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Freshwater resources — essential for life on Earth and the
achievement of the Millennium Development Goals (MDGs) — are
under growing pressure from social, economic and environmental
factors including population expansion, overexploitation of land
resources, increasing pollution, climate change and unsustainable
management practices. Integrated Water Resources Management
(IWRM) has been recognized as one of the top priorities for

society to be able to respond to these challenges. This is especially
important in Asia where water resources are scarce in many Executive Director

countries. A good understanding of how water resources are United Nations Environment
vulnerable to environmental change is essential for informed Programme

decision making.

This publication — the product of a collaborative effort between the United Nations Environment
Programme (UNEP), Peking University of China and the Water Resources Institute of the Mongolia
Water Authority — provides an integrated vulnerability assessment of freshwater resources in Northeast
Asia. Assessments were carried out for five key river basins in the sub-region: the Changjiang River
Basin (China), the Huanghe River Basin (China), the Song-Liao Basin (China), the Orkhon River Basin
(Mongolia), and the Tuul River Basin (Mongolia), which together cover a land area of almost 4 million
square kilometres, and are home to more than 1 billion people. In Northeast Asia, about 350 million
people have benefitted from efforts to achieve the Millennium Development Goal on access to safe
drinking water since 1995. However, more than 700 million people in the five basins still have inadequate
access to safe drinking water and improved sanitation.

The report also confirms the significant link between climate change and water availability with solid
scientific evidence and data in the selected basins. Global warming will further affect the water balance

in these basins and exacerbate extreme events of drought and floods.

There are no easy generic solutions. Innovative basin-level policy interventions are urgently needed
for each river basin to reduce vulnerability to environmental change, and optimize services for future
development. In this context, it is our hope that this report will be a useful resource for decision makers
in China and Mongolia to make informed decisions in IWRM, and for other stakeholders to understand
the important and urgent need for IWRM in Northeast Asia. This publication will be accompanied by an

interactive electronic version allowing users to easily access a greater range of information at basin and
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sub-basin scales.

United Nations Under-Secretary General and Executive Director
United Nations Environment Programme
October 2008
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xecutive Summary

Introduction

Water resources are normally defined as the total quantity of water that can be readily use
by human beings. Coincident with population expansion and the evolution of human society,
water demands are continuously increasing. At the same time, quickly expanded human
activities have negatively influenced the health of freshwater systems, contributing to the
vulnerability of freshwater resources systems. Thus, wise water resources management is one
of the major challenges constraining our ability to achieve sustainable development, and water
resources management, as an important component in the ecosystem management goals in the
development agenda of all countries. The initiative on vulnerability assessment of freshwater
resources under the context of the climate and socioeconomic change will definitely contribute

to better decision making in the water sector.

The study of this sub-region was generally carried out in two steps: (1) a general analysis of
the status of the water resources in the sub-region; and (2) a comprehensive analysis of five
selected major river basins in the sub-region, with the goal of a better understanding of the
freshwater resources, in terms of state, drivers and pressures causing the vulnerability, and the
impacts resulting from the changed states and responses for overcoming the main threats at
the river basin scale. In considering the nature of water resources management, this exercise
was based on a conceptual framework designed to examine four important components: (1)
water resources formulation from natural hydrologic process; (2) development and use of
water resources for maintaining human well-being and socioeconomic development; (3)
water resources for maintaining ecological/environmental functions of a river basin; and (4)

management capacity.

As part of an UNEP’s global initiative on assessment of vulnerability of freshwater resources
under a changing global climate, this report summarizes the results from an in-depth
vulnerability assessment of freshwater resources in the Northeast Asia sub-region, including a
general introduction to the sub-region and the main characteristics of its freshwater resources,
including all the countries in the sub-region, and an in-depth synthesis of vulnerability
assessment of the freshwater resources, based on the results from the 5 selected river basin

assessment case studies, which are attached to this report as appendixes.

Physical Features

The Northeast Asia sub-region covers a vast territory, with a total land area of 11,764,596 km’
(4,542,336 miz), It borders on the Pacific Ocean, and with a total coastal line of 86,199 km
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(53,562 mi), and more than 22,000 islands. It is comprised of 5 countries, including People’s
Republic of China, Mongolia, Japan, Republic of Korea and Democratic Peoples Republic of

Korea.

The region exhibits diverse topographic features, including 5 basic topographic types (plateaus;
plains; basins; mountains; hills). With mountains as the main topographic type (accounting for
54.6 per cent of the total land area), the Northeast Asia sub-region is generally characterized
by steep slopes and rugged landform. There are 3 topographic steps from the west to the east,

with its height gradually decreasing.

The sub-region exhibits a rich combination of temperature-precipitation patterns, including
continental, Oceania and monsoon climates. It can be divided into 5 temperature zones on
the basis of the annual accumulated temperature (with daily mean temperature higher than
10 °C [50 °F]): (1) tropical zone; (2) sub-tropical zone; (3) warm temperate zone; (4) middle

temperate zone; and (5) cold temperate zone.

Although the Northeast Asia sub-region contains only one-twelfth of the world’s total land
resources, it contains about one-fourth of the total global population. The per capita land
resources of the sub-region is only 0.0078.km™ (0.003.mi”), accounting for one-third of the
world average. The total arable land area of the sub-region is 1,390,046 km’ (536,700 miz),
accounting for about 11.82 per cent of the region’s total land area, while forests cover 2,305,080
km? (889,996 mi*; 19.59 per cent); grasslands 4,285,510 km” (1,654,645 mi’; 36.42 per cent);
and other lands 2,732,876 km” (1,055,169 mi’; 23.23 per cent). Generally speaking, the sub-

region generally has an inadequate area of arable land for sustained agricultural productivity.

The Northeast Asia sub-region is rich in biological resources, with a complicated distribution
pattern, and one of the regions of the world with the richest plant and animal resources. About
170 identified mineral species have been report for the region. It has a rich resource base,
including tungsten, antimony, thulium, molybdenum, vanadium, and titanium. It also is rich in
coal, iron, lead, zinc, copper, silver, mercury, tin, nickel, phosphorus, asbestos, graphite, and

magnetite.

The sub-region has a total population of 1,508,263,000. The population density is about
128.km™ (332.mi”) one of the most densely populated areas in the world. According to the
statistics over the past 5 years, the natural population growth rate is 9.36 per cent, thereby
exhibiting a decreasing trend, compared to the figures in the 1980s and 1990s. At the same

time, the number of the aged population is increasing in the sub-region.

The GDP growth rate of the Northeast Asia sub-region in 2006 was 9.275 per cent (excluding
D.P.R. Korea), which is about 1.5 times higher than the predicted rate. The total GDP is US$
7,635 billion, and US$5,062.capita”, accounting for 62 per cent of the world’s average per
capita GDP. This demonstrates the sub-region is in a fast period of growth period, although it



still has far to go to reach the average global level, with the difference between developed and

developing countries still being large.

Freshwater Resources

The freshwater resources of the Northeast Asia sub-region, which exhibits a complex
influence of geographic and topographic features and climate, are characterized as: (1) rivers
flowing over long distances; (2) large river basins; (3) many water falls; (4) high density of

international rivers; and (5) large differences among the riparian countries.

The total available water resources of the sub-region (excluding D.P.R. Korea, which has no
available data) is 3,351 km’, accounting for about 1/300th of the global total. The per capita
water availability is 2,221 m’, only about 25.7 per cent of the world’s average. Thus, the sub-

region is water scarce, in terms of both total and per capita water resources.

The sub-region is relatively rich in precipitation, with an annual precipitation of about 1,100
mm (43 in), with an obvious gradient distribution, decreasing from the east to the west, and
from the south to the north. According to the iso-precipitation lines, about 54 per cent of the
area in this sub-region is in the humid and semi-humid category, while the other 46 per cent is
in semi-arid and arid zones. There are frequent monsoons during the rainy season, with about
70-80 per cent of the annual precipitation occurring in the monsoon season. The water supply
in the dry season normally comes from groundwater aquifers, stored water, and melting snow.
The frequency of floods and droughts (about every 50 years) has increased over the last 200
years. The trend of drought occurrence is even more obvious, having increased by 36 per
cent over the same period. These observations illustrate an increased vulnerability of water

resources in the region.

Excluding D.P.R. Korea, the total water use in the Northeast Asia sub-region is 684.3 km’,
accounting for 29.7 per cent of the global total. The per capita water use is 454 m’.year', about
1.2 times the global average. Up to 2002, about 335,000,000 inhabitants lacked adequate
access to safe drinking water. Compared to the situation in 1990, however, the safe drinking
water supply has improved rapidly in recent years, resulting from implementation of the
Millennium Development Goals (MDGs), which targeted that half of the world’s population

without access to improved drinking water will be halved by 2015.

As a consequence of expanded land reclamation and over-irrigation, lake ecosystems in the
sub-region have experienced heavy pressures over the past decade, and the total water surface

area has decreased. Water quality deterioration is another crucial problem in this sub-region.

For a region with scarce water resources, one of the crucial needed measures for balancing
water supply and demands is to increase water use efficiency. In turn, water use efficiency

is a function of several variables, including technology, price and state of knowledge.
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As an important indicator, the water use per unit GDP (WUGDP) reflects governmental

achievements in water savings and environment protection.

Up to 2002, the Northeast Asia sub-region had about 751,000,000 people lacking access to
improved sanitation, with 78.3 per cent being in rural areas. Nevertheless, more people in the

sub-region have access to improved sanitation today, compared to the 1990s.

The complex physical, political, and human interactions within international river basins in
the sub-region can make management of the shared water systems especially problematic.
To prevent potential conflicts and resolve existing disputes, the international community has
focused considerable attention in the 20" century on developing and refining principles of

international freshwater management.

Vulnerability Assessment

Based on the general description of the water resources base in the Northeast Asia sub-region,
a systematic analysis on vulnerability of freshwater resources was implemented for the sub-
region. Based on the joint efforts of Chinese team and Mongolian team, 5 major river basins
were identified for detailed analysis: The Changjiang River Basin (CRB), Huanghe River
Basin (HRB) and Songliao Basin (SLB) in China, and the Orkhon River Basin (ORB) and
Tuul River Basin (TRB) in Mongolia. The key factors related to freshwater vulnerability were

summarized.

Water Resources and Climate Change

The sub-region, although relatively rich in precipitation, is characterized by a vulnerable
water resources base. On the one hand, most of the river basins are located in the continental
climate zone, where precipitation is low (i.e., arid and semi-arid zone). On the other hand, the
temporal distribution and variability of precipitation, attributed to climate change tends to be
a fundamental factor contributing to the increasing vulnerability of the freshwater resources.
In the semi-humid, semi-arid and arid zones, declining precipitation and runoff trends
were observed, with the speed of change now accelerating. As a result, water is becoming
an increasingly scarce resource, with some rivers even partially dried out. There also is an
increasing precipitation and runoff trend in the humid zone, particularly over the last 10 years.
The influence of the monsoon can be observed in the precipitation characteristics, with about
70-80 per cent of the precipitation occurring during June to September. Thus, floods in the

rainy season have become a major problem in these areas.

Agricultural Water Use and Drinking Water

Most of the irrigation in the sub-region is still “extensive”, with irrigation efficiency being low
(as low as 25 per cent). Thus, agricultural irrigation is a sector that exhibits both a large water

consumption and large water wastage. Due to limited water quantity and poor water quality, a



huge proportion of the population in the sub-region lacks access to improved drinking water
supply (IDWS).

Ecosystem Deterioration

In addition to shrinking lakes and wetlands, the habitats of vegetation and animals are
gradually being lost, resulting in biodiversity loss in the sub-region. Statistically, many
endemic and endangered species (fish, amphibian, waterfowl, and aquatic mammals) are

threatened with extinction.

Water Pollution

The water quality has generally deteriorated throughout the Northeast Asia sub-region. Water
pollution pressures result from the following activities: (1) increasing population; (2) rapid
economic development; (3) improper industry structure; and (4) decreasing investments
in wastewater and sewage disposal equipment. Water pollution changes the water scarcity
situation from bad to worse, severely affecting agricultural, industrial and domestic water
supplies, and harming the health of humans and aquatic biodiversity. In urban areas, pollution
pressures increase the potential for high sewage emissions from centralized water systems,
and a wastewater treatment efficiency. Further, water pollution aggravates economic losses,
while restricting sustainable circulation among economy, society, and ecological environment.
It is clear that governments in the sub-region must make an all-out effort to improve overall

water quality.

Water Use Efficiency

Generally speaking, the WUGDP as an important indicator of water use efficiency, reflecting
the achievements of governments in water savings and environment protection. Because of
a lack of an appropriate valuation mechanism at policy level, however, water resource use
cannot be effectively controlled under the current policy framework. As a result, the price of
water resources could not be appropriately established, and is usually badly under-estimated,
with the issue of water scarcity and water pollution getting more aggravated. About 70 per
cent of the water is being lost during its transportation and distribution. Thus, with increased
investments in water-saving facilities and water use management, water use efficiency should

improve.

Vulnerability Index

Based on an in-depth assessment, a Vulnerability Index (VI) was calculated for each of the 5

selected river basins, with the results summarized in the following table.
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Vulnerability Index for 5 selected river basins in Northeast Asia sub—region

RSs RSv DPs DPd | EHp EHe | MCe | MCs MCc VI
0.000 | 0.225 | 0.195 | 0.145 | 0.174 | 0.395 | 0.929 | 0.145 | 0.400
CRB 0.264
0.113 0.169 0.286 0.491
0.128 | 0.740 | 0.330 | 0.182 | 0.231 | 0.370 | 0.937 | 0.229 | 0.290
SLB 0.369
0.434 0.256 0.300 0.486
0.684 | 0.347 | 0.656 | 0.250 | 0.680 | 0.520 | 0.995 | 0.250 | 0.400
HRB 0.529
0.516 0.453 0.600 0.548
0.255 | 0.554 | 0.041 | 0.379 | 0.420 | 0.829 | 0.657 | 0.574 | 0.340
TRB 0.441
0.405 0.210 0.625 0.524
0.000 | 0.515 | 0.022 | 0.827 | 0.073 | 0.073 | 0.956 | 0.952 | 0.420
ORB 0.383
0.257 0.428 0.073 0.776
Low Moderate High Severe

The following conclusions are based on this analysis:

[1] The vulnerability grades of the 5 selected river basins generally range from moderate to
high, and management-related interventions are urgently needed to improve the state of water

resources in the sub-region.

[2] Except for the CRB (located in humid and semi-humid zone) and the ORB (with very
low population density), the remaining river basins in the sub-region generally exhibit water
resources problems. Their basins are relatively dry, and exhibit a low per capita availability
of water resources. In addition to water scarcity, they also suffer from unstable annual water
resources recharge capacity. As an example, the SLB experiences serious water shortages
related to large inter-annual variability in precipitation that increase the constraints to

adopting sustainable water resources management plans practices.

[3] In regard to water resources development and use, the water resources exploitation rate is
usually high in the river basins suffering from water shortages. This is clearly demonstrated
with the HRB analysis, which identified a water resources exploitation rate as high as 65 per
cent. Further, although the other river basins don’t exhibit a critical designation, the continuous

population increase and urban expansion occurring in them require a continually-increasing



water supply, thereby also presenting future water resources development and use challenges.
Further, over-exploitation of both surface and groundwater resources will negatively impact

the healthy hydrological processes, subjecting the river basin to high ecological risks.

[4] In terms of ecological health, most of the river basins are at risk, including those currently
exhibiting a low vulnerability, mainly because of the continuous deterioration of water quality
in the sub-region, and the increasing recognized problematic development trends, based on
the available data. This conclusion also is supported by another indicator; namely, vegetation
coverage (including wetland). The vegetation coverage is relatively low in all 5 selected river

basins, further contributing to increased limitations in regard to eco-rehabilitation.

[S] There is a high disparity in management capacity among the 5 selected river basins, with
the common problem being poor water use efficiency. Although most of the river basins
exhibit a scarce water supply, due to various factors affecting management capacity (both

technical and policy in nature), water use efficiency remains very low.

[6] Conflict management is another important indicator for the countries in the Northeast
Asia sub-region with transboundary river basins. Although they are not all international
rivers, the 5 selected river basins are large in area, and exhibit various levels of transboundary
management issues. The management of the 3 selected river basins in China, for example, is
similar in regard to institutional arrangements, but still exhibit minor variations in terms of

management capacity. The situation is similar for the 2 selected Mongolian river basins.

Policy Recommendations

Based on the above synthesis, the following policy recommendations should be considered for

improving water resources management in the future:

[1] Improved water use efficiency — Although the 5 selected river basins are located mostly in
arid and semi-arid zones, and characterized by scarce water resources, the water use efficiency
remains very low. The key factors contributing to water use efficiency are development policy
and technical input. Water use is still dominated by the agricultural sector in the Northeast
Asia sub-region, with water use efficiency in agricultural sector being relatively low, compared
to other sectors. Thus, the development policy in the agricultural sector must be re-assessed,
and relevant policies formulated to improve water use efficiency in this sector, including: (1)
refinements in the structure of agricultural production; and (2) introduction of economical
incentives in water-pricing policies. Improved water use efficiency also will require strong
technical support (e.g., development of water-saving technologies in agriculture and other
industries). The research and development (R&D) activities for water resources management
in the Northeast Asia sub-region are relatively low, and should be included in the priorities of

the technological development agenda of the countries of the sub-region.
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[2] Comprehensive river basin management — The current water resources management
scheme is based on a political administrative system that is weak in regard to enhancing
coordination between different reaches of the various river basins. Different reaches of the
river basins have unique characteristics, and play different roles in the whole river basin
ecosystems. The current centralized management system leaves little opportunity for cross-
basin coordination. Thus, basin-wide management institutions must be further strengthened
through decentralization and proactive involvement of local governments. At the same time,
the participation of all water stakeholders, as a key to successful river basin management, also
must be encouraged. Another important aspect of basin-wide management is ensuring rational

water resources use through a coordinated mechanism for water resources allocations.

[3] Environmental protection and pollution control — Except for the ORB, which exhibits a
better ecological condition in regard to both pollution and vegetation, the remaining 4 river
basins analysed in this study are under severe threats of environmental degradation. Thus,
protecting the environment will be very important for restoring the degraded ecosystems.
Relevant measures may include erosion and sedimentation control, sufficient ecological flows,

and pollution control through controlled pollutant discharges.

[4] Poverty alleviation and safe drinking water — Poverty alleviation will remain an important
development task of integrated river basin management for a long time. Management priorities
must be established to meet the basic needs of the poor population, including safe drinking
water supply, establishment of alternative livelihoods, and building the capacity of local

people to solve their problems through participatory resources management activities.



Introduction

1.1 Rationale

Water resources are normally considered to be the total quantity of freshwater readily
available for human use. Although the total quantity of water on earth is enormous (about 1.338
x10° km’), the freshwater readily available for human use is only a very small portion of this
total quantity (only about 2.53 per cent). And 70 per cent of this readily-available freshwater
exists in the form of glaciers or permanent snow, under permanently-frozen soil, or deep
underground beyond easy human access. About only 1.065x10” km® of the earth’s freshwater
resources are available as surface water, or as groundwater that is less than 600 m (1,968 ft)
under the land surface, thereby being easily accessible for human use. In fact, our readily-
available freshwater resources consist of only about 30.4 per cent of the total freshwater

resources, and only about 0.77 per cent of all the water on earth.

As a result of continuing population growth and evolution of human society, human demands
for water resources continue to increase. At the same time, expanding human activities have
negatively influenced the health of the earth’s freshwater systems, thereby contributing to the
vulnerabilities of our planet’s water systems. It is reported that, among the 500 great rivers of
the world, more than half are drying (UNEP 2002B). Because of these water-related threats,
the biodiversity of freshwater ecosystems is decreasing rapidly, and at a rate even faster than

that of terrestrial and marine ecosystems.

According to United Nation reports, human water use has increased by a factor of 6 over the
20" century. In addition to the impacts related to uneven spatial and temporal distribution,
mismanagement, insufficient infrastructure, and environmental pollution, our limited
freshwater resources have resulted in approximately one-fifth of the world’s population lacking
access to safe drinking water, as well as inadequate sanitation facilities for approximately 40

per cent of the world’s population (ADB, 2006).

Wise water resources management, therefore, is one of humanity’s major challenges in its
quest toward sustainable development. Equally challenging is inclusion of water resources
management, as an important component of ecosystem management, in the development
agenda of many of the world’s countries. Thus, formulation of an effective policy for
implementing integrated water resources management requires a comprehensive knowledge
base, with an increased understanding of the vulnerability of water resources being a key

goal for this purpose.Therefore, an initiative directed to understanding the vulnerability of
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freshwater resources within the context of climatic and socioeconomic changes will definitely
contribute needed information for better decision-making directed to the water sector. To
this end, this study is a joint effort between different agencies and institutions around the
world, directed to better awareness building and decision support, with this report on the

vulnerability status of the Northeast Asia sub-region being part of this global initiative.

1.2 Approach

1.2.1 General Analytic Framework

The vulnerability assessment of freshwater resources in Northeast Asia sub-region was
carried out in a two-step process: (1) in-depth assessments of the selected river basins; and
(2) synthesis of results for the entire sub-region, based on the assessments of the selected
river basins. The distinguishing feature of this exercise is an integrated river basin analysis
approach. With this systematic method, river basins are used as the basic unit of assessment,
with all the scientific data collected at the river basin scale, within which the hydrological and
socioeconomic processes are closely linked. The dynamics of a river basin, including both the
hydrological and socioeconomic processes, can effectively demonstrate the state and trends
regarding the basin’s water resources. Thus, the results of these analyses should reflect a dual

adaptation process; namely, ecological and socioeconomic adaptations.

The vulnerability assessments of freshwater resources of the selected river basins in this
study were carried out under the general guidelines of Methodological Guidelines for Vulnerability
Assessment of Freshwater Resources, developed in this project. This method is a results-oriented
assessment aimed at enhancing our understanding of water resources of a river basin as the
fundamental analysis framework, and its interrelationships with the social adaptations of
the local socioeconomic system. As shown in Figure 1.1, the analytic framework has four
basic components: (1) water resources base; (2) water resources development and use; (3)
water resources for ecological health; and (4) water resources management. The first three
components are important components of the hydrological process, with the state and trends
usually being ideal indicators of the vulnerability of water resources, while the management
component can influence each of the first three components, reflecting the socioeconomic

adaptations in a complex water resources system.

The conceptual framework of analysis is based on the assumption that a healthy water
resources management system can best be realized with the establishment of a rational,
coordinated relationship between the three above-noted components through appropriate
management schemes. Thus, the vulnerability assessment of a river basin requires a precise
understanding of the four components, including its state, trends and the relationships with its

context, as follows:



1. HYDROLOGIC PROCESS/
WATER RESOURCES FORMULATION

ATMOSPHERIC
PRECIPITATION

i 0 e

WATER RESOURCES BASE
(SURFACE RUNOFF AND GROUNDWATER)

WATER RESOURCES WATER RESOURCES FOR
DEVELOPMENT AND USE ECOLOGICAL HEALTH
(Domestic, agriculture, and industry) (River ecosystem, wetland ecosystem, etc.)
2. WATER RESOURCES 3. ECOLOGICAL/
DEVELOPMENT AND USE ENVIRONMENTAL WATER USE

4. WATER RESOURCES MANAGEMENT

Fig. 1.1 A Simplified framework of water resources base,
and its development and use in a river basin

[1] Water resources base — Analysis of the hydrologic balance prior to consideration of any
water resources development and use; that is, water resources formulation from a natural
hydrologic process, and its relationship with global climate change and local biophysical

conditions.

[2] Water resources development and use — Analysis of the balance between water resources
supplies and needs; that is, the water resources development capacity utilizing an engineering
approach, and its relation to water resources use, including domestic water development
trends (e.g., urbanization, modernization), as well as the roles and support provided by water

resources to economic development.

[3] Water resources for ecological health — Analysis of water resources subsequent to its
development and use for domestic and economic use; for maintaining the basin’s ecological
health; supply and demand relations; and key issues in the process. At the same time, water

quality must be analysed as a consequence of water resources development and use (pollution),

11
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and its influences on water resources budgeting within a river basin.

[4] Water resources management — The above three components focused on natural processes,
or natural adaptations, of freshwater resources development and use. At the same time, the
natural process is usually heavily influenced by the social adaptation capacity to freshwater
resources (i.e., the freshwater resources management capacity plays an important role in
establishing and maintaining a healthy freshwater resources development and use system).
Thus, the vulnerability assessment should also consider the capacity of the management
structure to evaluate the state and trends of institutional arrangements, transboundary

coordination, and other relevant factors in freshwater resources management.
Based on this framework, the assessments comprised 3 steps:

[1] Diagnosis of key issues in each of the four components — To demonstrate the state and
development path through a comprehensive analysis of the hydrological database; demonstrate
the state and developmental path of each component in the framework; and identify key issues

for each component relevant to the goal of sustainable water resources management practices;

[2] Detailed analysis of the identified issues, using the Driver-Pressure-State-Impact-Response
(DPSIR) framework — For all the issues identified in the first step, the DPSIR approach is used
for in-depth technical assessments for understanding the causality relationships among the
drivers, pressures, state, impacts and responses that provide precise technical guidance for

policy recommendations; and

[3] Comprehensive assessments supported by calculation of the VI — The comprehensive
assessments are carried with an integrated Vulnerability Index system (VIS). The purpose
of the VIS is to try to provide a generally-understandable indicator matrix for describing the
vulnerability state of a river basin, and to make the results comparable across different river

basins.

