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Fig. 6 Management model in “Discharge facility (Japan) —
Primary treatment facility (China)”
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Coal Situation in China

Shinji TOMITA, Hiroaki HIRASAWA and Bingrui LI

Japan Coal Energy Center

Abstract

China is the largest coal producer in the world. Coal production of China is over 2.5 billion
tonnes in 2007, which accounts for about 40% of world production. China's coal consumption has been
increasing due to high economic growth. Coal companies of China continue to be in good form by
favorable economic conditions and high coal price. However, coal industry in China still has a lot of

issues of productivity, safety, environment, etc.

In this paper we would like to give our opinion about coal situation in China with a focus on coal
production. And we also introduce some projects that Japan Coal Energy Center (JCOAL) implements

in China.

Key words: Coal Production, Coal Consumption, Coal Mine Safety, Coal Mine Methane, Environmental Issue
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Table 1 Coal Production in China

2000 | 2002 | 2004 | 2005 | 2006 | 2007
EFER 536 715 939 1,024 1,120 1,229
EH#A 194 267 297 292 320 338
pilhil 269 434 762 836 892 957
CH 999| 1,415| 1,997| 2,151 2,332 2,523]

unit: Million tonnes, Data in 2007 is unofficial
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Table 2 Coal Exports and Imports in China

2000 | 2002 | 2004 | 2005 | 2006 | 2007

Export (1) 55.07| 83.90| 86.66| 71.72| 63.30| 53.17

Import 2) | 2.18| 11.26| 18.61| 26.17| 38.25| 51.02
1)-@2) 52.89| 72.64| 68.05| 4555 2505 2.15

unit: Million tonnes, Source in 2006/2007: in-en.com
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Table 3 Coal Mine Accident Fatalities in China

2002 2003 2004 2005 2006
EEER 904 894 854 984 704
EH#A 1,023 881 816 570 611
Pkl 5,068 4,659 4,357 4,384 3,431
At 6,995 6,434 6,027 5,938 4,746
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Table 4 Fatalities by Accident Type (2006)

No. of Accidents Fatalities
Rock fall 1,633 1,902
Gas 327 1,319
Machinery / Electrical 94 93
Haulage 467 517
Blasting 78 90
Water 100 417
Fire 7 26
Others 239 382
Total 2,945 4,746
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Fig.1 Directionally Controlled Boring Machine
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Table 5 Coal & Methane Production in China

2005 2010
(actual) (goal)

Coal Production (Million tonnes)

2,151 > 3,000

Methane Emission /
Production (Billion m?)

Liberated

Used

15.0 17.7
14.0 9.0
1.0 8.7
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Activity and Subject of the Coal Liquefaction as the Core of Clean Energy

Xiaohong LI

Department of Chemical and Environmental Engineering, Faculty of Environmental Engineering,
The University of Kitakyushu

Abstract

China is the country, world No. 1 in coal production and consumption, No. 2 in energy production and
consumption and No. 3 in petroleum consumption. China, rich in coal, has 200-300 billion ton, which accounts
for about 30 % of world total coal reserve. On the other hand, oil reserve is relatively poor, which only
accounts for 2.4 % of the world total reserve. 63% of total energy supply in China is supplied by coal. The
majority of the pollution problems are due to coal combustion, which accounts for 2/3 of China’s energy
demand. 1/3 of the land has been polluted by acid rain. Therefore, China should focus on developing vehicle
fuel and alternative oil products and working properly on the trial demonstration, development and application
on CTL, CTM, DME, Olefin and coal-based multi-generation technology.

Key words: CTL, CTM, DME, Clean fuel, China
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Table 1 Comparison of various energy sources
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Urban air pollution and the health effect in China

Kenji TAMURA

Environmental Health Sciences Division, National Institute for Environmental Studies

Abstract

Many big cities in China face serious air pollution from factory flue gas, car exhaust, and soot
from community central heating using coal combustion. In the past 10 years, the notable air pollution
from sulfur dioxide has been improved. However, according to the Air Pollution Index announced by
China’s Ministry of Environmental Protection, the PM,;, concentration in Chinese cities was
estimated at 3-5 times that in Japanese cities. Our epidemiological survey conducted in Shenyang
confirmed a fall in lung function among school children as a resuit of air pollution. The influence of
China’s air pollution is already appearing in Japan, and an immediate response is needed.

