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Abstract

Increases in water demand associated with rapid socio-economic development frequently led to water
shortages in the Yellow River basin from the early 1970s until the late 1990s. To devise countermeasures
for such water shortages, it is important to determine water demand from each region and sector
(agricultural, industrial, domestic). This basin covers a vast area, and local industrial structure and natural
conditions vary immensely. These societal and natural features lead to seasonal changes in water usage
and water resource availability. The temporal and spatial structure of water supply and demand for the
entire basin are analyzed in this study, by county/city and by season, considering local and seasonal
variations, in order to contribute to discussions about water resource management in the basin. This study
puts a special emphasis on water supply and demand imbalances, by reconstructing the structure of water
supply and demand between 1997 and 2000.
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INTRODUCTION

The Yellow River basin suffers from severe water shortage. The annual average water
resource available was about 580 m® per capita, about 6 % of the global average, and
about 24 % of the China’s average. Meanwhile, the total water demand in the basin has
been keeping increase as a result of population growth, the expansion of irrigation areas
as well as industrialization and urbanization. The annual demand exceeded 30 billion m’
in recent years. While the basin experienced rapid growth, there have also been water
shortages, resulting in severe water shortage in the river in 1997. Thus, it is important to
understand the water supply and demand, by region and sector in order to provide basis
for policy making to control the severe water shortage and enhance the efficient use of
water resource.

Several researches have studied to determine the water supply and demand balance or
to promote integrated water management over the entire Yellow River basin. Examples
of research that analyzes the impacts of water supply and demand constraints on the
region’s society and economy include a report by the World Bank (2001) and another by
the Chinese Academy of Engineering (2001). It is, however, generally difficult to obtain
the data and literature on which these reports are based. Thus, this study developed a
model to describe spatial diagram of the monthly supply and demand structures of the
305 counties and cities from 1997 to 2000, using statistical reports and announcements
released officially in China. Through the analysis, it becomes possible to consider the
impact of resource balances between water supply and demand, and to explain the
mechanism of water shortage in the river.

METHOD: WATER RESOURCES SUPPLY AND DEMAND MODEL

In order to understand the mechanisms of water resource imbalance, it is essential to
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analyze the availability of the water supply and the structure of demand system. In this
context, supply and demand is calculated at county and city level as the smallest
administrative unit in China. Then, this study focuses on the water supply and demand
balance, considering the cascade relationship of water resources upstream to
downstream.

Socio-economic framework

Population and GDP were taken from various statistical reports (China Statistics Bureau,
2001a; China Statistics Bureau, 2001b; Provincial Statistics Bureau, 1998-2001).
Industrial sector’s outputs were estimated using a model on the ratio of GDP accounted
in primary, secondary and tertiary industries (Japan Bank for International Cooperation,
2004). In order to assess the monthly values of population and GDP, the yearly data is
assumed to be the value of December. Then by calculating the monthly growth rate, the
rest month’s value can be achieved.
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Where y is the per capita gross domestic product(yuan); » is the ratio of industrial

production; and 1..3 denotes industrial structures. Coefficients of a1, a2, b1, by were
estimated by based on provincial time-series data for the years 1952 to 2000.

Water demand module
Agriculture water

This study calculates irrigation water demand on a monthly basis.

w; = Z(’WUi,m X IAi,m) 2

m

Where IW; is the Irrigation Water of each county/city i; IWU;,, is the crop type m of
Irrigation Water Unit of each county/city i; I4;,, is the crop type m of Irrigation Area of
each county/city i. The crop type m is included 8 different crop types. Among the
irrigation constants, in sections indicating amount of water used per unit of area on
irrigated land, data are available in the Chinese Academy of Engineering (2001),
Ministry of Water Resources (1997-2000), and Sun ef al. (2001). Consumption patterns
by crop and by month are referred from Xu et al. (2004) and research by Yang et al.
(2004). For the effective irrigation area data is obtained by China Statistics Bureau
(2001a) and China Statistics Bureau (2001b). Furthermore, crop irrigation area data are
not published for county or city level, and the sown area of crops is only available at
provincial level (China Statistics Bureau, 1998-2001). Thus, the irrigation area in each
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county or city is calculated according to the same provincial proportion.
Industrial water

The amount of water for industrial use is calculated by multiplying the water usage per
unit of industrial production (cubic meters per 10,000 yuan) (hereinafter the industrial
water standard unit). The estimates of industrial production for each county and city are
calculated by the following formula, using the values for the secondary industry ratio
which is obtained from equation (1).