The VIS is composed of a series of indicators structured in a two-stratum fashion. At the
first stratum, there are four variables representing the four key components of the analytical
framework, including resources stresses; development pressures; ecological health; and

management challenges. Thus, the vulnerability of a river basin can be expressed as:

VI = f(RS, DP, EH, MC)

where: VI = Vulnerability Index; RS = Resource Stresses; DP = Development Pressures;

EH = Ecological Health; and MC = Management Capacity



The second stratum of the VIS is a set of computable parameters for each of these four

variables. Table 1.1 identifies all the parameters in a two-stratum structure of the VIS.

Table 1.1 Indicator structure of Vulnerability Index

System for freshwater resources assessment

First stratum S Symbol Definition Calculation
stratum
Per capita ;vater . s 1700-R
Water resource of a region, s~ 1700 (R<1700)
scarcit RSs compared to generally-
V agreed minimum level RS =0 (R>1700)
Resource stresses of 1,700 m3.person’!
(RS)
Water Coefﬁc'ie.nt (?f variation RS, =% (€cV<0.3)
.. RSv | of precipitation over the { :
variation
last 50 years. RS,=1(cv 20.3)
B
er cent of V\./ater WR,
Water stress DPs | supply, relative to total DPs= op
Development water resources
pressures
(DP) Safe drinking Per cent of population Dy
water DPd | without access to safe DP, = P
accessibility drinking water
Proportion of %V
Water — discharged wastewater, EH,= 010 (WW<0.10xWR)
pollution P relative to total water {
Ecological health resources EH,=1(WW 20.10x WR)
(EH)
Per cent of exposed
E t : A
COS}./S 61‘1-1 EHe | land area (without EH, = 7[1
deterioration .
vegetation)
Wat Level of water use MC :w( WE<WE,, )
ater use . ¢ o
. MCe | efficiency (GDP from { WR,
efficiency .
unit water consumed) MC.= 0 (WE >WE )
Management
capacity Improved Per cent of population P,
(MC) sanitation MCs | without access to MC = P
accessibility improved sanitation
Conflict Capacity in conflict
management MCc | management for Consultation
capacity transboundary issues

13
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The detailed calculation methods are discussed in the Methodological Guidelines, with the

interpretation of results being based on the interpretation criteria identified in Table 1.2.

Table 1.2 Reference sheet for interpretation of Vulnerability Index

Vulnerability .
Interpretation
Index
This is a healthy drainage basin, in terms of resource richness, development
Low practices, e‘colo.gical st.ate, and management capacity. No serious.pOFicy change is
0.0-02) needed. It is still possible, however, that moderate problems exist in one or two
aspects of the assessed components for the basin, and policy adjustment should be
considered after examining the VI structure.
This river basin is generally in a good condition in regard to achieving sustainable
water resources management. It may still fact challenges, however, in regard to
Moderate either technical support or management capacity building. Thus, policy design for

(0.2-0.4) the basin should focus on the main challenges identified after examining the VI
structure, and strong policy interventions should be designed to overcome any key
constraints to the river basin.

The river basin is under high stress, and great efforts should be undertaken to

High design policy that provides technical support and policy backup to mitigate these
(0.4-0.7) stresses. A longer-term strategic development plan should be developed, with a
focus on rebuilding management capacity to deal with the main threats.

The river basin is highly degraded in regard to its water resources system
and management structure. Restoration of the river basin’s water resources
Severe management capabilities will need high commitments from both the government
(0.7 -1.0) and the general public. Its restoration will be a long-term process, and an
integrated management plan must be developed at the basin level, with the
involvement of appropriate international, national and local level agencies.

Upon completion of assessments of the selected river basins, a sub-regional synthesis will be
made, utilizing a similar framework as that used for the river basin assessment. The synthesis
report for the sub-region includes two inter-related sections: (1) A general introduction and
analysis of the vulnerability of sub-regional water resources in a similar manner as the
river basin assessment; and a subsequent (2) more in-depth technical assessment of the key
characteristics and issues, based on the results from the selected river basin assessments. The
summary of the sub-region assessment is to provide comprehensive comments and policy
options, based on the key messages from the first two sections, and a calculation and mapping

of the vulnerability indicators for the selected river basins.

1.2.2 The Process

Based on the general analytic framework, the assessment of the Northeast Asia sub-region was



divided into three phases, as follows:

[1] Assessments of the selected river basins — Five river basins were selected for in-depth
analysis, 3 in China, and 2 in Mongolia, as follows: (1) Changjiang River Basin (China);
(2) Huanghe River Basin (China); (3) Song-Liao Basin (China); (4) Orkhon River Basin
(Mongolia); and (5) Tuul River Basin. Two research teams were formed in China and Mongolia
to carry out assessments of the selected river basins. Upon completion of a desk study, the
two teams met in a joint workshop to discuss the methodological issues for the assessments,
including data analysis; calculation of the VI; etc. Upon completion of the first draft of the
assessment reports for each of the individual river basin, draft reports were sent to local

experts for review and comments, which were used to further improve the reports.

[2] Synthesis report for the sub-region — The synthesis report was prepared on the basis of
the reports for the selected river basins. The sub-region teams conducted a more descriptive
analysis of the freshwater resources status and trends for the selected river basins in a
framework similar to that utilized for the individual river basin. Based on the general
descriptive analysis, detailed analyses on the key issues of the sub-region were conducted,
using the DPSIR framework based on the results from the river basin assessments. The final
recommendations and policy options were based on an in-depth analysis of the VI indicators’
mapping. Similar to the river basin reports, the draft synthesis report was sent to experts for

comments, being further revised on the basis of these comments.

[3] Review workshop — A review workshop was organized for the sub-region, with the river
basin reports and the sub-regional synthesis report being reviewed by an expert panel from the
sub-region. The reports were finalized on the basis of the comments received from the expert

panel.

1.3 Structure of Report

This report includes three sections, as follows: (1) a general introduction to the sub-region, and
the main factors affecting freshwater resources in all countries of the sub-region; (2) in-depth
synthesis of vulnerability assessment of freshwater resources, based on the results from the 5
selected river basin assessment case studies; and (3) full reports of the 5 case studies, provided

as an appendix to this report.

15
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Overview of Freshwater
Resources in Northeast
Asia Sub-region

2.1 Overview of Sub-region
The Northeast Asia sub-region covers a vast area of 11,764,596 km® (5,314,540 miz),

accounting for about 1/12th of the total land area in the world. It borders the Pacific Ocean,
with a total coastal line of 86,199 km (53,562 mi), and has more than 22,000 islands (MFA
of PRC; Xinhuanet; GOVCN-A; CYS, 2006; MSY, 2005). The sub-region (Figure 2.1) is
composed of 5 countries: People’s Republic of China (P.R. China), Mongolia, Japan, Republic
of Korea (R. Korea), and Democratic Peoples Republic of Korea (D.P.R. Korea).

Fig. 2. 1 Northeast Asia sub—region (Google Earth)

17
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2.1.1 Topography

The Northeast Asia sub-region exhibits diverse topographic features (Table 2.1), including
5 basic topographic types (plateaus; plains; basins; mountains; hills). With mountains as
its main topographic type (accounting for 54.6 per cent of the land area), the sub-region is
generally characterized by steep slopes and rugged landform. Thus, it provides the sub-region
with many tall vertical falls, suitable for potential hydropower development. As an example,
China has a potential hydropower capacity of 680,000,000 kw (CSY, 2006).

Table 2.1 Distribution of landform types in Northeast Asia sub—region

Landform P.R.China Mongolia Japan R. Korea D.P.R. Korea
h North
Plateau Northwest and North — ortheast and Northeast
southwest northwest
Northeast,
Plain East East middle and South and west South
southwest

Northwest and

Basi theast = = —
asin middle Southeas
West, north Northeast, East, south and
Mountain Middle > middle and East and north Al
and middle north
southwest
Hill Southeast and Southeast = South and west =

southwest

There are 3 topographic steps from the west to the east, and the height gradually decreasing. The
highest step in the west is the Qinghai-Tibetan Plateau. With an average altitude over 4,000 m
(13,124 ft), it is composed of well-distributed mountain ranges and deep valleys, and several
snow mountains stretch across the plateau. This plateau is the source of the two major rivers,
the Changjiang and Huanghe Rivers. The second step is composed of vast highlands and
basins, with a average altitude ranging from 1,000 to 2,000 m (3,280 to 6,560 ft), including
the Mongolian Plateau, Inner Mongolian Plateau, Loess Plateau, Yunnan-Guizhou Plateau,
Yeongseo Plateau, Jinan Plateau, Junggar Basin, Tarim Basin, Caidam Basin and Sichuan
Basin. The third step includes alternatively-distributed hilly regions (about 1,000 m [3,280 ft]
in altitude) and plains (below 200 m [656 ft] in altitude); namely, the Northeast China Plain,
North China Plain, plains in the middle and lower reaches of the Changjiang River Basin,
Zhujiang River Delta Plain, Kanto Plain, Ishikari Plain, Niigata Plain, Osaka Plain, etc. The

third step also extends to the Pacific Ocean, and links to the continental shelf.



2.1.2 Climate

Because of its vast land area, the Northeast Asia sub-region exhibits a widespread coverage
across the latitude, large variations in distances to the sea, and diverse topographic types.
It exhibits a rich combination of temperature-precipitation patterns, which typically include

continental climate, Oceania climate, and monsoon climate (Table 2.2), as follows:

Table 2.2 Distribution of climate types in Northeast Asia sub—region

Climate type P.R. China Mongolia Japan R. Korea D.P.R. Korea
Continental v/ v/
Oceanic e v v
Monsoon v v v v

[1] Continental climate — This portion of the sub-region has very cold winters and hot
summers, with the annual temperature variation being high. The precipitation is normally
concentrated in the summer (Table 2.3). The typical areas exhibiting this temperature-

precipitation pattern are Mongolia, and the northwest and north parts of China.

[2] Oceania climate — This portion exhibits a small annual temperature variation, remaining
warm and humid throughout the year (Table 2.3). The typical areas exhibiting this

temperature-precipitation pattern are Japan, R. Korea, and D.P.R. Korea.

[3] Monsoon climate — This portion experiences prevailing warm and humid south winds
from the Pacific Ocean or Indian Ocean during the summer, with the prevailing winds
changing to dry and cold north winds from the continents in the winter. Under the influence
of the prevailing winds, more rainfall occurs in the summer and less in the winter, with an
obvious seasonal change throughout the year. The typical areas exhibiting this temperature-

precipitation pattern are the east and south parts of China, Japan, R. Korea, and D.P.R. Korea.

Table 2.3 Temperature characteristics of Northeast Asia sub—region
(MFA of PRC; Xinhuanet; CYS, 2006; MSY, 2005)

PR. China | Mongolia | Japan | R.Korea | D.P.R. Korea
Multi-year mean temperature (‘C) 4~23 0.25 10~15 11~16 8~12
Summer mean temperature ('C) 31 17.5 28 27 27
Winter mean temperature (C) —17 —20.2 -6 -8 —10
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The Northeast Asia sub-region can be divided into 5 temperature zones, based on the annual
accumulated temperature (with daily mean temperature higher than 10 °C [50 °F]). These
include a tropical zone, sub-tropical zone, warm temperate zone, middle temperate zone,
and cold temperate zone (Table 2.4). In addition, the Qinghai-Tibetan Plateau’s temperature
zone cannot be described with the above-mentioned temperature zones because of its special

topographical features, thereby being treated as a special zone.

Table 2.4 Distribution of temperature zones in Northeast Asia sub—region
(GOVCN-B, MFA of PRC; CSY, 2006)

Tropical Sub-tropical Warm . S
P p temperate temperate temperate
A lated
ceumuratec >8,000 | 4,500~8,000 | 3,400~4,500 | 1,600~ 3,400 < 1,600
temperature ('C )
h
Crop growt 365 218 ~ 365 171 ~ 218 100 ~ 171 <100
period ( Day )
1.South of
1.HNP! 1.Most of THIL ™
2.South of | 1.South of middle & lower | 2. JLP'.LNP"
1.North of H.L.J.P.
PR. China | YNP, QLMS5-HHR® | reach of HRB® | 3.Most of ) N;’rrthezst o L[ )
GDP3, 2.East of QTP” | 2.South of IMAR?" ’ o
TWP* XJUAR® 4 North of
XJUAR
[}
g 1.East
£ . ' 1.North
= | Mongolia = = = 2. West
ge) 2.Northeast
E 3.South
2
@ 1.North of
a
South of Kyushu South of .
— North of Hokkaid
Japan Kyushu 2.Honshu Hokkaido Orti oF Hokkaldo
Shikoku
R. Korea — — All — —
D.PR. Korea — — All = —
Explanation:

1. HNP = Hainan Province; 2. YNP = Yunnan Province; 3. GDP = Guangdong Province; 4. TWP =
Taiwan Province; 5. QLM = Qinling Mountains; 6. HHR = Huaihe River; 7. QTP = Qinghai-Tibet
Plateau; 8. HRB = Huanghe River Basin; 9. XJUAR = Xinjiang Uygur Autonomous Region; 10. HLJP
= Heilongjiang Province; 11. JLP = Jilin Province; 12. LNP = Liaoning Province; 13. IMAR = Inner

Mongolia Autonomous Region



2.1.3 Nature Resources

2.1.3.1 Land Resources and Land Use

The Northeast Asia sub-region has only one-twelfth of the world’s total land resources, but
contains one-fourth of the total global population. The per capita land resources of the sub-
region is only 0.0078.km™ (0.003.mi™), accounting for one-third of the world’s average (MFA
of PRC; Xinhuanet; CSY 2006; MSY, 2005). Thus, the sub-region has very limited land
resources to support its large population. Further, the per capita land resources also vary from
country to country within the sub-region. Except for Mongolia, which has a relatively high per
capita land resource, the remaining 4 countries have very low per capita land resources. As
illustrated in Table 2.5, Japan has the lowest per capita land resources, equivalent to only 0.5

per cent of that of Mongolia.

Table 2.5 Land resources in Northeast Asia sub—region
(MFA of PRC; Xinhuanet, CSY, 2006; MSY, 2005)

P.R. China Mongolia Japan R. Korea D.P.R. Korea
Land area (km?) 9,600,000 1,564,116 377,880 99.600 123,000
izt ki 1
er capita land area 0.0073 0.6110 0.0030 0.0021 0.0053
(km?.capita™)

Based on the topographic, landform, climatic and other natural conditions, diverse types of
land use systems provide favourable conditions for development of agriculture, forestry, stock
breeding, fishery and other land use-based industries exist in the Northeast Asia sub-region.
There also are large proportions of land, however, that cannot be exploited for any economic
activities. As an example, about 12 per cent of the territory of China is desert (Gobi), which is
ecologically fragile and has low land use development value (GOVCN-C). As shown in Table
2.6, the total arable land in the Northeast Asia sub-region is 1,390,046 km’ (537,000 mi®),
accounting for only about 11.82 per cent of the total land area, forests cover 2,305,080 km’
(889,996 mi’; 19.59 per cent), grasslands cover 4,285,510 km® (1,654,645 mi’; 36.42 per cent),
and other types of land occupy 2,732,876 km” (1,055,069 mi’; 23.23 per cent). As a general
observation, the sub-region suffers from a serious lack of arable land. The per capita arable
land is only 0.00122 km®.capita” (0.0032 mi’.capita™; Table 2.6), much lower than the world
average of 0.0367 km’.capita” (0.095 mi’.capita™), and even lower than the safe level (0.0053
km”’.capita” [0.0137 mi’.capita] ) of arable land by the FAO.
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Table 2.6 Distribution of land use types in Northeast Asia sub—region
(MFA of PRC; Xinhuanet; CSY, 2006, MSY, 2005)

P.R. China | Mongolia Japan | R. Korea | D.P.R. Korea

Arable land area (km?) 1,300,392 1,758 49,896 19,500 18,500

Ratio of arable land area (per cent) 13.54 0.11 13.20 19.58 15.04

Per capita arable land area

. 0.00099 0.00069 0.00039 | 0.00041 0.00080
(km?.capita™)

Forestry land area (km?) 1,749,100 147,480 251,500 64,000 93,000
Ratio of forestry land area (per cent) 18.22 9.43 66.56 64.26 75.61
Pasture land area (km?) 3,133,300 | 1,152,210 — — —
Ratio of pasture land area (per cent) 32.64 73.67 = = =
Inland water area (km?) 174,700 9,676 — — —
Ratio of inland water area (per cent) 1.82 0.62 = = =
Other land area (km?) 2,375,800 252,992 76,484 16,100 11,500
Ratio of other land area (per cent) 24.75 16.17 20.24 16.16 9.35

2.1.3.2 Biological Resources

The Northeast Asia sub-region is rich in biological resources, with one of the richest plant and
animal resources, and which exhibit complicated distribution pattern. In the east, the monsoon
area contains diverse vegetation communities, including tropical rain forests, seasonal tropical
rain forests, central and south sub-tropical evergreen broadleaved forests, north sub-tropical
deciduous and evergreen broad-leaved mixed forests, temperate deciduous broad-leaved
forests, cold temperate conifer forests, sub-alpine conifer forests, temperate forest meadow,
and so on. The northwestern part of the sub-region (Qinghai-Tibetan Plateau) contains
steppes, semi-desert primary shrub lands, dry desert shrub lands, dry desert grasslands and
shrub lands, plateau cold desert, and highland grassland and meadow. The sub-region also has
diverse biological species. It is reported, for example, that China has more than 24,600 species
of higher plants, belonging to 2,980 genera of 300 families. These organisms include: (1)
2,946 genera of angiosperms (23.6 per cent of the global total angiosperms); (2) large numbers
of genera of ancient species (62 per cent of the world’s total); (3) large number of economic
plants, including over 1,000 timber species, over 4,000 medicinal species, more than 300 fruit

and nut species, more than 500 fibre species, 300 starch species, 600 oil species, and more



than 80 vegetable species. China also contains 2,070 terrestrial vertebrate animals species,

accounting for 9.8 per cent of the world’s total, including 1,170 bird specie, 400 beast species,

and 184 amphibious species (accounting for 13.5, 11.3 and 7.3 per cent, respectively, of the
world’s total) (GOVCN-D).

2.1.3.3 Mineral Resources

The Northeast Asia sub-region is a vast territory with a complicated geological structure, also

being rich in mineral resources. The sub-region contains an estimated 170 identified mineral

species. It has the world’s richest resources of tungsten, antimony, thulium, molybdenum,

vanadium, and titanium. It also is rich in coal, iron, lead, zinc, copper, silver, mercury, tin,

nickel, phosphorus, asbestos, graphite, and magnesite (Table 2.7).

Table 2.7 Distribution of mineral resources in Northeast Asia sub—region
(GOVCN-D; MFA of PRC; CSY, 2006, MSY, 2005)

P.R. China Mongolia Japan R. Korea D.P.R. Korea
Specie 157 80 10 280 300
Tungsten
Antimony
Molybdenum
Thulium
Vanadium
Titanium
—~ Iron
=« 9 Iron Iron Iron Clogser
£ Zinc Copper Copper Attt
g E Lead Molybdenum . Lead Zine
- %‘) Silver Zinc Zinc Silver
g E Mercury Silver Silver Gold
i;/ Tin Gold Gold Magnesite
Nickel
Gold
Copper
Aluminum
Chromium
Magnesite
Coal
Oil Limestone
® 7 Natural gas Phosphorus
g g Phosphorus C Silica Graphite
g @ oal .
g g AsbesFos Fluorite Coal Steat{te .Coal
o & Fluorite . Fluorite Limestone
25 Barite Phosphorus | - Limestone Kaoline Mica
5 %‘ Silica oil Anthracite Asbestos
zz Steatite Mica
Kaoline Asbestos
Graphite
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2.1.4 Population

The Northeast Asia sub-region has a total population of 1,508,263,000, about one-forth of the
world’s total population being distributed in the sub-region. The population density is about
128.km™ (332.mi”), which can be regarded as one of the most densely-populated areas in the
world (Figure 2.2).

Population
Distribution

P High

B Low

International
River Basin

Fig. 2.2 Population density in Northeast Asia sub—region
(blue dash rectangle)(UNEP, 2002B)

According to statistics for the last 5 years, the population growth rate of 9.36 per cent exhibits
a decreasing trend, compared to the figures for the 1980s and 1990s. At the same time,
the aged population is increasing in number in the sub-region. It is reported that Japan, R.
Korea, and China entered an “aging stage” in the year 2005, with 17.3, 7.0 and 6.96 per cent,
respectively, of the population being above 65 years old. About 42 per cent of the population
settled in urban areas in the sub-region in 2002. The urbanization rate is much higher in the
developed countries (Japan and R. Korea) than in the developing countries (China and D.P.R.
Korea) (Table 2.8).

The Northeast Asia sub-region has 59 nationalities (Table 2.9). China has 56 nationalities, of
which the major nationality is Han (91.59 per cent of the population), while Mongolia has 5
nationalities, with Mongolia being the main nationality (90 per cent). Japan has 3 nationalities,
with Yamato as the main nationality (98 per cent), while R. Korea and D.P.R. Korea are

composed of a single Korean nationality.



Table 2.8 General characteristics of population in Northeast Asia sub—region
(MFA of PRC; CSY, 2006, MSY, 2005)

P.R. China Mongolia Japan R. Korea D.P.R. Korea

Population (million) 1,307.56 2.56 127.74 47.254 23.149
P lati it

opulation density 135 3 338 474 188
(person.km?)
P lati th rati

oputation growth ratio 6.234 17 6.54 9.2 7.85
(per cent)
Ratio of urban population 37.63 56.99 78.51 80.30 59.40
(per cent)

Table 2.9 Names of nationalities in Northeast Asia sub—region (GOVCN—-E; MFA of PRC)

ey | Name | e | Name | S | Name | e | Name
1 Han 16 Hani 31 Daur 46 Deang
2 Mongolian 17 Kazak 32 Mulam 47 Bonan
3 Hui 18 Dai 33 Qiang 48 Yugur
4 Zang 19 Li 34 Blang 49 Gin
5 Uygur 20 Lisu 35 Salar 50 Tatar
6 Miao 21 Wa 36 Maonan 51 Derung
7 Yi 22 She 37 Gelao 52 Orogen
8 Zhuang 23 Gaoshan 38 Xibe 53 Hezhen
9 Bouyei 24 Lahu 39 Aching 54 Monba
10 Korean 25 Shui 40 Primi 55 Lhoba
11 Man 26 Dongxiang 41 Tagik 56 Jino
12 Dong 27 Naxi 42 Nu 57 Yamato
13 Yao 28 Jingpo 43 Uzbek 58 Aino
14 Bai 29 Kirgiz 44 Russian 59 Ryukyuan
15 Tujia 30 Tu 45 Ewenki

Explanation:

VISV LSVHHLYON - LVHIHL AN dHLVAMHSTH A

1. Nationalities whose sequence numbers are 1~56 belong to P.R. China; 2. nationalities whose sequence
numbers are 1, 2, 17, 43, and 44 belong to Mongolia; 3. nationalities whose sequence numbers are 57~59

belong to Japan; 4. nationalities whose sequence number is 10 belongs to R. Korea and D.P.R. Korea.
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2.1.5 Economic Development

Excluding D.P.R. Korea, the GDP growth rate of the Northeast Asia sub-region is reported to
be 9.275 per cent in 2006, about 1.5 times higher than projections. The total GDP is US$7,635
billion, and US$5,062.capita”, which is approximately 62 per cent of the world average per
capita GDP. The sub-region is rapidly growing economically, but is still far from the global
average level. Further, it is large that the difference between the developed countries and

developing countries in the sub-region (Table 2.10).

Table 2.10 General introduction of GDP in Northeast Asia sub—region
(IMF; WB; CSY, 2006, MSY, 2005)

P.R. China Mongolia Japan R. Korea D.P.R. Korea
GDP growth ratio 107 18.6 2.8 5 —
(per cent)
T(ObETlliSlDtIJ)S$) 2,329 227 45905 | 71136 2.04
f{irs ;f)tpita GDP 1,352 756 36,486 14,649 85

The Northeast Asia sub-region economic’s structure exhibits the following characteristics:

[1] The developed countries in the sub-region (Japan and R. Korea) exhibit a ratio of 1:3:6
among primary, secondary and tertiary industries, indicating their economies are dominated
by the tertiary industry, which has entered “post-industrialization” phase. With rapid growth
in the high technology and information technology sectors, the service industries of the two
countries also have developed rapidly. Up to 2000, Japan’s service industries accounted for
19.2 per cent of the overall tertiary industry, which developed as a result of (1) increased
software and communication-relevant services; (2) increased demand for health services for an

aging society; and (3) growth of other personal services.

[2] China’s economic growth has been rapid since the beginning of its economic reform in
the later 20" century. According to 2006 statistics, China has a ratio among the primary,
secondary and tertiary industries of 12.6, 47.5, and 39.9 per cent, respectively. China entered
a period of rapid growth in secondary industries, predominantly steel, electrical, mechanical

equipments, automobile, ship-building, chemical industry, electronics, building materials, etc.

