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Preface 
 
UNESCO Chair Workshop on Sustainable Groundwater Management in Arid and 
Semi-arid Regions was held on 1 October, 2008 at the Institute of Geo-ecology, MAS, 
Ulaanbaatar, Mongolia in conjunction with 16th Regional Steering Committee (RSC) 
Meeting for UNESCO-IHP-Southeast Asia and the Pacific which was held at the 
Chinggis Khaan Hotel, Ulaanbaatar on 2-3 October, 2008. 
     The workshop was hosted and organized by the UNESCO Chair in Mongolia, 
Institute of Geo-ecology, MAS, Terrestrial Environment Research Center, University 
of Tsukuba, UNESCO Office Beijing and Mongolian Water Authority. Scientific 
workshop and meeting is also one of important activities within the framework of 
implementation of the UNESCO Chair on Sustainable Groundwater Management in 
Mongolia.  
     The aims and purpose of the workshop are to share and disseminate knowledge, 
information and experiences in groundwater resources and watershed management 
sciences and to promote cooperative and collaborative activities in several areas 
supporting the core themes of the UNESCO Chair. 
     At the workshop, 8 scientific papers were presented and published in this 
proceedings. The range of topics covered by the papers including groundwater 
initiatives in UNESCO, groundwater resources issues and data bases in arid and semi-
arid regions, and quaternary aquifers and forest degradation in Tuul river basin, 
Mongolia. 
     We hope that this UNESCO Chair workshop and its deliberations will bring benefit 
to many of us and the Chair activities will be extended to continue the proceeding.  
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Workshop Background and Purpose 
 
 
Background 
 
Of Mongolia’s total water supply 90 % is groundwater. Global warming is inducing 
climate changes in Mongolia, which is located at a comparatively high altitude. The 
groundwater levels are declining and thousands of rivers and streams have dried up 
over the last few decades. Climate change has caused the average annual air 
temperature to increase by 1.8 – 2.0 °C, the amount of precipitation to decrease and its 
distribution to change. 

Most surface streams freeze during the winter and are impossible to use as water 
supplies. Due to the continental climate conditions and long winters (7 months), the 
use of groundwater is very common in Mongolia. Groundwater supplies are reached 
using any different types of production wells. 

The southern, dry parts of Mongolia are rich in minerals. However, more 
groundwater resources are needed to meet the mining industry’s water supply needs. In 
these areas the lack of water restricts the development of infrastructure. Managers of 
mining industries in the southern Gobi have encountered many technical problems 
regarding the supply of sufficient industrial water. 

In many countries, particularly in arid areas, groundwater is vital to the livelihoods 
and health of the majority of the people, since it provides almost the entire water 
supply for domestic, agricultural and industrial use. Groundwater resources support 
agriculture by providing significant quantities of irrigation water, especially in regions 
where the climate is dry and crop production without irrigation is not feasible. 
Groundwater maintains soil moisture and stream flows. In arid regions groundwater is 
the most important source of freshwater. 

Fast population growth, and expanding urban areas and industries, has resulted in a 
rapid increase in water demand. Urbanization and industrialization has reduced 
groundwater recharge as a result of over-exploitation. This reduction in aquifer 
recharge depletes the aquifers and changes hydraulic gradients. In addition to intensive 
mining activities destroying aquifers, the exploitation of surface water can also affect 
groundwater yields. 

Groundwater pollution is caused by substances originating from many different 
activities. Many of them originate from man’s direct use of water and others from 
indirect contamination via soils. Irrigation, badly planned groundwater development 
and improper well construction belong to the first category; and inadequate sanitation, 
disposal of waste and application of fertilizers belong second category. 

Groundwater monitoring plays an important role in the management of water 
resources. The groundwater monitoring program needed for a particular area depends 
on the type of water quality problem faced, sources of contamination, hydro-geological 
conditions and extent of groundwater use. Monitoring activities can help identify and 
solve problems before irreversible damage is done. 
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Purpose 
 
The purpose of the workshop is to discuss the above problems and issues and to 
advance knowledge on groundwater resources in order to promote environmentally 
sustainable development. I seeks to bring forward research findings, case studies, 
success stories, recent advances in planning and design methodologies, and examples 
of improved groundwater management policies, institutions, strategies and practices.  
 
 

1 October, 2008 
 

On Behalf of Organizers 
                                                                                                   Dr. J. Tsogtbaatar 

Director of Institute of Geo-ecology, MAS 
                                                                                                   Dr. L. Janchivdorj 

Chairholder, UNESCO Chair in Mongolia 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

v

Opening Remarks by Dr. L. Janchivdorj 
 
Chairholder of UNESCO Chair on Sustainable Groundwater Management in Mongolia 
Head of Department of Water Resources and Utilization, Institute of Geo-ecology, 
Mongolian Academy of Sciences,Ulaanbaatar,Mongolia 
 
 
1 October, 2008 
 
At opening session of the workshop on “Sustainable Groundwater Management in 
Arid and Semi-Arid Regions”, Institute of Geo-ecology, MAS, Ulaanbaatar. 

 
Ladies and gentlemen,  
  
First, it gives me great pleasure to welcome you here on behalf of the Steering 
Committee of the 614th UNESCO Chair Program.  

 
The IGMAS and University of Tsukuba, Japan, in collaboration with the UNESCO 
Office Beijing, will host this workshop for the Steering Committee of the UNESCO 
Chair Program on “Sustainable Groundwater Management in Arid and Semi-Arid 
Regions” and, other researchers and UNESCO experts.  
 
The workshop objectives are to present and discuss the results from research related to 
groundwater management issues in Arid zones. There will be discussion of the 
different aspects of groundwater management research, relating to the influence of 
anthropogenic factors, global climate change, and the cumulative impacts of both 
anthropogenic and natural factors. 
 
The presentations are intended to address the methodologies and approaches to 
research of different water sources. They will also include evaluations of the effects of 
anthropogenic influences and results of long-term groundwater studies. 

 
The schedule includes a field trip to a monitoring site at the Upper Groundwater 
Source of Ulaanbaatar, located in the Tuul river valley.  
 
One third of the Mongolian territory is occupied by surface water networks, of which 
70-90 per cent are nourished by precipitation. Consequently, as Mongolia is receiving 
less and less rainfall many rivers and streams have dried up. This process has been 
occurring in the country for the last two decades. Due to the mountainous landscape, 
almost all rain-fed rivers run to the Arctic and Pacific Ocean Basins and most of the 
surface run-off flows out of the country.  
 
In some parts of Mongolia the ground freezes to a depth of approximately 3.5 m and 
rivers are frozen for up to 7 months of the year. The population must therefore rely 
predominantly on groundwater sources for household and drinking supplies, industrial 
supplies and livestock watering.  Groundwater plays an important role in the cold and 
high altitude territory of Mongolia. 
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The sustainable rate of surface and ground water use has already been exceeded in 
some areas: for example, in the Tuul river and Shariin river basins. This situation is 
likely to become more widespread if current trends continue. Overuse has not only led 
to the loss and depletion of water resources, but also caused a decline in water quality. 
Changes have been observed in the quality of water near the capital city of Ulaanbaatar, 
where wastewater is being discharged into the river. 
 
The Board of Statistics found that in 2007, 52 percent of the population was drinking 
poor quality water in the arid regions of Mongolia. The government has planned to 
improve the standard of drinking water in 117 small centers and the Mongolian Water 
Development Program is focused on facilitating the purification of drinking water 
where it does not meet standards.  
 
Despite the increasing reliance on groundwater, water resources in the southern arid 
regions of Mongolia have not been well investigated. Many foreign companies are 
eager to develop gold, copper, coal and uranium mines in the Gobi region and this is 
dependant on sourcing sufficient water supplies. The groundwater resources are 
limited however, and require careful management as they are the oldest in the country.   
 
Following the adoption of a free market system, the economic structure changed and 
the mining industry quickly developed. Correspondingly groundwater pollution in 
mining areas has increased markedly. A set of ecological criteria for guiding the safe 
utilization of groundwater resources needs to be determined, and a better understand-
ing of groundwater system regimes is required in order to prevent exploitation beyond 
self-renewable levels.  
 
Research work for the identification of groundwater resources, recharge rates, 
dynamics of groundwater within the aquifers, and interconnections between shallow 
and deep aquifers plays an important role in assessments of current and future water 
supplies for Mongolia. The use of isotope techniques is an important aspect of 
groundwater resource management. The analysis technique, used together with 
traditional hydrologic tools, provides a rapid low cost understanding of large-scale 
groundwater systems. 
 
The National Water Resources Development Program is focused on training 
professionals and coordinating academic organizations’ input to integrated water 
resource management policy making.  
 
Finally I would like to express our sincere appreciation to you, for the deep concern 
and support your countries extend with regards to water management problems. I 
would like to close my remarks by wishing you a productive workshop.  
 
Thank you for your attention.  
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The international workshop on “Sustainable Groundwater Management in Arid and 
Semi-arid Regions” is held in our organization today, successfully. After the wrap up 
meeting we will go to the short trip to the water source UB and monitoring well.  
 
I already mentioned that in 2008 our Institute implemented with University of Tsukuba, 
Japan, UNESCO Chair program on “Sustainable Groundwater Management in 
Mongolia”. In the frame of the program, it had a workshop. I would like to express my 
thanks for all of participants and especially for UNESCO Headquaters and UNESCO 
Office Beijing for your support, greatly contributed and effort to this workshop.   
 
The result of the workshop will be very useful for our future work. Through 
presentations and comments of the workshop and planning field visit will be able to 
get new approaches and new knowledge for solving of groundwater management 
problems in Mongolia. There are many works expected in the improving of the 
groundwater management in Mongolia as creation a monitoring network and 
determination the recharge rate of groundwater and establishment the ecological 
criteria for rational use of groundwater.  The presentation materials will be published 
and distributed.  
 
Thank you very much all of you and I wish you success in your future work. 
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Opening Remarks by Dr. Z. Sarantuyaa 
 
Programme Specialist, Natural Sciences Sector, Division of Water Sciences, UNESCO Paris 
 
 
1 October, 2008 
 
Dear Mr. Tsogtbaatar, Dr. Janchivdorj, Prof. Tanaka, Ladies and Gentlemen, 
 
It is a pleasure for me to be here today to represent the Secretariat of the International 
Hydrological Programme of UNESCO, and the UNESCO Headquarters, on behalf of 
our colleagues at the Education Sector of UNESCO. Ms. Sonia Bahri from the 
Education Sector of UNESCO was not able to come to this workshop due to her 
obligations during the Executive Board meeting of UNESCO. She sent her thanks to 
Mr. Tsogtbaatar for having invited her to the workshop. 
 
The IHP – being an intergovernmental scientific programme devoted to water – 
promotes science, education and capacity-building on water in order to assist countries 
in better managing their water resources.  
 
Since its establishment in 1975, the IHP has evolved from a programme devoted 
strictly to hydrological science to a multi-disciplinary programme that is not only 
scientific, but also management and policy-oriented, taking into account the social, 
economic and cultural dimensions of water resources management. With the aim of 
strengthening collective efforts for sustainable water resources management, IHP also 
supports cooperation on water research and capacity building.  
 
The establishment of the UNESCO Chair on Sustainable Groundwater Management, 
hosted at the Institute of Geo-ecology of Mongolia and established in cooperation with 
University of Tsukuba, Japan, is a good example of a successful research and capacity 
building cooperation on sustainable management of water resources. We are pleased 
that this cooperation has been facilitated and supported by UNESCO.  
 
This year, a new, seventh six-year phase of IHP began. It will focus on Water 
Dependencies: Systems under Stress and Societal Responses. The strategic plan of 
IHP-VII puts forward the activities to be addressed in IHP-VII themes and focal areas. 
The last session of the Intergovernmental Council of IHP held in June 2007 adopted 
the four priorities of IHP-VII. These priorities include: climate change impacts on 
water resources; urban water management; groundwater; and water in arid and semi-
arid regions.  
 
As groundwater is one of the IHP-VII priorities, IHP places importance on activities 
and initiatives that address sustainable management of groundwater resources. 
Groundwater is an important component of the water cycle and also an important 
source of drinking water in many parts of the world. In addition to being an important 
source of readily available freshwater, groundwater also provides important ecological 
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services and functions and plays an important role on maintaining the land and aquatic 
ecosystems. Groundwater has also strategic importance in view of mitigation of and 
adaptation to impacts of climate change. IHP is implementing various activities 
relating to the different aspects of groundwater management, including: climate 
change impacts on groundwater resources; groundwater pollution and quality; and 
transboundary aquifers. We look forward to active cooperation with the UNESCO 
Chair in the implementation of these IHP-VII activities relating to groundwater.  
 
As you are well aware, UNESCO cooperates on the preparation of the GEF project on 
the Baikal Lake Basin and will be the lead executing agency for the Full-Sized Project 
component on surface-groundwater interactions. The contribution of the UNESCO 
Chair in the preliminary TDA of preparatory phase project was valuable, and I would 
like to thank the UNESCO Chair, in particular Prof. Tanaka, Dr. Janchivdorj, Ms. 
Erdenechimeg for their very active cooperation by providing the necessary information. 
Now we are finalizing the preliminary TDA and also formulating the Full-Sized 
project activities. It is expected that the full-sized project will start in 2009 after its 
approval. The project component, for which UNESCO is the executing agency, will be 
implemented in cooperation with existing UNESCO efforts in the countries, namely: 

• UNESCO IHP National Committees of Mongolia and Russia 
• UNESCO Chair on Water Resources at the Irkutsk State University, Russia; 

and 
• Your Chair. 

 
Therefore, our collective efforts and cooperation will be very important for the 
successful implementation of the project activities. 
 
On behalf of Mr. Andras Szollosi-Nagy, Secretary of UNESCO-IHP, I would like to 
thank the Chair on its active cooperation with IHP since its establishment in 2007 and 
look forward to its continued active cooperation. 
 
I see that the workshop programme includes many interesting presentations, which I 
believe will provide very useful information about groundwater issues in Mongolia 
and the region. I wish a successful workshop with rich discussions.  
 