Cities: Y; =3.0986 x GDPF, xy, ; (3)

Counties (region minus cities): Y, =3.6751x GDP, x (4)

Where Y; is the gross industrial production of each county/city i; GDP; is the gross
domestic product of each county/city i.

4f =Z(Yi,kxwi,k"fi,k), Y =Y,xr, ®
k

Where WI;is the amount of Water for Industrial use in county/city i; Y; is the amount
of industrial production of industry & in county/city i; wy is the water usage per unit of
industry & in county/city i; fi is the water recovery ratio of industry & in county/city i; ry
is the industrial ratio of industry & in county/city i; Industry & is included 20 different
industrial sectors. Here, for the calculation methodology for each industry w;;and f;x,
we refer to methodologies used by the Japan Bank for International Cooperation (2004).

Domestic water

The projection of domestic water use of each county/city i, DW; comprises two parts.
This study makes separate estimates for the amounts of urban domestic water uses
Piped DW; (amount of water provided by municipal water supply systems), and rural
domestic water uses NonPiped DW,;. The urban domestic water uses Piped DW; is
calculated by urban non-agricultural population Pop;, diffusion rate of urban water
supply systems S;, and the unit domestic water use Piped dw; (liters/person/day). @The
rural domestic water uses NonPiped DW; is calculated by same method, urban
agricultural population and rural agricultural population Pop,’, diffusion rate of water
supply systems S;’, and unit water use NonPiped dw; (liters/person/day).

DW; = Piped _ DW; + NonPiped DW; (6)
Piped _ DW; = Piped _dwj x Piped _Pop; | Piped _Pop; = Pop; x S, @)

NonPiped _ DW; = NonPiped _dw; x NonPiped _ Pop; | NonPiped _Pop, = Pop,'xS," (8)

Because the values for Pop; and Pop,” are annual amounts (China Statistics Bureau,
2001a; China Statistics Bureau 2001b) , by calculating the monthly growth rate, the rest
month’s value can be assessed.
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Water resource module

Information regarding the amount of water resources at provincial level or at the overall
river basin level can be obtained from the Ministry of Water Resources (1997-2000),
Yellow River Conservancy Commission (1997-2000). Documentation from China uses
the term "water resource" to indicate the amount of water that humans can actually use
in terms of surface water and groundwater. However, it is difficult to obtain the county
or city level’s water resource amount from published literature. Thus, we allocated the
amount of water resources for the entire river basin according to the proportion of
precipitation in each county or city, and used the results as the amount of water
resources for each county or city.

Water resource cascade

The catchment area is defined, composed of the main channel and tributaries, from the
Digital Elevation Model (DEM). Firstly, combining the water catchment boundaries so
defined with county/city administrative boundaries, we assign the counties/cities with
the largest areas to the respective water catchment areas. Next, the county/city sequence
is determined in accordance with the flow from upstream to downstream of each
catchment area. As this study’s aim is a general analysis of the entire river basin, we
consider the eight tributaries separately from the main course of the river (Fig.1).
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Fig.1 Main channel and tributaries of the Yellow River basin: @ Upstream, @ Midstream,
(3@ Downstream belong to the main channel of the Yellow River; ID, Irrigation District.

Water consumption rate

It is necessary to estimate how much of the water used is returned to the river. This
study uses water consumption rate from Sun et al. (2001) and Yellow River
Conservancy Commission (1997-2000). To summarize the above points, the water
demand in each sector is represented by the water intake, and the amount of water
consumption is this amount multiplied by the water consumption rate.
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To compile the above methods, Outflow of county/city i is shown as follows.
Outflow; = Outflow;_| + WR; — IWC; —WIC; — DWC;
" Natural river Sflow § %)

N
7

&
<

Actual river flow

Where WR; is the amount of Water Resource; IWC;, WIC;,, DWC; is the water
consumption of each sector.