[3] D.P.R. Korea’s economy is denominated by primary and secondary industries, particularly
secondary industries, which account for 50 per cent of the national total production, being

mainly supported by mining, metallurgy, machineries, electricity, textile, and chemical industry.



[4] Mongolia is the only country in the sub-region supported by primary production (animal
husbandry). Up to 2002, Mongolia had 23.68 million head of livestock. Its secondary industry
is mainly light industry, including food processing, mining and energy, being about 23 per
cent of its total GDP in 2002.

2.2 Freshwater Resources

2.2.1 Characteristics

The water resources of the Northeast Asia sub-region are generally characterized by a complex
influence of geographic and topographic features and climate, including: (1) length of river
flows; (2) size of river basins; (3) height of water falls; (4) density distribution of international
rivers; and (5) differences among countries. Table 2.11 summarizes general information on the
sub-region’s water resources, with the data arranged in order from large to small river basin

areas.

Table 2.11 Distribution of main river basins in Northeast Asia sub—region
(UNEP, 2002A; GOVCN-F; MFA of PRC; Xinhuanet; Myaimarjav and Davaa 1999)

Area Main stream . Count Water
! Main river branch untry

River basin (km?) length (km) (per cent) system

P.R. China (42.62)
Mongolia (9.14)
D.P.R. Korea (0.01)
Russia

1.Songhuajiang
Amur 2,085,900 4,478 2.Nenjiang
3.Wausulijiang

1.Jialingjiang
2.Minjiang
3.Yalongjiang
4.Xiangjiang

5.Yuanjiang

Changjiang 1,808,500 6,300 P.R. China

6.Wujiang
7.Ganjiang the Pacific
8.Hanjiang Ocean
9.Lishui
10.Zishui

1.Taohe
Huanghe 752,443 5,464 2.Daheihe PR. China
3.Fenhe

4.Weihe

1.Dongjiang
Zhujiang 453,690 2,214 2.Xijiang P.R. China
3.Beijiang
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. . Area Main stream . Country Water
River basin (km?) [—— Main river branch " -
1.Bailuh
2.East Feihe
. Feih
Huaihe 269,283 1,000 3. West Feihe P.R. China
4.Yihe
5.Shuhe
6.Sihe
1.Yongdinghe
Haihe 263,631 1,090 2.Daginghe PR. China
3.Luanhe
4.Tuhaimajiahe
1.Laohahe
. 2.East Liaohe .
Liaohe 228,960 1,390 3 West Liaohe P.R. China
4 Xinkaihe
Herlen 116,455 1,090 1-Bogd Mongolia
2.Tsagaan
P.R. China
Yalu 61,900 795 = D.PR. Korea
1.North Han River R. Korea (74.98)
H 45,34 1
an 3,343 83 2.South Han River D.P.R. Korea (25.02)
the Pacific
P.R. China (69.70)
Tumen 33,000 525 D.PR. Korea Ocean
Onon 29,070 298 = Mongolia
1.Nam
Nakdong 25,000 525 2 Geumho R. Korea
Daedon 20,300 439 I.Nam D.P.R. Korea
2.Jaenyeong
Tonegawa 16,840 322 Edogawa Japan
1.Amegougawa
2.Kamikawa
Ishikarigawa 14,330 268 3.Ushishubetsukawa Japan
4.Chuubetsugawa
5.Hajikamigawa
1.Chikumagawa
2.Saikawa
3.Nakat
Shinanogawa 11,900 367 a .a sugawa Japan
4 Kariyatagawa
5.Ikanashigawa
6.Nakatsugawa
Kitakamigawa 10,150 249 = Japan
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2.2.1.1 River Lengths

The total length of all the rivers in the Northeast Asia sub-region is 493,000 km (306,336
mi), with more than 80 per cent of the rivers being longer than 200 km (124 mi) in length,
and about 40 per cent of the rivers being longer than 500 km (311 mi). Due to its narrow land
shape, however, the length of rivers in Japan is usually less than 200 km (124 mi), with its
longest river (Shinanogawa River) being about 367 km (228 mi) long. More than 95 per cent
of the rivers longer than 1,000 km (621 mi) are located in China.

2.2.1.2 River Basin Areas

Based on incomplete statistics, the Northeast Asia sub-region has about 2,000 rivers with
basin areas greater than 1,000 km* (362 mi’), and 5,500 rivers with basin areas greater than
100 km* (39 mi®). The CRB in China has 49 tributaries with total basin areas greater than
10,000 km’ (3,861 mi®), and 9 tributaries (Jialingjiang River; Minjiang River; Yalongjiang
River; Xiangjiang River; Yuanjiang River; Wujiang River; Ganjiang River; Hanshui River)

having total basin areas greater than 50,000 km” (19,305 mi’).
2.2.1.3 Hydropower Potential

The Northeast Asia sub-region is dominated by a highland topography. Most of its rivers
originate from highland areas higher than 2,000 m (6,562 ft) above mean sea level. Thus, the
waters fall from considerable heights, providing a great potential for hydropower resources.
According to 2006 statistics, China alone has a potential hydropower capacity of 680,000,000
kw (CSY, 20006).

2.2.1.4 Distribution of International Rivers

There are 10 main international river basins in Northeast Asia sub-region (Figure 2.3),
including: (1) Amur River Basin; (2) Han River Basin; (3) Har Us Nur River Basin; (4) Jenisej
(Yenisey) River Basin; (5) Lake Ubsa-Nur River Basin; (6) Ob River Basin; (7) Pu-Lun-T’o

River Basin; (8) Sujfun River Basin; (9) Tumen River Basin; and (10) Yalu River Basin.

2.2.2 Freshwater Resources Base

Excluding D.P.R. Korea, the total water resources of Northeast Asia are 3,351 km’, equal to
about 1/300 of the world’s total. The per capita water resource is 2,221 m’, equivalent to about
25.7 per cent of the global average (MFA of PRC; CYS, 2006; MSY, 2005). Thus, Northeast
Asia is a water scarce sub-region, in terms of both total and per capita water resources
availability. Table 2.12 illustrates that large variations also exist among the different countries

in the sub-region, with the difference reaching nearly 1:60.
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Jenisej/Yenisey

[ | nternational River Basin

[ | mnternational River Basin with Treaty
1 centimeler equals 500 kilemetars

Fig. 2.3 International river basins in Northeast Asia sub—region
(UNEP, 2002A)

Table 2.12 Status of freshwater resources in Northeast Asia sub—region
(MFA of PRC; CSY, 2006, MSY, 2005)

PR. China | Mongolia | Japan | R.Korea | D.P.R. Korea

Total water resources (km?) 2,800 34.6 400 116 =

Per capita water resources (m?) 2,152 138,400 3,125 2,389 =

2.2.2.1 Distribution of Precipitation

The Northeast Asia sub-region is relatively rich in precipitation. The annual precipitation is
about 1,100 mm (43 in), with an obvious gradient distribution that decreases from east to west,

and from south to north (Figure 2.4).

Based on the iso-precipitation lines, the sub-region can be divided into several zones, in terms
of moisture conditions, including (1) humid zone; (2) semi-humid zone; (3) semi-arid zone;
and (4) arid zone. About 54 per cent of the total land area is in the humid and semi-humid
zone, with the remaining 46 per cent being in the semi-arid and arid zones (Tables 2.13 and
2.14). The different countries also exhibit significant variations. Japan and D.P.R. Korea, for
example, are in more humid areas, followed by R. Korea. China is mostly semi-humid to semi-
arid, while Mongolia is in the very dry zone because of its low precipitation (about 180 mm [7

in] per year) and high evaporation (which can be up to 3-4 times the precipitation rate).
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|
223 373 72D 14735 4973 »10005

Fig. 2.4 Annual precipitation in Northeast Asia sub—region
(blue dash rectangle)(FAO—-SDRN Agrometeorology Group, 1997)

Table 2.13 Distribution of humid—arid zones in Northeast Asia sub—region
(GOVCN-B; MFA of PRC; CSY, 2006)

Humid zone Semi-humid zone Semi-arid zone Arid zone
A 1
e > 800 400 ~ 800 200 ~ 400 <200
precipitation (mm )
. . S Evaporation N Evaporation
Humid-arid status Precipitation > . Precipitation < .
Evapotranspiration Evapotranspiration
Vegetation Forest Forest-grassland Grassland Barren
1.South of QLM-
HHR
1.NEP! 1.South of IMP*
2.South of QTP > LB ) Rou ° dorop | 1-West of XJUAR
. .Remainder o
P.R. China 3.Northeast of 3 Most of LP® Lp 2.West of IMP
.Most o :
o IMAR 4.Southeast of QTP | 3.Most of QTP 3-Northwest of QTP
2 4.East of HLJP, JLP ’ '
<
- & LNP
g
Ei Northeast
z . - . .
é Mongolia Northwest Most of it
2
Japan All = = =
R. Korea Most of it North — —
D.P.R. Korea All — — —
Explanation:

1. NEP = Northeast Plain; 2. HBP = Huabei Plain; 3. LP = Loess Plateau; 4. IMP = Inner Mongolia Plateau
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Table 2.14 Annual precipitation in Northeast Asia sub—region
(MFA of PRC; CSY, 2006)

P.R. China Mongolia Japan R. Korea D.P.R. Korea

stz
Al 900 180 1,800 1,500 1,100
precipitation (mm)

Except for Mongolia, the other Northeast Asian countries are strongly influenced by
monsoons, particularly the distribution of precipitation. Thus, the sub-region has distinct
dry and rainy seasons. The monsoonal circulation predominates during the rainy season,
with about 70-80 per cent of the annual precipitation distributed during the monsoon-
dominated rainy season (Figure 2.5). The water supply during the dry season normally is from

groundwater, water storages and melting snows.

The green line in Figure 2.5 indicates the average annual precipitation in five major river
basins (the CRB, HRB and SLB in China; the ORB and TRB in Mongolia) has undergone a
decreasing trend over the last half century, from 623.9 mm (24.6 in) in the 1950s to 492.8 mm
(19.4 in) in 2006. The frequency of floods and droughts (every 50 years) also has increased
over the last 200 years (Figure 2.6), while the occurrence of droughts has increased by 36 per
cent. These evidences illustrate an increased vulnerability of water resources in Northeast

Asia sub-region.

100%
90% +
80%
70% r
60% r
50% r
40%
30% r
20% r
10% [
0%

1950-1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2006

1 700
4 600
4 500
1 400
4 300
4 200

100

[ Dry Season (%) [ Rainy Season (%) —#— Multiyear Mean (mm)

Fig. 2.5 Characteristics of precipitation in Northeast Asia sub—region
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Fig. 2.6 Ratio of drought and flood disasters frequency in
Northeast Asia sub—region (Su et al., 2006)

2.2.2.2 Development and Use

Excepting D.P.R. Korea, the total water use in the Northeast Asia sub-region is 684.3 km’,

equivalent to 29.7 per cent of the global total. The per capital water use is 454 m’.year”, about

1.2 times the world average (Table 2.15), illustrating the sub-region is a water-scarce area.

Table 2.15 Freshwater resources use in Northeast Asia sub—region
(MFA of PRC; CSY, 2006)

P.R. China Mongolia Japan R. Korea D.P.R. Korea
Total water use (km?) 563.3 0.4 90 30.6 =
Per capita water use (m?) 432 160 703 630 =

Most water use in the sub-region is for agricultural production (about 60 per cent of the total
water use). Industrial water use is greater than domestic water use in the developing countries,
with the opposite situation occurring in the developed countries (Japan and R. Korea). Based
on UNESCO data, the per capita domestic water use in the developed countries of the sub-
region is about 10 times greater than for the developing countries. At the same time, large-
scale reservoirs in the sub-region, which constitute an important means for storing water for
hydropower, irrigation, etc., have contributed to increased evaporation of surface water. The
total quantity of water evaporated from water surfaces is estimated to be greater than the total
industrial and domestic water use. Further, chinese statistics indicate that other water uses

(mainly for ecological purposes) are increasing annually (Figures 2.7 and 2.8).
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Fig. 2.7 Distribution of water use ratio in Northeast Asia sub—region
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Fig. 2.8 Freshwater withdrawals in Northeast Asia sub—region (blue dash rectangle)
(UNEP, 2002B)

Approximately 335,000,000 people experienced limited access to improved drinking water in
the Northeast Asia sub-region in 2002 (Table 2.16), equal to about one-third of the population.
Compared to 1990, however, the drinking water situation has rapidly improved. During the
last 13 years, about 208,000,000 people benefited from various drinking water improvement
programs, including 146,000,000 in urban areas (70.2 per cent) and 62,000,000 in rural
areas (29.8 per cent) (Tables 2.16 and 2.17). These statistics indicate a positive contribution
from implementation of the MDGs, particularly that the proportion of the world’s population

without access to improved drinking water will be decreased by half.



Table 2.16 Definition of improved drinking water supply and sanitation (ADB, 2006)

Intervention Improved Unimproved
house connection unprotected well
standpost/pipe unprotected spring
borehole water provided by vendor
Drinking water supply
protected spring or well bottled water
collected rainwater water provided by tanker or truck
water disinfected at point-of-use
sewer connection service or bucket latrines
septic tank public latrines
Sanitation pour-flush latrines with open pit
simple pit latrine
ventilated-improved pit latrine
Explanation:

1. “Improved”drinking water supply does not automatically mean the water is safe; rather, it denotes

that water is more assessable, and that some measures have been taken to protect the water source from

contamination; 2. “Improved” sanitation generally involves better access and safer disposal of excreta.

Table 2.17 Drinking water supply in Northeast Asia sub—region (ADB, 2006)

Year

Population
(millions of people)

Served population Un-served population
(millions of people) (millions of people)

Total Urban

Rural Total Urban

Rural Total Urban Rural

1990 1,351 446 905 994 445 549 357 1 356
2002 1,502 631 871 1,202 591 611 300 40 260
Increase 151 185 -34 208 146 62 -57 39 -96
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Table 2.18 indicates the availability of safe drinking water to the population in urban areas has
remained essentially unchanged from 1990 to 2002 in the sub-region. A decreasing trend was
observed for China, however, based on its fast rate of urbanization over this period of time,
thereby resulting in a rapidly increasing urban population (by 180,117,100 over the 13 year
period), accompanied by slow development of infrastructure (mostly in the western region
of China). In contrast, China exhibited a significant increase in safe drinking water supply
for rural areas from 1990 to 2002, as a result of a combination of decreased rural population
(by 40,555,000) and new rural development policies (New Socialism Countryside program). No
similar change has been observed, however, in other parts of the Northeast Asia sub-region.
Nevertheless, big urban-rural disparities in regard to drinking water supplies exist throughout
the sub-region. In 2002, the safe drinking water availability to urban area populations was
95.2 per cent, compared to a figure as low as 73.8 per cent for rural areas. A large regional
disparity also is reported, with a significantly improved situation in the developed countries.
Japan and R. Korea, for example, have 100 per cent coverage for the availability of safe
drinking water in both urban and rural areas. The coverage is lower in China and D.P.R.
Korea, with Mongolia having the lowest coverage among the Northeast Asian sub-region

countries.

Table 2.18 Drinking water supply coverage in Northeast Asia sub—region (ADB, 2006)

P.R. China | Mongolia Japan R. Korea D.P.R. Korea
. 1990 | 311,932 1,263 77,916 31,723 11,574
Urban population
(thousands of people) 2002 | 492,049 1,459 100,295 37,944 13,750
1990 100 87 100 97 100
Urban population served
(per cent) 2002 92 87 100 97 100
. 1990 | 843,373 953 45,621 11,146 8,382
Rural population
(thousands of people) 2002 | 802,818 1,100 27,145 9,486 8,791
‘ 1990 59 30 100 — 100
Rural population served
(per cent) 2002 68 30 100 71 100

2.2.2.3 Ecological Health

The Northeast Asia sub-region has about 30,000 lakes, with about 2,800 lakes having surface

areas larger than 1 km’ (0.37 mi®). As natural reservoirs, lakes have an important role in



storing and buffering waters, as well as functioning as an important component of wetland
ecosystems. With the expansion of agricultural land and water usage (land reclamation,
excessive irrigation), lake ecosystems have been subjected to large pressures, with a decrease
in the total water surface area. Other factors also influence the health of lake ecosystems in
the sub-region, an example being deposition of sediment because of erosion from mining,
deforestation, etc. For instance, the TRB had 8 lakes dry up or disappear over the past 10

years, accounting for 7.25 per cent of its total number of lakes.

Water quality deterioration is another crucial problem in the Northeast Asia sub-region.
According to official Chinese statistics for 2006, of its 7 major water systems, 41 per cent of
the water bodies could reach water quality standard 111, but actually decreased by 1 per cent,
compared to the previous year. Further, 32 per cent of the water bodies exhibit a water quality
standard IV-V, an increase of 2 per cent. In addition, 27 per cent of the water bodies exhibit
a water quality standard below V, a decrease of 1 per cent from the previous year. The main
water pollutants include ammonia-nitrogen, petroleum, permanganate, volatile phenols, and
biochemical oxygen demand (BOD)(GOVCN-QG) .

2.2.2.4 Management

For a region with a severe shortage of water resources, a crucial measure for trying to balance
water supplies and water demands is to increase water use efficiency. Water use efficiency, in
turn, is a function of a number of variables, including technology, costs, knowledge, etc. As
a very important cost indicator, the WUGDP reflects the achievements of the governments in

water savings and environmental protection.

Excluding D.P.R. Korea, the Northeast Asia sub-region has achieved a water use efficiency of
USS$11.11.m™, about 10 per cent below the world average (Figure 2.9). Mongolia exhibits the
lowest value, followed by China and R. Korea. Japan exhibits the highest value, illustrative of
the similar per capita GDP in the sub-region, demonstrating that a country exhibits a higher
water use efficiency with increasing economic development. Thus, the sub-region exhibits
large variations in water use efficiency between the developed and developing countries.
Mongolia’s water use level per unit GDP, for example, is about 28.6 per cent of the world

average, and only about 1/15th that of Japan.

The Northeast Asia sub-region had about 751,000,000 people without access to improved
sanitation in 2002, with 78.3 per cent being distributed in rural areas. Nevertheless, there is
now an increasing number of people in the sub-region with access to improved sanitation,
compared to 1990. During the period 1990-2002, about 327,000,000 people benefited from
sanitation improvement programs, including 150,000,000 in urban areas (45.9 per cent) and
177,000,000 in rural areas (54.1 per cent) (Tables 2.19 and 2.20).
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Fig. 2.9 Water use efficiency state in Northeast Asia sub—region
(MFA of PRC, Xinhuanet, and CYS, 2006)

Table 2.19 Sanitation in Northeast Asia sub—region (ADB, 2006)

Population Served population Un-served population
Year (millions of people) (millions of people) (millions of people)
Total Urban Rural Total Urban Rural Total Urban Rural
1990 1,351 446 905 424 318 106 927 128 799
2002 1,502 631 871 751 468 283 751 163 588
Increase 151 185 -34 327 150 177 -176 35 -211

Table 2.20 Sanitation coverage for two countries in Northeast Asia sub—region (ADB, 2006)

P.R. China Japan

Urban population 1990 311,932 77,916

(thousands of people) 2002 492,049 0
Urban population served 1990 64 100
(per cent) 2002 69 0

Rural population 1990 843,373 45,621

(thousands of people) 2002 802,818 27145
Rural population served 1990 7 100
(per cent) 2002 29 .




China increased its total sanitation access by 67 per cent by the year 2002, as a result of a 6
per cent compounded annual rate of expansion. The total coverage grew by 8 per cent in its
urban areas (from 23 per cent to 44 per cent) over the 12-year period. China increased its rural
sanitation coverage by a remarkable 150 per cent over the same period (7 per cent in 1990 to
29 per cent in 2002). About 300 million people in China gained access to improved sanitation
facilities during this period. Although exhibiting a lower percentage in rural gains, the 8 per
cent growth in urban sanitation coverage is remarkable in view of the rapid urbanization rate
in China. Although The 13 per cent annual increase in rural sanitation translates into nearly
174 million rural Chinese gaining accesses, the rural sanitation coverage only reached 29 per
cent by 2002. Thus, despite the progress made, more than 725 million people in China alone
do not have access to improved sanitation facilities — representing more than a quarter of all

the people in the world without adequate sanitation coverage (ADB, 2006).

The complex physical, political, and human interactions within international river basins make
the management of these shared water systems especially difficult. Issues of increasing water
scarcity, degrading water quality, rapid population growth, unilateral water development,
and uneven levels of economic development are commonly cited as potentially disruptive
factors in co-riparian water relations. This combination of factors has led academics and
policymakers alike to warn of impending conflicts over shared water resources. To prevent
potential conflict and resolve existing disputes, the international community has focused
considerable attention in the 20" century on developing and refining principles of international
freshwater management (UNEP, 2002A). A list of agreements signed among countries sharing

international rivers is summarized in Table 2.21.

Table 2.21 International freshwater agreements
in Northeast Asia sub—region (UNEP, 2002A)

River basin Signatories Date Treaty Name

Agreement between Union of Soviet Socialist
Republics and People’s Republic of China
on joint research operations to determine

P.R. China the natural resources of the Amur River
Union of Soviet Socialist | 1956-08-18 | Basin, and the prospects for development
Republics of its potential productivity, and planning
Amur and survey operations to prepare scheme for
multi-purpose exploitation of the Arugun and

Upper Amur Rivers.
PR. China Agree.ment between .People’s Re-public
. 1994-04-29 | of China and Mongolia on protection and

Mongolia

utilization of transboundary waters
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River basin Signatories Date Treaty Name
. Agreement between Mongolia and Russian
Mongolia . .
Amur . . 1995-02-11 | Federation on protection and use of
Russian Federation
transboundary waters
A P le’s R li
PR. China gree.ment between. eople’s e.pub ic
. 1994-04-29 | of China and Mongolia on protection and
Mongolia e
utilization of transboundary waters
Har Us Nur
. Agreement between Mongolia and Russian
Mongolia . .
. . 1995-02-11 | Federation on protection and use of
Russian Federation
transboundary waters
. . Agreement between Mongolia and Russian
Yenisey Mongolia . .
. . . 1995-02-11 | Federation on protection and use of
(Jenisej) Russian Federation
transboundary waters
Lake Ubsa- Mongolia Agreeme.nt between Mongolia and Russian
. . 1995-02-11 | Federation on protection and use of
Nur Russian Federation
transboundary waters
A t bet People’s R li
PR. China gree.men be ween. eople’s épub ic
. 1994-04-29 | of China and Mongolia on protection and
Mongolia e
utilization of transboundary waters
Pu-Lun-T’o
. Agreement between Mongolia and Russian
Mongolia . .
1995-02-11 | Federation on protection and use of

Russian Federation

transboundary waters




Freshwater Resources
Vulnerability Assessment

Based on the general description of its water resources, a more systematic analysis of the
vulnerability of the freshwater resources was implemented for the Northeast Asia sub-region.
With the joint efforts of partners in China and Mongolia, 5 major river basins were identified
for detailed analyses, including the Changjiang, Huanghe and Songliao River Basins in China,
and the Orkhon and Tuul River Basins in Mongolia. Detailed reports for these basins are
attached as appendices to this report. This section of this report synthesizes the main results

from these analyses.

3.1 Description of Selected River Basins

3.1.1 Changjiang River Basin

The Changjiang River flows from west to east, with a total length of 6,300 km (3,915 mi)
and a drop height of 5,400 m (17,717 ft). Its geographic coordinates are 90°33" to 122°25’E in
longitude, and 24°30" to 35°45'N in latitude. It is 3,000 km (1,864 mi) in length from west to
east, and 1,000 km (621 mi) from north to south, with a total basin area 1,808,500 km” (698,266

mi’), accounting for about 18.75 per cent of the total area of China.

The CRB exhibits various topographical features, with about 84.7 per cent of the basin area
being occupied by mountains, plateaus and highlands, 11.3 per cent by plains, and 4 per cent

by water.

The CRB lies in 3 different climate zones, including the Qinghai-Tibetan cold climate,
southwest tropical monsoon climate, and semi-tropical monsoon climate in the middle of
China. The annual mean temperature is 16-18 °C (61-64 °F) throughout most of the CRB.
Being influenced by the monsoon climate, about 70-90 per cent of the precipitation occurs

during May to October.

Based on data from the year 2004, 221,800 km’ (85,637 miz) of the CRB area is classified
as arable land (13.5 per cent), 480,000 km” (185,329 mi’) is forest land (29.2 per cent), and
300,000 km® (115,830 mi’) is pasture land (18.3 per cent). The arable land is limited to only
5,100 m’.capita” (474 ft>.capita™), which is not only lower than the global average value of
36,700 mz.capita (3,413 ftz.capita'l), but also under the threshold warning value of 5,300
m’.capita” (493 ft’.capita™) proposed by the FAO in the same year.
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The CRB had a rural population of 285.37 million people, and an urban population of 194.63
million people in 2005, accounting for 36.71 per cent of China’s total population. The mean
population density exceeded 265 persons.km™ (686 persons.mi”), nearly twice the national

average.

The GDP of the CRB was 6,464.62 billion RMB in 2005, accounting for 35.31 per cent
of China’s total GDP. There is a distinct difference in the level of economic development
between the upper, middle, and lower reaches of the CRB. The per capita GDP in the lower
reach, for example, was approximately 50 per cent greater than that of the middle reach, and

approximately twice that of the upper reach.

