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Abstract River ecosystem service functions imply the natural environmental conditions and their effectiveness formed and
sustained by river ecosystem and its ecological processes. River ecosystem service functions were divided into two groups by
their types and effectiveness river ecosystem products and river ecosystem services. River ecosystem products consist of the
products and services harvested firsthand from river ecosystem including water supply fish resources inland navigation
hydropower recreation and cultural and raw materials. River ecosystem services are functions to sustain the natural
environmental conditions and ecological processes which are necessary for the human survival including flooding control
soil and sand transfer water resource storage soil conservancy environmental purification nutrient cycling and providing
wildlife habitat.

The accurate valuation of effects of dams on river ecosystem service functions is very important to environmental impact
assessment of water conservancy projects and the maintain river ecosystem in China. On the basis of the effects features an
indicators system has been established to assess the effects of dams on river ecosystem service functions. Then the effects of
dams on river ecosystem service functions in China have been assessed and evaluated in the base year 2002. As a result

flooding control and hydropower generation were main functions of dams and were up to 53.94% and 26.77% of positive
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effects on dams. Water supply harmful gases release reduction and inland navigation were also important functions of
dams and the value of each annually was 561.38 x 10° Yuan RMB 141.25 x 10® Yuan RMB and 133. 95 x 10° Yuan
RMB. The total values annually of the dam’s positive effects on the river ecosystem service functions was 4410. 98 x 10°
Yuan RMB. The biggest negative effect of the dam was the reservoir sedimentation which lost annual values with —508. 63
x10° Yuan RMB. The second negative effect was reservoir inundation which lost annual values with —56. 65 x 10° Yuan
RMB. The occupation of the dam to the river ecosystem was also an important negative effects which lost annual values with
—10.43 x 10°Yuan RMB. The total loss annually of the dam’s negative effects on the river ecosystem service functions was

~575.71 x 10* Yuan RMB.

Key Words dams river ecosystem river ecosystem service functions river ecosystem products river ecosystem services
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1

Table 1 The indicators system of effects assessment of dams on river ecosystem service functions

Item . . . . The indicators system of effects assessment of dams on river
Classification of river ecosystem service functions . .
ecosystem service functions

Water supply Water supply of reservoir

Fish resources Pisciculture of reservoir

Inland navigation Navigation of reservoir
River ecosystem )
Hydropower Hydropower
products
. Water recreation area tourism
Recreation and cultural L .
Reservoir inundation

Raw materials supply Reservoir inundation

Flooding control Flooding control of reservoir

Soil and sand transfer Reservoir sedimentation

Water resource storage Reservoir inundation

Soil conservancy Reservoir inundation

River ecosystem .

. . . Reduced harmful
services Environmental purification L .
gases by hydropower Reservoir inundation

Nutrient cycling Reservoir inundation

1 g . River ecosystem
Providing wildlife habitat . o . ’
occupied by dams Reservoir inundation

2.1
2002
2002
2002 50
2002
2002 2002
2002 2002

2.2
2.2.1

1 2003 ! 2002 5497.28 x 10°m’

32% 68% 30% *
527.74 x 10°m’ 1121.46 x 10°m’

2 2003 3 2002 1516 x
10°hm’ 85kg/hm” * 12.89 x 10t

3 2002 ? 2002

27510.6 x 10°t km 81.8 x10° - km 121557 km

9743 km  8.02%
2206.35 x10° ¢ km

6.56 x10° - km
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4 2003 . 2002 2745.65 x 10°kW: h
2003 » 2002 2003
2003 822 5.60 x 10°
2.2.2 2

2

Table 2 The result in the evaluation of effects of dams on river ecosystem products

«
Annual value in total

x10® Yuan RMB

Service functions type Materialization amount Unit value

x10%m?

Water supply of reservoir living Industrial

527.74 1.00 /m®* ! Yuan RMB/ m® 527.74

x 108 m?

