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Primary estimate of ecological water requirement in Haihe Basin
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Abstract: Water resources are the base of all life-system on the world. The demand for water from China’s growing population
is creating an ever-increasing pressure on the country’s rivers and other ecosystems. The urgent need for domestic, agricultural
and industrial water uses often conflicts with the water demand to maintain or improve ecosystem function. The allocation of
water to sustain natural ecosystems, to restore rivers degraded by over-abstraction and to protect ecosystem services has
become a key issue in water resource management in our country.

Haihe basin is located in a semi-arid region and, with a mean rainfall of 548 mm, less than the whole country average of
648 mm and the global average of 800 mm. Combinations of socio-economic and political factors, together with a growing
population have multiplied the effects on water resource scarcity. Without consider ecological water requirements in water
resources management is one of the reason of deterioration of the ecological condition. The challenge therefore, has been to
determine ecological water requirements for all the ecosystems. In this paper., the estimate method and total amount of
ecological water requirement of four ecosystems were studied, such as natural terrestrial, river, wetland and urban
ecosystems.

The precipitation, from atmosphere fall to the earth. first incepted by natural vegetation before producing surface runoff.
People can manage the remained water resources to meet the requirement of economic water demand and ecological water
demand. Considering water resources management, the ecological water requirement of river, wetland . urban ecosystem which
comes from runoff water resources can be defined as narrow sense of ecological water requirement. And natural terrestrial

ecosystem ecological water requirement that including precipitation may be called general ecological water requirement. The
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narrow sense of ecological water requirement is the key issue of the water resource management and ecological water
requirement estimation.

The result showed that: in Haihe Basin the amount of ecological water requirement of river, wetland and urban is 31. 64X
10%m?®, 34.31X10°m?*, 10. 83X 10°m?, respectively, which account for 13%, 4.1%, 29.1% of the annually average natural
runoff , respectively. Ecological water requirement is defined as the water regimes needed to sustain the ecological values of
ecosystems at low levels of risk. Ecological water provisions are the water that can be maintained or made available in an
attempt to meet the ecological water requirements. This pilot study will concentrate on determining the ecological water
requirements.

The amount of ecological water requirement is a dynamic value, which strongly depend on ecological protection targets and
economic development. A maximal and minimal ecological water requirement can be estimated under different aims of eco-
environment quality in future.

Key words : Haihe Basin; ecological water requirement; estimate
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Table 1 Ecological water requirement (EWR) connotation and function
Type of
Type of ecosystem ecological water requirement Function

Natural vegetation ecosystem

River ecosystem

Wetland ecosystem

Vegetation transpire Maintain plant physiology process

Vegetation , Maintain micro climate

and land surface evaporate and humidity

N Evaporate and leakage Maintain river system structure
River base flow Maintain river base function