The CRB is one of China’s most water resource-rich regions. The total water resource (i.e., the
total river runoff and groundwater volume after reduction of the duplicated portion) is about
1,028.52 billion m’. The multi-year (1997 to 2004) mean precipitation is 1,091 mm (43 in),
yielding a total water volume of 1,973.07 billion m’. This value is about 1.2 times higher than
the national multi-year mean precipitation, making the CRB a region with abundant rainfall.
The multi-year (1997 to 2004) mean river runoff is 973.73 billion m’. It is estimated that
about 242.31 billion m’ of groundwater was extracted annually during 1997-2004. Due to the
influence of topography and climate, however, this volume isn’t distributed equally in space or

time.

The total water supply in the CRB has varied between 170 and 180 billion m’, and rising
steadily in recent years. The annual mean water supply volume was 172.58 billion m’ from
1998 to 2004, including 164.18 billion m’ of surface water and 8.23 billion m® of groundwater.
During the same period, the mean annual water use volume was 171.891 billion m’, including
57 per cent for agricultural use, 32 per cent for industrial use, and 11 per cent for domestic

use.

Water pollution in the CRB is currently a very serious problem. Based on the most recent data,
90 per cent of the water in Taihu Lake is in the Class V category, no longer being suitable for
drinking water. The current area of soil erosion in the region is 106.3 thousand km” (410,427
mi’), which has resulted in a shrinking lake area in the CRB. The total lake area was only
12,000 m* (129,167 ft’) in the 1980s, being only about 45.5 per cent of that existing in the
1950s.

The Chinese government has paid much attention to water resources management. To this date,
more than 10 national laws were issued in regard to water resources management. Although
water use efficiency in the CRB exhibited a constant upward trend during 1999-2004, it was
still relatively low because the WUGDP reached about US$4.m>, far less than the global



average level of US$12.05.m™, in 2004. The current state of accessibility to adequate sanitation

facilities, however, remains poor.

The Changjiang River is not an international river, so there is no concern in regard to
transboundary issues. The CRB, however, covers a large land area, with a large variation
in biophysical and socioeconomic conditions. Water use conflicts among different reaches,

therefore, remain a crucial issue in the CRB.

3.1.2 Huanghe River Basin

The Huanghe River flows from west to east, with a total length of 5,464 km (3,395 mi), and
a drop height of 4,480 m (14,698 ft). Its geographic coordinates are 95°53" to 119°05’E in
longitude, and 32°10" to 41°50°N in latitude. It is 1,900 km (1,181 mi) long from west to east,
and 1,100 km (684 mi) long from north to south, with a total area of 795,000 km® (306,951
miz), including 42,000 km’ of endorheric basin, accounting for about 8.28 per cent of the total

area of China.

Generally speaking, there are 4 typical topographic sections, from west to east, in the HRB,
including the Qinghai-Tibetan Plateau, Inner Mongolia Plateau, Loess Plateau, and Huang-
Huai-Hai Plain. The river banks are higher in the lower reaches than in the surrounding area,

thereby also known as the hanging river.

Because most of it is located far from the sea, the HRB belongs to the continental monsoon
climate. The annual mean temperature is 1-8 °C (34-46 °F) in the upper reaches, 8-14 °C (46-57
°F) in the middle reaches, and 12-14 °C (54-57 °F) in the lower reaches. Being influenced by
the monsoon climate, about 70-80 per cent of the annual precipitation occurs during June to

September.

Based on 2003 data, 132,633 km” (51,210 mi®) of the HRB is arable land (16.7 per cent),
102,013 km?* (39,387 mi’) is forest land (12.8 per cent), and 279,427 km” (107,887 mi’) is
pasture land (35.1 per cent). The forests are distributed mainly in the lower reaches, while the

pastures are distributed mainly in the upper and middle reaches.

The rural population in the HRB in 2005 was 251.22 million people, and the urban population
was 149.03 million people, accounting for 30.61 per cent of China’s total population. The mean
population density in this basin exceeds 503 persons.km™ (1,303 persons.mi~) which is nearly
four times the national average. The HRB, especially its middle and lower reaches, is one of

the most populous areas in China.

The GDP of HRB in 2005 was 5,132.35 billion RMB, accounting for 28.03 per cent of China’s
total GDP. The HRB has been a key agricultural development area in China for a long period,
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while its industry is dominated by natural resource-based production. More than 50 per cent
of the coal production of China, for example, is from the HRB, while its petroleum production

has reached about 25 per cent of the national total.

The HRB is one of the most water-scarce regions in China. The water resources total about
59.78 billion m’. The multi-year (1997 to 2004) mean precipitation is 336.6 mm (13.25 in),
yielding a total water volume of 267.6 billion m’, equal to 37.4 per cent of the national multi-
year mean precipitation. The multi-year (1950 to 2000) mean river runoff is 57.2 billion m’.
About 80 per cent of precipitation returns to the atmosphere via evapotranspiration, with only
about 20 per cent retained as river runoff. The annual mean groundwater resources (1997 to
2004) are estimated to be about 40.09 billion m’. About 70 per cent of the precipitation occurs

during the short rainy season, increasing the probability of droughts and floods.

The total water supply in the HRB in 2004 reached 37.2 billion m’, accounting for 59.2 per
cent of the total water resources. The water supply gradually decreases as one moves from
the upper (47.6 per cent) to the middle (31.0 per cent) to the lower (21.4 per cent) portion
of the basin. Surface water provides a high proportion of the water resources in the upper
and lower reaches, while groundwater extraction and use is high in the middle reaches. The
annual mean water use was 38.8 billion m’, during 1995-2004, including 77.2 per cent for
agricultural use, 14.4 per cent for industrial use, and 8.4 per cent for domestic use. About
38.6763 million people lacked access to safe drinking water in 1995, as well as 25.258

million livestock.

The annual soil loss in the middle reaches of the HRB is about 1.6 trillion kg (1.6 billion tons),
being the main cause of sedimentation. Further, the sedimentation process also raises the river
bed, making the Huanghe River the most dangerous suspending river in the world. Wastewater
discharges in the HRB have doubled over the last 20 years, and are still increasing, while the
river’s water quality has downgraded by two levels (more than 60 per cent being classified as

Class IV or worse).

The HRB water resources are used mainly for agricultural production, with a low commercial
value. The water resources are also undervalued even for industrial and domestic use. During
1999-2004, the WUGDP in the upper, middle and lower reaches was about 0.74, 3.57, 1.82
US$.m™, respectively, being far below the global average level of 12.05 US$.m” in 2004.

HRB is a relatively less-developed region in China, with 269 of the nation’s 592 poorest
counties being located in this basin. The sanitary facilities in most rural areas remain

inadequate.

The HRB is not an international river basin, but does flow through 9 provinces or regions



within China, with management conflicts still possible among its different provinces or

regions.

3.1.3 Songliao River Basin

The SLB is generally divided into two independent river sub-basins, including the
Songhuajiang River Basin (SHIRB) and the Liaohe River Basin (LHRB), being named
administratively, rather than geographically. The SLB refers to the sub-basins of the
Songhuajiang River, Liaohe River, rivers around the Huanghai and Bohai Seas, and several
important international rivers in northeast China (e.g., Amur, Sujfun, Tumen, and Yalu

Rivers).

The geographic coordinates of the SLB are 116°26" to 135°05’E in longitude, and 40°30" to 53°
34'N in latitude. The SLB has a large water network system, with a total area of 1,249,000 km’
(482,240 mi®) accounting for about 13.01 per cent of the total area of China. The proportion of
landform areas in the SLB includes mountains (43.8 per cent), highlands (28.4 per cent), plains
(28.4 per cent), and other land forms (1.4 per cent).

Most regions of the SLB have climate characteristics of the westerlies, while a few in the
northeast portion of the basin are in the temperate continental monsoon climate. The annual
mean temperature is 3-8 °C (37-46 °F), with the mean relative humidity being 50-75 per cent.
Under the influence of the monsoon climate, about 60-80 per cent of the annual precipitation

occurs during June to September.

Based on 2006 data, 251,000 km® (96,912 miz) of the SLB land area is classified as arable
land (20.2 per cent), 566,000 km” (218,534 mi’) as forest land (45.6 per cent), and 212,600 km’
(82,085 mi’) as pasture land (17.1 per cent). The arable land is mainly located on the Songnen,

Sanjiang and Liaohe Plains, one of the three large “dark soil” regions in the world.

The SLB also has abundant natural resources, including the above-noted fertile “dark soil,” the
best grasslands and forests in China, and various varieties of mineral resources. The oil and
coal reserves in the SLB comprise over half and one-tenth, respectively, of the total quantities

in China.

Based on 2003 statistics, the SLB had a rural population of 62.95 million people, and an urban
population of 56.06 million people, accounting for 9.2 per cent of China’s total population.
The mean population density in the basin was 95 persons.km™ (280 persons.mi”), only about
70 per cent of the national average. In the same year, the GDP of the SLB was 1,362.5 billion
RMB, accounting for 11.6 per cent of China’s total GDP.

The SLB is one of the most water resource-rich regions in China. The water resources total
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about 199 billion m’. Its multi-year (1956 to 2000) mean precipitation is 515 mm (20.3 in),
yielding a total water volume of 643.2 billion m’, about 57.2 per cent of the national multi-
year mean precipitation. The mean precipitation in sub-river basins, however, is 505 mm (19.9
in) and 545 mm (21.4 in) in the SHIRB and the LHRB, yielding total water volumes of 471.9
and 171.3 billion m’ respectively. The multi-year (1956 to 2000) mean river runoff is 170.4
billion m’, including 75.8 per cent from the SHIRB and 24.2 per cent from the LHRB. There
is an estimated annual volume of 68 billion m’ of groundwater resources (based 1956-2000
data), including 70.3 per cent from the SHIRB and 29.7 per cent from the LHRB. The water
resources in the SLB, however, vary markedly both in space and time, with more water being

available in the central basin, and less in the middle and western regions.

From 1999-2004, the annual mean water supply volume in the SLB was 58.34 billion m’,
including 32.03 billion m® of surface water and 26.31 billion m® of groundwater. Compared to
the national average of 20 per cent, the CRB average of 4.75 per cent, and the HRB average
of 35.6 per cent, the exploitation ratio of groundwater in the SLB (46.6 per cent) is very high.
Over-exploitation of the groundwater resource has taken place in recent years. During this
period, the total mean annual volume of water use was 57.98 billion m’, including 70.6 per
cent for agricultural use, 21.0 per cent for industrial use, and 8.4 per cent for domestic use.
About 50 per cent of the population is currently classified as rural population with poor access

to safe drinking water because of the uneven distribution of water resources.

The SLB has the most and largest wetlands in China, with the total wetland areas covering
about 106,069 km’ (40,953 mi®), accounting for 8.5 per cent of the basin’s total land area.
Because of its high vegetation coverage, the sand capacity in the SHLRB rivers is low. Factors
such as droughts, high ratio of land cultivation, and low vegetation coverage, however, lead to

serious soil erosion and high sand capacity in the rivers falling under the LHRB.

As one of the problems characteristic of old industrial bases, the sewage discharge volume in
the SLB is very high, and the disposal rate is low, thereby resulting in deteriorating surface
water quality. In 2002, about 5.72 trillion kg (6.3 billion tons) of sewage was discharged into
the rivers, accounting for about 4.58 per cent of the total water resources (nearly 1.6 times the

national average).

Although the water use efficiency in the SLB presented a constant upward trend from 1999
to 2004, it is still relatively low, mainly because the WUGDP was about US$3.03.m™, far
below the global average of US$12.05.m™ in 2004.

The water supply is important, not only as a safe drinking source, but also for securing

adequate sanitation. Based on 2005 statistics, the mean coverage of hygienic toilets in the



rural areas of the SLB was only 51.3 per cent, with the mean rate of non-hazardous treatment

of night soil being only 57.3 per cent.

Although the SLB contains many international rivers, it is usually not the focus of available
water resources in the basin because water use exploitation is relatively low in its rivers.
Because the SLB covers a large land area, and has an anfractuous water network system,

water use conflicts among different regions remain a crucial issue.

3.1.4 Orkhon River Basin

The Orkhon River is one of the most important rivers in central Mongolia, with a total length
of 1,124 km (698 mi), and a drop height of 1,979 m (6,493 ft). The ORB covers 83,012 km’

(32,051 mi®), accounting for about 5.3 per cent of the total area of Mongolia.

The ORB flows through 2 typical topographic sections, including: (1) Khangai Mountain
Range, with a top altitude of 3,179 m (10,030 ft) in the upper reaches, and containing some
sharp craggy mountains; and (2) a river valley in the lower reaches, with a mean altitude of
1,200-1,400 m (3,937-4,593 ft).

The ORB has a continental climate, being characterized by low precipitation and high
evaporation. The annual mean temperature is about 2.3 °C (36 °F). Being under the influence
of Mongolian anticyclone, about 70 per cent of the annual precipitation occurs during July to

August.

Based on 2002 data, 3,616 km” (1,396 mi’) of the ORB is arable land (4.4 per cent), 24,738 km’
(9,551 mi®) is forest land (29.8 per cent), and 48,569 km” (18,753 mi’) is pasture land (58.6 per

cent), with pasture land being the predominant land use.

The total population of the ORB is 344,940 inhabitants, based on 2005 data, accounting for
13.9 per cent of the total population of Mongolia. The mean population density in this basin
was only about 4 persons.km™ (10.4 persons.mi”), equivalent to 0.88 per cent of the average
value in Northeast Asia sub-region. This makes the ORB one of the most under-populated
areas in the world. The GDP of ORB was 417.07 billion TUGRUG during this same period,
accounting for 10.2 per cent of Mongolia’s total GDP.

The total water resources in the ORB are about 5.06 billion m’. The multi-year (1940 to 2004)
mean precipitation is 307.4 mm (12.1 in), yielding a total water volume of 25.52 billion m’.
This value is about 1.7 times more than the national multi-year mean precipitation, meaning
the ORB is a region with abundant rainfall. The multi-year (1945 to 2004) mean river runoff
is 4.5 billion m’. Further, an estimated 1.32 billion m’ of groundwater resource is available

annually. Because of its relatively low population density, the water resources per capita is
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16,338.7 m’, about 9-10 times the global safe level.

The annual mean water supply volume in the ORB during 1996-2002 was 96 million m”’.
During the same period, the mean annual water use volume was 20.43 million m’, comprising
20 per cent for agricultural use, 54 per cent for industrial use, and 23 per cent for domestic
use. The water quality in the ORB is presently very good, 75 per cent belonging in Class I &
I1, and 25 per cent of which belongs in Class III.

Some springs and lakes in the ORB have gradually shrunk and disappeared in recent
years because of the combined impacts of overgrazing and over-irrigation. There also is an
increasing trend in water pollution in the lower reaches of the ORB since 1985, because of
the development of mining and gravel extraction, with nitric acid and phosphor being major

pollutants.

3.1.5 Tuul River Basin

The Tuul River is one of the most important rivers in central Mongolia, flowing from east to
west and with a total length of 704 km (437 mi). The TRB covers 49,841 km” (19,244 mi),

accounting for about 3.2 per cent of the total area of Mongolia.

The TRB flows through 2 typical topographic sections, including: (1) Khentei Mountain
Range, with a top altitude of 2,000 m (6,562 ft) in the upper reach, and with some sharp
craggy mountains; and (2) highlands and plains covered with forest and steppe in the lower

reach.

The TRB exhibits a continental climate, being characterized by low precipitation and high
evaporation. The annual mean temperature is about -4.8 °C (-23 °F). Under the influence of the

Mongolian anticyclone, about 80-90 per cent of the precipitation occurs during June to August.

Based on 2002 data, the TRB contains 727 km’ (281 mi’) of arable land (1.5 per cent), 1,447
km® (559 mi’) of forest land (2.9 per cent), and 40,016 km’ (15,450 mi’) of pasture land (80.2

per cent), with pasture land being the predominant land use.

Based on statistics from 2000, the population of the TRB was 871,815 inhabitants, accounting
for 36.7 per cent of Mongolia’s total population. The mean population density in this basin
was about 18 persons.km™, (46.6 persons.mi”), only about 7.93 per cent of the average value of
the Northeast Asia sub-region. Thus, the TRB is one of the most under-populated areas in the
world. During this same period, the GDP of TRB was 1,272.9 billion TUGRUG, accounting
for 31.1 per cent of Mongolia’s total GDP.

The total water resources availability in the TRB is about 1.28 billion m’. The basin’s multi-



year (1940 to 2004) mean precipitation is 284.7 mm (11.2 in), yielding a total water volume
of 14.19 billion m’. This volume is about 1.6 times greater than the national multi-year mean
precipitation, meaning this region receives abundant rainfall. The annual mean evaporation
however, is about 800-900 mm (31.5-35.4 in), about 2.8 times higher than the precipitation.
The multi-year (1940 to 2004) mean river runoff is 1.02 billion m’. An estimated annual
volume of 0.25 billion m® of groundwater resources is available. Because of its relatively low
population density, the per capita water resource in the TRB is 1,468.2 m’, very close to the

global safe level.

During 1997-2004, the annual mean water supply in the TRB was 58.11 million m’, about 95
per cent being from groundwater resources. During this period, the volume of annual mean
water use was 53.43 million m’, including 9.1 per cent for agricultural use, 50 per cent for
industrial use, and 40.9 per cent for domestic use. Livestock water uses accounted for a major

portion of the water used for agricultural purposes.

There are 84 rivers and streams, 58 lakes, and about 106 springs in the TRB. Eight rivers, 8
lakes and 16 springs gradually dried up over the last decade, however, because of intensive

human activities (overgrazing).

Many small private industries were established in the TRB during its transition to a market
economy period (1990-2000). About 60 per cent of the wastewater is pumped, with only 40 per
cent being treated with physical, chemical or biological methods. The remaining wastewater is
discharged directly into rivers in the basin. As a result, the water quality in the lower reaches
of the TRB has been downgraded to Class V, although it is still in the Class II category in the

upper reaches of the basin.

3.2 Integrated Analysis

Based on the identified problems in the 5 selected river basins in the Northeast Asia sub-
region, the integrated analysis in this section will focus on the following 4 aspects of
vulnerability: (1) water resources base; (2) water resources development and use; (3) water

resources for ecological health; and (4) water resources management (Table 3.1).

3.2.1 Water Resources Base

Water resources are a primary concern because of their indispensable role in providing
fundamental support for people’s livelihoods, regional economic development and ecological
health. Based on data on the 5 selected river basins, however, the per capita water resources
are as low as 1272.07.m>, equivalent to only about 14.7 per cent of the global average. Thus,

this sub-region is one of the world’s water-scarce areas.
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Table 3.1 Framework for in—depth vulnerability assessment of freshwater resources

Key freshwater resources issues in Northeast Asia sub-region

Water scarcity
Resources base ..
Water variation

Stresses in water use
Development and use . s
Improved drinking water supply accessibility

Ecosystem deterioration

Ecological health i
cological hea Water pollution

Water use efficiency
Management capacity Improved accessibility to sanitation
Conflict management capacity

The main element that modulates the water resource base of a region (in addition to its
specific geographic locations and other common natural factors influencing the distribution of
precipitation), is climate change. A changing climate, including global warming, has already
greatly affected the water balance between precipitation and evaporation, etc. There are 3
different climate types and 5 topographic categories among the 5 selected river basins. Thus,
all four different humidity types are experienced in all the river basins. In the semi-humid,
semi-arid and arid zones, reducing trends of precipitation and runoff are observed, the rate of
change is accelerating, and water is becoming a more-and-more scarce resource, with some
rivers even partially drying out. According to hydrological records since 1919, the HRB began
experiencing a partial dry out in 1972, and a continuous cut-off was observed after 1987.
Entering the 1990s, the commencement of the cut-off has advanced in time annually with an

increasing frequency of occurrences (Figure 3.1).
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Fig. 3.1 Cut—off duration of Huanghe River observed at Lijin hydrological station
(Che and Wang, 2002)

The continuous population increase and expansion of urbanization, at the same time, has
resulted in increased socioeconomic pressures on the water resources base. One crucial
problem is the over-mining of groundwater because of concentrated water use in urban and
industrial centers. As an example, the water table in the TRB (1998) has dropped to 3.1 m
(10.17 ft) below the land surface, about twice that observed in 1948, and is continuing (Figure
3.2).

Meter Groundwater Level
4 T y =0.0253x - 47.328
R?=0.7225
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2 |
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Fig. 3.2 Groundwater table in Ulaanbaatar in the TRB

An increasing trend of precipitation and runoff also has been reported for the humid
zone, particularly over the past 10 years, with an obvious influence from the monsoon on
precipitation, and about 70-80 per cent of the annual precipitation occurring during June

to September. Thus, floods become a major problem in these areas during the rainy season.
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There is an obvious trend of increased frequency of floods in the CRB. Figures 3.3 and 3.4
illustrate that both precipitation and heavy rain days have exhibited increases from 1960-2002.
The frequency and duration of floods also are accentuated by intensive human activities.
Destruction of vegetation has led to soil erosion, and land reclamation and siltation have
shrunk the lake areas, while construction of levees has caused silting up some riverbeds and

valleys.
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Fig. 3.3 Summer precipitation of Changjiang River
(Su et al., 2005)
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Fig. 3.4 Summer rainstorm magnitude of Changjiang River
(Su et al., 2005)



Water shortages and increased water-related disasters not only influence agricultural
production and affect development of secondary and tertiary industries, but also impact
people’s well-being in the sub-region. The sub-regional governments have made serious efforts
to alleviate poverty and also improve their risk management capacity through such means as

institutional strengthening, enforcement of law and policy implementation, etc.

3.2.2 Water Resources Development and Use

According to data from the 5 selected river basins, the cumulative water use is about 29.7
per cent of the global total water use, with the per capita water use being nearly 1.2 times the
global average. Agriculture consumes about 60 per cent of total water use, with about 90 per
cent being used for irrigation. As illustrated in Figure 3.5, the Northeast China sub-region is
the world’s largest irrigation area. Further, irrigation is still “extensive” in the sub-region, with
its efficiency being as low as 25 per cent. Thus, agricultural irrigation is the sector with both

the largest water consumption and water wastage.

Irrigated Agriculture
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Fig. 3.5 Irrigated areas circa 1995 in Northeast Asia sub—region (blue dash rectangle)
(UNEP, 2002A)

The Northeast Asia sub-region has a population density of 128.km™, with an urbanization
rate of 42 per cent, thereby being one of the most populated areas in the world. As illustrated
in Figure 3.6, the population density in 2002 has increased by 11.3 per cent, relative to that
in 1990, with the urban population increasing by 41.5 per cent. Based on UNESCO estimates
in 2002, the average per capita water use in developed countries was 500-800 L.day” (300
m’.year'), compared to 60-150 L.day' (20m’.year"') in developing countries. Thus, at the
same time that the sub-region is experiencing improved economic and human well-being, the

pressures on the available water resources are continuing to increase in this sub-region.
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Fig. 3.6 Variation of population density and urban population
in Northeast Asia sub—region (ADB, 2006)

Another sub-regional water issue is excessive groundwater mining that usually occurs in
urban and concentrated industrial areas. The excessive mining activity in many cases has
led to a lower groundwater table, surface subsidence, etc. The economic loss associated with
surface subsidence in the Changjiang Delta region of the CRB has reached as high as 350
billion RMB.

Responses to over-exploitation of water resources in the sub-region are focused on alleviating
water pressures (i.e., agricultural land use problems). The Chinese government, for instance,
has launched several national key projects to adjust land use structure, with a typical project
being the nationwide Agricultural Land Conversion Project, which attempts to convert all steep

slope farmland to forests (grasses), as a means of restoring the degraded land use system.

Because of deteriorating water quantity and quality, a large proportion of the population
in the Northeast Asia sub-region does not have access to IDWS, accounting for about one-
third of the global total. Up to 2002, although 93.7 per cent of the urban population had
access to IDWS, continued water pollution has significantly increased both water treatment
costs and prices. The situation is even worse in the rural areas, with only 70.1 per cent of
the rural population having access to IDWS up to 2002. More than half the livestock do not
have sufficient drinking water (ADB, 2006). Further, there is a high contamination (i.e.,
concentrations above normal standards) of iodine, fluorine, arsenic, etc. in natural waters,

especially in groundwater, the latter also being the threat to IDWS in rural areas.

The 5 selected rivers face two different pressures, in terms of IDWS. In urban areas, water
pollution puts high pressures on the centralized water supply, with regard to high sewage
emissions and a low efficiency of wastewater treatment. With the HRB as an example, the

total wastewater discharge in 2000 was 4.267 billion m’, almost twice that in 1980, resulting



in 70 per cent of the drinking water supply source being badly polluted (i.e., being in Class V
or worse). Poor water supply infrastructure and community service facilities in the rural areas

continue to seriously constrain attainment of a safe water supply.

3.2.3 Water Resources for Ecological Health

The lakes and wetlands in the 5 selected river basins have been significantly degraded over
the past decades. Based on investigations in Mongolia in 2003, 12.3 per cent of the lakes and
31.5 per cent of the springs were reported to have dried up in the ORB (Figure 3.7). Compared
to remote sensing data from the 1950s, the wetland areas in the SHJRB of the SLB have been
dramatically reduced to 26.1 thousand km’ (10,077 mi°) in 2000 (Figure 3.8).

