Runoff in a 1.5° Grid

1978 compared with 1981

February

Map 5 :Difference of runoff between February 1978 and 1981 in WMO-region II
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WMO-REGION 2: Value of Runoff in a 1.5° Grid 

May
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Map 6 :RunofT in May 1978 and May 1981 in WMO-region II
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WMO-REGION 2: Difference of Runoff in a 1.5° Grid

GRDC

1978 compared with 1981 
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Map 7 :Difference of runoff between May 1978 and 1981 in WMO-region II
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WMO-REGION 2: Value of Runoff in a 1.5° Grid 

August

1978

1981

Map 8 :RunofT in August 1978 and August 1981 in-WMO-region II
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WMO-REGION 2: Difference of Runoff in a 1.5° Grid
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1978 compared with 1981
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Map 9 rDifference of runoff between August 1978 and 1981 iu WMO-region II
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WMO-REGION 2: Value of Runoff in a 1.5° Grid 

November

IIGRDC
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1981

Map 10 :Runoff in November 1978 and November 1981 in WMO-region II
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WMO-REGION 2: Difference of Runoff in a 1.5° Grid
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1978 compared with 1981
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Map 11 :Difference of runoff between November 1978 and 1981 in WMQ-region Et
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WMO-REGION 5: Value of Runoff in 1.5° Grid

February 1

1981

1985

i oo 2000

1 O

4-43 3 2. S>

Map 12 :Runoff in February 1978 and February 1981 in WMO-region V
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WMO-REGION 5: Difference of Runoff in a 1.5° Grid

1985 compared with 1981 

February
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Map 13 :Difference of runoff between February 1978 and 1981 in WMO-region V
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WMO-REGION 5: Value of Runoff in 1.5° Grid
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Map 14 :RunofF in May 1978 and May 1981 in WMO-region V
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WMO-REGION 5: Difference of Runoff in a 1.5° Grid

1985 compared with 1981 

May

#GRDCi
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Map 15 rDifference of runoff between May 1978 and 1981 in WMO-region V
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WMO-REGION 5: Value of Runoff in 1.5° Grid
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Map 16 :Runoff in August 1978 and August 1981 in WMQ-region V
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WMO-REGION 5: Difference of Runoff in a 1.5° Grid

1985 compared with 1981 

August
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Map 17 :Diflference of runoff between August 1978 and 1981 in WMO-region V
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WMO-REGION 5: Value of Runoff in 1.5° Grid
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Map 18 :RunofT in November 1978 and November 1981 in WMO-region V
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WMO-REGION 5: Difference of Runoff in a 1.5° Grid

1985 compared with 1981 

November

Map 19 : Difference of runoff between November 1978 and 1981 in WMO-region V
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Difference of Runoff in a 2.5° Grid in Percent

1985 compared with 1978 (1978 = 100%)
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Map 20 : DifTerence of runoff in ESCAP region between 1978 and 1985
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ANNEX 1

Overlapping time-series in WMO-region II
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ANNEX 2

Overlapping time-series in WMO-region V
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ANNEX 3

GRDC Station catalog for WMO-region II
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ANNEX 4

GRDC Station catalog for WMO-region V
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ANNEX 5

Variability of discharge of selected rivers of WMO-regions II and V



GLOBAL RUNOFF DATA CENTRE (GRDC)

Varability of discharge of selected rivers of WMO-regions II and V

Percentiles
Ganga at Farakka 1949 -1973

Months

♦ Min
- 10TH
- 20TH
- 25TH 

—50TH
- 75TH
- 80TH
- 90TH
♦ Max

Percentiles
Yellow River at Huayuankou 1949 -1988

Months

♦ Min
- 10TH
- 20TH
- 25TH 

—50TH
- 75TH
- 80TH
- 90TH
♦ Max
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GLOBAL RUNOFF DATA CENTRE (GRDC)