 
Thank you.   
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UNESCO-IHP in East Asia  
 

R. Jayakumar1, Liu Ke1, Duan Xiaoli1 & Eunah Kim1 

 

1  Natural Science Sector, UNESCO Office Beijing, 15-5-3- Waijiagongyue, Jianguomenwai, 
Beijing-100600, P. R. China   
r.jayakumar@unesco.org 

 
 

Abstract For over 30 years, IHP has been actively operating as an UNESCO’s international 
scientific cooperative programme in water research, water resources management, education 
and capacity-building, and the only broadly-based science programme of the UN system in this 
area. By a number of initiatives and networks, IHP has progressively carried out activities on 
the quantity and quality of global/regional water resources, transboundary water resources 
management, mitigation of water related hazard, water education. While addressing 
comprehensive areas over water challenges, greater emphasis has been placed on the role of 
water resources management for sustainable development and with respect to the expected 
changes in climate and environmental conditions. WWAP (World Water Assessment 
Programme) and its major product WWDR (World Water Development Report) in East Asia 
are under the framework of IHP which supports field oriented activities on monitoring 
freshwater, developing case studies, enhancing national assessment capacity, and facilitating 
decision making processes. In light of transboundary water in IHP, Regional Steering 
Committee (RSC) plays a focal role for facilitating regional cooperation in the Southeast and 
East Asia and Pacific States. Furthermore, International Sediment Initiative (ISI) and 
International Flood Initiative (IFI) have significant roles, respectively, for the management of 
erosion and sedimentation in line with river system or reservoir management, and for the flood 
management focusing on capacity building of each country in East Asia. Mitigating water 
conflicts on transboundary aquifers (ISARM), water management of arid areas (Asian G-
WADI), sustainable management of groundwater by UNESCO Water Chair, and water 
education (SWIM-EDU) are also major areas of concern under UNESCO’s IHP Programme in 
East Asia.    
 
Key Words: UNESCO-IHP, East Asia, water resources 

 

INTRODUCTION 
 
It was recognized in the World Summit on Sustainable Development, held in 
Johnhansberg 2002, that sciences have an indispensable role in providing solid 
underpinning for sound decision and policy-making process on sustainable 
development. The findings and recommendations stemmed from the summit, together 
with those from the World Sciences Forum held before, have guided United Nations 
Educational Scientific and Cultural Organization (UNESCO) in further shaping its 
science programmes, defining missions of the programme as “the Promoter and 
Broker of Sciences”. The mission was further structured into two major programmes 
of: 
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 Science, environment and sustainable development, aimed to improve human 
security through a better management of the environment 

 Capacity-building in science and technology for development, that seeks to 
enhance human and institutional capacities in science and technology to allow 
the widest possible participation in the knowledge society, and also to adapt 
science policy to societal needs 

Both of the programmes are endeavoured to pursue the UN Millennium Development 
Goals (MDGs), in particular those in relation to the eradication of poverty, gender, 
environmental sustainability and the development of a global partnership for peace and 
development.  

THE INTERNATIONAL HYDROLOGICAL PROGRAMME (IHP) 
 
IHP is UNESCO’s international scientific cooperative programme in water research, 
water resources management, education and capacity-building, and the only broadly-
based science programme of the UN system in this area. For 30 years (1975−2005), 
IHP has been committed to developing the science of hydrology to meet requests 
derived from social development. Its primary aim is to draw together scientists 
worldwide in order to establish the scientific and technological bases for the rational 
management of water resources with respect to water quantity and quality. UNESCO 
contributed to the preparation of the first United Nations Conference on Water held at 
Mar del Plate, Argentina, in March 1977. This conference attended by representative 
of 116 governments and of many international organisations, had a paramount 
importance in the international recognition of water as a key factor in socio-economic 
development. 
 In January 1992, UNESCO was one of the twenty bodies and agencies of UN 
system which organized the International Conference on Water and the Environment 
(ICWE) in Dublin, Ireland. The Dublin Statement enunciates four basic principles: 
 

1. Freshwater is a finite and vulnerable resource, essential to sustain life, 
development and the environment 

2. Water development and management should be based on a participatory 
approach, involving users, planners and policy-makers at all levels 

3. Women play a central part in the provision, management and safeguarding of 
water 

4. Water has an economic value in all its competing uses and should be recognized 
as an economic good 

  
 The ICWE was designed as an input to the UN Conference on Environment and 
Development (The Earth Summit) held in Rio de Janeiro, Brazil in June1992. The 
Agenda 21 adopted by the conference mentions, inter alia, that “The holistic 
management of freshwater and the integration of sectoral water plans and programmes 
within the framework of national economic and social policies are of paramount 
importance of action in the 1990s and beyond”. The above-mentioned principles are 
fully in line with the basic philosophy of the IHP (Sorin Dumitrescu, 2006). 
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 In the general framework of IHP, greater emphasis has been placed on the role of 
water resources management for sustainable development and with respect to the 
expected changes in climate and environmental conditions. Progress has also been 
achieved in methodologies for hydrological studies, training and education in the water 
sciences. One of IHP’s continuing objectives is to integrate developing countries into 
research and training efforts, thereby reinforcing regional aspects while maintaining 
global coordination. 
 The current phase IHP-VII (2008−2013) titled as ‘Water Dependencies: Systems 
under Stress and Societal Responses’ will focus on the strengthening of the existing 
scientific knowledge to provide new directions for science and research to develop 
scientific tools and responses to help mitigate and reverse these trends.   
 

OVERVIEW OF FRESH WATER SITUATION IN EAST ASIA  

Global water resources scenario 

In 2006, the 2nd version of the World Water Development Report (WWDR) was 
issued by the World Water Assessment Progreamme (WWAP). The report is the 
flagship report of WWAP, a programme under the UN Water—a cross-agency entity 
coordinating 24 UN agencies dealing with water issues. The report not only includes 
latest data and information reflecting the world water situation, but also grasps major 
themes of the general trend for researches and management on water issues.   
 As is addressed in the 2nd version of the World Water Development Report, one 
of the major themes identified is the changing context of the world water situation. The 
changes may come from both natural and social origins. In the natural part, more and 
more scientific data are verifying the fact that the natural environment is subject to the 
influences of a changing climate. This may have given rise to natural changes and even 
disasters such as the Indian Ocean Tsunami, and the frequent hurricane attacking the 
Caribbean and Pacific coasts. Moreover, changes are also brought forth from the social 
aspect, including population growth, immigration, and transboundary management of 
water resources. Some of these matters may even incur water related tensions and 
conflicts in areas suffering from serious water scarcity. In addition, the recent fast-
paced economic development, especially in developing countries like China, has 
generated large amount of pollution that is threatening the safety of drinking water 
resources. Moreover, an efficient and strong governance mechanism needs also to be 
urgently set up to sustainably protect and manage precious water resources. 

Water resources of East Asia 

Table1 shows that water availability varies greatly in this region. To illustrate, 
Mongolia enjoys the highest water resources availability rate. Although Mongolia is 
comparatively rich in water resources stemming from precipitation in the high 
mountains, in its desert south, western and eastern provinces, the water resources are 
much scarcer and are generally of poorer quality with increasing salts and diminishing 
water levels in groundwater tables, streams and lakes (FAO-AQUASTAT, 1999). 
Another country share the problem of uneven water distribution is China (FAO-
AQUASTAT, 1999). Besides low water availability per capita, the water resources in 
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China are unevenly distributed in terms of time and space. Affected by monsoons, 
precipitation occurs mostly in the summer months providing 60-80% of the total 
annual precipitation, which is advantageous for agriculture. This pattern of 
precipitation tends to result in droughts in spring and floods and waterlogging in the 
summer. Furthermore, quality of fresh water resources in this region varies greatly. 
Japan and R.O. Korea yield much higher water quality than the rest.  
 Water availability varies in different seasons. Most of the East Asia area is subject 
to the monsoon climate, the warm and wet winds in spring and summer times bring 
most of the annual precipitation. However, in the winter seasons, the climate tends to 
be cold and dry. This situation often makes this area vulnerable to natural disasters 
such as hurricane and storm in summer and drought in winter. For instance, the 
Chinese capital Beijing has been experiencing continuous drought from 1999 to 2006 
in winters. The per capita water resources per year are less than 300 cubic meters, 
which is only 1/30 of the world’s average. To cope with the situation, groundwater has 
become one of the major alternative resources for cities like Beijing. Unfortunately, 
the groundwater consumption often follows an excessive manner, leaving a series of 
problems such as land subsidence and sea water intrusion. The problems can be 
particularly worsened when climate change brought higher temperatures, reducing 
amount of precipitation but increasing that of evaporation.  
 

Table 1.  Water availability of East Asian countries. 

Country 
Populati

on 

Precip
i- 

tation 
Rate1 

TAR
WR 

Volum
e  

2005 

TARWR
2 

Per 
Capita 
2000

TARW
R  

Per 
Capita
2005

Surface 
water 
ratio 

to 
TARWR

Ground-
water 
ratio 

to 
TARWR

Ove
r- 

lap3

ratio

Incomin
g water 

ratio 
to 

TARWR 

Outgoing
4 water 
ratio 

to 
TARWR 

Total 
use 

ratio to 
TARW

R 
 106 mm/yr km3/yr m3/yr m3/yr % % % % % % 

China 
1,320,89

2 
600 2,830 2,259 2,140 96 29 26 1 25  

China, 
Taiwan 
Prov. 

22,894 2,400 67  2,930 94 6 0 0   

DPR  
Korea 

22,776 1,400 77 3,464 3,390 86 17 16 13 6 12 

Japan 127,800 1,700 430 3,383 3,360 98 6 4 0 0 21 
Mongol
ia 

2,630 200 35 13,739 13,230 94 18 11 0 76 1 

RO 
Korea 

47,951 1,100 70 1,491 1,450 89 19 15 7  27 

Source: FAO-AQUASTAT, 2005, the table was extracted from World Water Development Report 2 
(1Average Precipitation (1961-90 from IPCC (Intergovernmental Panel on Climate Change) (mm/year). 
As in the FAO-AQUASTAT Database, for some countries large discrepancies exist between national 
and IPCC data on rainfall average. In these cases, IPCC data were modified to ensure consistency with 
water resources data. 2TARWR stands for Total Actual Renewable Water Resources. 3Overlap is the 
water that is shared by both the surface water and groundwater systems. 4Outflow - Sep. 2004 for 
surface water and Aug. 2005 for groundwater) 
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Regional cooperation on transboundary waters 

Transboundary water include any surface or groundwater that mark, cross or located 
on the boundaries between two or more Sates. In other words, wherever transboundary 
water flow directly into the sea, these transboundary waters end at a straight line across 
their respective mouths between points on the low-water line of the banks (Helsinki 
Convention 1992). By the year 2006, 263 transboundary waters were identified in the 
world and the number has increased by emergence of the newly independent states 
after the breakup of the former Soviet Union. Europe alone has 100 transboundary 
groundwater aquifers and more are expected to be identified in the future (United 
Nations Development Programme, 2006). About 60 % of the global population 
depends on these transboundary waters which often preserve natural ecosystems. 
However, due to the increasing pressure of economic development and competition for 
scarce resources, many international water basins have to suffer serious environmental, 
social and political problems. The United Nations Conference on Environment and 
Development (UNCED) in Rio de Janeiro in 1992 adopted Agenda 21, recognizing the 
muti-sectoral nature of water resources development as well as the diverse interests in 
their utilization (United Nations University, 1990). While there have been much efforts 
among European, South-American and Middle-East countries for cooperation on 
transboundary water between neighbouring countries, East Asia has relatively low 
number of transboundary waters and thus less cooperative work regarding sharing 
waters. 
 China shares 12 main rivers with six neighbouring counties, including Mongolia, 
Pakistan, India, Kazakhstan, the Kyrgyz Republic, Myanmar, Lao People’s 
Democratic Republic and Viet Nam.  The mean annual volume of water entering the 
country is 17.2 km³, of which 4.2 percent in the Heilongjiang basin, 52.9 percent in 
inland rivers, 0.7 percent in rivers in the southwest, and 42.2 percent in the Pearl River 
basin. The table 2 presents data on rivers entering into and flowing out of China.  
 In light of international cooperation regarding water sharing problems UNESCO’s 
PCCP (Potential Conflict to Cooperation Potential) facilitates multi-level and 
interdisciplinary dialogues to foster peace, cooperation and development. It uses 
methodologies of joint research and training activities to find ways to enhance the 
concerned parties’ knowledge of the shared water resources as well as to achieve 
progress on the cooperation and development.  
 
 

IHP IN EAST ASIA 
 
Regional Steering Committee (RSC) 
 
Regional Steering Committee (RSC) is a regional network of IHP in the Southeast 
Asia. Its members consist of representatives from 14 IHP National Committees from 
this region. This has made it easier for regional cooperation to carry out IHP initiatives. 
Since 1993, annual RSC meetings have been convened in different countries of the 
region to report, evaluate and review a wide range of activities conducted in the 
framework of IHP as well as to design new ones.  
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 With strong support from the Japanese Government through providing a Funds-in-
Trust contribution on a regular basis, in co-operation with UNESCO Jakarta and the 
participating member states, the RSC has coordinated a wide spectrum of initiatives 
over the ten years covering research studies, technical projects, workshops, training 
courses and annual symposia, bringing together many specialists in the field of water 
activities. Among initiatives generated by RSC, the most notable ones include the AP-
FRIEND (Asian Pacific Flow Regimes from International and Experimental Network 
Data) project, the Asian Pacific Water Archive and the Catalogue of Rivers.   
 
International Sediment Initiative (ISI) 

The management of erosion and sedimentation has been an important part for 
catchments, river system, and reservoir management. It has been recognized that, 
without appropriate treatment methods, more than 50 % of the world’s reservoir 
capacity will be lost in the next decades due to erosion and sedimentation. 
Nevertheless, relevant investigations on sedimentation and erosion need to be further 
promoted in a world scale.   

In this general backdrop, the International Sedimentation Initiative (ISI) was 
launched, as a major activity, in the sixth phase of UNESCO-IHP (2002-2006). The 
initiative was expected to add a new dimension under the general context of 
sustainable water management, specifically through the two UN Decade of Education 
for Sustainable Development, and the UN “Water for Life Decade”, both of which 
were launched in 2005.  
 The initiative is expected to improve awareness on the sedimentation and erosion 
issues. It is also aimed to provide advices and enhance the making and implementation 
of policies that would contribute to the sustainable management of erosion and 
sedimentation. To realize the aims, a series of activities have been carried out. For 
instance, under the general ISI framework, a global repository was constructed with 
inputs of data and information, collected by major international research institutes, 
derived from documents on erosion and sedimentation.  
 One of such reputable institutes in East Asia is the International Research and 
Training Center for Erosion and Sedimentation (IRTCES) located in Beijing. Through 
its competent investigations, IRTECES managed to provide the latest data and 
information on the situation of the erosion and sedimentation in major river basins 
areas such as the Yangtze River and the Yellow River. In addition, it also organizes 
trainings and conferences to improve awareness and capacity to sustainably manage 
and monitor the erosion and sedimentation in China. 
 