In most of the Northeast Asia sub-region, economic development was initially the first
priority in local government agendas. When the economic reform policy in China was
implemented in 1980s, and the market economy in Mongolia was transited in 1990s, however,
the water demands increased dramatically. Because of over-exploitation of water resources,
land degradation and soil erosion are continuing to worsen. There are over 70 gold mining
companies in the ORB, for example, that still work on strip burden, dumping pilings, and
changing river flows. Soil erosion yields 1.6 trillion kg (1.6 billion tons) of sediment per year
in the HRB. Further, the temperature is continuing to increase, while the precipitation is
decreasing in recent years, as the climate changes to dryness, with the result being that the

ecological health of water bodies has continued to deteriorate in the sub-region.
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Fig. 3.7 Quantity variation of lake and springs in the ORB
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Fig. 3.8 Distribution changes of wetland in the SHIRB of the SLB

In addition to the shrinking of lakes and wetlands, the habitats of vegetation and animals
are gradually being degraded, resulting in loss of biodiversity in the sub-region. Many
endemic and endangered species (e.g., fish, amphibians, waterfowl, and aquatic mammals)
are threatened with extinction. The population of the Yangtze River dolphin (Lipotes vexillifer
Miller), for example, a well-known aquatic mammal that only exists in the CRB, rapidly
declined to less than 100 individuals by 1995 (Figure 3.9).
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Fig. 3.9 Population variation of Yangtze River dolphin (Lipotes vexillifer Miller)



The water quality has generally deteriorated throughout the Northeast Asia sub-region.
In Mongolia, animal husbandry is the key industry, with only a small level of industrial
pollution. As a result, most water quality remains in the Class I and II categories. Recent
mining activities, however, in addition to increased water consumption, have polluted the
water resources. In the lower reaches of the TRB, the water quality has degraded to Class V.
The main pollution source in China is wastewater discharges, with an estimated several billion

tons of wastewater being discharged directly into the river (Figure 3.10).
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Fig. 3.10 Category of water quality in the
CRB, HRB, and SLB (2003) (GOVCN-G)

Water pollution pressures arise from the following factors: (1) population increase; (2)
rapid economic development; (3) improper industry structure; and (4) small investments in
wastewater and sewage disposal equipment. Industrial development is based on increasing
corporations with low technology requirements and high resource and energy costs. Small-
scale manufacturing industries that can cause severe pollution (e.g., paper, chemical
preparation, food processing, metal processing, leather processing, printing, and glass
production) are rapidly increasing on a daily basis. These industries are not adequately

treating the vast quantities of wastewater and sewage they produce.

Water pollution has exacerbated the water scarcity situation from bad to worse, severely
affecting agricultural, industrial and domestic water supply, harming both human health and
aquatic biodiversity. Further, water pollution has aggravated economic losses while restricting

sustainable circulation among the economy, society, and the ecological environment.

The sub-regional governments are making efforts toward improving water quality.
Key projects in China, for example, have been programmed in the 11" Five Year Plan on
environmental prevention and control, identifying some crucial areas, including the upper

reaches of the Changjiang, Huanghe, and Songhuajiang Rivers, and the Three Gorges Dam
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areas. At the same time, these projects also emphasize water sources and transit regions along

the route of project South-to-North Water Transfer.

3.2.4 Water Resources Management

The WUGDP, an indicator of water use efficiency, generally reflects governmental
achievements in water savings and environment protection. According to data from the 5
selected river basins, the average water use per unit GDP in the sub-region is only about 35
per cent of the global average, being among the lowest water use efficiency areas. Extensive
irrigation, for example, has resulted in a loss of 75 per cent of the water in the agricultural
sector. A key factor causing low water use efficiency in the industrial sector is a low input to

infrastructure for improving water use efficiency.

Water resources have long been regarded as a “free resource,” with poor awareness on the
value of water resources for overall economic development being reflected in the water
resources management policy at different levels. Because of the lack of an appropriate
valuation mechanism at the policy level, water resource use cannot be effectively controlled
under the current policy framework. Thus, the price of water resources can not be effectively
determined, usually being seriously underestimated. Driven by underestimated values, direct
pressures on water resources arise as a result of low inputs for water-saving devices and
technological development on the part of all water stakeholders, including both government

and enterprises.

The problems related to water scarcity and water pollution are getting increasingly acute
because of low water use efficiency. As previously mentioned, about 70 per cent of the water
withdrawn for human use is lost during its transportation. Thus, increased investments in safe
water facilities and water use management techniques are needed to significantly improve

management of water use efficiency.

The major response directed to low water use efficiency in China comes in two levels. Firstly,
under the general guidance of the central government’s new development strategy, policies on
water resources conservation and improving water use efficiency have assumed a high priority.
Secondly, the R&D input is rapidly increasing in the water sector. During the period of
2000-2005, an independent R&D project Mmodernized Agriculture Water-saving Technology System
and New Products was implemented in research institutes, thereby greatly improving water use

efficiency in irrigation.

Because of such factors as water scarcity and water pollution, the large population in the
Northeast Asia sub-region does not have adequate access to improved sanitation (IS), being

nearly 2.3 times more than that accessible to IDWS, and living in conditions posing high risks



to their personal and environmental health. As of 2002, 62.3 per cent of the urban population
has access to IS, in contrast to the poorer situation in the rural areas, the latter being only 32.5
per cent being served. Compared to the situation in 1990, however, about 200 million rural

people have benefited from IS.

The availability of hygienic toilets is vital not only to protect drinking water, but also to
ensure safe sanitation. Construction of hygienic toilets depends on tap water service systems
(TWSS), and during the 1995-2005 period, the coverage of TWSS in the rural areas of the
CRB increased steadily from 46.3 to 65.3 percent. Almost half of the population, however,
still lacks access to adequate TWSS and sanitation infrastructures in the Northeast Asia sub-

region (MH of PRC, 1996-2006).
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Vulnerability Index
and Conclusions

As an important component of the vulnerability assessment of freshwater resources, an
integrated VIS was developed to demonstrate the general states of river basins, based on the
major factors considered in this assessment exercise. A detailed description of the VIS is given

in the methodological guidelines (Huang & Cai, 2008).

Table 4.1 summarizes the VI of the 5 selected river basins in the Northeast Asia sub-region.
Based on the methodological guidelines, the general VI and its indicators are delineated by

colors into 4 grades of vulnerability, including low, moderate, high, and severe.

Table 4.1 Vulnerability Indexes of 5 selected river basins in Northeast Asia sub—region

RSs RSv DPs DPd EHp EHe MCe | MCs | MCec VI
0.000 | 0.225 | 0.195 | 0.145 | 0.174 | 0.395 | 0.929 | 0.145 | 0.400
CRB 0.264
0.113 0.169 0.286 0.491
0.128 | 0.740 | 0.330 | 0.182 | 0.231 | 0.370 | 0.937 | 0.229 | 0.290
SLB 0.369
0.434 0.256 0.300 0.486
0.684 | 0.347 | 0.656 | 0.250 | 0.680 | 0.520 | 0.995 | 0.250 | 0.400
HRB 0.529
0.516 0.453 0.600 0.548
0.255 | 0.554 | 0.041 | 0.379 | 0.420 | 0.829 | 0.657 | 0.574 | 0.340
TRB 0.441
0.405 0.210 0.625 0.524
0.000 | 0.515 | 0.022 | 0.827 | 0.073 | 0.073 | 0.956 | 0.952 | 0.420
ORB 0.383
0.257 0.428 0.073 0.776
Low Moderate High Severe

The following conclusions can be synthesized from the results in Table 4.1, as follows:

[1] The vulnerability grades of the five selected river basins generally range from moderate to
high, and management-related interventions are urgently needed to improve the state of water

resources in the region.
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[2] Except for the CRB (located in the humid and semi-humid areas) and the ORB (with very
low population density), the remaining river basins in the sub-region generally exhibit water
resources problems. Their basins are relatively dry, and exhibit a low per capita availability
of water resources. In addition to water scarcity, they also suffer from unstable annual water
resources recharge capacity. As an example, the SLB experiences serious water shortages
related to large inter-annual variability in precipitation that increase the constraints to

adopting sustainable water resources management plans practices.

[3] In regard to water resources development and use, the water resources exploitation rate is
usually high in the river basins suffering from water shortages. This is clearly demonstrated
with the HRB analysis, which identified a water resources exploitation rate as high as 65 per
cent. Further, although the other river basins don’t exhibit a critical designation, the continuous
population increase and urban expansion occurring in them require a continually-increasing
water supply, thereby also presenting future water resources development and use challenges.
Further, over-exploitation of both surface and groundwater resources will negatively impact

the healthy hydrological processes, subjecting the river basin to high ecological risks.

[4] In terms of ecological health, most of the river basins are at risk, including those currently
exhibiting a low vulnerability, mainly because of the continuous deterioration of water quality
in the sub-region, and the increasing recognized problematic development trends, based on
the available data. This conclusion also is supported by another indicator; namely, vegetation
coverage (including wetland). The vegetation coverage is relatively low in all 5 selected river

basins, further contributing to increased limitations in regard to eco-rehabilitation.

[5] There is a high disparity in management capacity among the 5 selected river basins, with
the common problem being poor water use efficiency. Although most of the river basins
exhibit a scarce water supply, due to various factors affecting management capacity (both

technical and policy in nature), water use efficiency remains very low.

[6] Conflict management is another important indicator for those countries in the Northeast
Asia sub-region with transboundary river basins. Although they are not all international
rivers, the 5 selected river basins are large in area, and exhibit various levels of transboundary
management issues. The management of the 3 selected river basins in China, for example, is
similar in regard to institutional arrangements, but still exhibit minor variations in terms of

management capacity. The situation is similar for the 2 selected Mongolian river basins.

Based on the above synthesis, the following policy recommendations should be considered for

improving water resources management in the Northeast Asia sub-region in the future:

[1] Improved water use efficiency — Although the 5 selected river basins are located mostly in



arid and semi-arid zones, and characterized by scarce water resources, the water use efficiency
remains very low. The key factors contributing to water use efficiency are development
policy and technical input. Water use is still dominated by the agricultural sector in the
Northeast Asia sub-region, with water use efficiency in agricultural sector being relatively
low, compared to other sectors. Thus, the development policy in the agricultural sector must
be re-assessed, and relevant policies formulated to improve water use efficiency in this sector,
including: (1) refinements in the structure of agricultural production; and (2) introduction
of economical incentives in water-pricing policies. Improved water use efficiency also will
require strong technical support (development of water-saving technologies in agriculture and
other industries). The R&D activities for water resources management in the Northeast Asia
sub-region are relatively low, and should be included in the priorities of the technological

development agenda of the countries of the sub-region.

[2] Comprehensive river basin management — The current water resources management
scheme is based on a political administrative system that is weak in regard to enhancing
coordination between different reaches of the various river basins. Different reaches of the
river basins have unique characteristics, and play different roles in the whole river basin
ecosystems. The current centralized management system leaves little opportunity for cross-
basin coordination. Thus, basin-wide management institutions must be further strengthened
through decentralization and proactive involvement of local governments. At the same time,
the participation of all water stakeholders, as a key to successful river basin management, also
must be encouraged. Another important aspect of basin-wide management is ensuring rational

water resources use through a coordinated mechanism for water resources allocations.

[3] Environmental protection and pollution control — Except for the ORB, which exhibits a
better ecological condition in regard to both pollution and vegetation, the remaining 4 river
basins analysed in this study are under severe threats of environmental degradation. Thus,
protecting the environment will be very important for restoring the degraded ecosystems.
Relevant measures may include erosion and sedimentation control, sufficient ecological flows,

and pollution control through controlled pollutant discharges.

[4] Poverty alleviation and safe drinking water — Poverty alleviation will remain an important
development task of integrated river basin management for a long time. Management priorities
must be established to meet the basic needs of the poor population, including safe drinking
water supply, establishment of alternative livelihoods, and building the capacity of local

people to solve their problems through participatory resources management activities.
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Glossary

® Access: Access refers to the rights or entitlements of an individual or a group to obtain or

make use of water resources or the services that water provide for different uses.

® Actual renewable water resources: The maximum theoretical amount of water actually
available for use in a basin or country, including both internal renewable resources and
external renewable resources. This takes into consideration the quantity of water reserved
for upstream and downstream basins or countries through formal or informal agreements or

treaties, and possible reduction of external water due to upstream water withdrawals.

® Adaptation: A process of societies and ecosystems dealing with water stresses, and referring

to the capacity of societies and ecosystems to handle their water resources vulnerability issues.

® Conflict management capacity parameter: A parameter demonstrating the capacity of
river basin management system to deal with transboundary conflicts. A good management
system can be assessed by its effectiveness in institutional arrangements, policy formulations

communication mechanisms, and implementation efficiency.

® Domestic uses of water: Drinking water plus water withdrawn for homes, municipalities,

commercial establishments, and public services (e.g., hospitals).

® Ecological health: The ecosystem health of a river basin. Low wastewater discharges and high

vegetation cover on the land surface generally reflect a good ecological health of a river basin.

® Ecological water use: All ecosystems require water to maintain their ecological processes
and associated communities of plants and animals. Environmental water requirements
describe water regimes needed to sustain the ecological values of water-dependent ecosystems

at a low level of risk.

® Ecosystem deterioration parameter: The land ratio without vegetation coverage (forest
area and wetland) used to present the contribution of an ecosystem’s deterioration to the

vulnerability of its water resources.

® Freshwater: The portion of water resources suitable for use by humans and most terrestrial
vegetation and wildlife. It is renewable from rainfall, in the form of runoff to surface water,
groundwater and water retention by soil. In this report “water” and “freshwater” are used

synonymously.

® Groundwater recharge: The total volume of water entering aquifers within a basin or

country's borders from endogenous precipitation and surface water flows.

® Improved sanitation: Facilities that hygienically separate human excreta from human, animal



and insect contact, and include sewers and septic tanks, poor- flush latrine and simple pits, etc.

® Improved sanitation accessibility parameter: A parameter typically used to measure the
capacity of a management system capacity to deal with the livelihood needs of inhabitants,
and refers to the percentage of population with sustainable access to improved sanitation

facilities.

® Improved water supply/source: These sources include piped water, public taps, boreholes or

pumps, protected wells, or protected springs or rainwater.

® Indicator: A parameter, or value derived from parameters, which points to, or provides
information about, the state of a phenomenon/environment/area, with a significance extending

beyond that directly associated with a parameter value.

® Industrial uses of water: Includes cooling machinery and equipment, production of energy,

cleaning and washing goods produced as ingredients in manufactured items and as a solvent.

® Internal renewable water resources: The average annual flow of rivers, and the recharge of
groundwater (aquifers), generated from precipitation occurring within a basin or country's

borders.
® Irrigation water use: The primary water use in the agricultural sector.

® Management capacity: The capacity of a management system to cope with mismatches
between water resources demands and water supply, by improving water use efficiency
(measured by WUGDP) and human health conditions (measured by access to adequate

sanitation facilities).

® Policy: A plan of action to guide decisions and actions. The term may apply to governments,
private sector organizations and groups, and individuals. The policy process includes
identification of different alternatives (e.g., programs and spending priorities), and choosing
among them on the basis of their potential impacts. Overall, policies can be understood as
political, management, financial, and administrative mechanisms arranged to reach explicit
goals. Policy alignment is the process by which consistency is achieved across a number of

policies that have the potential of interfering with each other.

® Safe drinking water accessibility parameter: Designed to present the state of social
adaptation of freshwater use (i.e., how freshwater resources development facilities address the
fundamental livelihood needs of the population). This is an integrated parameter reflecting a

comprehensive impact of the coping capacity of all stakeholders.

® Sectoral water withdrawals: The proportion of water resources used for one of three major

purposes: agriculture, industry, and domestic uses. All water withdrawals are allocated to one
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of these three categories.

® State: The state or status of a water system, as described by adequate structural (river
morphology), physical (temperature), chemical (concentration of phosphorus and nitrogen),

and biological (abundance of phytoplankton or fish) indicators.

® Surface Water: Water on the Earth's surface, such as in streams, rivers, lakes, or reservoirs.
It includes the average annual flow of rivers generated from endogenous precipitation
(precipitation occurring within a basin or country's borders). Surface water resources are
usually computed by measuring or assessing the total river flow occurring in a country or a

river basin on an annual basis.

® Total water resources: The total freshwater available in a river basin to maintain healthy

ecosystems and socioeconomic development.

® Transboundary management: The framework for managing water resources across a basin

and beyond political borders, including management for resolving water use conflicts.

® Vulnerability: The characteristics of a water resource system’s weaknesses and flaws that

make the system difficult to function in the face of socioeconomic and environmental changes.

® Vulnerability assessment: An investigation and analytical process to evaluate a system’
s sensibility to potential threats, and to identify key challenges to the system in reducing or

mitigating the risks of negative consequences from adversarial actions.

® Water resources management: Planned development, distribution and use of water resources,
in accordance with predetermined objectives, and with respect to both the quantity and quality

of these resources.

® Water pollution parameter: A parameter for measuring the ecological health of the river
basin, defined as the ratio between the untreated wastewater discharges and the total water

resources in a river basin.

® Water quality: A term used to describe the chemical, physical, and biological characteristics

of water, usually in respect to its suitability for a particular purpose.

® Water scarcity: A relative concept, describing the relationship between water demands
and water availability. The demand may vary considerably between different countries, and
different regions, within a given country or basin, depending on sectoral water uses. Thus, a
country or basin with high industrial water demand, or which depend on large-scale irrigation,
will be more likely to exhibit more water scarcity than a country or a basin with similar

climatic conditions, but which lack such demands.



® Water scarcity parameter: The richness of the water resources in a given basin will dictate
the degree to which the water demands of the population can be met. Thus, the scarcity of
water resources can be expressed as the per capita water resources of a region (country or
basin), compared to the generally accepted minimum level of annual per capita water resource

requirement (1,700 m’.person™).

® Water stress parameter: Water stress causes deterioration of freshwater resources, in terms
of quantity (over-exploitation of aquifers and dry rivers) and quality (eutrophication, organic
matter pollution, and saline intrusion). The water stress parameter refers to the ratio of total

water withdrawals to the total water resources available in a river basin.

® Water use: The total quantity of water distributed to all different water users (including
losses during its transportation to its point of usage). Based on the intended purposes, water
use can be divided into productive (agricultural or industrial) water consumption; domestic
water consumption; and ecological or environmental water consumption. Water use refers to
human interactions with, and influence on, the natural hydrologic cycle, and includes elements
such as water withdrawals from surface and groundwater sources; water delivery to homes and
businesses; consumptive water uses; water released from wastewater treatment plants; water
returned to the environment; and in-stream water uses (e.g., water for producing hydroelectric

power).

® Water use efficiency: The GDP produced from the use of one cubic meter of water, i.e.,
WUGDP.

® Water use inefficiency parameter: A parameter representing the inefficiency of a water
resources management system, as demonstrated by the gap between a basin or country’s water
use efficiency and the average water use of selected countries as a standard of comparison.
In this report, the water use inefficiency parameter is presented as the gap between the GDP
value from one cubic metre of water use in a basin, compared to the average GDP value
produced from one cubic metre of water use in the world’s top food producers (China, USA,

Mexico, Brazil, and France).

® Water variation parameter: The variation of the water resource, expressed as the coefficient

of variation of annual precipitation over the last 50 years.

® Water withdrawals: The gross quantity of water extracted from any source, either
permanently or temporarily, for a given use. It can be either diverted to a distribution network
or used directly. The term includes consumptive water uses, conveyance losses, and return
flows. The total water withdrawal is the sum of the estimated water uses by the agricultural,

domestic and industrial sectors.
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MBIEEZFENKRTREEAREZ LN G150, RITFRE, FHEKENTEN AN
ATKEBRTHEEE FHHEE.
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Vulnerability Indexes of five selected river basins in Northeast Asia sub—region

£ | Bk | Mtk | BE O IRBH
B | ®ME  DHEEE| & g%
(EHe) | (MCe) | (MCs) | (MCc) | (VD)

KFIR | KRFR | kTR | RLRAK
EZ | B | BN | THREN
(RSs) | (RSv) | (DPs) | (DPd)

KiTH
(EHp)

0.000 | 0.225 | 0.195 0.145 0.174 | 0.395 0.929 0.145 0.400
CRB 0.264
0.113 0.169 0.286 0.491

0.128 | 0.740 | 0.330 0.182 0.231 0.370 0.937 0.229 0.290
SLB 0.369
0.434 0.256 0.300 0.486

0.684 | 0.347 | 0.656 0.250 0.680 | 0.520 0.995 0.250 0.400

HRB 0.529
0.516 0.453 0.600 0.548
0.255 | 0.554 | 0.041 0.379 0.420 | 0.829 0.657 0.574 0.340
TRB 0.441
0.405 0.210 0.625 0.524

0.000 | 0.515 | 0.022 0.827 0.073 0.073 0.956 0.952 0.420
ORB 0.383
0.257 0.428 0.073 0.776

{8 T JUE

T

Q) RFRFRMFABAE, AKFRERORES, BAFEFLEERERS, BARE
FRHER, HAFREFREEXETS%. REEMREREEIICESEL, AMFEHNADR
RF T X REZE RS HIEF 4K, FERAEEREEXHK. B kTR EF
R (BEM R TR ATE BrEEMAEAXIRHORER EEREERESESKE.

D EFREAHE, REBWNHBERH BTHRIEEMRFEMKFERYE, EF MK
XS HE, AERALEFEEERRMNRE, BEEESRKE. H5 BTANS—1E
R—ER (FRM) BERPEH. EXSNAERES, ERESEMR, ETREMEEHR
WK,

) EBENFE, SPREBZEBEERANESN. — M EBHEBREAKBIERRK. RE
REHHRBEE IEH KGR EE, EZAESKFREEEN EFBRARMBR HXER
HIRIE, RZKELERRA T SR

) M FHMEHAERFARMVER KGR, EBHPRES —MEZHER REXAFZFARE
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REFRAR, EENREERK, BFEFAERNBTHRER R, £HE, X3MREHE
BHERMN ENAFE-LEEENIHNES. FE2MREHBFEERLRR.

BRI

WRIE LB, MEERAUTBRE M RLERRAKTREE.

BERAKYE

REZSAREBABAMUTFFTFEMTREMRX, HEKFRER, AMERAKLERAIEE
. ¥ TRKYZFEZZWHRARZTEZER 2D SHIRLZBRERMBABZN. ARLTHEX, K
WRASETESHMA, BRAMAAKERIL Efh = HMEMR. B, KUHEREKEFES
Al EXBURMIZHASER Y AARE, SFEEERLE=EZQFRNEFBR. AKX
HEMRESEAREFTERSHRARZR INTHAERNELR. EFRIEEBK, X FREREEEH
BARMRZENEEABRR, ZNEHEBREZRALENENEE—T.

A ST EE

BRI EERIT R UBRITHASAZEMAN, EAMAZE—ARETRAERIARES. &
HEBSBERMTZL, AERBESREPEENRDNIER. BTNFREREREERFRE
B ZXMERENERTHAR. Eit, ATMRRBRENERFE, MIZBEERTHRE
ENHFTEA. R, REEENXERETRZSMAEHEEXTHXRESS. i, R
EERAGNS— T EEERETEIKFESEREN S SRBRKZFNSEFA.

SR RIS

S FTEREBA, BROrkhonil A S R FNBERBSE T EBAFERIFHESRE
5h, ERANRIEEL FRERFERARNEBZT. FERPNTFRERUMNESREEET
FEEMNER, EFRNERNHRAEBIHESRERN KBS LR EES, DR
5 R HE R 5 AT

MR AR 2K AR

ESERK—ERHE, REARRGARBEENEZERRES. ARAOMELRTRER
MR, SRR RAKGEN. TEFNEFFEMETS SRR REERLELS M ARRBR
18 2% S5 B 2] B Y BE



1.1 BERJREIE

KRB EWE X AW AL ERRKEBE. BRI ERKHEREERX (41.338x107
km?) , {BEEIS K E ARIR K TRENIEE AR (RL952.53%) . KAT0%HI A FIRR K. %k
RE. KELERREM T AERERAMAEREA LRI KHYREF1.065<10" km # 3%
KRFREBIWALER, —R|AHAER RS T600 mA_ERET. B, ATFI AR KRR
KRR HHIK ESRKFIRRI30.4%, Y THEREKFIRAI0.77%,

HEAOBEMHEMESEFNER, AXXKFROFRADEE, SHER, 2E
BAREALEHCENRKESREHBRERTEXNGEZN, &ERHRERZRK
FEMEBEEOD., BXAEMAREY, R ESOFEEMRHFEHE T —F AR EAR
# 8 (UNEP, 2002B) , #£1t5 E& KR A EIG ML EMRIXERT, SKEXHNETRE
A ZEEERL FRER VRS, FEEBUEEL LHESREMEFESRGHE
KHVRBZ.

KEE#ESIRERA, S ERMAKEE20H LB TR, 7T F AR KR IR 5E
B AHAY EEAY RZEMBIGMFIRESEERBEAMEER T L20%M A OFREE
REBRERIRAK, 40%HAORDEXE T EE M4 (ADB, 2006) .