Wetland evaporate and L .
Maintain wetland basic structure

leakage
. Maintain wetland ecological
Wetland organism .
process and services
Gi st Usb belt Maintain ecosystem services such as
Ity ecosystem rban greenbe recreation and amusement, C. N metabolism and
biodiversity
Urban water system
1.2.2 s
b o
QL = QZ + Qs + Qv + QQ (3)
Q1 Q7 Qs 3 Qv 3 Q0 .
Q =Q; + Qs + Qv (€D)
,Q, s 3 . Tennant [15] 7Q10 [16]
1.2.3 s s
h = max{h, hy, hy, e} (5)
Wh (m)Jthzvhrs (m)o
1.2. 4 o
Q. =YF (6)
QL (m®/a); ¥ (m®/(a » m*)); F (m?),
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Fig. 1 Distribution of ecosystem in Haihe Basin
’ ’ 1. Picea asperata Mast; 2. Pinus tablaeformis; 3.
° ’ Platycladus orientalis; 4. Defoliate Quercus L. ;5.
N N Ulmus pumila L. Pistacia chinensis; 6.
N . . Betula 1.. s Populus sp. ;7. Ulmus
« 2, pumila L. and sand-born shrub;8. N Ostryopsis
davidiana, Spiraea salicifolia; 9. Vit »gundo var.
910. 9% 10°m®. 210. 9% 10°m®. avidiana, Spiraea salicifolia itex negundo v
o s heterophylla; 10. NN Caragana sinica
8. 0
1224. 45X 10°m 17.2%6,7.8 Salix L. Artemisia. ;11. Chinese wild ryel;12. .
0% ’ B. ischaemum T triandra var. japonica;13. .
N S. grandis, Stipa kvylovii; 14. .
2.2 Stipa kvylovii , Squarrosa; 15. . S. bungeana,
3 Stipa breviflora; 16. R Vanilla, natural grass
N N b
. meadow ; 17. N Sanne soil meadow;18.
5574kmWV, : ) )
Agriculture vegetation;19. Lake;20. River
N o 10a(1988~1998 )
2
Table 2 The area and evaporation water requirement of different forest type
Evaporation water per month( X 10%m?®/mon. )
. ) Annual evaporation
Vegetation type Area(km?) 4 5 6 7 8 9 10 water (X 105m®/a)
93.07 — 0. 04 0. 04 0.16 0.13 0.09 0. 04 0.50
122. 14 — 0. 05 0.06 0.21 0.17 0.11 0. 05 0. 66
61.71 — 0.03 0.03 0.11 0.09 0. 06 0.03 0.33
@ 601. 55 — 0. 25 0. 34 0. 64 0. 87 0.41 2.52
® 106. 61 — 0. 04 0.06 0.14 0.18 0.08 0.02 0.52
N © 445.53 — 0.18 0.23 0.59 0.76 0. 31 0.09 2.16
@ 11. 54 — 0. 01 0.01 0. 02 0. 03 0.01 — 0.07
N ® 8984. 06 — 3. 99 7.85 19. 06 22.03 4.99 — 57.91
® 21263.93 — 9. 44 18.59 45.10 52.14 11.80 — 137.067
NN o 1416. 05 — 0.63 1.24 3.00 3.47 0.79 - 9.13
Total 33106. 19 14. 66 28. 45 69. 03 79. 87 18. 64 0.23 210. 88

% (DPicea asperata Mast. ;) Pinus tablaeformis; 3 Platycladus orientalis ;(Ddefoliate Quercus L. ; G)deciduous and broadleaf mixed forest;
©) Betula L., Populus sp. ; (Ulmus pumila L. and sand-born shrub; @) Ostryopsis davidiana, Spiraca salicifolia; ©) Vitex negundo var.

heterophylla; (0Caragana sinica, Salix L. . Artemisia

® s -« »+2001-06. 118~145
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Table 3 The EWR of river ecosystem

Water X X L T (m?/s) . (k) Basic EWR  Evaporation Seepage EWR  Total EWR
system River Station name Minimum runoff River length (X 10%m®) EWR(X 10°m®) (X 10%m®) (X 10%m?)

@ ® ® 18. 01 888 5. 68 1.95 0. 85 8. 49

@ ® 0.08 316 0.03 0.70 0. 00 0.72

Z 0. 027 467 0.01 1.03 0. 00 1.04

8 J 6.27 238 1.98 0.52 0. 30 2. 80

L @ 9.42 747 2.97 1. 64 0.45 5.06

G @ 2.16 483 0.68 1. 06 0.10 1.85

© 2.45 748 0.77 1. 65 0.12 2.53

J ® 8. 46 382 2.67 0. 84 0. 40 3.91

® o 5.38 460 1.70 1.01 0.25 2.96

a9 2 2 0 428 0. 00 0.94 0. 00 0. 94

? 1.17 417 0. 37 0.92 0. 06 1.34

Total — 5574 16. 86 12. 26 2.53 31. 64

(DLuanhe river; @Luanhe river; 3)Luan county; (DHaihe river; & Jiyun river; ©New floodgate; (7)Chaobai river; ®Suzhuang; ©)Beiyun
river; (0 Tongzhou; () Yongding river; (2 Guanting reservoir; (3 Daqing river; (1) Xidayang reservoir; (9 Ziya river; (6 Huangbizhuang
reservoir (7 Weihe river (8 Yuancunji; (9 Zhanghe river; 20 Guantai; ) Tuhaimajia river; @2 Majia river; &) Dadaowang gate; @) Tuhai river;

@) Baoji gate

2.3
. ( ) s
B NN 1800 s 285X 10°m”, 243X 10°m”, 42X10°m*,
4, . . 16. 68X 10°m’,
; 1488. 96km*"'7, , N
s 17. 63X 10°m?, 34.31 X 10%m’
C 5.
4
Table 4 The minimum capacity of large reservoirs and their normal water area in Haihe Basin
@ © v
(X10%m®) (km?) (X10%m?®) (km?) (X10%m®) (km?)