Key words: PM; s, API, Coal combustion, Pulmonary function, Photochemical oxidant
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Table 1 The API value and corresponding pollutant concentration

Table 2 Primary pollutant and APl value of Chinese cities

Pollutant Concentrations ( mg/m:1 ) Shenyang Beijing Shanghai Chongqing
SO, NO, PMqo co 0, Primarypolitant Days % Days % Das % Das %
API (daily (daily (daily (hourly (hourly
average) average) average) average) average) P 26% 951 2348 817 2063 ™4 2271 820
50 0.05 0.08 0.05 5 0.12 SO, 73 26 212 77 12 40 37 122
100
0.15 0.12 0.15 10 0.2 X . z .
(AQS) NO;, 0 00 0 00 11 04 0 00
200 0.8 0.28 0.35 60 0.4 Excellent @ 22 211 76 585 211 163 59
300 1.6 0.565 0.42 90 0.8 (il )
400 2.1 0.75 0.5 120 1 Days (total)* 271 271 2771 277
500 2.62 0.94 0.6 150 1.2 Average AP %4 1039 718 206
Ja';z'sese 0.105 0.113 0.100 1.2 0.118 *Since January 1, 2001 to July 31, 2008
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7um (BD% PM;) BETHE LV b5, #oT. PMy
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BEDETY 0.03 mgm® 123 LT, 3~5FICHYT 5 &
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PEEN CHAES 0 L REME~OBLOBE
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BAFIND, T T API fED 100 BAKRBEELKE
(AQS) IZHEYT 5, MEITT AT mg/m® TRENATE
DEEDppm LIZRREDOCEBEILETHD, LD
72, TRIZBFROBREEE? mgm® ICHRELAZLO%
L7, 7eds, —BEERRE (CO) . AV (03) o
WCh APHEA IS bR TV AR, BIRCIITh b xR
< 3EOBRWEORIEMF T APHEZRE L TAK

200

LTWB L5 Th%,
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Fig. 1 Monthly API values of Chinese cities (2001-2008)
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Disease Population in endemic Number of patients
area (x10%) (x10°%)
lodine Deficiency Disorders 1,234,161 727.5
Endemic Fluorosis
Drinking water type 543,587 20,994 (Dental Fluorosis)

1,314 (Skeletal Fluorosis)
Coal combustion type 94,349 17,780 (Dental Fluorosis)
152 (Skeletal Fluorosis)
Endemic Arsenic Poisoning
Drinking water type 2,343 7.8
Coal combustion type 334 24
(Statistics by Ministry of Health P.R China)
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Abstract

This study dealt with the characteristics of water resources and the sustainable management of
water resources in China. First, the problems to be faced in water resources management has been
made clear by analyzing the balance between water demand and water supply. Then, the problems in
the Yellow River have been examined precisely by considering the socio-economical development and
the geographical as well as hydrological conditions of the catchment. Based on the analysis results,
evaluations of the sustainability of water resource development have been carried out. The evaluation
results have shown that the Lower Yellow River is unable to meet its primary requirements for

sustainability.

Key words: Water Resources Distribution, Yellow River, Sustainability, Water Resource Management

1. Introduction

As the most-populated developing country, China has
caught the world-wide concems, not only on its developing
strategy, but also the impacts of its resources-securing policy
on the whole would. For instance, many researchers have
argued that the agriculture policy of the Chinese government
and the way of improving the quality of life in China could
cause a food shortage around the world®. Such discussions,
however, have a common problem, e.g., the lack of a solid
and reliable recognition of the present situation of
fundamental resources such as water resources in China,
which has led most of the discussion to some extreme
conclusions through a very emotional phenomenon-analysis.