International Flood Initiative (IFI) 
 
As one of the greatest water-related natural disasters, flooding can cause devastating 
damage that affect millions of people’s livelihood, claiming thousands of lives each 
year. However, on the other hand, the floods are naturally occurred phenomena 
providing elements not only to the sustainability of particular ecosystems, but also to 
the development of many human activities.   
 Unfortunately, water-related disaster is under constant rise as a result of 
urbanization, climate change and global warming. Since 1992, the yearly number of 
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water-related disasters has risen from slightly over 50 to more than 150. The disasters 
have claimed about 25,000 lives and affected over 500 million annually, costing the 
world economy more than $60 billion. Under the circumstances, during the World 
Conference on Disaster Reduction (WCDR), International Flood Initiative (IFI) was 
launched in 2005. IFI aims to reduce human and socio-economic losses from flooding 
and use of flood plains while increasing social, economic and ecological benefits.  
 In order to achieve its goals, IFI has engaged many carefully designed activities 
related to integrated flood management covering research studies, training, information 
networking, empowering communities with good governance and technical assistance. 
Through these activities, IFI is expected to develop the capacity of each country to 
better understand and handle flood involved hazards, vulnerabilities and benefits. 
 IFI is based in the International Centre for Water Hazard and Risk management 
(ICHARM) hosted by the Public Works Research Institute in Tsukuba, Japan. 
ICHARM was endorsed as the global facility and Secretariat responsible for the IFI at 
UNESCO’s 33rd session of its General Conference. 
 
G-WADI Asia 
 
Approximately 80 countries, constituting 40 % of the world’s population, were 
suffering from serious water shortages by the mid-1990s (Asian G-WADI-UNESCO, 
2007). In less than 25 years, two-thirds of the world’s population will be living in 
water-stressed countries. Globally, arid and semi-arid areas face the greatest pressures 
to deliver and manage freshwater resources. Furthermore, these areas are under 
growing pressure of water management derived from issues including, population 
growth, agricultural expansion, salinity increases, and agricultural/urban pollution. 
These problems have exerted further difficulties to realize goals of water resource 
availability, equity in water management, and strategies to support peace and security.  
 As a result of growing attention and challenges on water management in arid and 
semi-arid areas, the 15th session of the Intergovernmental Council of the International 
Hydrological Programme (IHP) decided to establish a Global Network on Water 
Resources Management in Arid and Semi-arid Zones, in December 2002. Following 
this decision, the Global Network on "Water and Development Information for Arid 
Lands (G-WADI)” was established in the initiating meeting held in Paris on 14 and 15 
April 2003. G-WADI’s strategic objective is to strengthen the global capacity to 
manage water resources in arid and semi-arid areas. Its primary aim is to create an 
effective global community to promote international and regional cooperation in arid 
and semi-arid areas. 

In light of the goal of G-WADI, in March 2005, in Roorkee, Asian G-WADI was 
established to create a network promoting international and regional cooperation of 
water management in arid and semi-arid areas with specific emphasis on Asia. This 
network covers eleven countries including Afghanistan, China, India, Iran, Kazakhstan, 
Kyrgyzstan, Mongolia, Pakistan, Tajikistan, Turkmenistan, and Uzbekistan. Asian G-
WADI serves as a platform for information and resource sharing. Focusing on this aim, 
Asian G-WADI has formulated guidelines for proposing one or more basins as G-
WADI pilot basins in a country, which can contribute to the knowledge base for the 
region. Asian G-WADI is working effectively in network building of data, ground 
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water modelling and research. Asian G-WADI had also identified specific research 
needs for arid and semi-arid regions of Asia that would be highlighted as areas of 
special emphasis and would provide assistance to conduct studies and research in 
concepts such as: 
 

• Spatial-Temporal Rainfall analysis  
• Evaporation and Evapotranspiration estimation 
• Rainwater harvesting and artificial recharge 
• Canal transmission loss 
• Ecohydrology 
• Groundwater Management  

    
Asian G-WADI works actively in capacity building and networking with 

collaborative government bodies, active NGOs, educators, and scientists applying an 
integrated approach.   
 
Groundwater for Emergency Situation 
 
In recent years, the availability of and access to freshwater have been highlighted as 
among the most critical resource challenges in the world. With the blooming economic 
development and the rapid urban population increase in China, water shortage has 
become to be a widespread issue. More than 400 cities (about two third of the cities in 
China) are being puzzled by seasonal or perennial water shortage; among them more 
than 100 cities are facing serious water crisis. 
 As part of the global initiative, UNESCO Office Beijing initiated a pilot case study 
on "The Emergency Water Supply in Beijing for Coping with the Consecutive 
Drought." The Project is being implemented by the China Institute for Geo-
Environmental Monitoring (CIGEM), China Geological Survey and Geo-
Environmental Monitoring Station (GEMS), Beijing (UNESCO Office Beijing, 2007). 
 Beijing is regularly influenced by the continental climate with semi-humid 
monsoon, and faces serious shortage of water resources that is far below the UN 
standard water resource availability per capita and also below the lowest standard of 
water resource availability per capita to ensure the modern and easy social life and 
production presented by UNESCO.  
 In the beginning of the 2007, UENSCO paid much attention to the serious water 
shortage in Beijing, trying to find out solutions for the shortage of water supply in the 
consecutive years of drought in Beijing, and to share the experiences of emergency 
water supply for other regions and countries with similar situation. To complete the 
mission successfully, CIGEM and GWES were selected to collaboratively conduct 
data collection, and general research incorporating 5 field investigations. A completed 
report on the Use of Groundwater for Emergency Cases in Beijing was successfully 
has been well reached.  
 
Rainwater Harvesting of Shenzhen Urban Area 
 
As one of the biggest economic centres of China, Shenzhen is facing great challenges 
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of extreme water shortage although enjoying fast economic growth. It ranks as one of 
the top seven cities in China facing most severe water shortage crisis. Shenzhen’s 
geographic character, in line with its large amount of water consumption, and other 
human activities have jointly worsened its water shortage problem. Water resources in 
Shenzhen city heavily rely on rivers and ground water resources. However, rainfall, as 
another source of important water supply, has not been sufficiently used yet. For 
instance, only one third of its total rain fall volume has been properly collected and 
stored for usage. Additionally, most of the rain harvesting venue concentrates on 
various reservoirs. Despite the fact of water shortage and problems on rain harvesting 
Shenzhen is facing, it is still one of the cities advocating rain harvesting also with 
successful experiences. The case of Shenzhen and downside of rain harvest activities 
can serve as example for other cities with similar situation. Therefore, conducting a 
case study of rain harvesting in Shenzhen City would greatly contribute to rain 
harvesting endeavours elsewhere in China. 
 In view of that, UESCO Office Beijing sponsored a pilot case study on "Urban 
Rain Water Harvesting-Case Study in the Shenzhen City" carried out by College of 
Water Sciences, Beijing Normal University. This case study was conducted in 2007 
and a report on Rain Harvest in Shenzhen City has been completed and submitted to 
UNESCO Office Beijing. 
 The report elaborates experiences of the Qiaoxiang district, a pilot district of rain 
harvesting in Shenzhen. Three major rain harvesting methods, including roof rainwater 
collection, road rainwater collection and green space rainwater collection were 
identified and investigated in detail. The report also presented rain harvesting 
condition in Shenzhen city. Data analysis of the report showed that annual mean 
rainfall volume in Shenzhen is above 1837 mm, but the value of water resources 
availability per capita is less than 200 m3. Additionally, Shenzhen City Reservoir 
Runoff accounts in the proportion of the total runoff in the city of Shenzhen were 
30.5%, 31.8% and 33%. In other words, only 1/3 of the Shenzhen annual rainwater 
resources are properly stored for usage. Therefore, Shenzhen has great potential in rain 
harvesting.  Another contribution of this research paper is that it explored advantages, 
disadvantages and respective harvesting methods in three different areas including 
mountain areas, urban areas and river areas, where rain harvesting is being carried out. 
Lessons learned from this case study could well provide reference and benchmark to 
be shared for rain harvest endeavors in China. 
 
Transboundary Aquifer 
 
Approximately 40 % of the world’s population lives in river basins and aquifer 
systems that cross the political boundaries of two or more countries. The aquifers, 
apart from its environmental function as vital natural resources, are also endowed with 
crucial social function, constituting solution for preventing conflicts over water 
resources. Transboundary Aquifers, as part of the global groundwater resource system, 
are important for building a society where civilizations coexist harmoniously and 
accommodate each other.  
 The significance of trans-boundary aquifers has long been recognized. However, 
their function in environmental and human development perspectives have not 
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received due attention. To remedy the deficiency, the International Association of 
Hydrogeologists (IAH) established a commission on Transboundary Aquifer Resource 
Management (TARM) to promote related studies and joint international cooperation. 
The initiative of IAH coincided with the Commencement of the UNESCO 
International Hydrological Program (IHP). In addition, with joint efforts from the Food 
and Agriculture Organization (FAO) and the United Nations Economic Commission 
for Europe (UN ECE), it gives rise to the framework document of ISARM 
(Internationally Shared Aquifer Resource Management).  
 With the goal of promoting sound use of transboundary aquifers, ISARM has led 
to several regional initiatives, including ISARM-America, ISARM-Europe, ISARM-
Balkans, ISARM-Asia. As one of the outputs of ISARM-Asia programme, the report 
on “Transboundary Aquifers in Asia with Special Emphasis to China” represents 
advanced research on transboundary aquifers in the Asia-Pacific region. Through this 
report, UNESCO, as a major coordinator of ISARM, promoted awareness on 
transboundary aquifers as vital natural resources, especially among the policymakers, 
and also to enhance collaboration of countries with shared aquifers on management of 
such resources in a sustainable manner.  
 Based on previous experiences in other regions, the report of “Transboundary  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Aquifers in Asia with Special Emphasis to China”, comparatively, is in need of further 
promotion. The authors supervise and develop regional preliminary data on selected 
shared aquifers in Asia and conduct a pilot case study on the Heilongjiang-Amur River 
flowing through China and Russian Federation under ISARM-Asia framework. This 
report covers topics including groundwater resources and transboundary aquifers in 
Asia, groundwater resources and transboundary aquifers in China, pilot study of shared 
aquifer between provinces within China, and a case study of shared aquifers between 
China and the Russian Federation - the aquifers underlying the Heilongjiang-Amur 
River basin.  

In this report, UNESCO-IHP programme identified twelve significant 
transboundary aquifers in Asia, demarcated as Table 3, that are with significant socio-
economic and ecological implications for the sharing nations. Also, the aquifers are 

Fig. 1. Middle Heilongjiang-Amur River Basin (Han 
Zaisheng et. al, 2007).  
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often factors to maintain regional peace and cooperation. Based on data collected on 
groundwater resources contained in such aquifers, the groundwater systems in central, 
east, and south Asia are analyzed. Particularly, aquifers on the national boundary of 
China are evaluated in details. Moreover, the research on the middle basin of 
Heilongjiang-Amur River that boarders China and Russia has been taken as the first 
case study on transboundary aquifers in East Asia. The information presented through 
such case study is now available for sharing for other Asian countries that possess 
trans-boundary aquifers. The report also provided primary data and information for the 
joint management of transboundary water resources. For instance, joint management 
on the Heilongjiang-Amur River basin is investigated in the case study. This could 
contribute to the ISRAM-Asia, as one of the first initiatives, from the management 
perspective. The report could also serve to promote as well the ISRAM-Asia Network 
headed by China.  
 

Table 2. Transboundary Aquifers in Asia (Han Zaisheng et. al, 2006). 
No Name of Transboundary 

Aquifer System 
Countries sharing this aquifer system Type of aquifer 

system 
Extension 
[km2] 

1 Ertix River Plain Russia, Kazakhstan  1 120000 
2 West Altai Russia, Kazakhstan  1,2 40000 
3 Ili River plain  China, Kazakhstan  1 53000 
4 Yenisei upstream Russia, Mongolia 1,2 60000 
5 Heilongjiang River plain China, Russia 1 100000 
6 Central Asia Kazakhstan,Kyrgyzstan, 

Uzbekistan, Tajikistan,Turkmenistan,
Afghanistan 

1,2 660000 

7 India River plain India, Pakistan  1 560000 
8 Southern of Himalayas Nepal, India  1 65000 
9 Ganges River plain Bangladesh, India  1 300000 

10 South Burma Burma, Thailand  2 53000 
11 Mekong River plain Thailand, Laos, Cambodia, Vietnam 1 220000 
12 New Guinea Island Indonesia, Papua New Guinea 2 870000 

Type of aquifer system: 1 porous, 2 fissured/fractured, 3 karst 
 
ISARM-Asia is jointly undertaken to implement within close cooperation between 
relevant ministries, departments and commissions with specific focus upon Asia. 
These organizations are also ones responsible for the development and management of 
groundwater water and transboundary issues in this area.  
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Water Education 

Water is one of the fundamental natural resources for life on earth. However, it is 
under constant and severe threat of pollution and over exploitation. Unless priority is 
given quickly to creating an infrastructure to assure availability of water, there may not 
be water to meet the agricultural, domestic and industrial needs of an increasing world 
population that has tripled in a number of countries. The United Nations has 
proclaimed Water for Life Decade for the period 2005 – 2015. Additionally water is 
also a focal point of the UN – Decade of Education for Sustainable Development. It 
has become imperative to teach and guide young children for a sustainable future 
through water education. Effective water education can greatly contribute to improving 
awareness and imparting applicable knowledge and techniques for sustainable water 
management to our next generation. 

Designated by the UN general assembly as the leading agency for the Decade of 
Education for Sustainable Development (DESD), UNESCO as the UN technical 
Agency takes upon its leading role in water education. In collaboration with the 
Chinese Ministry of Water Resources and the Italian Ministry for the Environment and 
the Territory, it launched Sustainable Water Integrated Management – Water 
Education Programme (SWIM-EDU). This programme aims to educate Chinese 
students from primary to the high school on water resources management in their daily 
lives. SWIM-EDU aims to improve awareness among general public on the 
preciousness of water resources, and ultimately advocate concrete actions to protect, 
cherish and conserve water. 
 The launching workshop of SWIM-EDU project was attended by both national and 
international education, water and water education experts together with school 
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teachers. Successful international water education experience such as Water Class in 
France, community based water education methods of Live and learn, UNICEF’s 
project, Water, Sanitation and Hygiene Education (WASH) in Chinese Schools are 
very inspiring and well received among attendees.  As a follow-up to the launching 
workshop, a publication, Water Education in China enclosing presentations and papers 
on water education was published both in Chinese and in English. Moreover, SWIM-
EDU has successfully carried out a poster competition among primary school students 
with theme of water protection. Winners of the competition were awarded certificates 
jointly issued by UNESCO and IMELS (Italian Ministry of Environment, Land and 
Sea). Additionally, the winning posters have been made into calendars and distributed 
by UNESCO among key stakeholders, including the UN agencies, concerned 
government ministries, schools, NGOs and private sector. Through the promoted 
engagement of students in this activity, awareness and applied knowledge on daily 
water resources management was improved by an effective manner. More importantly, 
SIWM-EDU is also cooperating with Ministry of Education (MOE), P.R. China in 
compelling a series of text books of water education, and a series of teacher training 
would also be initiated accordingly. Furthermore, a website of SWIM-EDU was 
established as one of the main output of this project.   
 Through providing a platform for hydrologists, education experts, national 
government and international organizations to work together, UNESCO is working 
effectively with both schools and policy makers in advancing water education in China.  
 