Hit, EAESEENEZARBS, SENKFREEC R ATRERTHELRAA
IR EERBEZ—, ERANSENTHRELRWEZD, HE— M TEHKZREEK
R, MIFZLEMEEHNAMIALE, EXENELIEHATM TR KFROMESEME, B
X, ESERMHSZFEUNERT, ZEKFRRSEMEITM, TEAGEHEWHEXIITEFHT
HATRR, SMTEREHR LEBAIMARNAELRE N, BREN, MAHSTERX
B TR — AR ER S

1.2 77k

1.2.1 HERLGRE

AL I X33 7k iR Al 58 1 R 4 (BIARITEAE) S ARANSR, B (1) 3zt KEE i
HATBENRNABAIEM, (2) RBFBSPEEREBHITEER, GO, SHMEKRKFIR
fesSMERIT/HER. B, — 1M RI]UENARREXN BN REETITHOT E £HERR
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BAEAENERRT, WERBERBRE LERMKINHSEFEREEZRKREN
MR, REEEE, AXMESEFEE, TEHERRE KT RN RIS
%, B, SR BRI ESMESEFEaNEEIENTIE.
FEPHRBRET (RARBERSS TG AERRE) (B (FERER)) mMERSH
B, R, (FEER) BEXRRERTERFBATH - PHLR. (FEHER) FHAER
UERASEN, EENETERIFB TR - INKBRREREREHLORE, @ETEX
ERSHMESHMUSZFREENMBEXRR. MELIFT, FEHBESIERGINE
KA, MKFREREM, KFBEFELEFA, KBFBRESER, URKEREIE, Bi3E4
BRIAXSE. PREEBHNEZAMRD S, BEEATHKRRIEIZENEEER, Mx
— B AKFREEENFTAZMETE, HERMESERKFRRGEF LI LFHER.
AEETRYNERESX, BRAEEREM, kABEFLXSFAURKERESBEZ

4

TR I AZ /KT IRFG AR AHLH

K R E AR A
(3 R 2T Ao HL T K)

K R I &5 F] R 7Kﬁ‘ﬁ¢§¢g/s‘a ~
(7%, Rib, T.ik) (TR A%, RHAL)
S BRI A S A 3.4 / FHAK

Bl RSB RERRAREFASFBHERIES

Fig. 1.1 A simplified framework of water resources base,
and its development and use in a river basin



EFIEMEEXR, THIIMBRUKZREERE, MBEJERN I TERE FULSk#HIT
TR, B, RIS SE TR EEXN AN ERBIHIRK. ERUARBEEZENXEER
—MEFRRTIAIR.

(1]

[2]

[4]

KRBELE: EAEREMAFTREFRSFIAMERT, 2 ALFEE, ESEKER
R RAKLFDE, RESSIREAMYMEMIIBEFGHXE,
KBABEFEZEFR: SR REEFLE, ECEBIIEFE, SMKTEFLRAE
NEESKFREFAHXE, Hi, KFEFASFHEFHAK, BHHERAKEHEREFHOR
KERESR, URATENEFLZRIEER.

KFFRESEER: SATREFRBRRBRROESGE, #TFELEHEXRUREL T
ERRHEMXEEE. SRR, EFZESHKFRFLEFA (FF) ZBRIKERRK
B, BEX RS K R R AKIE R

KFFREE: LR3NMHESMRETRKFBEFRSFAMBRIREHBAEN. AT, B
ASEEAEZIHI B RKRFEFENEXRZM, B 2R, R KR FEEENERIL
BERXRKBREFREFIANREPESEEIEA. B, T4 PiE % EEEENXHENR
HERHE. BRSEMEMRKFREERXERRSMEZRIER.

ETFERER, AMEFTEHUTINSREAM:

PHE N AR XEEE: BidEE X RSBk BIEERSEE S, BRAETHG
ERANSEARBIHIRMRRER, FUAFSEKRREENBIR, BHSHERTS
MR R 5B B RE s

BIIDPSIRA HFR AR E: M ADPSIRGE, RAGHRBERSEIEF. E
7. B, RImFm A 2 BAAERR KR, ABRE IR BRI R AR

BT ERSEEEHEITES TN KM A—ESESRBEERRRTE (VIS),
HEMRRENHARBARSEIKIE BN SEEE, FESREZENEREFTIL
.

VISRH—RIERARR, ZLEFRTUIARELNE. F—F, 8B TONMEE, €

MNaARFIEGERFHENRBAEMIS, MRFEEN. RBREN. £ESRRMEERL.
Eitk, — M RER ARSI ARIE AR

F_ENERFETERNNEEN—RITIHES Y, MRLIFTR,

VI =f£(RS, DP, EH, MC)

He, VI=fgiiiEH, RS=FIFEEN, DP=RREN, EH=4TRR,

MC=EH§E
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= F_EMNERETLERAONNZEN—RITHESEY, WIRLIFTR.
=
>
&
& RLLRKF R ERBTEEHRSBRES
§ Table 1.1 Indicator structure of Vulnerability Index
Ej System for freshwater resources assessment
—
% $-B | #-F |#S & X ET %
:
2 R A A K5 TR RS rs.— 1700-R
= KEBEZ | RSs | 240 RAEA 1k U6 U 1700 (R<1700)
= ey (1,700 m*/ \) HfH RS=0 (R>1700
- YRR ) ¢ )
7 (RS)
& . = RSV——(cq/<0 3)
8 Ky | RSy }i%SofFV\]B%ﬂ(EE’JxE { 0.3
= e RS,=1(cvV 203)
(m/]
—
o ' e WR
o KFERIES | DPs | BOKFEIE T EHEK LB TG
Z % J )
§ (OP) | gz 21y ok pq | REEFBL A KA op P
= EERELE 1 Ll Cr
[_Z'J
—
- e Ww
2 KiE EHp 7K G U R HE R R B K B EH,= é’Vllg (WW<0.10xWR)
> A SR R il
? (EH) EH,=1 (WW =0.10 x WR)
[es]
i i (BeAHEw) Ay
2 ¢
EE/Q‘\]\E’{»{: EHe tbrfﬁu EHe A
FUKACRAT (RAEIGDP | MC,= ™ ( WEWE,
FkEE | Mce | T . ““WR,, (WE<WEm)
FKE)
MC,=0 (WE >WE )
(gl
(MC) | By A TovEARAG Bt A I Y Py
. MCs MC.=——
Bt NER=A(] SoP
EHRET) MCec | ¥t 55 5 1) R ) 4 2R RE %]
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BT ERET SN A A ERE, MATE TN ERNBREYTRI2F .

K12 BRI SERE

Table 1.2 Reference sheet for interpretation of Vulnerability Index

fie 55 T 45 4% B
o MBTPRAE A . RJRSCRR . AR LRI B RE 1 A L5 & i 2 — MR BR Y
mogn) s, BATCENBOREEEUUETT . R, R4l AR T A AE

— BRI R T, o A A 55 A G A T AR o Y BURTA 2

W AR AE S5 B R] R S K R BT TR BUL T RIRES . R, 3SR AT e

HE T W B2 R S 45 BE A BERE DB M Bk k. B0, WIS BUR B Y 4
(02-0.4) | HFXEHEIRBSEWRE S EN EZ RS, HiTEA HECET ¥
AT Al 5K B 9 R A PR 3R

. G I S, WEBAEZ FIREITEOR, NGRS A
" SEHF AU DR U DADS v B T T o AR AR o IR R 4k T Ml E T Y

(0.4-0.7) i
RO, T B R

g | USHKVORSE AR, R . WL K GO K

0710 | AEURMARMBEN AL, TR KR,

WHEER, ER, S EREHIES S 6 E K i A .

EEREERBITELEZE, EASZEFLUMITEENS, XEXREITEE T

fi, TREGH TGRS QER T EXEKNES .

[1]
[2]

(1]

Bz R 4548, XX KT iR EE SN B,

ETRERBANTAELER, NREFENEBAITEA RN ARG, IRIEETE A ED
D RIRE AL E RIS S AR IT ENG E, TRIFHHBEHMFREEEIEN
FOATLIE A BRI,

1.2.2 i§{fid32

RIFEAEIESR, KR WHKATFE T, /TS AUT =AM ERELT:

B RE R IE AT FEMR G2 EE S XEER S RIEEIT RN, X LR
4 A R ERICIRE (CRB) | #ilitiE (HRB) FRTHRE (SLB) , MR REH
Orkhonjilt 1% (ORB) FTuulillifis (TRB) . HETHMIR L TETERIE, 21 EAREEH
INTAEA, IHEGFH A EREETITIE, BFGESN. BHEEELTES, ER&
EE R EIRERE.
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[2] EXRGZETME: RFBEERBOITHERE, EFLRESTFERE. TIEENBITGEE

ik

AT XX AR RIRFEE H#ITEMFAR 2. BT LARIHFLER, HADPSIRIE
R XX EEFFTREITE. BELRANSTRKRFRBFEREY, REBXES
BRI, HFERLEXGE T EHRENR.

AT EHRE: RIHATERENERD. BEHAXNEERBITFERENLXEE
TEREHTHE, TEABREBEERARHNBEANEN, E—FRELRERS, 7
MERSLR.

1.3 MEHEH

HWESAINTERS: () EXFEAMTERAFEEREZMKKFTRHNEZRER; 2) ETFS
ERBRGIVARER, RASMILRRKFFEIESFEITME, ) M. ST EEREIT

EHREEX.



AL I X R B IR LR 2

2.1 HiXHLR

RAL I X8 5T 58, i TR H11,764,596 km?, 29 5HREI1/12; HlE KERE, 58
24£86,199 km, A BU5£22,0004 (MFA of PRC, Xinhuanet, GOVCN-A, CSY2006, and
MSY2005) , RILEMEXBSNMERER, FAAPEARKNE. FHE. BXE. XHRE
ISR F £ WHFE, B ENE2.16R.

dEFEm,,

E2.1 R X I B (Google Earth)
Fig. 2. 1 Northeast Asia sub—region (Google Earth)
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2.1.1 Hife

FIEMX SRS, HEME ESHERRMFELER, ISE. FR. 2. Lithfn
B, TESHWMR2IFR, Hf, WiA54.6%, RAKRIEEMKEEZMMAE LR, —K
mE, WitEiE G ERIE. B IEIRRNR S, i, ARIEEMRKAKERFRRETRYE
HIKBEERRAME., Bt NHEHHAF680,000,000 kwhyKEEER B E (CSY, 2006),

F2.1 R XHE LIS

Table 2.1 Distribution of landform types in Northeast Asia sub—region

[ E4-o) =R B E B i
- LR ‘ B AL ‘
=T 7 R 10 B i85
7Rt -
F R TR Vi3 i B H S
7 i 2 )
754t 26
it g 7 i 2
7 75 7Rt P R
Ly 3 HER JeE H jm s
H 75 5 2 ) Jbip
TREH . B F T B
= 75 i R g

FLATHXBBEASHK, BADREAR=ZEMNEE. F—EMHEETESE, FHHEHKR
4000 mA b, 0B FHF, FIEER, PENE—ME_XTRKI. AARSAHNEZETSE
BERNETLALEMBEE LR EZEMEEESRE ANSEMZN, 19
BIRTEI000~2000 m, TEBRFHER. IFHEERE. B18R. 2R, RASE. HE
BE. EBREM EBEAEM AR E. E=ENBLESTEFLIER
1000 mIA TR EREM200 mATHEE, TEEERLTERE. £LFRE. KIIFTHFE. 3%
I=ZAMTER. XEEERE. ARFEE. FATR. KEFEMAREESE. B, NE=ZKHNH
WA EGETMH, MRRERMER, ITRIF—BRERK, HERE, BREFENETER



2.1.2 &

FALMXIERTE, BSHERS, EEZEEERK, AN, ZBRMHEEUEE
BEMER. WBRERTR—, N TEHESENSIE—FEKAE, EERI I XER

BXRMMHSE. BFHESEMERNKREIFMSREER (R2.2).

R2.2 R MHRKIZELE S5

Table 2.2 Distribution of climate types in Northeast Asia sub—region

H e HZ& HE et
R P A 4 4
T U v v v
2 WA v v 7 v

[1] KEMSIRHNESZFE: EARS, LA7E, FREERKX (R2.3) , £FRKEESL

PTESE, ARKE: Kb, FEAILEBIILER.

[2] BFEMHRENEZFHE:. EXRZ, ELXTE, FREER/DN, 2FEMEE (R23) . K
RXE: BE. HE. HE.,
[3] FRKURMEZRE: EFRITREFHAAFFMEREINEFNRER, EFURE.
iRE, EERET, BkEEES, £FRTRAILMAM (G0, BAEFIE) PRI,
HRER. TR, £EZWET, BAEERD. EEFTEURE, MARSE, KRXHE:

HEREIEES. BA. HE. HE.

Table 2.3 Temperature characteristics of Northeast Asia sub—region

R2.3 R LXK

PE 4] B HE )
Z AP (C) 4~23 0.25 10~15 11~16 8~12
HZEFHSR (C) 31 17.5 28 27 27
£ Z SR (C) —17 —-20.2 -6 -8 -10

¥ ¥k K: MFA of PRC, Xinhuanet, CSY 2006, and MSY 2005
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BEXY, HSATHKBEREAR0°CUA LR, XREBREDF EFRERK, Fik, ATIX

BHFYSRES>I0°CHRBMERKE, B, XATBEKHRNGXEHSBEMESR,
ENMEEBMERERE. —MHRHRE, RRTiZBEEHRERRI., A, RE\RE
., EH%?E:II:SIE*I@IX*Z'J%?’JS MEE, BT, I, BiEE. FERRET (R24) . 5
Sh, BIFPFEFTHS R K ZHRE . MR FERSRERNZN, RERRETRETHIE. 753
ZM XA SBEEUFRIEYERBENRE, Bk, —A S REK" RIEAZMKRBES
HIfE .
R4 FALEHRBER S
Table 2.4 Distribution of temperature zones in Northeast Asia sub—region
b7 T BRiR RS e
(ﬁ:}gﬂ) > 8,000 4,500 ~ 8,000 3,400 ~ 4,500 1,600 ~ 3,400 < 1,600
REENIS
0 (%) 365 218 ~ 365 171 ~ 218 100 ~ 171 <100
1.5 LB VLR
143 5 7m WLy |
Ho 2.5, 1. ZR UG E A DA {;i;zg 2.5k, AL 5 Wzi i
PAEL | DEEREDE || SR %iiﬁ
&V R B 4 AR o
7
ﬁ 1 ij:‘jB
B | % _ B B 2'%;3 1AL
I} 3 5 2. 7R Jb#EB
g N LA ‘ ‘
I I = [3' B T [:‘ H Bfl
* FUMEEER 2 M. M it iE F AR e E AL ER
i
- — & — —
2 - — S - =
¥ 48 % F: GOVCN-B, MFA of PRC, and CSY, 2006



2.1.3 BARIR

2.1.3.1 THEEMT T H

ERETMX, SHFREMBER/ 12014 FEFESHRI4HAD, AL HER
12:40.0078 km*, 2t#FEHKFER1/3 (MFA of PRC,Xinhuanet,and CYS,2006), E ik, Z
X EHFREREFEMBEX. AMSALOHES. BN, RILIMR AL HERSH
MEARY, BREHS, HtENEAS L HERBTSEZ, FEYRXBFRILT XA FK

T (R2.5) . B, AL EREDHIBRRAREHRL0.5%,

2.5 FAL X 1 b 35 R

Table 2.5 Land resources in Northeast Asia sub—region

i e B & 5 E Bf &%
T A (km?) 9,600,000 1,564,116 377,880 99,600 123,000
A3 i AR (km? /N) 0.0073 0.6110 0.0030 0.0021 0.0053

¥4k & JF: MFA of PRC, Xinhuanet, CSY 2006, and MSY 2005

3z 5

TR, iR SEEERERENEL

7

23.23%, FEitk, ZRAL WX £ 3 3505 ) A R B g th bk E &/ (GOVCN-C),

R L KiLERHERBDSAOHSEMAFEESTEMRBRGE, RLEHEX
ABFHE IR A0.00122 km® (R2.6), RUZEF 5 F97KF0.0367 km*/ A, TERA

HFRRRALR (FAO) FTMEHI A E IR E 7 ££0.0053 km*(Ly1/4,

M, ZR4E I3t X + 3 R R R AR B S E 4,

AR M B ESHEENLALRRETHENEG. EEGIENRE, AL
UFLEFA, 610, PEMDPRTERE. XEEHYE L 2EmRMI12%, AR2.6FFATLEEH, R
Jb 3 X E AR 41,390,046 km®, (b ELYH19.59%; FRAEIR 42,305,080 km’, LB A
19.59%; $03AE TR 44,285,510 km”, LhEZ H36.42%; HMEFR 42,732,876 km’, Lk EZAH
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+2.6 AL X + 3t F AR B 57

Table 2.6 Distribution of land use types in Northeast Asia sub—region

HE e (=[N HE &t
B A (km?) 1,300,392 1,758 49,896 19,500 18,500
AR LB (%) 13.54 0.11 13.20 19.58 15.04
AR (km? /N) 0.00099 0.00069 0.00039 0.00041 0.00080
FRARTE L (km?) 1,749,100 | 147,480 251,500 64,000 93,000
FRARTEAR H ) (%) 18.22 9.43 66.56 64.26 75.61
W7 A (km?) 3,133,300 | 1,152,210 — — _
B AR B (%) 32.64 73.67 — — —
A il 7K 3 AR (km?) 174,700 9,676 — _ _
P i 7K 3 T R EE 1) (%) 1.82 0.62 — — —
HoAth A Hb T AR (km?) 2,375,800 | 252,992 76,484 16,100 11,500
Hoft + AR LB (%) 24.75 16.17 20.24 16.16 9.35

4Bk k: MFA of PRC, Xinhuanet, CSY 2006, and MSY 2005

2.1.3.2 £YHERE

FAEMXHEYHEFE, M HEEESR, ESHRLHEYRFEFENHRZ—. &
FHERNK, AARTHWK, BEFMA, P SEATEEREMK, LEHREFEEHEMERE
MR, B EM A, JEHESHMHH, URESLSHK, BEEHFERERFERER,
ERLBMEHEREX, FTER, ¥ REEFRENL, TREERENL, SREE, BLE
REEENEEHELR,

UPEAG], BEFHFEDI00NH, 2,980 &, 24,6007, HREE, IR =%
HEY . Hf, O FEY2,946/8, SHREFEMERER23.6%; Ot REZEY, 44
HHREER62%;: ORAMMALO00SHF ZABEY4,0005F . RaEW3I005F#. FLEEY
500 %, FEMEWI00Z M, HIEEYWO00S M. BXEWSOZHM, HWEXFMEEHEINNY
2,070%¢, it FRFEEEHESIRI0.8%, Hp, BKI1,1705% SXK40055, WiHEK184%, 5
Bl it B E KB E13.5% . 11.3%F27.3% (GOVCN-D) ,



2.1.3.3 AR

R M XIERITIE, #RMES S, BHEMRESHT TR, E5iT, FLIHXE
BIERAEENT = REMABELY A%, Hp, 5 4. L B ANREREFHRE
i, . 8.8 B LSRR B R BIRA. AR ABRMERYHERHRNT (R27).

K27 FALRY =FEDH

Table 2.7 Distribution of mineral resources in Northeast Asia sub—region

h E =& B & i E g
fib 3k 157 80 10 280 300
1.48 1.4k — 1.4k 1.5
2.5 2.4 2.4 2.4
348 3.4 3.4 3.48
& 455 452 450 442
=
i 5.41 5.4 5.4 5.4
7 6.4k 6.4 6.4 6.4
;f; 7.8 7580
’j\( 8.4
fi#% 9.4
& 104
11.58
12.45
13.48
14.4
15.4
16.45
17.4%
18 2557
1. 15 1. Wy e Wt
4 2.4H 2B 246 KA 2.7k 205
4 3. RRE 3.8 3.EEL 3.0 KA
gi; 4.5 45 4mE 4. %8
i s At 541 s 4t
v 6.4 6.7l £
. 7. A 7 T
* 8.+ 8. =1
g 9. 9. Fi
= 10. 514+
1163

$3&K: GOVCN-D, MFA of PRC, CSY 2006, and MSY 2005
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2.1.4 A0
FALTE X B A O£9451,508,263,000, 4Lt FAT1/4, AOBELAHRI28A/km’, BF it
REAOSARTIHKZ— (E2.2),

Population
Distribution

P High

- Low

International
River Basin

B22 R EMXAORE (EBELER)

Fig. 2.2 Population density in Northeast Asia sub—region
(blue dash rectangle)(UNEP, 2002B)

RIFESERMGIHEIE, R EMKEIGAOBREKEAI.36%0, H5201H£280, 904
KA, BREFESHARONTALED, SHER, FILTHX2ZEERDERFBIE,
AXHIE (20005F) 5, BA . FEMPECSIANZRALMZITI, HSTRHU EAOSLS
AORILLBI 53 417.3% ., 7.0%F016.96%, 20024, ZRiL R HA OERL H42%, WF
283HTATIE, ZMRALZER (BARMSE) HETAOZRLES TRRPER (HE.
SRH e .

*®2.8 FRALIL X A O#ESR

Table 2.8 General characteristics of population in Northeast Asia sub—region

B E E H X e B &
A (HH) 1,307.56 2.56 127.74 47.254 23.149
A B#EE (N/km?) 135 2 338 474 188
A EK (%) 6.234 17 6.54 9.2 7.85
Wi N B (%) 37.63 56.99 78.51 80.30 59.40

¥k k. MFA of PRC, CSY 2006, and MSY 2005



FREHREFSINRE, EOHA: OPFEFSIRE, ERNEAETERE, S5
ABOMIL59%; OREHESTRE, EPRERAETERE, S2AAM0%; OBFFITR
MR, BERXMEAEFRRE, SEAOR8%; OFEMAEFAET—IRIE, FAHEER (R

2.9),
29 R THHKEEK
Table 2.9 Names of nationalities in Northeast Asia sub—region

Fs R & Fs R & Fs R & FS R &
1 i 16 nE JE i 31 IR IR 46 T R ik
2 EE)S 17 LENTN S 32 1L 1% 47 PRZ %
3 [a] 18 PRI 33 Je I 48 o [ I
4 L I 19 B 34 717 B e 49 P93
5 Y5 IR I% 20 BRI 35 Wb ig 50 BB IR
6 Hi % 21 fRL I 36 EBER 51 1 e i
7 B2 313 22 &R 37 X3 52 A H TR
8 EINS 23 e LU 38 B A% 53 T I
9 TR 1% 24 L % 39 B % 54 I B
10 W B I 25 K 40 LK 55 B M
11 i I 26 PR3 41 P v 56 FEIE TR
12 Il 27 Y74 I 42 bring)/3 57 KFNTE
13 PR % 28 ¢ I 43 | SR | 58 (TEEE PN
14 S/ 29 | FIURIEHE | 44 B i 59 TR
15 T FKik 30 T 45 S il e

# 3% % &: GOVCN-E and MFA of PRC
iz ORZE/RTH 1~56 BT FE; @QREFTHL 2, 17, 434044 BT 5+,
@R F5H5T~59 BT BA; OREFFTHI0 BTFHREFDK,
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2.1.5 BFEE
20065, AL I XGDPIG T4 A9.275% (FREAEE) , 2RISR EMNA1.51E,

GDPREZAT6,343{Z%E T, A¥IGDPA RS, 062E T, YA F FIHKFRI62%., AL R

B, 2EME, FLIEMREFEZREERR. THEEEHNRE. AREFKERS, EM
R2I0PATUEL, ZMRANEZZERSARPERZBANEFLNKRGFEEEANE
2R,
F2.10 AL L H X2006 5 GDPHE R
Table 2.10 General Introduction of GDP in Northeast Asia sub—region
h E E ) H & & E B &
GDP K ZE (%) 10.7 18.6 2.8 5 —
GDP B2 ({Z%£7t) 23,290 22.7 45,905 7,113.6 20.4
A¥GDP (E5T) 1,352 756 36,486 14,649 85

(2]

4% k: IMF, WB, CSY 2006, and MSY 2006

FRALT X = HAH LTS

EAZMXMKEER, AAFSENLLERLEE], BIE—r=. EZ/=. F=7=,
#eyA1:3:6, HILRA, HEMSZHFLERAE==L, HEENT “BIlkits” bt
B, EXNEAREFEAMEFEEFLHER, AEMNRSLEEETHoaRENE
. B ZE20004F, BARSUEE =BG E EFAZE19.2%, REHREGKE
ZEREABASHE: () REES5ERBEEXRSNERK, Q) EERUEETEST
AR S RYEAC, (3) M MARRBIE KEYIEK,

FERR—TREPER, AR X SR EIREFIMK, BEIE+ERGDPHFERER
i<, Pl A R R BRI . RIB2006 EMHKITEE, PEE -, E_5~
A, =R B4 B A12.6%. 47.5%F139.9%, BRI, FEAFE =1 EEE R
B, ETWtEREEK, B, Wk, VIMIgE. RE. B LI 87 EMERHIE
REFRKHIEZEZ A,

HMEER = SR E— A = T REB S RG], HARE Pl kB A50%, B
U OAE N, B R LIERE,

SOzt XRAmE—— P MUE— (FHl) AZEFLHER, X5HGH S, #



REHMSBREDNFGEZVINXR. BE2002F, FHEWHEEE MY H2.368F%
(FR) . #&F_FUFE, FEUERI. 8. RT KRB HAE, 20025 5GDPH)
23%,

2.2 RIKF IR

2.2.1 RIKETEHHE

ZWEBME, BN SESSHERERRNEEEM, R XKFFEFHFEEE
RIAUTSNAE: OMRRERK. ORBEARRK. OKBEERKA. OEFRREAHR
%, ORERNEREE, HEEEMRKRSHUR2. IR,

F2.11 FIATHMXEFERE SR

Table 2.11 Distribution of main river basins in Northeast Asia sub—region

2R ER FRicE

e, | EEXR REER | kF

1ARFETT. HE (42.62%)
24T 5T (9.14%)
3. 575 BT B (0.01%)
2 i

Amurijf i, 2,085,900 4,478

1.3 BT
2.IFAT
3.EET
43T
5. BT
KIS | 1 808,500 | 6,300 6{;; I
75T
8. L
9. JEIK
10. %7K

% = o

1.k 3T
2. K]
i ] i g 752,443 5,464

B ] i > > 3. Y S RES|
4 387
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0 vl
10 AR | TRRR EELT REER | AR
1.ARIL
BT I Bk 453,690 | 2,214 2.7H3L -
3.46iT
INS)20]
2 7R PR3
3. PG
I REIRFTNE] 269,283 1,000 435 ]
5. R
6.1
17K 7 1]
2. K&
T AL 3 263,631 1,090 3. ]
4.1 5% T 350
. K
1.%%“@ o
2. FRALTH o
ERTI N B: 228,960 1,390 3BT ]
4 F
Herlen i 45 108,439 1,090 — =0
SR G|
HIE) 23 YL I 3 61,900 795 — e
1ALIL 74.98%
W b5k 45,343 831 AL ol 6)
2. BB B (25.02%)
NS FIE (69.70%)
P AT 7 3 33,000 525 — i o
Ononjit 45 28,425 298 — g




¥
H

32 1
em | BB TRER EEHR REER | KkER

V& R L A, 25,000 525 i i [
ANy JIL 5 ZE?EB?I

o 1. BT
KENRLHE | 20,300 439 S i [
2.37L

AR 35 16,840 322 LN H A

Lz 50|
2.2l
rapslIRie: 14,330 268 3. I H 4
4.4 50
585011

% H

1.1l
2. )
3.l
= e 1| 37 3 11,900 367

A5 V)1 e 3 4 XA M) o
5.4+ KU

6.2 Al

e )17 10,150 249 — H 4

¥ % k: UNEP, 2002A, GOVCN-F, MFA of PRC, Xinhuanet, and Myaimarjav & Davaa 1999

2.2.1.10 SARKE

ZRAL I3 XA B4 £9493,000 km, EAZY80%HYAR M Z200 kmPL E, £940%H 585
MIES00 kmA £, Aid, ZEAX, AZHRKBER KB ERRRS, ARRE-—RTLE
3200 km, 2ERKATRERIWRELREFI67 km, ZXAPEE—KTKIREN
491/17, EE, RAEEHXFEEL000 kmd ERARAS%MEFETE, IFTERFAHE
TIRRITE. MELMER HBEFEER, FEMRRBEEREHT, [RRS. EEL

(B

o

2.2.1.2 #ImER
BATL%IT, FA T KFEEBEIRL000 km’ A LA Z2,0004%, FHEEFR100 km?
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A ERYAR MBI 75,5004, ZEHRERKITRE, FREBEFR10,000 km’ i LAY FHE49
&, FIRER50,000 km’ L ERZ iR E%K, HRARKIT. IRIT. MAT. ML, L. BiL.
EETANNT.