In this paper the discussion has been focused on the
understanding of the distribution of water resources, the most
fundamental resources for social and economical development,
in China. After a overlook on the characteristics of the water
resources distribution around china, The Yellow River has
been taken as a model basin in order to examine the
sustainability of the on-going water resources development in
China as well as the regional water resources management

policies.
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2. Water Resources in China?
2.1 Precipitation and Characteristics of Water Resources

Precipitation is the sources of nearly all water that
occurs on and beneath the land surface. According to the
estimation made by the Ministry of Water Resources of China
in 2006, the total amount of the mean annual precipitation in
China is about 6200 billion cubic meters, equivalent to an
average of 648 mm.

The total amount of the mean annual runoff of all the
streams in the country is about 2700 billion cubic meters,
equivalent to a runoff depth of 248 mm. The amount of
natural recharge of groundwater is on average 830 billion
cubic meters annual. The total amount of water resources, i.e.,
the sum of river runoff and recharge of groundwater minus
the amount of groundwater transformed into river runoff is
approximately 2800 billion cubic meters.

The total amount of water resources in China ranks the
4th in the decreasing order in the world. However, due to the
vast land and the large population, the water quantity per
capita and per ha of cultivated land are only 2630 and 28050
cubic meters, respectively. Both of them are less than the
average of the world, one is 25%, and another is 76% of the
world average.

China is situated in the southeastern part of the Eurasian
Continent. The climate in North China is very difficult in

comparison with that in South China. The characteristics of
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water resources can be summarized as follows.
a) Uneven regional distribution

The runoff depth of China descends steeply from South
China to North China, and represents very uneven regional
distributions. The mean annual runoff depths in the Yangtze
River basin and the areas south of it are more than 500 mm.
Especially in Zhejiang, Fujian and Taiwan provinces the
runoff depths are more than 1000 mm. In the Huaihe river
basin and the areas north of it the runoff depths are about 255
mm. In the four basins of the Huang He, Hai-Luan He, Liao
He and Heilongjiang rivers the runoff depths are less than 100
mm. In the inland river basins the runoff depths are only 32

mm.

Moreover, the regional distributions of water resources
disagree with the distributions of population and cultivated
lands (Table 1). Of the water resources in the whole country,
81% are concentrated in the four basins of South China, and
the area of cultivated land there is only 36.5% of that in the
country, the population is 54.4%. As the result, the water
quantity per capita is 4180 cubic meters, 160% of the whole
country 'average, and the water quantity per ha of cultivated
land is 61950 cubic meters, 230% of the whole country
average. However, 12% of the total water resources of the
south four basins are in the Huang He, Huai He, Hai-Luan He
and Liao He river basins, but the total cultivated land accounts
for 42% of that country.

Table 1 Variation in Water Resources, Population and Cultivated Land within China

‘Water Water Volume | Water Volume % of the total of the Country
REGION Resources PCT [Ter Unit Water ) Cultivated
Capita Cultivated land Area Population
(10%m’) (mcapita) (m¥/ha) Resources land
Inland Rivers 1303.9 6290 1470 35.3 4.6 2.1 5.8
North China
Heilong Jiang 1351.8 2630 679 9.5 4.8 5.1 13.0
Liao He 576.7 1230 558 3.6 2.1 4.7 6.7
Hai-luan He 421.1 430 251 3.3 1.5 9.8 10.9
Huang He 743.6 912 382 8.3 2.6 8.2 12.7
Huai He 961.0 623 421 3.5 3.4 15.7 14.9
Total 4054.2 938 454 28.2 14.4 43.5 58.2
South China
Yangtze River 9613.4 2760 2620 19.0 34.2 34.8 24.0
Zhu Jiang 4708.1 4300 4530 6.1 16.8 10.9 6.8
SE Rivers 2591.7 3590 4920 2.5 9.2 7.2 3.4
SW Rivers 5853.1 38400 21800 8.9 20.8 1.5 1.8
Total 22766.3 4180 4130 36.5 81.0 54.4 36.0
Total Regions 26820.5 2750 1860 64.7 95.4 97.9 94.2
‘Whole Country 28124.4 2730 1870 100.0 100.0 100.0 100.0