China Climate Change Partnership Framework 
 
Climate change has been a serious and urgent issue for the last a few decades calling 
upon many related national and international sectors’ attention to mitigate or adapt to 
the impact of global climate change. Its impacts are detrimental especially in 
developing countries where infrastructures are not ready to the changes consequently 
challenging to the achievement of the MDGs, eradication of poverty, combating 
diseases as well as ensuring environmental sustainability. According to China’s First 
National Assessment of Global Climate Change released in June 2007, climate change 
will affect on China’s production of wheat, corn and rice to drop by up to 37% over the 
next 50 years. In addition, increased intensity and frequency of flooding and droughts 
as well as deterioration of public health were expected. As one of the major developing 
countries in the world, China experienced accelerated development in the past decades. 
However, in the meantime of development, China is also faced with serious 
environmental challenges. With half of the national territory under threat of 
desertification, per capita water sources of China are only 2,300 cubic meters that is 
much less than the world’s average. Moreover, a changing climate could continue to 
worsen the situation.  As was introduced by the Chinese National Climate Change 
Assessment report published in 2007, climate change could lift snow line, and melt 
glaciers in Chinese western Qianghai-Tibet plateau-- source area of the Chinese major 
rivers feeding billions of people.  
 UN Theme Group on Energy and Environment, in collaboration with the 
government counterparts in China has formulated a joint programme namely China 
Climate Change Partnership Framework to be carried out for 3 years starting from 
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2008. It is applicable to the category ‘Environment and Climate Change’ among the 
agenda MDG fund focuses on in an effort to achieve the MDGs. The principal 
outcomes of the joint programme are 1) mainstreaming of climate change mitigation 
and adaptation into national and sub-national policies, planning, and investment 
frameworks; 2) establishment of innovative partnerships and dissemination of 
technologies to mitigate climate change and increase local access to sustainable 
energy; 3) accelerated action by China in assessing vulnerability to climate change and 
developing adaptation plans and mechanisms. More specified outputs under those 
main outcomes are assigned to the 9 participating UN agencies corresponding to their 
specialized areas so that the programme takes accumulative benefits of their strengths 
and lessons learned from the past experiences.  
 Among 9 thematic groups included this joint project: Employment, Policies, 
Partnership, Energy efficiency, Renewable energy, Poverty, Health, Water, and 
Agriculture, UNESCO will take the lead role on Water issues included in the joint 
programme cooperating with other relevant UN agencies (UNICEF, UNDP, UNEP, 
WHO, FAO, UNIDO) and government partners such as NDRC, Ministry of Water 
Resources and the Yellow River Conservancy Commission, etc. Water resources is 
one of the vulnerable areas which have shown the symptoms of worsening water 
scarcity, deteriorating quality of water and increasing risks of water-related disasters. 
Water sector in the joint programme will focus on assessment of, development of 
adaptation measure for, and increased capacity for monitoring the impact of climate 
change on water resources and to define and enact remedial action. Based on the level 
of vulnerability to climate change in China, Yellow River Basin was identified for the 
area in need of developing a water management scheme including monitoring, 
remedial measures, vulnerability assessment and development of adaptation options. 
UNESCO will implement the project at Yellow River Basin to carry out analysis of 
present status, assessment of needs, and particular focus will go to the effects of 
climate change on groundwater and charting timely and sustainable responses. Also, 
the project will assess climate impacts on water security in China with regard to 11 
major challenges which are grouped under three main categories: a) challenges on 
governance issues, b) challenges to life and well-being and c) challenges to effective 
management, and the preliminary results of this work will be included in the 3rd 
World Water Development Report (WWDR) scheduled to be published in 2009 during 
the 5th World Water Forum in Istanbul, Turkey. 
 
World Water Assessment Programme 
 
The World Water Assessment Programme (WWAP) is one of the core programmes in 
UN-Water. Housed in UNESCO, it supports activities on monitoring freshwater, 
developing case studies, enhancing national assessment capacity, and facilitating 
decision making processes. The major product of the programme is a periodic 
publication of the WWDR comprising comprehensive reviews on the state of the 
world’s freshwater resources. WWDR includes a thematic component, a 
methodological component involving analysis and the production of indicators of 
water-related stress, and a case study component. As depicted in the Diagram 1, the 
key objectives of the WWDR are building national capacity on self-assessment of 
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Fig 3. Basin Map (source: prepared for the 
WWAP by AFDEC, 2002.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
water resources and facilitating the application of the accumulated knowledges given, 
mutually exchanging progressive feedback for the next periodic report. In this regard, 
case studies from all around the world contribute to knowledge sets including 
indegenous experiences and cross-sectoral methodologies in water resources 
management from various natural and socio-economic environments.  
 
Case Study of Tokyo River Basin, Japan (WWDR-1, 2003; WWDR-2, 2006) 
 
The first WWDR included the pilot case study ‘Greater Tokyo Region’ providing  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Case studies are one of the key components of WWDR, 
which improve national capacity of assessing the state of water 
resources and highlight the challenges to be under concern. 
Source: 
http://www.unesco.org/water/wwap/description/index.shtml    
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interesting geographical features of combining small river basins and a mega city scale 
which covered 5 river basins, namely Tone River, Ara River, Tama River, Sagami 
River, and Tsurumi River. Being a rich and industrialized country, its region has been 
known as best practices in water resource management and environmental protection 
by managing risks with well-established infrastructures. However, it was also reported 
to have water challenges such as deterioration of water quality, flood and drought. 
 Tokyo is one of the most highly populated cities in the world with about 13.25 
million people concentrated in 4,800 km2 of the alluvial plains. The concentration 
imposes huge pressure on water resources represented by the levels of chemical 
oxygen demand (COD) as well as biological oxygen demand (BOD). Due to such 
demographical factors, it was challenging to satisfy the water demands of additionally 
large human and industrial activities, and was asked to implement policy and 
regulation on issues such as groundwater withdrawal, water supply, water for 
agriculture, and a river administration system for sustainable use of natural resources. 
The institutional framework for flood control and water use that was based on the river 
law in 1896 was further improved by incorporating an integrated river management 
system for river administrators to manage a basin under a unified and consistent 
system in 1964; further revision towards this framework was again made in 1997. The 
latest one is with special implications in that it called for public participation based on 
enhanced environmental awareness, the latter of which produced integrated framework 
suitable for sharing risk information and risk prevention. 
 Comprehensive indicators were presented as a major outcome of the region’s 
successful water management to monitor water qualities of the five river basins with 
regard to the challenging areas, which had also adapted public opinion through internet 
based survey. Those indicators based on the clear criteria (relevance, cost, 
comprehensibility, clarity, continuity and social benefit) are important for future 
assessment though some of them are vague to measure exact values. 
 In WWDR-2, Japan provided an overview of water issues that challenge the 
country’s water resource management and extended its concern about water related 
disasters and sustainability of water resources. The overview not only presents basic 
information on water supplies to the public and rates of population with access to 
sanitation, it also briefed on the environmental laws in fields of agriculture, industry, 
and energy regulating sustainable use of water resources, increasing public access to 
sanitation facilities, combating environmental degradation.   
  
Case Study of Tuul River Basin, Mongolia  (WWDR-2, 2006) 
 
Mongolia is a landlocked country covering about 1.5 million km2. Most of the nation’s 
territory is high plateau with an average altitude of 1,580 m above sea level. Due to 
such geographical features, Mongolia suffers from frequent water stress. Only 6% of 
the annual precipitation is available as water resources in form of surface water with 
other left sips into the soil. Not only quantity, the quality of water resources in 
Mongolia is also a big challenge. Based on statistics enclosed in the report, it shows 
that 40 % of Mongolian population lacks access to safe water and only 25 % has 
sustainable access to sanitation facilities. The major cause of such deficiency was 
recognized as the national poverty. As a result, water-related diseases are common, 
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Fig. 4. Overview of the river basins in Mongolia   (source:  
prepared for the WWAP by AFDEC, 2006). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and the poor are often left out of due health services.  
 In the second WWDR, a brief summary on a pilot study of the Tuul River Basin, 
Mongolia was presented. It is a significant area of the country where the capital city 
Ulaanbaatar is located. This area, despite its small coverage within national territory 
(only 3.19 %), is however accommodating more than half of the whole national 
population. Due to a large number of the poor (25 % of the urban poor) living in 
Ulaanbaatar, the proportion of those with adequate access to safe water resources is 
low. Furthermore, rapid urbanization and growing mining industry significantly 
contaminated water resources of the Basin, also disrupted local ecosystems. 
 Even though the Mongolian government well recognizes importance of water 
resources and has put forward number of efforts to protect ecosystem, for instance 
carrying out the National Water Programme, it has been difficult to actually implement 
such efforts due to the deficiency of resources, and hardship to coordinate various 
ministries and local and central governments. Consequently, water related policies 
developed at the national level often do not reach the local level. The report thus 
presents challenges towards water resources in Mongolia, including low level of 
average per capita water consumption with standard far below sanitary requirement, 
deforestation, poor hydropower potential, lack of early warning systems, lack of public 
awareness, and poor management of water-related programme policies. 
 
Case Study of River Basins in PR China and RO Korea 
 
To contribute to the 3rd WWDR that will be published in 2009 during the fifth World 
Water Forum in Istanbul, Turkey, PR China and RO Korea have been carrying out 
case studies on Yellow River Basin and Han River Basin respectively. It is the first 
time for both countries to show results of case study from the respective countries in 
the report. As the major theme of the report would focus on “Water in a Changing 
World,” the case studies will focus on the trend of hydrological cycle and impact on 
land use in response to global climate change as well as the state of freshwater 
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resources. Based on capacity assessment of the two countries in mitigating and 
adapting towards climate challenges, proper measurements would be projected 
corresponding to respective natural and socio-economic contexts of the two nations. In 
China, the case studies will be comprehensively further developed under the 
framework of the Spanish MDG Funds project for 3 years and presented again as a full 
paper in the 4th WWDR 
 

CONCLUSIONS 
 
As one of the main four pillars supporting UNESCO’s freshwater initiative, IHP has 
been actively operating for over 30 years. IHP is the only science and education 
programme devoted to freshwater issues in the UN system. Its purpose is to enhance 
scientific, technical, institutional and human capacities in Member States to achieve 
internationally agreed water-related goals, particularly those enclosed under the MDGs.  
 In the Asia-Pacific region, IHP activities are mainly implemented through 
UNESCO’s Field Officse and the IHP National Committees in respective countries. 
This IHP regional network addresses a wide range of critical water challenges covering 
from availability and sanitation of water resources, trans-boundary water resources 
management, mitigation of water related hazard, to water education and impacts of 
climate change upon water resources. 
 Not a single country is able to solve these above mentioned challenges and 
problems alone, therefore, joint regional researches are vital. In close cooperation with 
hydrologists, local governments and water related institutes, IHP serves as a platform 
for the sharing and exchange of information, knowledge, and technology on regional 
fresh water protection. It has been continuously providing support for decision makers 
in East Asia in developing adaptation strategies to cope with the impact of global 
changes, in socio-economic and ecological terms, on the precious freshwater resources. 
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Abstract The paper describes characteristics of infiltration and groundwater recharge process 
in arid and semi-arid regions based on the results of field investigations. Infiltration 
phenomena and groundwater recharge process are highly site specific ones in that region. In 
most areas, regional recharge is very low where rainfall is less than 500 mm/year. 
Groundwater recharge occurs when only infrequent large rainfall event and it is misleading to 
consider the recharge occurs as a proportion of mean annual rainfall amounts. The paper 
emphasizes a field measurement depending on a scientific method for making clarify an 
infiltration and a recharge processes in that region, because they are the only means to 
realistically determine those processes. For one of scientific methods, multiple isotope 
tracer approaches probably best potential ones for obtaining reliable information on 
infiltration and recharge processes in arid and semi-arid regions. 
 
Keywords: arid and semi-arid regions, aridity index, infiltration, groundwater recharge, field 
investigation, isotope tracer, data accumulation, monitoring system 
 
 
INTRODUCTION 
 
Groundwater is the most important water resources in the world. Aquifers contain 
almost 96 % of the planet’s freshwater. According to the UNESCO (UNESCO, 2009), 
globally, 65 % of groundwater is devoted to irrigation, 25 % to the supply of drinking 
water and 10 % to industry. Aquifers account for more than 70 % of water used in the 
European Union and are often one of the only sources in arid and semi-arid regions, 
namely 100 % in Saudi Arabia and Malta, 95 % in Tunisia, 90 % in Mongolia and 
75 % in Morocco. Irrigation systems in many countries depend heavily on 
groundwater resources such as 90 % in the Libyan Arab Jamahiriya, 89 % in India, 
84 % in South Africa and 80 % in Spain.  

Without groundwater which is the largest and more reliable of all freshwater 
resources, maintaining secure water supplies for drinking, industry and agriculture 
would be impossible. Due to grow of population, economic activity and agricultural 
irrigation, the demand for water resources is rising up and more than 30 countries 
suffer from serious chronic water shortage and groundwater use is increasingly to 
cover the demand. It is reported that the groundwater production in the world has been 
reached more than 600,000 million tones in 2001 and this production is nearly 165 
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times larger than that of hard coal and oil productions (Struckmeier et al., 2007). Those 
situations regarding groundwater resources have caused many social groundwater 
problems such as water level decline, salinization, land subsidence and groundwater 
pollution.  

In addition to those social problems, groundwater resource problems in arid and 
semi-arid regions are characterized specifically that the highest water stress, shortage 
in surface water, variability of groundwater recharge rate, scare of basic hydrological 
data and poor management of groundwater resources. To overcome those problems 
and maintain sustainable develop of groundwater resources in arid and semi-arid 
regions, it requires the recognition of physical phenomena on infiltration and ground-
water recharge processes occurred in situ from the hydrological point of view. 