Water supply of reservoir Agricultural 1121.46 0.03  /m® * Yuan RMB/ m’ 33.64
Pisciculture >;f]:)e:tervoir 12.89 7000/t % Yuan RMB/ 1 9-02
x10% t km
Navigation of reservoir Freight 2206.35 0.06 /tkm - Yuan RMB/ + km 132.38
Navigation of r«e‘se:"(wl)iorx Pa.ssl:-r:uer 656 0.24 /- km * Yuan RMB/ - km 1.57
x10°kW h 2745.65 0.43 /KW h ° Yuan RMB/ kW h 1180. 63
Hydropower
Water recreation area tourism - - 5.60
* 11 Unit value come from document 11
2.3
2.3.1
1 2002 % 2002 8.5 %
10* 5594 x 10° m’ 27.4 x10* km 5.0 x 10° 0.43 x 10°
hmz 10 11
5532.90 / hm*”
2
* 2002 ¥ 2003 “
3 2001 ~2003
38
5.67 x10° t 283.50 x10°t  50a
0.5m 1.28 ¢/ m> *
442.97 x 10* hm® 11482.31 / hm® 3
3 co, SO,
1 kW- h 0.33kg 1t 2tCO, 0.02tS0, 7
7 2002 0.50 x10° t C 1.82 x10°t CO, 0.018 x 10° t SO,
C 260.9 /t+ C* SO, 600 /t*
4

Constanza
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8 70337.95 / hm’ 100USD 827.7RMB

3

Table 3 The reservoir average sedimentation amount

2001 ~2003 2001 ~2003
Long-period average Average annual amount Adjusted amount of annual
° during 2001 ~2003 average during 2001 ~2003
Average annual
Basin hydrological amount of
station sedimentation

Sand-transported Sand-transported Sand-transported

Run-off amount Run-off amount Run-off amount x 108 t
amount < 10° m? amount <108 m? amount <108 m?
x 108 1 o x 108 1 " x 108 t "
Datong of 4.33 9051 2.52 9141 2.52 9141 1.81
Yangtze River
Linjin of 8.39 331 1.48 94 5.21 331 3.18
Yellow River
Bengbu of 0.10 264 0.04 315 0.04 315 0.06
Huaihe River
. ‘ . 0.80 2866 0.47 2962 0.47 2962 0.33
Zhujiang River
Harbin of 0.07 438 0.03 268 0.05 438 0.02
Songhuajiang River
Liujianfang of 0.06 37 0.001 4 0.01 37 0.05
Liaohe River
Lanxi of 0.02 167 0.01 174 0.01 174 0.01
Qiantang River
Zhuqi of 0.06 538 0.01 548 0.01 548 0.05
Minjiang River
. ‘, 0.21 24 0.01 5 0.05 24 0.16
Haihe River
Total - o - - _ - 5.67
* * ok

# The Sand-transported amount and run-off amount of Zhujiang River were composed of Gaoyao of Xijiang River ~ Shijiao of Beijiang River and Boluo
of Dongjiang River * % The Sand-transported amount and run-off amount of Haihe River were composed of Shixiali of Sangganhe River Xiangshuibao of

Yanghe River Yanchi of Yongdinghe River Xiahui of Chaohe River and Zhangjiafen of Baihe River

3 30m 80% *
300 . 30m 2003
30m 4694 2002 2003
100m 108 30 ~100m 4586 ¥

3669 300 617
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V=hF+F + /JFF /3 1
F F/ 47
10 ~15m * 12.5 m 8% ~
10% 2m *® 9% 30m 2m 0.
2~0.35 ® 0.275
100m 94 45 26 23 30m ~
100m 170 94 39 37 4649 30
30 ~100m 4
4

Table 4 The river ecosystem areas occupied by dams

hm?
Type Occupation area

45 100m Occupation area of dam height more than100m of 45 earth-rock dams 642.94
26 100m Occupation area of dam height more than 100m of 26 gravity dams 118.20
23 100m Occupation area of dam height more than 100m of 23 arch dams 46.58
94 30 ~100m # Occupation area of dam height 30 ~100m of 94 earth-rock dams * 325.65
39 30 ~100m # Occupation area of dam height 30 ~100m of 39 gravity dams * 76.33
37 30 ~100m # Occupation area of dam height 30 ~ 100m of 37 arch dams * 13.41
3669 30 ~100m Estimated Occupation area of dam height 30 ~100m of 3669 earth-rock dams 12710.74
617 30 ~100m Estimated Occupation area of dam height 30 ~100m of 617 gravity dams 1207. 58
300 30 ~100m Estimated Occupation area of dam height 30 ~100m of 300 arch dams 108.73