b) Uneven time distributions

Affected by monsoon, the precipitation in most part of

China varies greatly in the year and from year to year. The
variation in arid areas is generally greater in comparison with
that in moist areas. The ratio of the maximum to the minimum
of the annual precipitation is 2-4 for South China, 3-6 for
North China. The ration of the maximum to the minimum of
the annual runoff volume is 2-4 for South China, 3-8 for north
China, and up to 10-20 for the Northwestern arid areas. The
amounts of precipitation and runoff concentrated in the 4
months of flood season account for 60-80% of those of the
whole year. The ratio of the maximum to the minimum of the
monthly precipitation is more than 10 on average, and up
10100 at some observation stations in the Northwestern arid

will be further promoted with the developments of industry

Vol. 55, No. 4 (2008)

2.2 Water Resources Development and Utilization

In 2006 the total amount of supplied water by water
projects was 580 billion cubic meters, which accounted for
about 23% of the total volume of water resources. Of the
supplied water, 81.2%, i.e., 471 billion cubic meters from was
withdrawn from rivers, 18.4%, i.e., 108 billion cubic meters
from groundwater. Of the supplies water, 63.2% was for
agricultural uses, 23.2% for industrial uses and 12.0% for
urban uses. The per capita water uses in the country was 442
cubic meters annually. At present the standard of water use in
China is still low in comparison with developed countries. It
can be predicated that the standard of water uses in China

and urban areas and the alteration of water use patterns.
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The water quality is even more severe in China than water
quantity problem. According to the survey carried out by the
Ministry of Water resources of China in 2006, of the
monitored 140 thousand kilometer long river segments, only
58.3% are suitable for source of urban water supply, the other
42.7% can not be used for urban water supply with the current
water purification technology. In North China the rivers have
been polluted even worse so that about 60% of the river
segments can not be used for urban water supply, which has
caused a serous water shortage in clean water source.

3. Sustainability of the Yellow River Development

The discussion in the former section has shown a clear
conclusion that China, especially the North China is facing a
severe water shortage problem caused mainly by the uneven
distribution of water resources and water pollution. In this
section, the most important river in North China, the Huang
He River (Yellow River) will be focused on in order to
examine the water resources problems in China in a more
precise manner.

Yellow River, the most- densely- populated river
catchment of the world, has been suffering from a serious
water shortage since the middle 1980s¥. In this study, we
focus on the sustainable management of water resources in the
Lower Yellow River. By interpreting hydrological data, we
try to examine if the Lower Yellow River is able to meet its
primary requirements for sustainability, also the possible
measures to ensure the sustainability of the Lower Yellow

River development.

3.1 Outlines of the Lower Yellow River?

The Yellow River is over 5000 km long, and flows
from the Qinghai-Tibetan Plateau to Bohai Bay. The river
segment from Taohuayu to Bohai Bay, which is about 768 km
long, is called the Lower Yellow River (Fig. 1). Its catchment
area, more than 22 thousand square km, occupies the arid and
semi-arid North China Plain, which is composed of land
recovered from an earlier epicontinental basin that became
filled with sediment. Until dykes and levees were constructed,
the river was free to find its way to the sea, and often
migrated, leading to an enormous alluvial area along China's
eastern seaboard.

The annual runoff in the Yellow River has a mean
volume of about 58 billion m®, and varies from 14 to 86
billion m’. The river transports a mean annual load of about
1.6 billion tons of fine yellow sediment that originates mainly

from the Loess Plateau in Shanxi and Shaanxi Provinces. The
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Fig.1 The Lower Yellow River downstream of Sanmenxia

to the Bohai Sea

Loess Plateau has a total area of 640,000 km?, of which more
than 70% is eroding. Geological uplift driven by neo-tectonic
movement is promoting extensive gravitational erosion, partly
by rockfalls and landslides.