The paper describes some characteristics of infiltration and groundwater recharge 
processes occurred in arid semi-arid regions for the sake of sustainable groundwater 
resources management in that region. 
 
 
DISTRIBUTION OF ARID AND SEMI-ARID REGIONS 
 
To define arid and semi-arid regions, UNESCO (1979) has adopted an Aridity  Index 
(AI) which is a classification based on the ratio of mean annual precipitation (P mm) to 
Penman mean annual potential evapotranspiration (PET mm) as follows; 
 
                                          AI = P/PET 
 
                                          AI < 0.03     (hyper-arid zone) 
                                0.03< AI < 0.20     (arid-zone) 
                                0.20< AI < 0.50     (semi-arid zone) 
 
For each classification, Simmers (2003) summarized as; 
Hyper-arid zone: Annual rainfall is very low with inter-annual variability up to 100 %; 

very sparse vegetation and no rain fed agriculture or grazing. 
Arid zone: Annual rainfall is 80-150 mm and 200-350 mm in respectively winter and 

summer rainfall areas; inter-annual rainfall variability is 50-100 %; scatter 
vegetation; nomadic livestock rearing is possible and agriculture based upon local 
rainfall is only possible trough rain water harvesting techniques. 

Semi-arid zone: Annual rainfall is 200-500 mm and 300-800 mm in winter and 
summer rainfall areas; inter-annual variability is 25-50 %; discontinuous vegetation 
with perennial grasses; rain fed agriculture and sedentary livestock rearing are 
common. 

 
Figure 1 shows simplified hyper-arid, arid and semi-arid regions of the world. 

Table 1 shows the world land area coverage of the arid (desert) climates (BW) and 
semi-arid (steppe) climates (BS) classes (Kalma and Franks, 2003). It can be seen from 
Table 1 that dry climates including arid and semiarid regions occupy 30 % of the 
world’s land area. Such regions as a proportion of total land area are as high as 80 % 
for Australia and nearly 60 % for Africa. 
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Fig. 1. Hyper-arid, arid and semi-arid regions of the world (Hare, 1985). 
 
     Table 1. World land coverage of arid and semi-arid climates (Kalma and Franks, 2003, modified). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Regarding the general hydrological characteristics in arid and semi-arid regions, 
Simmers (2003) suggested that the hydrology of arid and semiarid regions is 
substantially different from that in more humid regions, the latter having provided the 
basis for conventional design and management practices and listed up the general 
environment features which characterize arid and semi-arid regions regarding 
infiltration and groundwater recharge processes are as follows; 
・Evaporation is prominent in the hydrological cycle 
・Sporadic rainfall of high temporal and spatial variability 
・Extreme variability of short duration runoff events in ephemeral drainage systems 
・High rates of infiltration loss in channel alluvium 
・Relatively large groundwater and soil moisture storage changes 
It is necessary to hold those features in mind for considering infiltration and 
groundwater recharge processes in arid and semi-arid regions. 
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INFILTRATION PHENOMENA IN ARID AND SEMI-ARID GEGIONS 
 
Continuous measurement of soil water contents is effective to reveal infiltration 
phenomena in arid and semi-arid regions. Figures 2 and 3 shows time variation of soil 
water contents measured at forest and grass land sites in Kherlen river basin, Mongolia. 
(Tanaka et al., 2004). In these figures, aridity index (AI) at each site is also indicated. 
Time variation of soil water contents was determined based on the data of 6 hours’ 
average value in a day.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Time variation of soil water contents at forest and grass land sites in Kherlen river basin, 
Mongolia in July, 2003 (Tanaka et al., 2004). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Time variation of soil water contents at forest and grass land sites in Kherlen river basin, 
Mongolia in August, 2003 (Tanaka et al., 2004). 
 

At the forest site, where the AI value is 0.81, increase of soil water content to the 
depth of about 1 m following after the rainfall event with total amounts of 30-40 mm. 
This means that the percolation will occur to reach deep depth at the site corresponding 
to the rainfall event with the amounts of 30 to 40 mm. On the other hand, at the grass 
land site of which the AI value is 0.51, meaning the aridity condition is relatively high, 
the total rainfall amounts of 20-30 mm could not cause the deep percolation to reach 
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more than 1 m depth as can be seen from Figs. 2 and 3. The results indicate that it is 
necessary more than 30 mm of total rainfall amounts to cause groundwater recharge at 
the semi-arid condition in the study basin. 
     Similar results obtaining by continuous measurement of soil water contents were 
reported in Mongolia (Breymeyer and Klimek, 1983) and Karahari desert (Beekman et 
al., 1999). Figure 4 shows time series of seasonal moisture distribution in Kalahari 
sand based on neutron probe observations (Beekman et al., 1999). Dashed line 
indicates approximate root zone depth. Figure 4 indicate that significant soil water 
exchange occurs in the root zone and only minor percolation below this zone. Further 
more, it can be seen form Fig. 4 that there is a limited yearly rainfall amounts to cause  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Time series of seasonal moisture distribution in Kalahari sand (Beekman et al., 1999, cited from 
de Vries and Simmers, 2002, modified). 
 
deep percolation to reach more than 4 m depth where is corresponding to approximate 
root zone. This means that occurring groundwater recharge is very rare and limited in 
the Kalahari sand. Concerning this, de Vries and Simmers (2002) stated that 
environmental tracer studies and groundwater flow modelling indicate that recharge is 
about 5-10 mm/year in the fringe area, where rainfall is about 450 mm, to less than 1 
mm/year in the central Kalahari, where rainfall is about 350 mm. 

Onodera (1996) reported the relationship between daily rainfall amount and 
percolation rate in the upland, Tanzania as shown in Fig. 5. The study was conducted 
in Makutapora basin near Dodoma, capital city of Tanzania. Annual average rainfall is 
550 mm and  potential evapotranspiration is estimated as 2,500 mm/year. Figure 5 
indicates that percolation which causes groundwater recharge occurs at the rainfall 
event with more than 17 mm of daily amounts in the study site. This means that there 
is an effective daily rainfall amounts to cause groundwater recharge in the semi-arid 
region like Tanzania. Onodera stated that rainwater penetrated deeper than 1 m after 
the event of 80 mm, whereas it diminished in the surface soil layer and was evaporated 
after the event of 10 mm. 

Above mentioned examples concerning infiltration phenomena occurred in arid 
and semi-arid regions suggest that there is a threshold value of rainfall amounts to 
cause deep percolation and groundwater recharge in those regions, and the value is 
different at place to place affected by the natural conditions of climate, lithology and 
morphology at each place. This lead to the necessity of field investigations in situ on 

approximate root zone depth
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 Fig. 5. Relationship between daily rainfall amount and percolation rate in 
 the upland of  Tanzania (Onodera, 1996, modified). 

 
the subject because the method is only means to realistically determine the value and 
clarify the process of infiltration in arid and semi-arid regions.  
 
 
GROUNDWATER RECHARGE PROCESS 
 
For considering one of groundwater recharge process in arid and semi-arid regions, 
here illustrates an example of the Kherlen river basin in Mongolia revealed by stable 
isotope tracer. Figure 6 shows the delta (δ)-diagram of groundwater in each region of 
Baganuur (BGN), Kherlenbayan-Ulaan (KBU), Darhan (DH) and Underhaan (UDH) 
in the Kherlen river basin. To indicate the aridity condition of each region, the Aridity 
Index (AI) mentioned before is shown in the figure determined by the corresponding 
data of mean monthly value in 1988. It is obvious that the study area is defined as a 
semi-arid region and the aridity condition in study area such as DH and UDH is  
stronger than those of BGN and KBU.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Delta-diagram of groundwater in semi-arid region of Kherlen river basin 
      in Mongolia  (Tanaka et al., 2004). 
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Figure 6 indicates the fact that the stable isotope ratio in the region with high 
aridity condition shows relatively low value comparing with those in the region 
showing the opposite aridity condition. In general, stable isotope ratios of soil water 
and groundwater have a tendency to shift in more high value due to the condensation 
effect of evaporation according to increase the aridity condition. However, the result 
represented in Fig. 6 shows the reverse tendency of the relationship between the stable 
isotope ratio and the aridity condition in the study area. The results suggest that there is 
a possibility to occur the different recharge process depending on the degree of the 
aridity condition even within the same semi-arid region. 
     To show the groundwater recharge process considered above, illustrated diagrams 
explaining the groundwater recharge process at the region of relatively low aridity 
condition and that of the relatively high aridity condition are shown in Figs. 7 and 8, 
respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Illustrated diagram explaining groundwater recharge process at the region of  
relatively low aridity condition (Originally by Abe, 2004, modified). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Illustrated diagram explaining groundwater recharge process at the region of  
relatively high aridity condition (Originally by Abe, 2004, modified). 
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Figure 7 illustrates for explaining groundwater recharge process revealed by stable 
isotope data of groundwater obtaining at relatively low aridity condition. Although the 
infiltrated rain water into the soil layer is subjected to the evaporation effect even in 
the region with relatively low aridity condition, infiltrated water remains in partly in 
the soil layer and is pushed down by the following rainfall event, causing the 
groundwater recharge. Therefore, the stable isotope ratio of the groundwater shows 
relatively high value in the region because the remaining soil water after rainfall is 
subjected evaporation effect and is condensed of its stable isotope ratios. On the other 
hand, in the region with relatively high aridity condition represented in Fig. 8 as 
illustrated diagram, infiltrated water with the low rainfall intensity evaporates entirely 
and the effect of the condensation due to the evaporation process does not remain in 
residual soil water. In these regions, groundwater recharge will occur when only the 
infrequent large events, and infiltrated water accompanying large amount of rainfall 
event shows a relatively low value. This fact has been revealed by the observation data 
showing the relationship between rainfall amount and stable isotope ratios in 
precipitation. Therefore, the stable isotope ratios of groundwater in these regions show 
relatively low value comparing with those in the region of relatively low aridity 
condition.  

The results of the example mentioned above suggest that there occurs very 
complicated process, which can not be explained merely by the ordinary knowledge,   
concerning groundwater recharge in arid and semi-arid regions. And also it indicates 
that an isotope tracer method is a suitable for obtaining the reliable results regarding 
infiltration and groundwater recharge processes occurring in a complex system like 
arid and semi-arid regions. 
     Figure 9 represents recharge data from South Africa, Botswana and Zimbbwe 
showing relationship between annual rainfall and annual groundwater recharge 
(Selaolo, 1998).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Recharge data from South Africa, Botswana and Zimbabwe 
showing relationship between annual rainfall and annual recharge 

   (Selaolo, 1998, cited from de Vries and Simmers, 2002). 
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     Figure 9 indicates that in most regions, groundwater recharge is very low where 
annual rainfall is less than 500 mm/year, and also shows that groundwater recharge 
varies by a factor of up to 100 for the same annual rainfall. These data include areas 
with different lithology and morphology and are partly from spring data (de Vries and 
Simmers, 2002). Figure 9 also implies that it is highly misleading to consider mean 
annual recharge rate or recharge amounts as a proportion of mean annual rainfall in 
arid and semi-arid regions. 
 
 
CONCLUDING REMARKS 
The paper introduced some characteristics of infiltration and groundwater recharge 
processes occurred in arid semi-arid regions for sustainable groundwater resources 
management and development in that region. As described in the paper, the infiltration 
phenomena and the groundwater recharge process in arid and semi-arid regions are 
specifically site specific ones depending on climate, lithology and morphology in the 
subjected region. In this regards, field measurements depending on a scientific method  
are a necessary component of an infiltration and thus a recharge investigation, because 
they are the only means to realistically determine infiltration and recharge processes. 
For one of scientific methods, as indicated in the paper, multiple isotope tracer 
approaches probably best potential ones for obtaining reliable information on 
infiltration and recharge processes in arid and semi-arid regions.  

Beside this, the luck of basic hydrological and climatic data for evaluating recharge 
estimates is the most problem in arid and semi-arid regions. Systematic accumulation 
for such a basic data by the government and public institutions is principally required 
for establishing a strategy toward sustainable development and management of 
groundwater resources in arid semi-arid regions. Establishment a groundwater 
monitoring system in that region is also highly recommended. 
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Abstract A geographic database or ‘geodatabase’ is one method of storing geographic data for 
analysis and presentation using ArcGIS software. It allows for central storage, management 
and control over multiple datasets, and presents a range of spatial analysis possibilities. 
Developing a single ArcGIS database for all Groundwater Monitoring Study data and 
associated geographic information will ensure data is accessible, of high quality and valuable 
as a long term dataset to support groundwater management decisions.  

This geodatabase presented here is a simple example of how data can be stored and 
manipulated. As Geographic Information System (GIS) based analysis and modelling becomes 
more common in the field, the database provides the most appropriate platform from which to 
implement these techniques. The database currently contains three different types of data; 
namely feature data, attribute tables and raster data.  
 
Key words: geo-database, Geographic Information System, attribute tables, raster data 
 

 
INTRODUCTION AND BACKGROUND INFORMATION 
 
Good data management is a key component of successful projects, particularly with 
regards to long term studies and data collation work. Data is only valuable if it is 
available to those who need it, and if information regarding where, how and why it 
was collected is maintained. Good data management could be defined more 
specifically as creating accessible datasets, being able to perform integrated analyses, 
and having data that is consistent, meets standards and is easily shared. Finally, it is a 
requirement that data can be effectively and efficiently analysed and presented in 
various publication formats, thus ensuring that it used to communicate important 
research and results to others in the field. As the pressure on our environment and 
natural resources increases, decision making and policy formation needs to be based 
on reliable information. Integrated and efficient data management will be increasingly 
demanded, to meet data quality needs (Arvanitis et al. 2000). 

These data management requirements all apply to the Groundwater Monitoring 
Study being undertaken by the Institute of Geoecology. They are particularly relevant, 
as this study will contribute to the broader groundwater utilization and management 
goals of the Mongolian government.  
 
 
DATABASES 
 
Storing data in some form of database is a method of satisfying the requirements of 
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good data management. Different types are databases are available for use, however a 
Geographic Information System (GIS) based database is the most appropriate for data 
with a spatial component. Goodchild (2003) states that ‘The geographic context is 
essential both for environmental research and for policy-oriented environmental 
management’, a statement applicable to the collation, storage and use of groundwater 
monitoring data. Much research and resources are devoted to database software 
development and the application of these databases for geographically related projects 
is considered essential (Arvanitis et al. 2000).  

