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Analysis of effect of South-to-North Water Transfer Project on aquatic

ecosystems of Haihe River Basin

PEI Yuan—Sheng s, WANG Jian—Hua ,LU() Lin  (China Institute of Water Resources and Hydropower Research, Beijing 100044,
China). Acta Ecologica Sinica,2004,24(10):2115~2123.

Abstract: The aquatic ecosystems are closely correlated with the water cycle in a river basin. The large-scale water resources
and utilization in the Haihe River basin have altered the natural water cycle, thus resulting in the overall degradation of the
aquatic ecosystems in the river basin. The South-to-North Water Transfer Project may transfer water from the Yangtze River
to the Haihe River basin, thus increasing flux of the water cycle and influencing the ecosystems in the river basin. This paper
develops a method of correlation analysis of water cycle and aquatic ecosystems in a river basin on the basis of the river basin as
an independent spatial unit and yearly time span. First of all, water inflows into the unit (including the local water resources,
water transferred from other river basins and exploitation of deep groundwater), total changes of water storages in the unit
(including changes of the reservoirs/lakes storages and the shallow groundwater storages) and water consumptions by the unit
(including flows to the sea, socioeconomic water consumptions and non-socioeconomic water consumptions that may be
classified as consumptive water uses by the aquatic ecosystems in water systems and the consumptive water uses by the aquatic
ecosystems on lands) are analyzed to make the water cycle, that is, water balance clear. Then, the relations of components of
the water cycle with the aquatic ecosystems are studied as (i) a minus value of the average annual change of the groundwater
storage indicates groundwater overdraft with such ecological problems as land desertification, land surface subsidence seawater
encroachment; (ii) reductions in the consumptive water uses by the aquatic ecosystems in water systems and the consumptive
water uses by the aquatic ecosystems on lands. especially the former may bring about such ecological problems as drying-up of
rivers, reduction of lake areas and disappearance of wetlands; and (iii) reduction in flows to the sea may bring about such
ecological problems as higher salt concentration than usual at estuary, slowing rise of temperature and sediment accumulation.
Based on the above analyses, a mathematical model of correlation of water cycle with aquatic ecosystems in a river basin was

formulated to calculate the water cycle in the Haihe River basin in each year by applying the historical data to evaluate the
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conditions of the aquatic ecosystems. The results indicate that in case of shortage of the local resources plus water transfers
from other river basins, the change of the groundwater storage become minus, thus implying severe groundwater overdraft,
and in case of a dry year, the water consumptions are considerably reduced mainly because of reduction in the non-
socioeconomic water consumptions, that is, ecological water consumptions, thus implying severe ecological degradation. The
model was applied for the analyses of four scenarios under the conditions with and without the South-to-North Water Transfer
Project. In the scenario 1, without the South-to-North Water Transfer Project and continuing the current pattern of the water
resources development and utilization, the socioeconomic water consumptions are increased to support the socioeconomic
development, but the water consumptions by the aquatic ecosystems are not increased, thus resulting in severe groundwater
overdraft and sharp reduction in flows to the sea. Therefore, the regional ecosystems tend to collapse. In the scenario 11,
without the South-to-North Water Transfer Project and with the focus on the ecological protection, as the groundwater
overdraft stopped and the aquatic ecosystems in water systems fairly improved, the overall ecology is improved although the
flows to the sea further decreases. As the socioeconomic water consumptions reduced, thus resulting in economic losses, the
regional socioeconomic development may retrogress. In the scenario III, with the alternative of low water transfer by the
South-to-North Water Transfer Project, the groundwater overdraft is stopped, the targets of the water consumptions by the
aquatic ecosystems in water systems are achieved, and water requirements of the socioeconomic development are basically met.
However, the flows to the sea are reduced. In the scenario IV, with the alternative of high water transfer by the South-to-
North Water Transfer Project, the flows to the sea are slightly increased, and, as compared with the scenario III. the water
requirements of the socioeconomic development are further met. In conclusion, the aquatic ecosystems in the Haihe River basin
may be significantly restored and improved in case the South-to-North Water Transfer Project is commissioned.

Key words :South-to-North water transfer; water cycle; water environment; interrelated analysis
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Table 1 Base data and calculation results of water cycle in Haihe River basin 1994~1999 (< 10%m?®)
Year
Item 1994 1995 1996 1997 1998 1999 Mean
Precipitation(mm) 577 609 599 366 551 385 490
Local water resources 426.6 440.5 522.3 212.1 353.9 192.5 358.0
Inflow into unit Diversion s Toohs? ¢ 365. 0 56. 4 51.1 53.7  54.3
Deep groundwater 54. 0 63.8 57.8 61.2 63.7 71.5 62.0
Total 537.9 556.5 635.1 329. 6 468. 7 317.6 474. 2
Reservoir 29.0 10.7 8.8 —45.0 10. 2 —23.8 —1.7
Change in storage Groundwater 0.4 4.0  46.0  —31.9  —7.0 —75.0 —8.9
Total 39.4 14.7 54. 8 —76.9 3.2 —98.8 —10.6
Socloeconomic 281. 4 272.0 284.5 291.0 281.0 285.7 282.6
Water consumption Water system 2.6 2.5 2.5 2.9 2.7 2.9 2.7
Nonsocioeconomic Land 111.9  159.2  119.7 98. 6 127.7 110.1  121.2
To sea 102. 7 108. 1 173.6 14.0 54.1 17.7 78.4
Subtotal 217.2 269. 8 295. 8 115.6 184.5 130. 6 202. 3
Total 498. 6 541. 8 580. 3 406. 5 465. 5 416. 3 484. 8
* :1994~1999  ( )y« )Source: Water Resources Bulletin 1994 ~1999 and Plan of Water
Resources Development in Haihe River Basin
1 s o 1997 1999
366mm  385mm, 329.6 m® 317.6 m’; 1995 1996
609mm  599mm, 556.5 m’ 635.1 m’, 1 s
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Table 2 Water cycles in Haihe River basin under different scenarios in target years 2010 and 2030( < 10°m?)
Without South-to-North With South-to-North
Water Transfer Project Water Transfer Project
Item
With Without Low water High water
groundwater groundwater wransfer transfor
overdraft overdraft
2010 2030 2010 2030 2010 2030 2010 2030
Local water resources 358.0 358.0 358.0 358.0 358.0 358.0 358.0 358.0
Inflowlnto unit Diversion 41,0 41,0 41.0  41.0  99.4  134.5 108.2 142.0
Deep groundwater 62.0 62.0 22.0 22.0 22.0 22.0 22.0 22.0
Total 461.0 461.0 421.0 421.0  479.4 514.5 488.2 522.0
Reservoir 0 0 0 0 0 0 0 0
Change in storage Groundwater —89 —89 1.0 1.0 1.0 1.0 1.0 110
Total —8.9 —8.9 11.0 11.0 11.0 11.0 11.0 11.0
Water Socioeconomic 298.8 320.8 256.9 277.8 290.7 331.5 296.7 336.8
consu-mption Water system 2.7 2.7 6.4 6.4 6.4 13.2 6.4 13.2
Nonsocioeconomic Land 118.9  112.5 110.0 102.9 116.8 108.6 117.5 109.1
To sea 49.5 33.9  36.7 22.9 54.5 50. 2 56.6 51.9
Subtotal 171.1 149.1 153.1 132.2 177.7 172.0 180.5 174.2
Total 469. 9 469.9 410.0 410. 0 468. 4 503.5 477.2 511.0
s s ,2010 2030
3 s s
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