2.2.1.3 kgE

FAAEHXRULMFSEAFTENMFER, —BWsS, L EBHERIE. IR
R, MaRENEBRAAMBZENLE, BN, MRXEERREBKSEE2,000 m
R ERLIEE, B, TERAZHLAFILT MR AETRFHKEFRIRHETRIMNR
P&, RHF2006FE MG iTEHE, (XHEH#HF 680,000,000 kwhykEEE = ( CSY, 2006 ),

2.2.1.4 BFETRSHE

FRIEMXSHEIONERRE, EMNSHE: OAmurifid, @IiE, @Har Us
Nurifis, @Yeniseyifig, ®Lake Ubsa-Nurifiis, ® Obiiigi, @Pu-Lun-T o ifid, ® &35
wiE, OB, OBSTRE (B2.3).

Jenisej/Yenisey

[ gt o 3 97
] 28 o 174 1] o 0] 3 0 3R
lem =500 km

E2.3 AL ity X E Frm S 3B 4 B

Fig. 2.3 International river basins in Northeast Asia sub—region
(UNEP, 2002A)



2.2.2 RIKFIRER S

PREAEESN, AL R KFIRBELYH3.351 km’, AHHFREI1/300; AKRRELH
2,221 m’, AR EHKFE25.7%, HERA, FLEMXAEKFREZEMALKERE
FHRREEARZHBRZ—. FF, NR2.2PATUEY, ZBRAEEEHAKFREE

BRI, mARELI606E,

212 ZRJL M0 KR 7k SRR PR

Table 2.12 Status of freshwater resources in Northeast Asia sub—region

B E e =[P 23 T Ef
KR B & (km?) 2,800 220 400 116 —
AN¥PK G (m?) 2,152 878,600 3,125 2,389 —

¥k k: MFA of PRC CSY 2006, and MSY 2005

2.2.2.1 5%

FiEHMX 2R EEAERFENMRZ—, FHEKEHH100 mm, TEHFHZ
PHAAEEZE, BLEEREKEFHIESHTLAE (B2.4) .

Fig. 2.4 Annual precipitation in Northeast Asia sub—region
(blue dash rectangle)(FAO—-SDRN Agrometeorology Group, 1997)

|
73 225 373 723 1473 4975 »10005

E2.4 FRALE X FEIEKE (KEBELER)
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—lmE, FEKEXERBRAENTMARMRREE-HRKHFIERL. Bit, RE
ERKELE TRFLIHNKSHEHEX, $2EK, FFREXMTFREX., AR2.I3HIL
R, BB EB XA G RIL L FER ZEIRAILI54%, MTEMETEBR ML L46%,
ZEFRILTHB=FHHHISHEERA BN, SEZETFERAEREE B,
HERNRE, SERHRZ, PEAFEHLTE, FHRATE, ERREZEHASMEK
B5KEELRE LEKSELZBRARZEZ AN A FERH. UFREHAM], FER2.147
UEH, REMFEHEKEHNIB0 mm, R MK PED, RASFHKENL/S, BiFH
B, SEMkGELEMIEKSRREBRASEAER THKEMN3~ 44,

F2.13 R T KR FFE/X 5

Table 2.13 Distribution of humid—arid zones in Northeast Asia sub—region

2K SRR LFER FER
R > 800 400 ~ 800 200 ~ 400 < 200
i)
s P
VAR = =1
RIS MR > ok g WA < | o nmmn
o _— -2 7 -
LR | AL LAEHEEEE | LR
VHEMBEHT | 2R 25 L EEH AT | 2 A H
g | PRSI | SRERRARA | S AREIARS | 3 AR
ST, EHK. | 4R R
A
2
i
| . AL
- _ _ P
e Equ] L SN
H o _ _ _
N ., _ _
¢ o _ _ _

¥4 & k: GOVCN-B, MFA of PRC, and CSY, 2006



+R2.14 R M XFpEKE

Table 2.14 Annual precipitation in Northeast Asia sub—region

HE e SP:S EHE ;)3

AEPIFEIK R (mm) 900 180 1,800 1,500 1,100

3% % F: MFA of PRC and CSY, 2006

BREDN, FRILEMREEGHMEBAENXASHRAGTENSK, AMEFSZHEK
RISk EFBEKMRNESHZERNSEZWES, BETE—ESmEMEF, NE2.S
MEEERTALZIR, RLEBRAERFERENAE, BEAKESTREMNTO~80%; BF
B, M E 2R FEH TR, kEREKFIKESEKRIAE,

100% -
90%
80% |
70% r
60%
50%
40%
30%
20%
10%
0%

1950-1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2006

1 700
4 600
4 500
4 400
1 300
1 200

| 100

O 7% (%) OO W% (%) = — 247 (mm)
E2.5 AL M ith X Pk EHFE

Fig. 2.5 Characteristics of precipitation in Northeast Asia sub—region

FIRT, E2.5Fhg BT &R A PECITRE . BilfE. WRinE, K& Orkhonidlift
B, TwhiARBEAXRBS FEHEKENSEIT SR, NERTALZI, SERBEFEE
YIREKERFER D, BH19505/9623.9 mmfEZE20065£/79492.8 mm, H5P, XRFEIE2005F
kHEFMTFEREBNFESH, ME2.05TR, FILEMRES0FHRMERNEL ELLEIEZE
KRS, HREREGEINRIR, Bik36%, HILERA, KERERIMNEFRENLC K
AFRITE KR KT R KGR,
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100%

40.0 42.0 34.0 32.0
80% |
60% | - 28.0 32.0 e

. & 0,

32.0 24.0 CO IR (%)

40% |
H %
. 340 18.0 36.0 Itk (%)
0% L 28.0
5 (%)
0% |
1800-1849  1850-1899 1900-1949 1950-1999
E2.6 RTHRXEFREN K EMER

Fig. 2.6 Ratio of drought and flood disasters frequency
in Northeast Asia sub—region (Su et al., 2006)

2.2.2.2 FE5FIH

BREREESh, R A/ B EBLAH684.3 km®, 5 H5RAI29.7%, ABAKELAH454 m’,
AHHEFRAYL2EE (R2.15) . AR, FILMHX R T ERKZ KK Z—,

F2.15 R MR K KFRERAS

Table 2.15 Freshwater resources use in Northeast Asia sub—region

i e B 7 g E BA &
M E (km?) 563.3 0.4 90 30.6 —
AN & (m?) 432 160 703 630 —

4% & F: MFA of PRC and CSY, 2006

ME27, E2.8HATIAEZM, OFIL LK AKERAIBIEPERL, STREH60%,
FRt, R LXK AFFERBHESERHIRILAK; OXRPEX (FE. i) BT
WARKEXTEEFERAKE MALER (BX. HE) £FRAKENXTILRKE. RiE
UNESCO2000F 4t it, KIZERABEFERKERARFERMIOZE. B, KILIE
XA E R SHIKEMKD, RARGERKFFERITIE, ZBIER, BREGEE, MKE
HEERKEEZBI TTUWRAKMEFRKNEEZH; OPERITFLERR, N20045FH,
HEEMAKENEENEAESHK, BEAKZEPRILLGIZR FIGM,



100% - 1.7 3.3

120 94 145
80% 22.8 16.9
26.4
60% |- 635 9.6 ] HAtAK (%)
59.0
40% | 50.9 COAEERK (%)
20% | T AK (%)
0% BRI K (%)
W E E i H A HhiE

E2.7 AL LR & MHE Ak RS

Fig. 2.7 Distribution of water use ratio in Northeast Asia sub—region

HE2002%, FIEMXAYFIISZATLTEFRRENRAKERE (R2.16) , HHHH7
BI1/3, B+ 4 iR, BAEEE 19904, RALT X BRTH S E R AKERRSEEL FHFE
TEFHRERE Iz A, 1345k, £52.08Z ANFZ 8. Hep, B AOH1.4612(70.2%), K
FAOA0.621Z (29.8%) (F2.16, F2.17) . FHEAENET X EZARTFIO0OEFBMITHT
F£EZRBF (MDGs) , EREIRZEI2015F B LRI R BB E AR ARG R A A O L FIE]
B—¥.

MR2.ISHATAZ I, H—, MEHEERE, 19904 520024 7R 4k I 3 X 45 7 st Z A 1R A
KENBEREARERT, AATENBEETR, HEZFRAETREEATERTK L
REIE, AO#HIE180,117,100, ERMEMIKAKBEREERENE REETHEETE, X
MRAELZEEFE TP P/NET R, 19904F 520028 FK 4k I 3 X KA B0 E B9 4R B 7k L
BERHUTUARL, AETEMNBEEX LA, HXEFRETREEBEEREHTL#HE, K
HAO$ER40,555,000, ERT, REIBAFHER “KOBIEHSE NHR BUR, KKEHT
RITUENIRAKENREZENEZR. R X R IEEFEE=ERNIRAKERNE 2R
B/, 20024, TRIFH R L IRAKATREBAOLLEIH95.2%, MR E MK HA73.8%, HIb,
REERREBARFENEANXEREE. AAMSENRSRATREEERTIIR
A XIYH100%, EhEFMEPEE = EETRE, THUFIMK.
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g
/
J
B industry widely dorminant . - Domestic use widely dominant
é"g:isr:g_l?"d agnculture equally | Domestic use and agriculture dominant
- Industry dominant with significant Agriculture dominant with significant use
use by the domestic sector by the domestic sector
4“} Data not available

UNEP

=52
il
=4

Pacific

Ccean

i

i ‘JE‘
% L}
. \\\jidﬁgfm

Ocean

¢
| 4 ' 4
=

Agriculture widely dominant

Agriculture dominant with significant use
by the industnal sector

Agriculture widely dominant with significant
use by the industnal sector

SHILIFEE F

E2.8 R Mt XK KFRAKERE (EBEZLBER)

Fig. 2.8 Freshwater withdrawals in Northeast Asia sub—region (blue dash rectangle)

(UNEP, 2002B)

+®2.16 “E" RAKM M D EIRENEX
Table 2.16 Definition of improved drinking water supply and sanitation (ADB, 2006)

KE RAUE
BAR NI IKIEFARAG 2 R I
HoKEE IKIR AR F PR
FH IR H SE R AR A 7K
R A K 43k
KEH CR) ZHRY L% 7K
R 7K Y 4 BB it e % 32 SR SR it ) 7K
T RUH
KB R B JH T A F J F
o2t 25 F B Be
D E&ME
JK i ol e 5

ELA i A A B I BT

4R R: ADB, 2006

Z: O “KE W RRBERATRIGKIT R &, MAEKTRA R SHTA AR, AHCERART —&

FRRRY KT RAZLFTH,

@ ‘K& L AR AR T QI RIT R A Aex R B2 2 RIE,



F2.17 FRAL I 3 X 5k A 7k 48
Table 2.17 Drinking water supply in Northeast Asia sub—region

A0 (B7R) ZmAO (BR) AZ@mAQ (BA)

Fh
B WO KW | B8 | W | R | B8 | #HWm | KH
1990 | 1,351 | 446 905 994 445 549 357 1 356
2002 | 1,502 | 631 871 1,202 | 591 611 300 40 260
BMEC | 151 185 -34 208 146 62 -57 39 -96

4R R: ADB, 2006

F2.18 AL Wit X4k /KR B =5 &

Table 2.18 Drinking water supply coverage in Northeast Asia sub—region

H e =N HE B Ef

1990 311,932 1,263 77,916 31,723 11,574
A0 ()

2002 492,049 1,459 100,295 37,944 13,750
R SYE 1990 100 87 100 97 100
2w i N
PE 2 327 (0,
B (%) 2002 92 87 100 97 100

1990 843,373 953 45,621 11,146 8,382
RATAD (F)

2002 802,818 1,100 27,145 9,486 8,791
= 1990 59 30 100 = 100
Z i RAT AT
PE 26 327 (0,
BiE (%) 2002 68 30 100 71 100

$ 38k k: ADB, 2006

2.2.2.3 &FEE

FAL T X 4F#5030,0004, EHEFRT km’ A _EH#IH2,800% 4, #HIEAD TR AT
RABKE, MUREBETE L, MELABRSERMBMETRSE. AW, BER LA
KA AKRIFEREN, BiiEE. 3 EERNT ERSEEB A THENE ST XKER
W, BLLBIRERK, SEkRR, 77 F RAMRAREEME TR LR K, EFHEKED TR
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HmM™E., SEALEHSHTHEERGE, EEHBTEER. URETuulimgE A s,
I ERI0EH, BEFINHIBTEESK, & THBHSHNT.25%,

FAL LR KRBT E TR B R R AKFRERRPPH—NRFE-D, RIF2000EMEH
FITRE, PETRKRRIKERER41%AHMEK, Ftb EFTRHEL%, 32%AHNV~ VK, F
Bb EF EFA2%, 27% AL VHEK, RLL LETH%, TESEEGEESE. AHE. SER
. #EABIBODE (GOVCN-G),

2.2.2.4 &8

X—NKRFEFERRABXRGR, FRkRRETFEHHIXEREZ—RRIRE KR
BRANNE, EMER, kFEARUEE—NEERSTENRY, HPEFERAR. itk
MEIRE, BAGDPRAKE, EA—NMFEEZMNMBIE TR, BEBR N ELMAERM kR
R R T LK F R Z R 5 EATEH I RS

PREFEESD, R T X BAGDPAKELAI11ZET/m’, LR EHKEHKI0% (B
29) . Hep, FHBMGDPAKERS. PEXZ .  BEERX. BFARMK, X—HFS5FRILEH
XEEAIGDPHIFIEFHER. HIELRE, 2584 GEENEENERETKEIR,
RAMEMAKEREFTERESBRE, NIFERMER, #—FRIZENTHER
RB. SkER, ZXEFXMERFERZ BHEMGDPRKEFAEXNERE. §lM, KB
GDPR7KE, HHETHR FHKER28.6%, YAHBARRI/IS, Eitt, FILL#XETAENRE
BEX.

T | 40000 5 (GDP i
40
130000
- G
£ 301 lﬂi & A3 GDP
;Hi 420000 TP 7K (12,0535 78/m?)
20 |
A4 - 10000 ZR 6 X A3 7K (1111
10 F .
0 ‘ . 4 ‘ * 0
HA HE HE i

E2.9 AL Xk F B ERIK

Fig. 2.9 Water use efficiency state in Northeast Asia sub—region
(MFA of PRC, Xinhuanet, and CYS, 2006)



BE2002F, FILTMRAF7TSMZA T ZERLBNEND LI (R2.19) , HRRA
WRETASE, 478.3%, EHELL1990F, R T XEEFER EMEMDEREHADELE
BEARH R Iz A, 13455k, £H32MZANFZE, Hep, HHAOAL5Z (45.9%),
RFAOHLTZ (54.1%) (F2.19, F2.20) .

F:2.19 RAL T X T 4 i it

Table 2.19 Sanitation in Northeast Asia sub—region

A0 (B7A) ZmAO (BA) AZmAA (BAH)
F
B WW | R& | BE | W | R& | B8 WH | RH
1990 1,351 | 446 905 424 318 106 927 128 | 799
2002 1,502 | 631 871 751 468 283 751 163 | 588
% | 151 185 -34 327 150 177 -176 35 -211

4% &k ADB, 2006

R220 R MMX DA GHEBEE ((VAREHE)

Table 2.20 Sanitation coverage for two countries in Northeast Asia sub—region

L Bz
1990 311,932 77,916
U INENGD]
2002 492,049 100,295
1990 64 100
SZaa KT N A B R (%)
2002 69 100
1990 843,373 45,621
EAANA ()
2002 802,818 27,145
1990 7 100
Za AN OB (%)
2002 29 100

¥4 R: ADB, 2006
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BE20024F, FE D AEIZHERN 2 EIBMTO7%, BILEN6%EEIEK., 7£1990~2002
ERR2ESD, PEHTMX DA EHEEEECN23%FHE44%, MR X D EZHEE =R
M7 %R KEFAZE29%, BKEETHEE. FRIX—MHBHAOHEHERERINAD
EBERR, KAFMAONPZE, TMERANEMN T LR, HERFAME, it XE
PEH T HERELZRORESTHRE TS%AEKE, IZHEYAETSN. REXRH M
KIAEHI3%MEERED EEHE, FE174ZAOZ 8, BAFFUNE, DERENES
BE2002FIE(XA29%, EHE, BEIBEEE 7 25MZHA QL ERGSHENDEIRE, &7
RS EH1/4 (ABD, 2006) ,

EERRENEED, BETESZXEEANER, BUEAER. THERMAXER
%, NMESEXBAXEIZKANEETEETHEEEESE, KRFEEZME. KFEK. A
O EHE. BHRKTRFLZMEFEZRKEAYESCZBERS AL AEFMTE LT TR
FEANEROESAFXZNEEER. M XEERESERASS5IBKRRSE LA H
R, FREXMBERFAEENAHIRUE S, Bk, ATHRRAGFH S, BREERN PR,
08 BUREF S BEH N TEARNTEEFRIBEENEDUEN (UNEP, 2002A) ,

R XRMERRIBEEITITEY (R2.21) .



221 KL X E B E

Table 2.21 International freshwater agreements in Northeast Asia sub—region

il EEA H # hEBR (XKiF)
Agreement between the Union of Soviet Socialist
Republics and the People’s Republic of China on
joint research operations to determine the natural
F 1956-08-18 resources of the Amur River Basin and the prospects
i R for development of its productive potentialities and on
planning and survey operations to prepare a scheme for
the multi-purpose exploitation of the Arugun River and
the U A Ri
Amur e Upper Amur River
i Agreement between the government of the People’s
. 1994-04-29 | Republic of China and the government of Mongolia on
) the protection and utilization of transboundary waters
2t Agreement between the government of Mongolia
. 1995-02-11 | and the government of the Russian Federation on the
P protection and use of transboundary waters
M Agreement between the government of the People’s
. 1994-04-29 | Republic of China and the government of Mongolia on
il Us Ea) the protection and utilization of transboundary waters
Nur g Agreement between the government of Mongolia
‘ 1995-02-11 | and the government of the Russian Federation on the
2 protection and use of transboundary waters
g Agreement between the government of Mongolia
Yenisey ‘ 1995-02-11 | and the government of the Russian Federation on the
2 protection and use of transboundary waters
Lake g Agreement between the gover.nment of Mongolla
‘ 1995-02-11 | and the government of the Russian Federation on the
Ubsa-Nur | 85 protection and use of transboundary waters
] Agreement between the government of the People’s
s 1994-04-29 | Republic of China and the government of Mongolia on
i the protection and utilization of transboundary waters
Pu-Lun-T o
2t Agreement between the government of Mongolia
\ 1995-02-11 | and the government of the Russian Federation on the
2 Hr

protection and use of transboundary waters

¥4 & R:UNEP, 2002A
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ZrAb 0 2t X3¢ 7Kk 7 i Bfe 55 1 1A

ETERARIEERRAFREOLGR, EENTRRKZRARBEEHT—SHRE S
o EPEMNRERIARANNERSHT, MEEHSTMEERREMRE, DPERA
MITRE . EilRE. iTREMNR S RN OrkhoniA i, TuuliAFE, 5 54F THE
S BT RENEEITHERESHEUAMGIEXRTERRENRE. LTS A ERE
HETEERNEE,

3.1 BEE IS

3.1 KT

KIIEARSHR, £16.300 km, 25,400 m, KTFIEAMA FILE24°30'~35°45", RE
90°33'~122°25", ZRPAREEEE3,000 km, BFJLBEES1,000 km, A EFH1,808,500 km’, FREET
EEREIA18.75%,

KT E RS, BT, H34.7% MR AL, SRR EREMTE, 11.3%4F
&, 4%A7KE.

KIIRE BN SER, ENSHIREBESRSEK. AEHRHFENSERMPABIEHA
HENSER, KILRB XM X EHSIEHN6~18°C, SkER, ATZFEREM, £
F70~90%HIEKEERAMAESAZEI0AHFE,

RIE2004FE M BIESE 1T, RITFIFA 221,800 km y#f3h (13.5%) , 480,000 km*AIFRHk
(29.2%) #1300,000 km #4535 (18.3%) . BERRFMHIE, AHHMERZ H5.100 m*, R
R F R A Tk E (36,700 m*) , W B IR R FittFRIRK AL (FAO) AELFHYS300 m’
B,

BE20054F, KiTREHE2.8S37ZRAAOFML463ZIEAD, BHSLERAON
36.71%, EiZAEA, FHAOZERBIT265A/km’*, JLFELEFHKERH2ME. B, KT
i, AHRKIIPBRNTHEER, BRNERATEAOSRAENHR Z—,

B ZE20054, KITHBGDP 464,646 2Z AR, A2 EGDPEEAI35.31%, AT, KT
mE Lt P TR EFEARKEEERE. 60, Tt XA AIGDPE il KrY£y1.5
&, Lt XA29245.

KIRBEFEKAERFENMRZ—, kABRZE AIMREAEHTKEEEZ
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FBEEEEBS) £9410,285.21Zm°, 1997~2004 4 H4E FIpEKER1,091 mm, £4&19,730.7
'y Bk E, Z2ESEFHMKERN 26, BILRE, KIIRESEPERKEFENHEX,
1997~2004 £ Z4E FIY M RAZ i 49,739.31Zm°, FIEAE M TREIREAH2,423. 1zm’, 54T, %
Hh T RN SIRBI RN, X RE A R RN = S H R EE,

KT B EH1,700~1,8001Zm’, HEILFERZNBS IR, 1998~2004
FEHHKEAT25.8zZm’, HREIEL641.8Zm By Rk FI82.3Zm Ky Tk, FHIM,
KITREEHRAKER,718.91Zm’, HpEIFEST% R K, 32%T il BAFf11%8 % FR
K.

WS, KILFRB KB REB+HTE, RIESFHEMNHER R, KF0%HKREHV
WAL VR, REEAER IR AR, ZFS LR MeE, miRX10.637km’, SEFEA#AHE
BRI 201 4E80E K, #IARAER12,000 m*, (L AS0ERAI45.5%,

HEBAFTSERKTREHEEDE, BIBAL, EAHATTEMEKFREEHEX
HIE SR MR R EM. 1999~20044F 8, KILRB AR EFBREREAEHE LA, BKRFMHH
RIK, BAIGDPAKBIXA4ET/m’, (R F20044F 157 LK F12.055 T /m’, k5, &iT
E D IR EE = R RRIKARE.