Further man-made erosion is occurring as an indirect
consequence of regional development. As a result, the
tributaries feeding the Middle Yellow River contain
hyper-concentrated levels of suspended sediment. Down-
stream of Sanmenxia, the sediment-laden Lower Yellow
River meanders eastwards, pasts the major cities of
Zhengzhou and Kaifeng, through Shandong Province, until
reaching the Bohai Sea.

3.2 Flood Control in the Lower Yellow River?

Due to the river slowing and depositing sediment, the
bed of the Lower Yellow River has risen to a level that is
about 5 m on average higher than that of the land outside its
dykes. This phenomenon is often referred to as the "hanging
river". At Kaifeng and Xinxiang, the riverbed is respectively
13 and 20 m higher than street level. Worse still, as the
breadth of the Lower Yellow river converges from 24 km to
0.3 km so does its local flow capacity, which falls from
22,000 m*/s to 11,000 m*/s in its lower reaches.

Over the centuries, the Lower Yellow River has gained
an awesome reputation for disastrous floods and for changing
course. Extensive flood control works have been constructed,
protecting an area of about 120,000 km”. Even so, more than
50 major floods, 1500 dyke breaks, and 20 changes of course
have been recorded in a period of about 2500 years. In one
flood in 1642, more than three hundred thousand people died
at Kaifeng. Analysis of the historical data has shown that the
river breaches can be classified as follows.

° Dyke overtopping (scour caused by the river main
channel being directed against the dyke walls)

L] Dyke collapse due to piping, seepage and leakage

] Ice-jam breaches affected by freezing and thawing of
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the river water
® Man-made breaches (such as in 1938 when the dyke at

Huayuankou was destroyed and 890,000 people

perished, in an attempt to prevent Japanese

occupation.)

After the founding of the People's Republic of China in
1949, all the dykes of the Lower Yellow River have been
strengthened and had their crest elevations raised a total of
four times. Even so, although the dykes are reasonably safe
against overtopping and ice-jam breaching, they require
further renovation to prevent scour or collapse-induced

breaches.

3.3 Water Resource Management”

Over the past few decades, the Lower Yellow River has
begun to lose its vitality. Runoff into the river has decreased
due to water storage and sedimentation of upstream reservoirs,
changes in land-use, and warming of the central Asian
climate®. There may also be a contributory effect from a
combination of uplift of the Qinghai-Tibetan Platean and a
lowering of the water table. Meanwhile agricultural, domestic
and industrial water consumption has more than doubled, in
step with socio-economic development. The river flow has
reduced so much that no-flow and nearly no-flow events
occurrence frequently”. To date, the worst year for no-flow
events was 1997, during which no water flowed into the sea
for 226 days. That year, the maximum no-flow river length
was 700 km, almost equal to the entire length of the Lower
Yellow River. Low flows cause water shortages, and increase
sedimentation, thus raising the riverbed level and bringing
about an increased risk of flooding. The rapidly changing
behavior of the river makes it impossible to use past
hydrological data to predict flood discharges sensibly. For
example, a flood event that ten years ago had a
one-in-a-hundred-year return period may now have a
one-in-two-year likelihood of occurrence. High levels of
effluent discharge into the Lower Yellow River combined
with its reduced flow discharge have caused the water quality
to deteriorate, and the eco-system to degrade. Desertification
is taking place near the river mouth, where the exposed bed
has become arid and wind-driven erosion is starting to occur.
The coastal zone has also been severely affected, to the extent

that previously offshore oilfields are now located inland.
3.4 Evaluation of the Present Water Resource

Management System®

Water resource management and flood control of the
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Yellow River are the responsibility of the Yellow River
Conservancy Commission, which in turn reports to the
Ministry of Water Resources and thence to the Central
Government of China. After 1949 a flood control system was
established with dams storing water in the upstream reaches
and more than 1000 km of dykes reinforced along the lower
reaches. Soil and water conservation measures were
implemented, including the construction of 112,000 warping
dams (to trap sediment) and more than four million water
retaining structures. This brought about a decrease of about
300 million tons per annum of sediment entering the river.
Recently, the Ministry of Water Resources altered the
management framework from one of water conservancy to
one of sustainability. Wang Shucheng, Minister of Water
Resources stated the following four objectives for the Lower
Yellow River”.