The Environmental Systems Research Institute (ESRI) has developed a geo-
database for spatial and attribute data within their ArcGIS software package (ESRI 
2008). The most important features of these geo-databases are that 1) they support 
many different types of data, 2) data entry and editing is easy and efficient due to the 
structure of the database, and 3) spatial relationships between datasets can be modeled 
within the database (Law 2007). Perhaps more importantly, a geo-database can be used 
at differing levels of complexity; for many users it will act as a simple and effective 
data storage and filing solution, although for more experienced GIS users it can be 
used as the basis for all spatial and temporal analyses, and the formation of data 
models. 
 
 
GROUNDWATER MONITORING STUDY 
  
A geo-database is being developed for data collated as part of the Groundwater 
Monitoring Study. The integrated data storage and basic relationship functions are 
being exploited at this stage of the project. 
 

DATA TYPES 
 
Data which has been sourced, collated and entered into the database currently includes 
vector data, attribute tables and raster data. This data has been collected from a number 
of different sources including the Mongolian Water Authority, the Institute of 
Geoecology and online sources. A summary of the datasets is given below. 
 
 
FEATURE DATA 
 

• Monitoring and production wells 
The location, well type and bore field in which the well is located (Fig. 1). 

• Hydrology 
Stream network digitized from existing topographic maps (Fig. 1). 

• Roads 
Road network digitised from existing topographic maps (Fig. 1). 

• Hydrogeology 
Hydrogeology features digitized from Hydro-geological maps (Fig. 1). 
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                              Fig. 1. Feature data. 

 
 
ATTRIBUTE DATA TABLES 
 

• Ground water levels 
Water level monitoring data collected from a number of wells. 

• Extraction rates 
Volumes of water extracted from the different Ulaanbaatar groundwater supply 
sources. 

• Stream flow 
Tuul river discharge measurements at a point in the centre of Ulaanbaatar. 

• Precipitation 
Precipitation data for Ulaanbaatar area. 

 
 
RASTER DATA 
 

• Topographic maps 
Scanned and geo-referenced 1:100 000 topographic maps (Fig. 3). 

• Hydrogeology maps 
Scanned and geo-referenced 1: 500 000 hydrogeological maps. 

• Digital Elevation Models (DEMs) 
Shuttle Radar Topography Mission (SRTM) 90 m DEM ( Fig. 2). 

• Satellite imagery 
Seven band Landsat images from early 2000s.  

 

 
 
 
 
 
 
 
 
 

Fig. 2. SRTM Digital Elevation Model (DEM).Fig. 3. Topographic map. 
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COMPONENTS OF THE DATABASE 
 
The geo-database is created in ArcCatalog – one component of the ArcGIS package. 
Following the required processing, data is imported into the database as one of a 
number of possible data types. The Groundwater Monitoring Study geo-database 
includes feature datasets, tables, raster data and relationship classes. Fig.  4 shows the 
layout of the database as viewed in ArcCatalog. 
 

 
Fig.  4. The geo-database layout within Arc Catalogue. 

 
 
BENEFITS OF STORING DATA IN THE GEODATABASE 
 
The database is currently set up with only basic functions in place to control the 
datasets. The most important component is the establishment of a common geographic 
datum and projection for all datasets. The feature datasets within the database have 
been assigned the WGS 84 UTM 48N projection and only data in that projection will 
be accepted. The raster datasets cover larger areas and hence have the appropriate 
UTM zone for their location. The datum is again WGS 84, so they can be easily 
transformed and viewed correctly in ArcMap of ArcScene. This ensures that accurate 
integrated analyses and visualizations can be achieved. 

Another useful component is the method of entering and utilizing point field data. 
Groundwater levels and well extraction volumes are the two main datasets of field data 
available for this study. Both datasets will be continually updated over time, and both 
will be integral to the majority of analyses performed, and hence easy access and use 
of this data is vital. This has been achieved by developing attribute tables to store this 
data, where each sample exists as an individual record. These tables are established in 
Excel, then imported into the database. The resultant tables are large and appear 
difficult to use, however within the geo-database they can be related to other datasets 
in such a way that data extraction and manipulation is greatly simplified.  
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For example, relationship classes are formed between the feature dataset 
containing the location and basic information of the wells, and the table containing the 
water levels of those wells. A one-to-many relationship means that the record of ‘Well 
1’ is then linked to all water levels records of that well. Fig. 5 shows how the 
relationship class can be used to extract the water level data of a chosen well in Arc 
Map. The benefit of separating the basic well data and the water level records is that as 
additional sampling is done, the feature layer need not be updated, only the associated 
table, thus reducing the time spent on data entry and processing. 

The data extraction tools in ArcMap allow records to be extracted from tables 
according to attribute values and/or location. Detailed searching options mean that data 
can easily be analyzed in many different ways. ArcMap also provides options to 
extract statistics from a selected dataset.  

The results of analyses or data extractions may be saved as separate files. There is 
the option to link these files back to the feature from which the data was sourced. For 
example a graph produced from water levels of a single well (Fig.  6) can be saved as 
a .jpg and linked to back to that well. This is another example of the efficient and 
integrated approach to data analysis that geo-databases and ArcGIS offer. 

The final component if GIS analysis which has been explored as a part of the geo-
database development to date is three-dimensional display using Arc Scene. At this 
stage it has only been used as a visualization tool and the groundwater levels for a 
number of wells have been used to form groundwater level surfaces. This is possible 
using the Digital Elevation Model (DEM) of the area, and extracting the relevant data 
from the water level datasets. It is a useful way to check data, as anomalies will be 
clearly visible. And example of a three dimensional view from Arc Scene is shown in 
Fig. 7.  
 
 

 
Fig. 5. Example of data extraction using the relationship classes: (a) Selecting related table and 

 (b) displaying the related water levels of that well. 
 

(b)(a) 
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Fig.  6. Graphs are easily produced from linked tables. 

 
Although significant amounts of pre-processing is required when establishing a 

geo-database, once the basic datasets and features are in place subsequent additions 
and enhancements can easily be done. Herein lies the efficiency of geo-database data 
management. 

It is important for environmental management research and decision making 
agencies to follow global trends and utilize GIS based applications and models. These 
methods of geographic data analysis are the dominant in environmental management 
fields. Much work is being done to increase the ease of data exchange between 
different GIS packages, such that stored data is made accessible to all (Goodchild 
2003). A basic geo-database in ArcGIS is a good starting point for accessing the 
rapidly developing GIS applications. The added benefit of an ArcGIS geodatabase is 
the connection to ESRI, which offers extensive user support and up-to-date 
advancements in the field.    
 

                 
Fig. 7. Example of 3D groundwater level visualisation in Arc Scene. 

 
ADDITIONAL DATABASE FEATURES AND ANALYSIS TOOLS 
 
At this stage of the geo-database development project only very simple relationships 
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and controls have been applied. Similarly only basic analyses in ArcMap and Arc 
Scene have been performed. In subsequent work it is intended that addition features be 
added to the database. The use of built-in metadata templates will serve to increase the 
value of the data. Additional restrictions and standards on the data being entered via 
attribute tables will be built into the structure. For example certain fields may have a 
set range of possible values, and attempts to enter anything outside those will be 
refused by the database. This will act as an additional quality control and data 
checking step. Useful features such as map making templates will be created, to aid in 
producing consistent and high standard results of spatial analyses and data 
visualisation. 

Within ArcMap and ArcScene there are many tools suited to the analysis of 
groundwater data. In particular the ArcHydro Groundwater toolset which has been 
developed jointly by ESRI and partners (Strasberg et al. 2007). Using these functions, 
the three dimensional analysis can be extended beyond a mere visualization, and 
important groundwater modeling can be implemented. The geo-database acts as the 
perfect platform for expanding into the use of these more sophisticated and complex 
GIS components as the need and capacity is developed. 
 
 
CONCLUSIONS 
 
Decision making and planning for natural resource management increasingly 
incorporates GIS based data analysis and modeling. This together with the need for 
high quality data and data management means the ArcGIS geo-database is an 
appropriate data storage solution for a groundwater monitoring study. Existing 
groundwater level and extraction rate data as well as other relevant spatial data has 
been successfully imported into a simple and functional geo-database. The database 
currently acts primarily as a link to ArcGIS and ArcScene analyses, and only basic 
relationship classes have been defined. As the database, and user needs and capabilities 
expand so too can the complexity of controls and built in data management features. 
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Abstract  This paper presents on groundwater regional storage, well yield, aquifer yield, basin 
yield, reserves of groundwater deposit, and ultimate recoverable reserves from groundwater 
resources, Dornogobi artesian basin of Mongolia. 
 
Key words: groundwater resources, well yield, aquifer yield, basin yield, groundwater 
shortages, specific yield, volume of recoverable groundwater 
 
 

METHODOLOGY 
 
There exist 3 layers of aquifer in Mongolia: 1) To depth 0-80 m, 2)80-150 m and 
3)150-400 m and more. In the paper, 2 layers of aquifer 1) and 2) are shown. For the 
calculation, following formula was used,  
 
            Q = 2.74 h F 
 
where, unit of Q is m3/day, h is mm/year and F is km2, respectively. Aquifer storage 
volume was assumed 30-60 % and specific yield was also assumed 2.5-6 % but 1 % 
for fissured aquifer system. 
 
RESULTS 
 
The results of the study are shown in Tables and Figures as follows. 
 
             Table 1.  Estimated volume of groundwater in Tuul and Buheg Valleys (JICA,1994). 

Items  Nalaih  Buheg  

Area, km2
 

 42.48  237.45  

Thickness of alluvium, m  17.5  28  

Depth to GW, m  2.5  5.5  

Saturated thickness, m  15  22.5  

Specific yield  0.2  0.1  

Volume of recoverable GW,  (106m3)  127.44  534.0  

Total volume of GW of area,  (106
6

m3)  127.44  534.0  
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Fig. 1. The legend of map of groundwater resources in Dornogobi  basin of Mongolia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Physic geographical map of Dornogobi artesian basin of Mongolia. 
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Fig. 3. Administration unit map of Dornogobi artesian basin of Mongolia. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  4. Groundwater resource map of Dornogobi artesian basin of Mongolia (West part of Dornogobi, 
original scale is 1:1,000,000). 
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Fig. 5. Groundwater resource map of Dornogobi artesian basin of Mongolia (East Northern part of 
Dornogobi basin, original scale is 1: 1,000,000). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Groundwater resource map of Dornogobi artesian basin of Mongolia (Southern part of 
Dornogobi basin, original scale is 1: 1,000,000). 
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Table 2. Groundwater resource of Dornogobi basin. 

Area of distribution Groundwater resources  Grouping of area by 
groundwater resources from 
unit area  

Water of  
unit area, 
L/s from 
1 km2

 
 km

2
 %  106m3/year %  

1  Area with moderate resources >1  2,814.1 2.1 88.7  25.9  

2  Area with from low to moderate 
resources 

0.1-1.0  8,777.4 6.6 151.8  44.3  

4  Area with low resources 0.003-0.1 71,464.1 54.0 102.2  29.8  

5  Area of no ground-water <0.003  49,305.7 37.3 0   

 Total   132,361.4 100  342.7  100  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7. Eolian sand of aquifer, Ongon ovoo. 

 
 
 
 
 
 
 
 
 
 

Fig. 8. The production wells in Dornogobi artesian basin of  Mongolia. 
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Abstract Groundwater recharge process is characterized by heterogeneity spatially and 
temporally in arid and semi-arid regions, thus the net recharge rate varies in space and time. 
From the view points of sustainability, understanding of groundwater recharge is crucial 
essential to maintain the groundwater resources in the regions. In this context, some issues on 
the groundwater resources in arid/semi-arid regions are described focusing on the factors 
constituting the basis of groundwater, such as source, path and age based on some experiences 
of groundwater research in Mongolia. Also, a simple method of estimating the sustainable 
yield of a specific well is proposed.   
 
Key words: groundwater resource, source, path, age, sustainability, interaction, Mongolia  
 
 
INTRODUCTION  
 
In arid and semi-arid regions, domestic non-commercial, industrial and agricultural 
water uses depend largely on the amount of groundwater. However, due to unsuitable 
management of water resources, several problems related to groundwater use have 
arisen such as extraordinary decline of the groundwater level and deterioration of 
water quality caused by urbanization and fertilization. Sustainable control of water 
resources with sufficient understanding of the groundwater situation is therefore 
essential. In Mongolia, temporal change of air temperature shows an increasing trend 
clearly especially in the winter season, whereas the precipitation and river runoff might 
be decreasing in the recent 40 years (Fig. 1). The issues of groundwater, therefore, 
should be focused on with more scientific hydrology attention.  

Groundwater recharge process is characterized by heterogeneity spatially and 
temporally in arid and semi-arid regions, thus the net recharge rate varies in space and 
time. From the view points of sustainability, understanding of groundwater recharge is 
crucial essential to maintain the groundwater resources in these regions. In this context, 
some issues on the groundwater resources in the arid/semi-arid regions are described in 
this paper focusing on the factors constituting the basis of groundwater, such as source, 
path and age based on some experiences in Mongolia (Tsujimura et al., 2007). 
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HETEROGENEITY OF GROUNDWATER RECHARGE 
 
The spatial heterogeneity of groundwater recharge has been reported by previous 
researches. A preferential flow through the macropores, faults and fissures in the soil 
and the aquifers is a main cause of intensive recharge in the arid/semi-arid regions (Fig. 
2, Heilweil, et al., 2007). Also, Tsujimura et al. (2007) shows that because only 
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Fig. 1. Temporal trend of air temperature, precipitation and 
Kherlen River discharge.  

Fig. 2. Infiltration and recharge process in desert sandstone watershed (Heilweil et al. 2007). 
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relatively large rainfall events can recharge the groundwater and the effect of the large 
amount of evaporation does not remain in the subsurface water in the relatively dry 
regions of Kherlen River basin, eastern Mongolia, the groundwater has a relatively low 
stable isotopic composition that varies largely and a high d-excess value (Fig. 3). In the 
relatively humid regions, on the other hand, the groundwater has a relatively higher 
isotopic value and lower d-excess of δ18O and δD. Thus, the groundwater recharge is 
limited spatially and temporally in these regions. Therefore, the process of recharge 
should be investigated more in situ under this condition.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In addition, the river water recharges the groundwater in Ulaanbaatar, capital city, 
Mongolia (Jadambaa, 2008). The interaction between surface water and groundwater is 
a main topic to be solved in alluvial plains. A tracer approach is an effective method to 
investigate the groundwater recharge mechanism by surface water under the condition 
(Tsujimura and Inaba, 2009). The tracer approach should be applied also in Tuul River 
basin in Ulaanbaatar.  
 