Varability of discharge of selected rivers of WMO-regions II and V

Percentiles
Mekong at Mukdahan 1925 -1991

Months

♦ Min
- 10TH
- 20TH
- 25TH 

—50TH
- 75TH
- 80TH
- 90TH
♦ Max

Percentiles
Chao Phraya at Nakhon Sawan 1976-1993

Months

♦ Min
- 10TH
- 20TH
- 25TH 

—50TH
- 75TH
- 80TH
- 90TH
♦ Max
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GLOBAL RUNOFF DATA CENTRE (GRDC)

Varability of discharge of selected rivers of WMO-regions II and V

Percentiles
Tipindje at Ouen-Kout 1956 -1984

Months

♦ Min
- 10TH
- 20TH
- 25TH

■50TH
- 75TH
- 80TH
- 90TH
♦ Max

Percentiles
Clutha at Balclutha 1969 -1984

Months

♦ Min
- 10TH
- 20TH
- 25TH 

—50TH
- 75TH
- 80TH
- 90TH
♦ Max
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GLOBAL RUNOFF DATA CENTRE (GRDC)

Varability of discharge of selected rivers of WMO-regions II and V

Percentiles
Murray at Biggara 1949 -1993

Months

♦ Min
- 10TH
- 20TH
- 25TH

50TH
- 75TH
- 80TH
- 90TH
♦ Max

Percentiles
Lena at Kusur 1935 -1994

Months

♦ Min
- 10TH
- 20TH
- 25TH 

—50TH
- 75TH
- 80TH
- 90TH
♦ Max
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Reference of GRDC Reports

Report No. 1
(May 1993)

Second Workshop on the Global Runoff Data Centre, Koblenz, 
Germany, 15 - 17 June, 1992.

Report No. 2
(May 1993)

Dokumentation bestehender Algorithmen zur Übertragung von 
Abflußwerten auf Gitternetze. (Incl. abtract in English by the 
GRDC: Documentation of existing algorithms for transformation 
of runoff data to grid cells) by G.C. Wollenweber.

Report No. 3
(June 1993)

GRDC - Status Report 1992.

Report No. 4
(June 1994)

GRDC - Status Report 1993.

Report No. 5 Hydrological Regimes of the kargest Rivers in the World -
(November 1994) A Compilation of the GRDC Database.

Report No. 6 
(December 1994)

Report of the First Meeting of the GRDC Steering Committee, 
Koblenz, Germany, June 20-21, 1994.

Report No. 7
(June 1995)

GRDC - Status Report 1994.

Report No. 8
(July 1995)

First Interim Report on the Arctic River Database for the
Arctic Climate System Study (ACSYS).

Report No. 9
(August 1995)

Report of the Second Meeting of the GRDC Steering Committee, 
Koblenz, Germany, June 27 - 28.

Report No. 10
(March 1996)

Freshwater Fluxes from Continents into the World Oceans based on 
Data of the Global Runoff Data Base.

Report No. 11
(April 1996)

GRDC - Status Report 1995.

Report No. 12
(June 1996)

Second Interim Report on the Arctic River Database for the
Arctic Climate System Study (ACSYS).

Report No. 13
(Februray 1997)

GRDC Status Report 1996



Reference of GRDC Reports

Report No. 14
(February 1997)

The use of GRDC - Information
Review of data use 1993/1994. Status: January 1997

Report No. 15
(June 1997)

Third Interim Report on the Arctic River Data Base (ARDB) for the Arctic 
Climate System Study (ACSYS): Plausibility Control and Data Corrections 
(Technical Report)

Report No. 16
(August 1997)

The GRDC Database. Concept and Implementation.

Report No. 17
(Sept. 1997)

Report on the Third Meeting of the GRDC Steering Committee, Koblenz, 
Germany June 25-27, 1997

Report No. 18
(July 1998)

GRDC Status Report 1997

Report No. 19
(July 1998)

Evaluation of Statistical Properties of Discharge Data of Stations 
Discharging Into the Oceans - Europe and Selected World-Wide Stations - 
(F. Portmann)

Report No. 20
(July 1998)

Water Resources Development and the Availability of Discharge Data in 
WMO Region II (Asia) and V (South-West Pacific)