(1) the dykes should not be breached;

(2) the river should not experience zero flows;

(3) water quality should meet the required standard; and

(4) the riverbed should not rise further.

This means that the aim of the water resource
management has been shifted from providing a livable
environment for the people living in the catchment area to
keeping and improving the living environment. As a result,
the Yellow River Conservancy Commission is presently
developing a long-term strategy for the sustainable
management of the Yellow River, supported by scientific,
engineering, socio-economic, legal, and political inputs”. A
unified approach is being taken to water resource
management, allowing for the fact that the river passes
through several provinces. Countermeasures such as variable
water pricing, restrictions on water consumption, engineering
works such as the flood control and sediment flushing system
at Xiaolangdi reservoir, dyke strengthening, additional
sediment check dams, river training works, and flood warning
systems are being implemented in the context of a sustainable
water management system for the Lower Yellow River. But
are these sufficient? In China, a huge effort has been directed
towards understanding and mitigating the problems of the
Yellow River. People have begun to debate whether the
no-flow phenomenon is a sign that the river is unsustainable,
or even dying. The Yellow River Conservancy Commission
estimates that by 2010, the total water consumption may reach
52 billion m® per annum, leading to a shortfall of more than
10 billion m®, given 42 billion m* available for supply in a
moderately dry year. With this in mind, the Yellow River

Conservancy Commission has developed a three-pronged
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approach to managing the Yellow River, where the prongs are
the river itself, a digital model, and physical model studies of
the Loess Plateau, Xiaolangdi and Sanmenxia reservoirs,

main channel and estuary”.

3.5 Sustainability of the Lower Yellow River®”

To assess the overall sustainability of the Lower Yellow
River, we propose the following diagnostic tools: the concepts
of minimum water demand for river sustainability (i.e. the
minimum flow rate needed for the river ecosystem to flourish),
functional no-flow events (flows that are too weak to sustain
the ecosystem), river resource functions (that classify the flow
into functional headings such as water available to the
ecosystem, water required for socio-economic purposes, and
excess flood water), and an integrated river health index.
These tools have been applied to the Lower Yellow River
using flow discharge data from four hydrological stations. In
particular, the integrated river health index attempts to take
account of the major factors that affect the condition of the
river, including the annual functional no-flow river length (a
parameter that reflects the relative severity of no-flow events),
annual sediment carrying capacity, water available for the
ecosystem, and water demand for socio-economic purposes.
Interpreting the data, we found that, on average, ever since
1990 the minimum water demand for river sustainability has
not been satisfied along at least half of the Lower Yellow
River.

Figure 2 gives a plot of the number of functional no-flow
days per annum recorded in four reaches of the Lower Yellow
River in the years from 1964 to 2001. There is a noticeable
upward trend in the number after 1985, particularly for the
Aishan-Lijin reach closest to the mouth of the Yellow River.
It appears there is a possibility that the Yellow river could
become permanently disconnected from the sea. By
converting river discharges into river resource functions, we
find that the river was no longer capable of supporting further
regional development after the 1980s and as a consequence
the condition of its ecosystem had weakened significantly. By
1990, the water demand essential for the river ecosystem
could not be satisfied even if the water resources were
distributed evenly during the whole year and there was no
water loss due to floods. However, extreme flood events have
continued unabated, even though runoff has sharply decreased,
indicating that the normal river functions have been severely
impaired.

Figure 3 shows the behavior of the river health index in
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Fig. 2 Annual functional no-flow days: 1964-2001

the period from 1964 to 2001, which has been composed as
the following.