% Total # wasn't contained 14834.77

2.3.2 5

5

Table 5 The result in the evaluation of effects of dams on river ecosystem services

Annual value in total

Service function type Materialization amount Unit value s
x10° Yuan RMB
81 2 21
. x 10 hm. 0.43 5532.90  / hm 237915
Flooding control of reservoir Yuan RMB / hm?
4 2 2 2
| . “(_) hm 4497 11482.31  / hm ~508.63
Reservoir sedimentation Yuan RMB / hm?
8 3
o x10° t 0.50 260.90 /1 130.45
Reduced C by hydropower Yuan RMB / t
SO x10% t 24
2 0.018 600.00  /hm 10. 80
Reduced SO, by hydropower Yuan RMB / hm?
2 2 5
_ o 14834.77 7033795 /hm ~10.43
River ecosystem was occupied by dams Yuan RMB / hm?
1 37 2 2002 /2002 3 42 4 43 5
8 “ Lakes/rivers”  Total value per hm? 100USD 827.7 Yuan RMB

Unit value 1 come from document 37  and unit value 2 was calculated by gross output value of farming /total area of cultivated land in 2002
and unit value 3 come from document 42  and unit value 4 come from document 43  and unit value 5 come from total lakes/rivers value of

document 8  and 100USD equal to 827.7 Yuan RMB
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2.4

2.4.1
2003 3

16.56% 41.67% 13.54% 2302

x 10*hm? 3t
1.65% 50%
50% 2002
190. 61 x 10°hm? 479.62 x 10°hm> 155. 85 x 10° hm?
18.99 x 10°hm?
Constanza 8
2.4.2 6
6

Table 6 Losses of river ecosystem products by reservoir inundation

3 /hm? x 108
x 10" hm” . .
R . o Unit value Annual amount in total
Loss of service function type Materialization amount 2 3
Yuan RMB / hm x 10° Yuan RMB
Loss of Reservoir
190. 61 .84 ! -1.07
inundation Recreation and cultural Forest 562.84
Loss of Reservoir
479.62 .55 2 -0.
inundation Recreation and cultural Grass 9.6 16.53 0.08
Loss of Reservoir
18.99 .04 3 -2.2
inundation Recreation and cultural Wetland 12043.04 ?
Loss of Reservoi
o - oss o Teservont 190. 61 1498. 14 4 ~2.86
inundation Raw materials Forest
. ' . Loss of Reservoir 479,62 55456 5 ~2.66
inundation Raw materials Grass
Loss of Reservoir
18.99 .27 ° -0.57
inundation Raw materials Wetland 2996.27
Loss of Reservoi
‘ _ , 0% oF Teseron 155.85 11482.31 7 ~17.90
inundation Raw materials Cropland
Total — — -27.43
1 ~ 6 8 1 ~ 3 “ Recreation”  “ Cultural” 4 ~ 6
“Food production” “ Raw materials” 7 2002 /2002 31
100USD 827.7 Yuan RMB
Unit value 1 ~ 6 come from document 8  and unit value 1 ~ 3 come separately from the sum of recreation and cultural of forest grass
and wetland and unit value 4 ~ 6 come separately from the sum of food production and raw materials of forest grass and wetland and unit value 7

was calculated by gross output value of farming /total area of cultivated land in 2002 the data come from document 31 100USD equal to 827.7
Yuan RMB
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2.4.3 7