Haizi 0. 41 640 Wangkuai 0. 88 40. 6 Houwan 0.148 8. 25

Yugiao 0. 36 86.8 Xidayang 0. 865 29.2 Zhangze 0.21 32.3

Qiuzhuang 0.07 10 Longmen 0. 041 6.4 Yuncheng 1.2 41. 26

Yunzhou 0. 04 3.8 Angezhuang 0.48 13.15 Yanghe 0.1 13.15

Miyun 4.37 179. 33 Gangnan 3.41 53.5 Xiaonanhai 0.032

Huairou 0. 085 9.65 Lincheng 0.151 5.22 Douhe 0. 055 19.1

Cetian 0.174 38.1 Dongwushi 0. 098 17.25 Miaogong 0. 64 8.9

Guanting 6 157. 01 Zhuzhuang 0. 34 12 Daheiting 1.13 24.8
Hengshanling 0-23 1o-1 Panjiakou 12 69 Huangbizhuang 0-82 63.9

[©) Name of reservoir; The minimum capacity ; Normal water area



10 : 2105

2.4 5
Table 5 the EWR of wetland ecosystem in Haihe Basin

o 2000 s
25 341592 ’ Evaporation Seepage water Total water
30005 5170. 21 ’ Wetland type w{ater requirement  requirement
5. 6% . 2035. §4km?, TEAIEmERt  (10%mi/a) (X 10°mi/a)
(X10%m?®/a)
646.7 km?,
6).(7) ) w Natural wetland 15. 33 2.3 17.63
It Y [1s] Artificial wetland 12. 85 3.8 16. 68
o s
¥=1(m*/(m’ * a), )y 0.5(m*/(m” +a), Do ,
s B N N N . N 6
s B 4.32X10°m?, 6.51X10°m?,
10. 83 X10°m?,
6 25
Table 6 The total EWR of 25 cities in Haihe Basin
City Greenbelt EWR Water system Total City Greenbelt EWR Water system Total
(X10°m?*/a) EWR(X10%m?/a) (X10%m?/a) (X10°m?*/a)  EWR(X10%m®/a) (X 10%m?®/a)
Beijing 2.19 2.49 4. 68 Qinhuangdao 0. 14 0. 14
Tianjin 0. 44 1.63 2.07 Yangquan 0. 04 — 0. 04
Tangshan 0.22 0. 84 1. 06 Changzhi 0.02 0.02
Shijiazhuang 0.17 0.77 0. 94 Bingzhou 0. 06 — 0. 06
Handan 0.13 0. 40 0.53 Shuozhou 0.03 0.03
Datong 0.10 0. 38 0. 48 Dezhou 0. 05 — 0. 05
Liaochen 0. 04 — 0. 04 Xingtai 0. 05 — 0.05
Baoding 0. 07 — 0.07 Hebi 0. 06 — 0. 06
Zhangjiakou 0. 06 — 0. 06 Puyang 0.03 — 0.03
Jiaozuo 0. 08 — 0. 08 Cangzhou 0. 05 — 0. 05
Anyang 0.08 — 0. 08 Chengde 0. 04 — 0. 04
Xinxiang 0.10 0.10 Hengshui 0.03 0.03
Langfang 0. 04 — 0. 04 Total 4.32 6.51 10. 83
3
o)) N . N N o
s s o
s H s
( 2), s
N s o N N
s s N B
3 s s
o 31.64X10°m?,
263.9X10°m*(1956~1984 ) 12%; 34.31X10%m?, 13%
10. 83X 10°m”, 4.1%. 3 29.-1%.

[19.20]
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(3 : 75.1X10°m*,2010 99.3X10°m*, 2030
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Fig. 2 The schematic of water cycle and EWR type in Haihe Basin
139. 6 10°m* D, ; . ;
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