IRHindex= B * Friow * Fsed * Fua * F flood (€3]
where IRHj4x is the integrated river health index, §, the
parameter for the severity of no-flow events, is defined as 1
minus the ratio of the annual functional no-flow river length
to the total Lower Yellow River length, Fgey is the ratio of the
amount of the available water resource to the annual total
water demand, Fs4 is the ratio of annual sediment discharge to
the annual sediment inflow, Fq, is the ratio of the length of
the river segment where water quality meets the water quality
level specified by the governmental agency to the total length
of the Lower Yellow River. F gooq is the ratio of the
facility-based flood-control capability to the volume of the
excess flood water (which has been carried out only for the
annual biggest flood event).

For the river to be sustainable, the index must have a
value of at least unity. It is obvious that the condition of the
Lower Yellow River has declined drastically since the 1960s.
After 1970, the river health index is generally below 0.5, and
only sporadically reaches the 1950s standard. After 1990, the
river system is in a dreadful condition. The lowest point
occurs in 1997, when runoff was the lowest recorded, no-flow
events were most prevalent, water shortage caused large
economic losses, and the ecosystem suffered great damage. In
2001, the upstream dam at Xiaolangdi became operational,
and considerably improved the water and sediment conditions
in the Lower Yellow River. However, although no
zero-discharge events have occurred after 1999, the evidence
from Fig. 3 is that the river health index has remained at a
very low level since then. It appears that the Lower Yellow
River's ability to meet its eco-system and socio-economic

requirements is exhausted.
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4. Possible Future Measures for Sustainable
Development®

Based on the above analyses, it is reasonable to have
the conclusion that the Lower Yellow River is not sustainable
at the level it had in the 1950s, and has declined to the point
that it is unable to meet any of its primary functional
requirements even after the implementation of recent
countermeasures.

In the future, it may be possible to store water in
Dongpinghu Lake (to the south of the Lower Yellow River)
for release in times of drought. Additional water could be
supplied from the western route of the South-to-North Water
Transfer Project. Groundwater may also be abstracted in dry
years, provided it is replenished in wet years. By changing
agricultural practice, the demand for irrigation water could be
reduced. Selective discharges from proposed upstream
reservoirs at Qikou, Gu'xun, and either Dalishu or
Xiaoguanyin could control the ratio of water to sediment in
the river and so help prevent sedimentation. By means of flow
diversion, it may also be possible to scour the riverbed near
the estuary. Further levees and warping dams may be
constructed to counteract the sediment supply from the Loess
Plateau. To this end China's Ministry of Water Resources has
proposed the construction of 60,000 warping dams by 2010, a
monumental task?. Finally, to improve water quality, limits
must be placed on the total effluent discharge into the river
from each province, backed up by proper monitoring and
effective legal measures. Further research is necessary to
ascertain whether these are likely to ensure the Lower Yellow

River development sustainable.

5. Summary
This paper dealt with the characteristics of water

resources distribution of China and the sustainable
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management of water resources in a typical and very
important river, the Yellow River. First, we overlooked the
distribution of water resources in China, and showed that the
problems in water resources management are more severe in
North China than in South China in the meaning of ether the
balance between water demand and water supply or the water
resources pollution. In order to examine the problems in a
more precise way, we chose the Yellow River as a model case,
and analyzed the problems in water resources management
and flood control with an effort of understanding of the
socio-economical development level and the geographical as
well as hydrological conditions of the catchment. It has been
made clear that even no one of the main problems in river
management, flood control, sedimentation prevention, water
resource development as well as water quality management,
has been settled in an acceptable form in the Lower Yellow
River. Based on the analysis result, evaluations of both the
water resource management system and the sustainability of
the water resource development have been carried out. The
evaluation has been focused on the impacts and the severity of
the no-flow events and an integrated river health index has
been proposed to show how much the river is able to meet its
primary requirements for sustainability by considering all of
the river management purposes such as flood control, flow
control, water resource development as well as water quality
management. Unfortunately, the evaluation results have
shown that the Lower Yellow River is unable to meet its
primary requirements for sustainability. Some possible future
measures have been proposed to ensure the water resource
development sustainable, and the effects of these possible

measures are still remained to be examined.
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