 
AGE OF GROUNDWATER IN KHERLEN RIVER BASIN 
 
In Kherlen River Basin, eastern Mongolia, the groundwater in the upper stream region 
seems to be recharged recently after the year of 1955, whereas that in the mid and 
lower stream region seems to be recharged in the years before 1955 based on the 
tritium concentrations determined in the groundwater samples (Fig. 4). A simple 
renewal ratio of groundwater was estimated on trial using a simple mixing method 

-4

-2

0

2

4

6

8

10

-15 -14 -13 -12 -11 -10

δ18O (per mil)

d-
ex

ce
ss

 (p
er

 m
il)

DH-W

DH

UDH

BGN & MNG

Others

DH

DH-W

UDH

BGN &
MNG

 
Fig. 3. d-excess versus δ18O showing a heterogeneity of 
groundwater recharge in relative humid regions (BGN & MNG) 
and dry regions (DH-W, DH and UDH) in Kherlen River Basin, 
eastern Mongolia (Tsujimura, et al. 2007).
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using old water recharged before 1955 (0-10 T.U.) and modern water recharged very 
recently (>40 T.U.). In the upper stream region, more than 80% of the groundwater 
might be renewed, whereas the groundwater is poorly renewed in the lower stream 
region, which is un-sustainable (Fig. 5).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SUSTAINABLE AVAILABILITY OF GROUNDWATER  
 
The sustainable yield or available volume of a specific well is crucial important from 
the view point of sustainable use of groundwater. A simple equation to estimate the 
availability is described as,  
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Fig. 4. Groundwater recharge years estimated by tritium concentration in upper stream region 
(left) and mid and lower stream region (right) in Kherlen River Basin. 
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where A is the watershed area of a well, P is the precipitation, E is the evapo-
transpiration, U is the pumping rate, Gout is the groundwater discharge rate, and ∆S is 
the change of storage volume (Fig. 6). From the view point of sustainable use of 
groundwater, the ∆S should be zero, and the value of U corresponds to the sustainable 
yield under this condition. The sustainable yield was estimated in the four wells 
located in the mid and lower stream regions in Kherlen River Basin (Table 1). Suppose 
the water use by nomadic people is 15 L day-1 and that by animals is 50 L day-1, these 
wells might be able to feed 1333 to 12466 people and 400 to 3740 animals. 
Considering the precipitation varies very much annually, these yield values should not 
be enough. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
REMARKS 
 
Groundwater recharge is characterized by heterogeneity spatially and temporally in 
arid/semi-arid regions. Therefore, recharge process and source of groundwater should 
be investigated more in situ under the condition. Also, interaction between surface 
water and groundwater is very important from the view point of recharge. A tracer 
approach is effective to solve the issues. Age is additional key to discuss sustainable 
groundwater use. Renewal ratio should be evaluated using the residence time off 
groundwater. A simple method of estimating the sustainable yield for a specific well is 
proposed. This method presents an important trial to consider the sustainable 

Catchment 
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Bedrock surface

Ground 
surface

Water tableWell

P E
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Fig. 6. Concept diagram for estimating a sustainable 
yield of a specific well. 

Area P Gout U

(m2) (mm/y) (m3/y) (m3/d)
W32 DH 772,918 216 15,552 142
W21 JGH 1,111,758 187 38,400 187
W44 JGH-UDH 668,248 207 -- 143
W94 UDH 274,087 226 19,152 20

Well No. Location

 

Table 1. Estimated sustainable yield of four wells located in mid 
stream region in Kherlen Riber Basin. 
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management of groundwater resource in arid/semi-arid regions. The scientific 
hydrology approach is principle to solve the groundwater issues in this region. 
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Abstract This report presents the hydro-geological conditions of groundwater in the 
quaternary alluvial sediments of the Tuul River Basin, groundwater - surface water interactions 
and impacts of groundwater extraction. 
 
Key words: groundwater, hydro-geological condition, quaternary alluvial sediments  
 
 

INTRODUCTION AND BACKGROUND INFORMATION 
 
The quaternary alluvial sediments of the Tuul River Basin a a major source of 
groundwater. These aquifers are recharged by the Tuul River and other small streams 
in the catchment. Ulaanbaatar city is the biggest water consumer in the Tuul River 
Basin and at present 168,000 m3 to 216,000 m3 of water is distributed to consumers 
every day. As Ulaanbaatar develops, the water demand for urban and factory usage 
will increase and researchers are worried about the impacts on groundwater resources 
of the Tuul River Basin. In this report comparative results of previous and current 
studies about the hydro-geological condition of the quaternary alluvial sediments of 
the Tuul River Basin are discussed.  
 
 
GEOLOGICAL FORMATION 
 
Quaternary alluvial sediments are widespread along in valley of the Tuul River and 
occur on the south facing slopes of high mountains, and in water-collecting 
depressions and ravines. The total area of these sediments is 30,927.7 km2. The 
following sediments are distinguished by their lithologic structure: 

Alluvial sediments (alQ4): Alluvial sediments are widespread in the Tuul River 
Basin. The sediments consist of mostly sandy loam and pebbles with diameters of 
between 2.3 - 3.2 and 17.0 - 22.0 centimeters, respectively.  Boulders and gravel have 
diameters of 23.0 cm to 24.0 cm. Alluvial sediments have a thickness of 15.0 m – 29.0 
m in the valleys, with most sediments within the range of 12.0 – 15.0 m [1].   

Deluvial - proluvial sediments (d-pQ1): Deluvial - proluvial sediments are 
widespread in the 1st and 2nd flood terraces of river valleys, on the south facing slopes 
of high mountains, in water-collecting depressions, and at the feet of mountains. The 
sediments consist of pebbles, gravel with clay loam, sandy loam, land waste, rock 
waste, boulders and rare boulders. The proluvial deposits have a depth of 13.0 to 18.0 
m depending on the hillslope, while the depth of deluvial sediments ranges from 4.2 to 
7.8 m.  
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HYDROGEOLOGICAL CONDITIONS 
 
Lithologically and stratigraphically different types of rock occur within this group of 
aquifers:  

Quaternary alluvial aquifer (alQ2): Exceptionally high productivity was found in 
the alluvial sediments of the Tuul River and surrounding streams. There are 
widespread gravel, pebbles, rounded boulders, semi rounded gravels, rock waste and 
clay layers in the aquifer. Those unconfined aquifers recharge from infiltrating rain 
water, which runs off from the upper mountain regions before collecting and 
infiltrating in the lower floodplains. The alluvial aquifers reach thicknesses of 12.6 to 
27.55 m [3]. The alluvial aquifers in the Tuul River Basin are continually recharging 
and provide a large water source. Many consumers benefit from this source through 
the centralized water supply. Some test wells have yields of more than 40l/s at a 
drawdown of less than 10 m. The groundwater is very fresh.  The maximum period of 
natural groundwater recharge is from July to August every year. And a period of lesser 
recharge occurs from February until mid April. 

Quaternary deluvial-proluvial aquifer (alQ2): Proluvial sands, gravels, sandy loam, 
land waste, rock waste, boulders and rare boulders, and sandy loam with thin clay 
loam layers belong to this category of aquifers. These are found in the 1st or 2nd flood 
terraces of the river valley, south facing slopes of hills and water-collecting 
depressions. The thickness of proluvial aquifers is 5.0 to 12.3 m and yields between 
0.8 and 1.5 l/s at drawdown between 3.5 - 6.1 m are measured.  
 

Table 1. Assimilation of hydro-geological data of the quaternary sediments in the Tuul River Basin. 

 
Hydro-geological 
parameters 

Near the Tuul-
Terelj confluence

Near the 
Upper Water 
Source  

Near the 
Central 
Water 
Source 

Near the 
Tuul River 
and Songino

1
. 

Thickness of aquifer, meters 15.0-29.0 2.5-32.0 1.4-30. 9.0-40.0 

2
. 

Yield, l/s 11.2-34.5 2.5-55.0 13.1-58.8 7.3-70.3 

3
. 

Drawdown, meters 0.33-7.9 2.9-5.89 1.26-7.35 0.53-14.0 

4
. 

Infiltration quotient, m2/day 11.9-166.7 4.2-103.7 6.4-140.5 10.1-139.1 

5
. 

Average depth of well, 
meter 

25.0-30. 25-35 22.2-33.5 21.4-53.5 

6
. 

Capacity conductivity for 
change of water level, 
m/day 

1.65*103 - 
5.39*104 

1.4*103- 
6.2*104 

3.6*103- 
5.0*104 

1.03*103- 
9.71*104 

7
. 

Water table, meter  1.15-2.68 0.5-2.65 0.85-2.5 0.65-3.0 

 
The hydro-geological parameters of groundwater change depending the aquifer 

thickness, yield and groundwater depth. Cross sections of the hydrogeology and 
lithology of quaternary aquifers show this (see Figs. 4 and 5). When the longitudonal 
and perpendicular hydro-geology and lithology cross sections are drawn for the Tuul 
River valley the variations in thickness of quaternary sediments can be observed.  
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HYDROGEOLOGICAL DETALS OF THE QUATERNARY AQUIFERS 
 
The total area of quaternary alluvial sediments in the Tuul River Basin – F = 30, 927, 
700 m2,  average thickness of quaternary alluvial sediments – H = 35.0 m,  
 
       V=F*H /1/ V=1,082,469,500 m3 or 108.2*107 m3 
 
If  pore volume is average 0.5 mm, 0.5mm*108.2*107m3=541,234.7 m3 – water 
volume in quaternary aquifer, but volume of quaternary aquifer storage in the Tuul 
River Basin is V=1,081,928,265 m3.  

When groundwater is extracted from the Ulaanbaatar sources at rates of 168, 000 
m3 per day (5,040,000 m3 per month), 35 %-48 % of the alluvial aquifer volume is 
utilized. Water recharge in the alluvial aquifers is, on average, 2 to 4 days at this 
extraction rate. 

Graph of amount water is brought out from groundwater in 2007
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Fig. 1. Graphic of extracted volumes of groundwater in 2007. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  2. Map of quaternary sediments in the Tuul River Basin. 
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CALCULATED AMOUNT OF GROUNDWATER RECHARGE FROM 
SURFACEWATER 
 
Calculating recharge from the Tuul River water: 

- Length of Tuul river valley – L = 704 km 
- For estimation, recharge per lengthwise meter of river bed = 18.6m3/day  
- Calculated total groundwater recharge is 320*107  m3 by surface water from  

the Tuul River Basin in 240 days. The groundwater recharge along the 38 km 
of river near Ulaanbaatar is 16.9*107 m3  in 240 days. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          Fig.  3. The geology-lithology and hydro-geology cross section around the Selbe River and  

Tuul River confluence. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Fig.  4. The geology-lithology and hydro-geology cross section near the Tolgoit  River and 
Tuul River confluence. 
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CONCLUSIONS AND RECOMMENDATIONS 
 
1. The alluvial sediments in the Tuul River Basin are a large groundwater resource. 

The field of quaternary alluvial sediments in the Basin cover an area of 30,927.7 
km2 and have a water volume in quaternary aquifer volume of 541,234.7 m3. 
When 12.7*107 m3 of groundwater is being extracted annually, 35-48 % of the 
aquifer volume is being exploited.  

2. Quaternary sediments are up to 30 or 40 m thick in the valley and river bed. In the 
south part of the Tuul River valley the quaternary sediments are up to 3 or 5 m 
thick and hence less groundwater recharge occurs. 

3. The hydro-geological characteristics of the different alluvial deposits are very 
different from each other and are dependant on the deposit thickness and 
groundwater level. Groundwater extraction should be controlled such that the 
drawdown is no less than half the aquifer thickness, otherwise the resource will be 
depleted.  

4. There is the urgent need to protect groundwater resources of the Tuul River Basin 
alluvial aquifers from increasing groundwater usage. Observation sites for a 
monitoring study have been selected.  
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Abstract This paper presents forest cover and vegetation changes, physical and chemical 
properties of soil after fire or logging in studied site and impacts of forest degradation to 
surface water resources of Tuul river. The study was conducted at southern areas of Khentii 
mountain ranges. When the intensity of degradation was not severe in original stands, 
secondary larch stand developed. On the contrary, heavy degradation made the stands difficult 
or impossible to regenerate naturally. Forest vegetation cover, physical and chemical 
properties of soil, air temperature and humidity are changed drastically after forest fire and 
logging. Due to climate change, deforested and degraded forests and the providing centralized 
water supply for industries and domestic use only from ground water influence in water 
discharge regime of Tuul river.  
 
Key words: fire, logging, soil properties, water resource 
 
 
INTRODUCTION 
 
The source of Tuul river is from Khentii mountain range and flows from east to west 
through capital city of Ulaanbaatar. The Tuul river is one of the most important river 
system in Mongolia and is particular significance for the capital city.  

In last about 60 years, forests were cut clearly by large area in upstream Tuul river 
catchment area and around the river, and considerable amount of forest was destroyed 
by forest fire, and harmful insects of forest were increasing more and moving to 
another forest area.   

Forest fire, logging and grazing activities were the major disturbances changing 
plant community and succession in Mongolia (Tsogtbaatar, 2004). 

Our research goals focused on studying changes in forest type, vegetation and soil 
properties changes after fire and logging, and impacts of deforested and degraded 
forests to water regime of river. 
 
 
METHODS AND COLLECTED DATA 
 
The study was conducted in larix sibirica pure or dominated stands in study area. More 
than 1 ha area of burned or logged stands and adjacent to natural stands for the control 
were selected to compare the changes in vegetation and soil properties after 
disturbances. A total 17 study sites were selected with different degradation factor and 
land use history, there were six burned, four logged and seven natural stands.  
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In study site, three 30 m x 30 m square plots, a total of 51 plots were randomly 
established to investigate the composition of overstory species. In each main sample 
plot, three 5 m x 5 m square subplots, a total of 153 subplots were set to investigate 
natural regeneration of overstory species and five 2 m x 2 m square subplots, a total of 
255 subplots were set to investigate the composition of understory vegetation. 

A total of 204 samples (17 sites x 3 soil horizons x 4 replications) were collected to 
analysis soil physical and chemical properties. Stem analysis was conducted for all 
selected model trees (about 30) to determine age and investigate diameter, height and 
volume increment. 
 