KIIAR—KEFAR, BEAFERRFHNE-, A, KIIREEEER L.
. TR AR SIEZEMESEFRAE LBERAER. Ak, FRKIES Z @R AKX
RIMARKITRF AT REERH KRG,

3.1.2 BRI

HAHAEBRIR, £1K5,464 km, F£E4,480 m, EIARIBALFIL432°10'~41°50, RE
95°53'~119°05", ZRFAREES 1,900 km, BFiLEEES 1,100 km, BEFR795,000 km® (E13F42,000
km’RifEKX) , GPEELTBERIZ8.28%,

EARBEARRDRAHATIR4NMERE, ISHEE. AXHER. E15FEME#E
YR, AR T, TR TARME, ELLEHRARM,

HTFHEARSAPSMRIEZEESE, BLEBTAMENSE, EFHRELHKE
A1~8°C, RiFI K A8 ~14°C, TR A12~14°C, S5k ER, HTFZERE MM, £F
70~80%HIEKEBER N HAETAEIRHIE,

RIF2003 E M HIB ST, FIMA A 132,633 km’B#iHh (16.7%) , 102,013 km’BFRH

(12.8%) #1279,427 km’y453% (35.1%) , HPAZFMEELFE T KX, MERERNEESHH
b,
HZE20054, EARIEE2.5122ZRFAOF1.4903ZHEAD, BHALEZAON



30.61%, FEiZFEA, FHAOZEBITS03AN/km®, JLTE2EFHKFEHHE. Bk, &iT
wE, AEREARFENTHBX, B EATEAORHEENBRZ—,

HZE20054, FHARIBGDPAS51,323.5(Z ART, §£EGDPEERI28.03%, &EiAiiEH
Bk EFEEEHRLEFEN, FAHBENERAETEARBH I L E~EH, §0,
HARISAELEBIES0%REEE ML 25%AiHiEE.

HEARBETEKEEREZNHMRZ—, KkEFEREDEHH597.8/Zm’, 1997~20044
SEFHEAKER336.6 mm, HE2,676Zm’MEKE, (NAHLESEFYEKERST4%,
1950 ~20004F L F 1M RZFAS72MZm’, KABO%HIBEKEB T RAEBIEA@EAS
ZH, AB20%EEME AN RER. 19972004 FE £ TKEFIRH400.91Zm’, FEH TR
i, BE70%HIBEKEBEFAHERENTE, NTAKEINTZHMXEHFRENE EIRE,

EIARIS2004FE K BEH372MzZm’, HHEKFRAEBMS9.2%, #kEM LK
(47.6%) Z#RE HFHLX (31.0%) . TiHX (21.4%) &R, LiEMTHBX, #RAKERK
BERHREXILE, MPiFK, #TKNSFKLE, 1995~200445F, EHARISEHRAKE
A3884Zm’, HAEIE77.2% KM K. 14.4% Tl Bk FA8.4% M 4EFERAK. IBI1995FER Gt
IR, 49753,867.63 5 A OF02,525. 8 FL M B REEFR B R 2 MR AKX,

EHiMh Tt REKLRELBANZME, BAETRUHEERE. MRWEEHART
B, EHREAR AR ERERNER, EEER20EF, SiEETHEKER T—FHEMN
HELEFZH, KT, SHERKERENTHETENESR GBE60%MKkERIKREFIVE
REFIVE) .

BRI K T RMEHTERME, ANRAERLAKE, ETLFEFERK L
WLk, 1999 ~20044F (8], FiARIB KR BEFAMEEREFHFE LF, BKENARMK, £, .
Tt XA BRI GDPRIKE S 5 40.743 5T /m’, 3.5736 T/m F11.82£ 5T /m”’, IE{RF20044
R FYKF12.055%5T/m’,

HAREEPEASEFEREEMRNERNMK, £ES2NMRE S EHP269 ML TFIX
B, Ik, mIREN Ao A KB EZEETSRE.

HARR—KERTR, BEAFEERSFWHE -, AT, BREBEPEINER
THX, A2 B FARBENEERNRAFEERERR

3.1.3 ¥MTiRE

PHT AR BT B R YT AL RIE, BT RISMITRE. BRiXmA LR
FATF SN, TR IEE A E I E SN EHHEM AR, U RPERILSHIILEEENEFRT
. G, BRIT. &35, BILIIBEIE,
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MAMTISAI F AL 440°30°~53°347, ZREZ116°26'~135°05", HEFR1,249,000 km’, FHhE
Et 2ERHZ13.01%,

Earit, TR SRR A43.8%1LH . 26.4% E B, 28.4%FFRFN1.4%HAt,

MOT RIS R X B FERE, M TFRIEANEMIS NETEHEABERNSE.
MITRIBEFH KB HA3~8°C, FHHEITREANS0~75%, SkER, AFZERNIZME, £
F60~80%MEKkEBETHHETAEIALIE,

RIF2006 FE MIBIE ST, MITFIFF 251,000 km’fyHHE (20.2%) , 566,000 km’FIFRHK
(45.6%) F01212,600 km %3z (17.1%) , it ESREMRBER, =T EEMITATE
B, RtR=XKELHRZ—,

MIRBESFENEARTE. FERFHEREXLE (BL) , tEPESRFNER
MHEN, EEESHEENT =FRE, ARNEREE A ELER50%F010%,

B ZE20034F, HAHIEAC.295ZRAFANOF0.5605ZHEAD, BHALERAON
9.2%, TEIZFIEA, FHAOFEBIISA/km’, (RALEFHKENT0%, FE, #iTHE
GDPA136251Z AR, 52 EGDPRER11.6%,

MITREBETFEAESESREENHRZ—, KEBEREAH19901Zm’, 1956~20004£%
FEFEKB RS mm, HE6,432Zm’ MEKE, NALESEFEKERST. 2%, Hh,
WAL RIS & 4 F B /K B A505 mm, iTAFIE 4545 mm, 4514 E4,791Zm’F11,7134Z m’
HIRKE. 1956 ~2000FE S EFIMRER AL,704zm’, HPNIETHING75.8%, T
13524.2%, FEHIE M TAREREA680Zm’, HAPMIETRIE&70.3%, TiamfE&29.7%.,
MR ARREORZESHRAESE, AEEZEL, XBIKFRESHERSEABETmHE
B D,

1999 ~20044F, #AiTF I YK E H583.44zm’, H320.3{Zm Sk Bt R
263 1{zm’ R B R/KBERL, 5 & EFHAE (20%) , KILFE (4.75%) FFEAFRE (35.6%)
ML, MITRIB M TRFARFIRARERS, £46.6%, AT, EERNE, ILERMTRFRITE
FEHMEMATHEE, A—H, RITHRBEYBKEH579.8Zm’, B1F70.6% Kl
7K. 21.0% Tk A7k F08.4% B &£ FAK, ATFKRBEZE S HAFE, ZimBNIHES 0% R
AOZ B TE BRI 2 N A KGR AR A

W RIS AEPE RS R AR, BERIEI06,069 km®, HifiZ/AERAIL. 5%, AF
RIRBEHEEERS, BOXEKLRE, AtkkEREPERK. Aid, EITRE,
B SIMARENMRERESZEZEZNZN, SEZIRE L EEMTEMTRS

KH
-+

&
D
'



EAEMEE T W EMBERZ—, RITFRETKHEREE X BRERRE, XEFHF
KBBRUFE, 20024, HO3MZMT KW HEMNIAR P, GKRFELER4.58%, 2LEFY
KEH 1665,

1999~20044 /8, AT HBARFEFALEEAREFE LA, BRERARK, 2
GDPF/KE{XA3.035 /m’, IR F2004F R F YK FE12.055% 7T /m’,

KEBENEAFENEEYE, MIXRBREKAK, MAXRERET £, RIE20055F
MG T $HE, DRI R R DEMATEHBERMNAS1.3%, AREFEBLELFIHILE
X A57.3%,

NI FIEE TS E TR, EHFXEARAEERNBFEZENRE, B, XH585
BAZRIE TR ERNE &, RIIFRIEB TR, BEEEHBEEERNKER, I, EREAR
X EAFREFAARMBARKZREETH—NRB O,

3.1.4 Orkhonjm[izi gy

Orkhonjil 2 H PR EEMA R Z—, 241,124 km, %31,979 m, OrkhonAl i 15 2
EFR83,012 km’, HRHE T BRERMLS5.3%,

Orkhonii F i EE /AN M F K : O LA RFIRFEIER LM, HARSERA
KhangailliBk, 3,179 m; @QTFiffAi4, Fi9i§#1,200~1,400 m,

Orkhonfi[ g BT KSR, HEFER R kERMELES, FHKEH2.3°C, St
B, HTFZRHRSENZIE, £EL70%MEKEERSHETAESARE,

RIFE2002F M EIESE T, OrkhoniWiFIH A 3,616 km Bl (4.4%) , 24,738 km’BIFRH

(29.8%) #148,569 km’Ky#ri% (58.6%) ., HILAT ML, #0372 OrkhoniiFis B E /g - #h 7 A 3¢
A,

B ZE2005%, OrkhonjAifEIHAE34.4947 A0, 2ERAORI3.9%, FEZiREBA, Fi3
AOZERAAN/km’, LR R T X FIHkFAI0.88%, E Lk, Orkhoniiifiis 257 £
AORHRAMEX Z—, E4F, OrkhoniAifHGDP4,170.7{Z ABEE =, H£EGDPA
10.2%,

OrkhoniAIFIH 7K & B BB 4 450.6/Zm°, 1940 ~20044E B EE LK E2307.4 mm, &
F255.2zm’ MBIk E, REESELHMEAKEN7HE. BHILRA, OrkhoniAifiEH 2 Rk
EFEHMIKX, 19452004 FE S FE L HMRFFH4SZm’, FHEHTAERA3.2Zm’,
HFHEMERHAOZE, OrkhoniAFE Ak EFEEH16,338.7 m’, YAt LK
9~101&,

1996 ~20024, Orkhonial 37 I3 4 ¥ itk 8 4 0.964Zm’°, BHEAR, OrkhonsAT 7 i3 4 39 F 7k
E40.2043Zm B 3E20% Rk Ak . 54% Tk Ak #123%89 455 Ak, BRI, Orkhonia
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KRR AR FIRRAF, HP75%BFI. KR, 25%BFIIZKE,

&SR, BT B RN ERE, Orkhoni fsi — L RINMAEER S E4, BEEH
%, SikER, MISSERBTFEZRET LA FERRIGEBNBEYR, SBTHKT
FHE™E,

3.1.5 Tuulimlizeiay

TR RHHHBREZENTARZ—, BEBRR, £14K704 km, TuulARE2ER
49,841 km’, HERHE T RERMNL3.2%,

TuulilREBEETSRA N ERE . O LFEABIEFFEM L, EhE5iEHA
Khenteill|fk, 2,000 m; Q FiFABERMMKERNERFTEE.

Tuw AR EF KSR, HFARRKkERMALES, FHKEAH-4.8°C, 5IkE
B, AFEROTRSERNZE, £E£2480~90%HEKEEF S HETAESARE.

RIE2002FE M HAB ST, OrkhoniAiIHA 727 km B #H (1.5%) , 1,447 km BIZRHk

(2.9%) #140,016 km’By%3% (80.2%) . FALLET DL, Him R Tuu il E B E R L 3 F 2R,

B ZE20004F, TwuliAFREAES7.1815FAO, A2EZRAOM36.7%, FEiZHREA, Fi5
AOZEAAIBA/km®, LFEERILT X FEHKERT.93%, Bk, Tuu5AFIHEHR
AORHRAMEX Z—. B4, OrkhonAFHGDP 12,729 A& E R, £ EGDPEEH
31.1%,

Tuulii I K SRR E A H12.81Zm’, 1940 ~2004E S EFHEKER284.7 mm, A&
141.9Zm Bk E, E2ESFEFHMAKEN.OfF. ALRBA, TwWiTHBRRGMKESE
ERMX, AT, TwulAIFIEESRLZEHR K, £H800~900 mm, RHEKER2.84F.
1940 ~20044F & M RFF A10.21Zm°, FHAEHHTKEFEAH2.5Zm’, AFHEIFEIR
MAOZE, TwlAREASKEREN 4682 m°, IFEFSHRZLKFEHTE,

1997~20044F, Tuulii] 7 & 7k 8 50.58114Zm*°, Hrh#495% 35k B Tkt 5z, F4A
A, Tuulii] 73 SE 39 A 7k 8 40.53434zm’, AR @3E9.1% Kl A7k, 50% Tl A7k #140.9%H9
EFERAK, HFEHERKERLAKERS TREZNIS,

TuuGAIFRIS A A 84K IANE ., S8 MIAFI061N R . AT, BE T B EALEFRIE 2

s, EFEMI0ER, FIFAM. SN M6 M RBLE T EEK.
1990~2000F B R G M HIHEFHR I, EiXHE, ASRHAL BYHEIEX,
KL60%HI Bk FARMEUALIE, EHPAFI0%EKRSBIEWIE. K¥MEYEFH, MAE
REVEAKMNH BEEHRENAR P, 2%, TwiARE BN EFKRERFENRNRE, ET
KRB EBUEVHEKE,



3.2 IEERBEGE I

EFERFRI T XKiEERSAD RIS IR E R, FX KT RIS RN TG
SZESMBERTRHUTINAELEUEI, BIAFEREARRR . kFRFLZSFA. K
RBEESERMKFFEEE (R3.1),

R3.1 RKFRAE T ETTIEHESS

Table 3.1 Framework for in—depth vulnerability assessment of freshwater resources

ZR b TE Hh X 3% 7k 3% iR B9 £ (5] &

K e Y e
‘3%“/\ IR A
VAR AR KPR 22 AL
K R FE
IR & 5H
e AT B B3 0 7K 7 L
ARG
?J‘#\ N lj‘[}
KPR R KT
K R e
K AR R 1 T B
P ph g

3.2.1 KEFREARWKR

BAKFEKEZER, EEAAECEAIANNWER. KEEFLRMESBRIRHELRRELE
EXRTSRERAER. AT, AERMME, T EMRKRFERLELA12,936.4Zm°, AIKE
BEAHAH1272,07 m’, AGHREHKERNAI47%, ERAMRATESRZ WK Z—,

RE—NMHRAFEEARAHEIZRER, RT iz RESFHMIEBAEMEM— e
HINEEKESHHERBER, BHRESEZL. BRLKTBRENHSIEEN, EBESH
— MR ASBEKESKERELE. TRASBLEBRKZEZ AN L E I RAER KR
SMMBERENES. FAEMRAEIWIUEXZSHM A KT, Bt 2 FB4FTFERR
SHEZMRBEEI., —FH, FEHAR, FTFERMTFRERHYXSEKEMTREZ RS
ERFEHOAER, EEOIEENRRIGEK, IRAKZERZHRABETE, HEHEN
FAEA AR . AE AR A, \BER919FRLURAKIW N T B it BB AR RSE
F19724F, 1987 F)LFZEF H BT, SN 20122905 K H B ik B B AW 251, BiiSEE
AW K, Wi 3R . AR AEEm (E3.1) ,
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PN U,
o W B
y = 11.25x - 22344
200 R2 =0.2343
150
100
50 F
F10r
0 I I I I I I I I 1 |

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

3.1 Fli 7k 32 0 BT 00 0 2B ) 22 3T B 07 Y R

Fig. 3.1 Cut—off duration of Huanghe River observed at Lijin hydrological station

Sk, MEFRLT#HXAOBKMBETEHENRELZR HAT-ERZ20H
HEZFEA, b, HHAOBREIX, WHAMARE T8, &R ETEHE
HEAEAUSE, SLACRBOBRAFFIEFTRENRE, EREAZE, SBITAE
B —SEEAMTAFRENRER, AMESHTARREREEZE AabBNER, &
AR R RAE A TKG T, UTuuilRE A6, REEHESZBRMTI998EMTKEE

(Che and Wang, 2002)

BEZE3.1 m, A9 FRI2MER, FAXMTRMERNEREEMZH (B3.2).,

0

Ho R 7KK A7
* y =0.0253x - 47.328
R?>=0.7225
Ey

1940 1950 1960 1970 1980 1990 2000 2010

E3.2 Tl S =B R T TR ERER
Fig. 3.2 Groundwater table in Ulaanbaatar in the TRB



—FH, FETHXEEIRHASEKEMTRERENZZAHERE, LH2IA
1053k, SARIBEFAHMR, FERAHEENZ TR M EYE, O L EREKEN
70~80%&EHRFE6~9H; QL ERBEKRSEREC~IA, Bk, #RAKF IR E1EZ MR
RBAHTE, HEREHRERRK, DHTIRIEAG, A1960~200248), KTiRiHEFME
KEMEFEEARSHIMRYE BEMKAOHE (B33, B34),

BESh, Hk ZESREMBPFLEMEHEEZRAMALFTNHZ MM EEENL. B, EEH
HREFKLRE: HX, T3 EAEMEBAESHIERES,: £=, BHHRRNEEILLA
R ARR,

800 - y=1.9Ix - 455.6
=0.128
700 -
E 600
)
il
@ 500 [
&
400 |+
Ay
300 1 1 1 1 1 1 1 ]

1960 1965 1970 1975 1980 1985 1990 1995 2000

B33 KIIEFKKE
Fig. 3.3 Summer precipitation of Changjiang River

(Su et al., 2005)

350 - y=1.283x-139.9

=0.141
300

250

200

F4 7Y B (mm)

150 [

100 -

FE0y
50 1 1 1 1 1 1 1 J

1960 1965 1970 1975 1980 1985 1990 1995 2000

E3.4 KITEZFRMEARSHIR

Fig. 3.4 Summer rainstorm magnitude of Changjiang River
(Su et al., 2005)
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KRFFERMBGFRERE, AMUBLTRIELEBXERIEYTE, FIATEZ. F=7
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Fig. 3.5 Irrigated areas circa 1995 in Northeast Asia sub—region (blue dash rectangle)
(UNEP, 2002A)
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in Northeast Asia sub—region (ADB, 2006)
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Fig. 3.9 Population variation of Yangtze River dolphin (Lipotes vexillifer Miller)

FUAEMEKEREEFETERES, BUARTHE. H—, FHRUEHRLAER
ST, FitkkEZ T FRRD, KRBLRFEIZE~TIZEKEKE, HhRlIZKk
MIEKES. AW, EERTESHENT MRNEEHFRELENR, FRRERHKAMI.
N AHFRRERKETIR, MEZEEMEFEHREEMEEREFR K. £ TuuliARE
TifESonginob K FRE L EFEZEVEK, B, BRTPEEAME RGBSR T EkiTREE
MEeiE Lz, REEERAMEEBREZBEMNES. B, XMSH THEKEKIBE
Sk AL (E3.10) .

VISV LSVAHLYON - LVHIHL JAANN JALVMHSH A

131



HFERAFRIHX BT ASH S

HAONVHD TVINANNOUIANA OL SAOYNOSHE JALVMHSH YA 40 LNHINSSASSV ALITIdVIANTNA

132

100% [ .
’ A

Cv~vk
B o1 ~msk

80% [

60%

40%

20% r

I [

KA BT I FATT JIK

E3.10 4TI, A AT i E 2k R 43 26 (2003)
Fig. 3.10 Category of water quality in CRB, HRB, and SLB (2003) (GOVCN-G)
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TEARKRREZETEH— N EZHARIS, SERBMERHERS (VIS) aEBIRYE
FEERNTIERREITHEOEREA, REARBNERRL. W FREEESREHEE
FEIRI¥ A £ (Huang & Cai, 2008),

FAVFIHT R T X EESNRIBAIIESS I H ., IRIEHEIL, B MHRMRHEINE
RAAREMRERRTHRSEENEE, K. PE S&E,

F4.1 R TR EESNRIBAIEIE IS

Table 4.1 Vulnerability Indexes of 5 selected river basins in Northeast Asia sub—region

KGR | KEE | KEKR| R2%A KT 4% | Bk | Bin | B1E |RHY
Bz | Tk | EH |KTHEBHES B | E D4igME| & EiE

(RSs) | (RSv) | (DPs) | (DPd) | FHP)| (BHe) | (MCe)| (MCs) | (MCe)| (VD)
0.000 | 0.225 | 0.195 0.145 0.174 | 0.395 | 0.929 | 0.145 | 0.400
CRB 0.264
0.113 0.169 0.286 0.491

0.128 | 0.740 | 0.330 0.182 0.231 | 0.370 | 0.937 0.229 0.290

SLB 0.369
0.434 0.256 0.300 0.486
0.684 | 0.347 | 0.656 0.250 0.680 | 0.520 | 0.995 | 0.250 | 0.400
HRB 0.529
0.516 0.453 0.600 0.548
0.255 | 0.554 | 0.041 0.379 0.420 | 0.829 | 0.657 | 0.574 | 0.340
TRB 0.441
0.405 0.210 0.625 0.524

0.000 | 0.515 | 0.022 0.827 0.073 | 0.073 | 0.956 0.952 0.420

ORB 0.383
0.257 0.428 0.073 0.776
(S FE [ JEE
SMERWT:

[1] EEADFRIBRIBESEERANA “PE” H T WML, MEKFRERESFRRRE
EHTN,
2] BmME, RTRKIIREETREEMFEEBX, OrkhoniifiH A OZEEEMSN, H
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[4]

(1]

(2]
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B, XERIFIEEZFNKFREATREZRIIZI. G190, WITFREFHEKEN™
BENMAY, MATKFRAFEEE EHEE,

KFFEFLMFAAE, EAFRERERORES, BARREFREERERS, HilmEsn
2B, AT REARXEELT6S%, REEMREBRAAINIBESL, AMFLHA
AEMMETHEREZHREZHERHK, EEREAIREERBHE. B, k&
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EiR— % (8 BEXPEYH, EXSMEEREP, BRBZEZMR, £5%K
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BUR) R0, RKMERZET 2R,

MFRLEAFTERTROEZR KR, ERPRES—NEZER. REXEAFALERE
E R, EEMNRBERK, BEETRAELNBTHXER DR, £HE, X3MR
BREEGEEC, ENAFE-LEEEN ENES. FE2MREHFELRCKR.
BUREIW: RIE LIRS, MEERAUTBREVREERKHKFEEE,
MERKRER: REXSTREAXBA LT TFEMTREMEK, FEKFREER, AME
RABRRAFER. M TRHAAZFEZZWHNEARTEZER 2T, SR X REKME
AREN EFRLTHE, K AAETESHMAL, E2R W AKEANL Hih =k # =
fi£. B, KAWL RBEKTFZEN TR, AXBRMZHEUSERLAKYLE, B1F
AR & = FAMN ZFE R, AKBENRSAEFTERSIRA S, flm, T
ABEARMRR, ERILEHK, W FRFREEBHRARFLZBENEERE, XHEHN
EREZRAMENENEE T,

SELEMNAEEE: BWEETURUBRITERZ AR, EAEMRAZE—TR
FEURAERARE. RESHIBAERMEZL, AERBESREPEETRRE
R. BRI P REEBRFEFREEMIZXMEERNER T HER. Bk, ATIER
BRENEEHE, MZHEENTHRAZSMMAEG. BN, REEENXERET
FiZsmAEFaEXxANERS S, ki, RBEERGHNS—MEEFERETET



KBRS BRI AL B SR B R R IR S IEFI A

MR RIPFTRIZS] . ESDEEREF, BROrkhon iR E S RIEFMERBEET
EEAERFHESREN, BRI REERL FEERRETURBBZ S, FRFRF
MTFREBUMESREEEEEEZNER, EFRNEREUBREBHESREN
K ERIRIEFIFK LR KRAZH, UK 12 5075 R HE RS 425
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B35 5k R IRE R E LA RFREXSLFREBAIBES.
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® JKE S Z 8 K5I IR KRR, S5 KE (SRR EFE. WHTiEE)
FKR (BEFA, BTG, HoKEES) . KIS 80K IR BOK B S i
K IR SR A B R

® F7K: Fa P AR K & Bl I SOK & (W aHE 1L i RE P g B %) o R4 AR E
5 R AE = (R E Tolk) FZK . AR P K AR ZSERBE K . 7K 5 N ZEFKIE IR 2 (7]
FIEAE ARG X, AL TCE, FIan, MR KRR IRIEK 105 BE Bl
FE L, KATH SR, KA M HEK . K BB 3R, LI OK RINFERA B i THAE (i
n, KIS EHBAK)

© MUK — S K KT A GDP, B A GDP 7K &

® FIKTEASH: FkF R E R sl X i KR 5 1k & B 2T KR 2 7 22 7
I & L 7K B PR HR AR G I B Z R A, AR, BRI S oK KR A
GDPHA&RRS AR EAF~E (FE, 2£E., BYEE. EFEMEE) 897 H KR E
[EE

© IKEIEAEA S H: TR K FIRAYAE AL, FE Z504F AR oK B YA R R BER R,

© JREYRIAK & 2 K A b BRE T B A Sk A5 i P T A i K R R R, T
DAJE 1] 7K 199 14 43 e 00T DA L e 08 A 58 T R0 8 P L 3 i 5 R AN RO o 7K B U R
KRR RO, AR A Tl A TR AR T K&
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