RESULTS: WATER SUPPLY AND DEMAND STRUCTURE

The results are summarized in Table 1. The following points can be noted: (1) most of
water resources comes from upstream region, (2) in all basins in Yellow River, the
amount of water resources was lower in 1997 compared with those in other years, (3)
the amount of water consumption is large in the upstream and downstream regions, (4)
the amount of water consumption in the downstream region exceeds the amount of
available water resources from 1997 to 2000, (5) Industrial and domestic water
consumption gradually increase. Fig. 2 shows the temporal and spatial distribution of
water resources and consumption, along the main channel of the Yellow River, from
upstream to downstream (tributaries are omitted due to space limitations). The results of
water supply and demand imbalances are shown by county/city. The following points
can be noted: (1) large amounts of water resources are supplied from areas upstream of
Lanzhou, and the amounts supplied during summer are largest, (2) in downstream
region with large irrigated areas, the amount of water consumption chronically exceeds
the amount of water resources, (4) the amount of water consumption exceeds water
resources in the Hetao irrigation district from April through August. As a result of
imbalances in these counties/cities, downstream along the main course of the Yellow
River, the actual river flow volume became zero from January through June (dashed
borders in Fig. 2).

Table.1 Annual water supply and demand structure by regions from 1997 —2000.

| (D Upstream @ Midstream @ Downstream ]

| mwc wic bpwcCc TWC WR IWC WIC DWC TWC WR IWC WIC DWC TWC  WR
a0t (10%m’) (10°m’) (10°m’) (10°m’) (10°m’) (10°m’) (10°m’) (10°'m’) (10°'m’) (10°'m’) (10°m’) (10°m’) (10°m’) (10°m’)
1997 | 6339 922 291 7552 207.89 1883 450 295 2629 5691 11656 755 519 12929 2442
1998 | 6287 1001  3.04 7591 27645 1882 470 301 2652 8233 11590 803 532 12925 3532
1999 | 7147 1181 354 8682 25959 2042 537 316 2896 7812 11406 9.12 553 12872 31.59
2000 | 6727 1208 401 8336 23036 1979 542 323 2844 7718 9214 969 574 107.57 3579
[ @ Taohe basin © Huangshuibasin ~(® Daheihe basin B
1997 | 256 077 056 389 1615 507 096 067 670 4026 1846 112 057 2015 743
1998 | 254 083 056 393 2525 502 106 059 667 4786 1815 119 058 1992 9.1l
1999 | 271 096 067 434 2584 547 113 067 727 5151 2030 130 060 2220 825
2000 331 090 071 492 2549 622 119 135 876 3530 1858 146 079 2084 812
(@ Wudinghe basin Qinhe basin ~ © Luohebasin )

1997 | 098 033 045 176 1064 290 333 068 690 686 566 203 144 913 765
1998 | 098 036 046 180 1608 283 318 063 664 1001 549 214 147 910 1201
1999 | 101 040 051 192 1371 333 330 062 726 988 670 252 159 1081 1038
2000 | 110 039 059 207 1815 308 294 058 660 960 608 264 154 1025 1190
10 Fenhe basin 1) Weihe basin ___ Entire basin -
1997 | 1124 475 214 1813 1824 2835 1268 616 4720 7259 27401 4725 2370 34496 469.04
1998 | 1109 480 221 1810 2707 2807 1361 638 4805 10937 27176 4991 2425 34591 650.88
1999 | 1045 527 231 1802 2370 29.0 1547 740 5197 10824 28503 5665 2660 36828 620.81
2000 | 1081 491 225 1797 228 3153 1507 837 5496 10486 25991 5670 29.14 34576 579.57

Notes: TWC, Total Water Consumption (TWC=IWC+WIC+DWC)
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CONCLUSIONS

This study presents a model helping examine the mechanism of water supply and
demand imbalance in Yellow River basin during the period of 1997 and 2000. The water
shortage was caused not only by the lack of water resources, but also by the excessive
consumption by agricultural sector, especially in the irrigation areas of upstream and
downstream regions during spring. In addition, the industrial and domestic water
demand exhibits a tendency of increasing in the context of rapid socio-economic
development. Therefore, it is crucial to control the water demand efficiently in order to
achieve the sustainable development. For this purpose, the model presented in this study
can provide bases for the integrated water resource management of watershed,
especially in the Yellow River basin.
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