7
Table 7 Losses of river ecosystem services by reservoir inundation
107 b /hm? x10°
R . L >< o Unit value Annual value in total
Loss of service function type Materialization amount N s
Yuan RMB/ hm %x10° Yuan RMB
‘ - Loss of Reservoir 190.61 24,83 1 ~0.05
inundation Water resource storage Forest
Loss of Reservoir
18.99 .60 2 -5.97
inundation Water resource storage Wetland 31452.60
Loss of Res i
L oss oF eservow 190. 61 794.59 3 -1.52
inundation Soil conservancy Forest
Loss of Reservoir
. e oss 07 Teservon 479.62 240.03 * -1.15
inundation Soil conservancy Grass
Loss of Res i
o O eeen 190. 61 1887.16 3 -3.60
inundation Environmental purification Forest
L “Q fR & r
. : : Lo o eenon 479.62 778.04 ° -3.73
inundation Environmental purification Grass
Loss of Reservoi
o e e 18.99 35673.87 7 -6.77
inundation Environmental purification Wetland
Loss of Reservoi
N , , oss oF Reservor 190. 61 2988.00 * -5.70
inundation Nutrient cycling Forest
Loss of Reservoir
190. 61 .43 ° -0.25
inundation Providing wildlife habitat Forest 132.43
Loss of Reservoir
18.99 2516.21 '° -0.48
inundation Providing wildlife habitat Wetland 316
Total — — -29.22
8 1 ~ 2 “ Water supply” 3 ~ 4 “ Erosion control” 5 ~ 6
“ Gas regulation” “ Climate regulation” * Waste treatment” 8 “ Nutrient cycling” 9 ~ 10
“ Habitat/refugia” *“ Genetic resource” 100USD 827.7 Yuan RMB
Unit value come from document 8  and unit value 1 ~ 2 come separately from water supply of forest and wetland and unit value 3 ~ 4
come separately from erosion control of forest and grass and Unit value 5 ~ 6 come separately from the sum of gas regulation climate regulation and
waste treatment of forest grass and wetland and unit value 8 come from nutrient cycling of forest and unit value 9 ~ 10 come separately from the

sum of habitat/refugia and genetic resource of forest and wetland 100USD equal to 827.7 Yuan RMB

2.5
2.5.1 8
8
Table 8 The result in the evaluation of positive and negative effects of dams on river ecosystem products
Positive effect Negative effect
x10® x10®
Annual value in total Annual value in total

Service function type Service function type

x10® Yuan RMB x10® Yuan RMB

561.38 Loss of Reservoir inundation -3.44

Water supply of reservoir .
PPy Recreation and cultural

Loss
Pisciculture of reservoir 9.02 of Reservoir inundation Raw -23.99
materials supply
Navigation of reservoir 133.95 — —

Hydropower 1180. 63 — —

Water recreation
5.60 — _

area tourism

Total 1890. 58 Total -27.43
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9

Table 9 The result in the evaluation of positive and negative effects of dams on river ecosystem services

Positive effect Negative effect

x10® x10®
Annual value in total Annual value in total

Service function type s Service function type s
x10° Yuan RMB x10° Yuan RMB

Flooding control

. 2379.15 Reservoir sedimentation -508.63
of reservoir
Reduced 141.25 River ecosystem -10.43
harmful gases by hydropower was held by dams
— — Loss of Reservoir inundation Water resource -6.02
storage
— — -2.67

Loss of Reservoir inundation Soil conservancy

— — Loss of Reservoir inundation Environmental -14.10

purification

— — -5.70

Loss of Reservoir inundation Nutrient cycling

— — Loss of Reservoir inundation Providing -0.73
wildlife habitat
Total 2520.40 Total —-548.28
2.6
10

10

Table 10 The result in the evaluation of positive and negative effects of dams on river ecosystem service functions

Positive effect Negative effect

x 103 x 108
Annual value in total Annual value in total

Service function type N Service function type s
x10° Yuan RMB x10° Yuan RMB

. 1890. 58 . -27.43
River ecosystem products River ecosystem products
. . 2520.40 . . —-548.28
River ecosystem services River ecosystem services
Total 4410.98 Total -575.71
3
1 53.94%  26.77%
2 2002 50
2002 -508.63 x 10
2002 -56.65 x 10° 2002

-10.43 x10°
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