 
RESEARCH OUTCOMES AND DISCUSSION  

 
The study area 
Upstream area of Tuul River is located at 47 0 60’ to 48 0 07’ N latitude and 107 0 45’ 
to 108 0 00’ E longitude, and 100 km northeast of Ulaanbaatar city. This area 
administratively belongs to the territory of Erdene soum, in Tuv aimag and the 
territory of Gorkhi-Terelj National Park. Larch forests, birch forests which grown after 
forest fire or logging and mixed forests are dominated in this regions. According to 
forest statistics, 65 % of the total forest area is affected by forest fire and logging (Tuv 
aimag, 1988). As of 1998, the forest inventory data show that 24.7 % of all forest is 
burned area, 22 % is natural forest, 21.1 % is logged area, 20.1 % is open stand, 7.6 % 
is shrubs, 4.5 % is newly regenerated forest (Fig. 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Forest area percentage of studied site. 
 
Figure 1 shows in 65.9 % of total forest area is occupied by open stand, burned and 
logged in the study area, therefore, it indicates that deforestation rate and degraded 
forest area are more.  

Larch forest occupies 58 % and birch forest occupies 42 % of forest land area in 
Upstream Tuul river. Natural larch forests are between 60-120 years old, but birch 
forests are between 30-50 years old. Forest environmental conditions aren’t so good 
and include in IV and V class of bonitet by M.M Orlov. 

Forest big fires occurred in 1965, 1986, 1996, 1997 and 1998. Most of forest were 
destroyed many times by the forest fire. After fire, secondary insects of forest outbreak 
and attack to the degraded forest. By the survey of forest insects, 8 orders and about 70 
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species of forest insect are described in logged and burned area of upper part of Tuul 
river.  

Phytofag of Gerambycidae, Ipidae and Buprestidae families, and insects of 
Siricidae order were distributed dominately in logged area. First process for increasing 
number of  Phytofag insects is developed in logged and burned forest, and insects are 
moved to degraded and clear forest, then caused in technical disturbance to trees. 
Moreover, in some developing stage of insect from egg to matured feed on leaves and 
needles, and caused in physological disturbance to trees. 

Forest fire and logging activities altered the microclimate conditions and affected 
species composition and stand development (Kimmins, 1997). 

Temperature and relative humidity (RH) were drastically changed after forest fire 
or logging in Upstream area of Tuul river. Temperature increased by 1.6-1.7 0C on 
average, whereas RH decreased by 15.7 % after logging. This result suggests that 
environmental conditions in the burned and logged stands became drier than that of 
natural conditions. 

Clearcutting, forest fire and population growth around the capital city are main 
factors contributing to degradation and deforestation in study area. Main forest type is 
larch, but natural larch forests are usually changed in birch forest, sometimes aren’t 
regenerated any species of trees.  

According to the our survey, the partterns of stand development after fire or 
logging at larch stands (Larix sibirica) mainly progressed in 4 stages: 1) secondary 
Larch stand, 2) hardwood stand mainly composed of birch and willow species, 3) 
bushes 4) grassland (steppe) strongly depending on the intensity of degradation and 
potential of natural regeneration (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Development of larch stands after fire or logging. 
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CHANGES IN SOIL PROPERTIES AFTER FIRE OR LOGGING 
 

Physical properties 
Soil water content significantly decreased after forest fire or logging and was more 
severe in the logged stand (Table 2). Low soil water was caused by logging activities 
that accelerated soil compaction, which interrupted water infiltration. Bulk density of 
the logged stand was slightly higher than other stands. The results indicated that 
changes in physical soil properties, such as water content and bulk density, were more 
affected by logging than forest fire (Park, 2005). 
 

Table 2. Changes in physical soil properties after forest fire or logging. 
Soil texture (%) Soil 

horizon 
Study 
sites Sand Silt  Clay Texture 

Water 
content (%) 

Bulk density
(Kgm-3) 

A0 

Natural 
Burned 
Logged 

29.6 
27.5 
38.1 

49.2 
46.9 
44.0 

21.2 
25.6 
17.9 

loam 
loam 
loam 

14.3 
9.2 
6.5 

0.9 
0.9 
1.1 

A 
Natural 
Burned 
Logged 

27.9 
20.2 
18.0 

43.2 
47.3 
53.9 

28.9 
32.5 
28.1 

clay loam 
clay loam 
clay loam 

13.1 
8.2 
5.9 

1.2 
1.4 
1.6 

A 
Natural 
Burned 
Logged 

24.2 
18.9 
26.5 

48.0 
49.5 
48.5 

27.8 
31.6 
25.0 

loam 
clay loam 
loam 

5.8 
4.9 
3.9 

1.7 
1.6 
1.7 

 
Compaction of forest soils is often problematic after over logging activities. 

Compaction causes loss of soil structure, porosity, aeration and water infiltration. 
Reduced infiltration rates lead to increased overland flow and accelerated soil erosion. 
Compaction also limits root growth by reducing pore size, increasing mechanical 
resistance to root growth and decreasing oxygen supply. 

 
Chemical properties 
Forest fire stimulated the increase of pH whereas organic matter (OM) content 
significantly decreased (Table 3).The decreasing in OM was caused by ash deposition 
on surface soil and nutrient losses through leaching (Bayley et al., 1992). Forest fires 
 

Table 3. Changes in pH, OM and nitrogen contents of forest soil after fire or logging. 
Soil 

horizon 
Study 
sites 

pH OM 
(%) 

TN 
(%) 

NH4
+ -N 

(mgL-1) 
NÎ3

+ -N 
(mgL-1) 

Inorganic N
(mgL-1) 

Natural  5.4 13.2 0.71 2.0 3.0 5.0 
Burned 5.8 9.3 0.69 1.7 2.8 4.5 A0 

Logged 5.4 12.0 0.74 0.5 0.6 1.1 
Natural  5.4 7.5 0.25 0.8 1.2 2.0 
Burned 6.2 6.1 0.23 0.3 0.6 0.9 A 
Logged 5.6 7.1 0.22 0.1 0.1 0.2 
Natural  6.0 4.6 0.09 0.1 0.1 0.2 
Burned 6.4 3.7 0.08 0.0 0.1 0.1 A 
Logged 6.1 4.3 0.04 0.0 0.0 0.0 

 
are known to influence nutrient cycling, particularly soil nitrogen (N), as well as plant 
succession in forest ecosystems. However, few studies have addressed the dynamics of 
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soil N and its relationship to vegetation composition after fire (Driscoll et al., 1999). 
For example inorganic N contents of soil immediately increase after forest fire (Taylor 
and Feller, 1986). Mroz et al. (1980) reported a 77 % increase in ammonium, a 37 % 
increase in nitrate and an 11 % decrease in total nitrogen in red fine forest in Michigan. 
Other studies have reported that ammonium nitrogen (NH4

+-N) becomes increasingly 
available after fire (Debano et al., 1979; Carbalass et al., 1993). The increase of N 
availability enhances post-fire plant growth and suggests that more N is present after 
forest fire.  

Inorganic nitrogen of the forest floor (A0 horizon) significantly decreased in the 
logged stand compared to that of the natural and burned stands. Logging diminished 
inorganic nitrogen cycling in surface soils and stimulated the decrease of inorganic-N 
(NH4

+ -N, NÎ3
+ -N). Different studies elicit varying results on the effect of logging on 

soil N. Total and available soil N concentrations have been reported to inrcease, 
decrease or remain the same (Chandler et al., 1983) depending largely on the logging 
methods and intensity. 

Changes in posphorous and exchangeable cations after fire or logging is resulted in 
the report. Available P of soil significantly increased after fire, whereas it decreased 
after logging. This implies that availale P is an indicator of changes in chemical soil 
properties after fire and logging. 
 
 
CHANGES IN PLANT COMMUNITY 
 
The plant community is mainly divided into three groups – taiga, forest meadow and 
steppe – according to its distribution characteristics by microclimate (Zoyo, 2000). The 
taiga community is distributed in cold and humid forests situated at high altitudes and 
the steppe community is distributed in warm and dry forests located at low altitudes. 

Changes in plant community resulted from in microclimate such as temperature 
and RH after forest fire or logging. These effects were most noticeable with 
herbaceous species composition, such as where taiga and steppe mesophytes were 
succeeded by steppe xerophytes (Table 4). 
 

Table 4. Changes in plant community after forest fire or logging. 

Plant community 
Natural stand 

(number of species, %)
Burned stand 

(number of species, %)
Logged stand 

(number of species,%)

Taiga 
Forest meadow 
Steppe 

11 (30.6) 
21 (58.3) 
4 (11.1) 

5 (11.4) 
29 (65.9) 
10 (22.7) 

0 (0) 
25 (67.6) 
12 (32.4) 

Total  36 (100.0) 44 (100.0) 37 (100.0) 

 
Composition of the taiga community in the natural stand decreased from 30.6 % to 

11.4 % after fire and disappeared after logging. However, composition of forest 
meadow and steppe communities increased. This indicated that taiga community is 
very sensitive to anthropogenic disturbances and very important factor for evaluation 
of restoration. 
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IMPACT OF FOREST DEGRADATION IN RIVER DISCHARGE 
 
According to the survey of Mongolian and Russian Cooperative Biological Complex 
Expedition, some peculiarities for soil protection, water catching and storing roles of  
pseudotaiga larch forest in Central Khangai (Krasnotshekov, 1979,1980,1982,1983; 
Savin et al., 1980) and subtaiga larch forest in East Khentii were indicated.  

Water regulation role has 2 stages. First stage is that above ground mass of forest 
catches the water of snow and precipitation. Second stage is related to infiltrate and 
allocate ground surface water discharge. The catching process of precipition isn’t 
observed in clearcutting and burned forest.  

Water-physical properties of forest soil and dead plant cover is changed drastically 
after clearcutting and forest fire. The changing of water catching facility of forest soil 
and dead plant cover is reached to infiltrate less water and to increase surface water 
discharge of mountain and to erose the soil. For example, in East Khentii regions, 
when the snow melt, surface water discharge is increased 10-80 times in logged and 
burned area than in the forest. In Central Khangai, soil infiltration facility was 1.5-5.0 
times less or 2.0-6.8 mm/min at clearcutting old area than the natural forest 
(Krasnotshekov, 1983).  

The study for changes and impacts of degradation and deforestation was conducted 
in surveys of Tuul river discharge. 

The average discharge of Tuul river is approximately 26.6 m3/sec at the 
Ulaanbaatar site, 22.3 m3/sec at the Zaamar site and at the point further downstream 
where the Tuul River discharges into the Orkhon river, approximately 21 % of the total 
discharge has been lost. 

It is estimated that the annual composition of water feeding into the Tuul river is 
approximately 69 % rainfall water, 6 % snow melt water and 25 % groundwater. Due 
to highly variable seasonal temperatures, the river begins to freeze over in November 
and melts in late April. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3. Relationship between average annual precipitation and discharge of Tuul river. 
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Figure 3 shows in fluctuation of average annual precipitation and average annual 
water discharge of Tuul river recorded by Ulaanbaatar station. During the observation 
period (1945-1995) there were low discharge periods in 1945-1957, 1976-1980 and 
high discharge periods in 1958-1975, 1981-1995. It means we observed 2 complete 
discharge dynamic cycle, which includes low and high discharge, each. Observation 
period of discharge is divided into 2 parts. First period is from 1945 to 1971, and the 
discharge is gone by natural flow regime. Second period is from 1972 to 1995, and 
human negative influences were more in the period (Report of Basic reason of Tuul 
river water reserve mitigation and its protection measurement, 1997). 

Since 1945, legal and illegal logging were conducted in Upstream Tuul river to 
supply the demand for wood of industries and domestic usage in Ulaanbaatar. 
Organization for logging wood was established in 1972 and clearcut the stand by large 
area.  

Historically, about 400,000 to 500,000 m3 of industrial and fuel wood were 
harvested annually to supply wood industries and for domestic purposes. 

From 1945 to1957, in this period average annual discharge was lower, but average 
precipitation was normally. According to a survey, from 1950 to 1960, Tuul river was 
fed permanently from ground water. By the survey of 1997, it is obviously observed 
that the river discharge is fed by ground water from august (Janchivdorj, 1998).   

After clear cutting, average annual precipitation and also average annual discharge 
of Tuul river were obviously decreased in the period.  

Degradation factors of forest ecosystem are forest fire, logging, livestock grazing, 
harmful insect outbreaks of forest, recreation and technical impacts (Dugarjav, 2006). 

According to the survey of Russian scientist, when the closed forests percentage 
for total area is decreased by 10 %, yearly rainfall and snow are decreased by 12-13 
mm, and average annual discharge of rivers is decreased by 8-11 % (Lebedev, 1967). 

It is determined that average discharge of Tuul river is decreased by 9.6 % under 
forest reduction and destroys (Dorjsuren and Tsedendash, 1987). 

Generally, on average 20-21 % of Tuul river annual discharge passes in spring, 70-
75 % passes in summer, 7-9 % belongs to autumn and winter season. In 1997, 1998 
and 2003, water discharge of Tuul river were infiltrated to the river ground from 
Yarmag bridge to Songino bridge and no water discharge duration was during 10 days. 
This events show that water discharge regime of Tuul river was changed severely, and 
depended on centralized more water supply of industries and domestic use.  
      In analyzed discharge dynamics of Tuul river, a flood duration period of  
precipitation was 15 days in 1940, but was 12 days in last 60 years, whereas duration 
period of flood events was decreasing by 2-3 days. Flood events occur about 10 times 
a year. Therefore, number of days with less water discharge was increased by 24 days. 
It shows that duration period of less water discharge (than average discharge) gets 
longer and precipitation which fall down in river basin flows short time due to 
intensive surface water discharge on the ground. Because of maximum discharge of 
flood events is about 20 m3/sec every year, it reaches to flood disturbance (Davaa et al., 
2004).  
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CONCLUSIONS 
 
In Upstream area of Tuul river, temperature and relative humidity (RH) were 
drastically changed after forest fire or logging. Temperature increased by 1.6-1.7 0C on 
average, whereas RH decreased by 15.7 % after logging. Development of the Larch 
stand mainly progressed into four stages after fire or logging: 1) secondary larch stand, 
2) hardwood stand mainly composed of birch and willow species, 3) Bush stand, and 
4) grassland (steppe). Species composition of taiga forest community decreased after 
fire, and disappeared after logging. Soil water content significantly decreased after 
forest fire or logging, and the extent of decrease was more severe in the logged stand. 

Forest fire stimulated the increase of pH while organic matter content significantly 
decreased. This was caused by ash deposition on surface soil and nutrient losses 
through leaching. Logging stimulated the decrease of inorganic N (NH4

+ -N, NO3
+ -N). 

Inorganic nitrogen of the forest floor significantly decreased in the logged stand 
compared that of the natural and burned stands. Logging affected the surface soil layer 
but not nitrogen cycling. 
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