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ABSTRACT

On the basis of full analysis of research actuality in China and abroad, this paper probes into
the necessity and significance of water resources carrying capacity (WRCC) analysis,
investigates the basic and supporting theory of water resources; analyzes systematically the
concept and connotation of WRCC with the emphasis on coherence of definitions and
guantified assessment results, exhibits WRCC for populations, social-economy and
eco-environment by degree of satisfaction and probability of realization; and involves
eco-environment system into direct carrying object of water resources. Method of
quantification is improved. It is pointed out that quantification method of WRCC may be
expressed by quantified indices and realization degree of carrying, and it also anayzes the
calculation method of quantification, which effectively solves the problem of measurement and
coherence. Based on the analysis of influential factor and system model, it establishes the
integrated model, and method of comprehensive analysis which is joined by quantification
calculation of basic WRCC indices, and assessment of group index system. The ordinary and
specific quantification index, and the comprehensive and integrative assessment index,
statically and dynamically express the status quo of WRCC, and the degree of realization and
harmony of populations, socio-economy and eco-environment target. It also analyzes boundary
conditions of quantification calculation method, proposes prediction method combined with
target trends of populations, socio-economy, eco-environment and water resources
development regarding supply and demand, and undergoing theory of each form, screenes
congtitutive index, set forth assessment index system for WRCC, and construes assessment
approaches of analytic hierarchy process. Started from resources, structure, economy,
technology and management, method and strategy for improvement of water resources carrying
capacity are illustrated corresponding to WRCC analytic frame. Based on water resources
development and utilization analysis of Haihe River Basin, development trends of populations,
water resources, socio-economy, eco-environment, and analysis of water resources supply and
demand in Hahe River Basin are predicted according to research findings, and
implementations of the quantification calculation and index system assessment are carried out
to validate practicability of WRCC analysis method.

Keywords. water resources carrying capacity, sustainable development, sustainable
utilization of water resources, quantification assessment method, index system
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73 2066
428 8312
173 3249
417 13821
e 28740
317753
7.1.2
25 31 2 256
35 1997 1.227 10%
3730 30.4% 386 /kn’ 608 /kn’
7-2
GDP GDP
km® hm’ /km’? /
1997 31.78 12300 1120 8907 386 7258.00
2000 31.78 12850 1116 11417 404 8885.00
[51 [142]
1998 10%
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1998 GDP 9674 12% GDP7922
6270 1.37
80 1980 1998 24%
9 GDP 1980 984 1998 7501 1990
14 13 19
1980 1107 1998 1.29
9 20
1980 2769 1998 5390
283kg 442kg 56%
7.1.3
1956 1998 372 m 220
m 249 n’ 97 m’
7-3 1956-1998
km2 m3 mm m3 m3
mm m3
9545000 648 61889 27115 284 8288 28124
317800 539 1710 220 69 249 372
3.3% 83.2% 27.6% 0.8% 24.3% 3.0% 1.4%
[51 [142]
1
539mm 527mm 556mm 9
70 85% 7 8 1 2
3 5 10%
50 80%
2
1949 50 1951 1952 1980 1981 1992 1993
1997 2000 60 5
9 2000

1983
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3
305 m’
4
80
17%
7.2
7.2.1
20000km
24680m°/s
26
7.2.2
m 23

81%

170

720

7-4

1956 1998

1/7
225m’

9.5%

1900

1710
10

51m’

2003

100

1/27
1/8

50

11%

294

63%

311m*/

372
1000m*

1.6%

50

61%

100
372

1997
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km* (¢ m (¢ m « m (¢ m ¢ m
320041 1862.90 130.80 252.91 63.53 320.18
16800 76.10 6.06 18.40
11920 69.85 6.15 10.60

7-4 7-5 7-6 2003 2003
7-5 2003

W 5320.0 377.0 35.00 20.53

W 4287.9 113.5 8.33 13.37
80.6% 30.1% 23.8% 65.1%

W 1016.1 261.6 25.41 7.14
19.1% 69.4% 72.6% 34.8%

W 16.0 1.9 1.26 0.02
0.3% 0.5% 3.6% 0.1%

W 5320.0 377.0 35.00 20.53

N 631 53.5 13.49 4.20
11.9% 14 2% 38.5% 20.5%

W 1177 59.7 7.65 4.86
22.1% 15.8% 21.9% 23.7%

N 3433 261.9 12.92 11.17
64.5% 69.5% 36.9% 54.4%

W 79 1.9 0.95 0.30
1.5% 0.5% 2.7% 1.4%

7-6 2003
s GDP L/d
(™ o/ ) '/ ™/ )

287 218 46 251 118 54

236 96 74 393 171 150

200 86 44 251 81 72

412 448

7-7 2002

km’ . m (. m . m . m . m
9600000 62610 27243 8697 7685 28255
318161 1274 64 146 51 159
16800 69.38 5.25 14.69 3.83 16.11
11305 40.94 1.85 2.09 0.27 3.67

7-7 7-10 2000 2002 2000 2002
7-8 2002
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W 5497 400.0 34.62 19.96
M’ 4403.1 127.96 9.65 11.74
80.1% 32.0% 27.9% 58.8%
W 1071.9 270.17 24.24 8.22
19.5% 67.6% 70.0% 41.2%
M’ 22.0 1.71 0.73 -
0.4% 0.4% 2.1% -
W 5497 400.0 34.62 19.96
W 615.6 51.54 11.63 4.75
11.2% 12.9% 33.6% 23.8%
M’ 1143.4 61.79 7.54 4.50
20.8% 15.5% 21.8% 22.5%
W 3738.0 286.46 15.45 10.71
68% 71.6% 44.6% 53.7%
w - - - -
7-9 2000
km* Cm Cm Cm m’) Cm
9600000 60092 26562 27701
318161 1559.3 125.2 221.9 78.4 268.7
16800 73.6 6.3 15.2 4.7 16.9
11305 48.0 0.6 2.7 0.2 3.1
7-10 2000
W 5531 400.6 40.4 22.6
M 4440 136.7 13.3 14.4
80.3% 34% 33% 64%
w 1069 262.6 27.2 8.2
19.3% 66% 67% 36%
M 21 1.3 - -
0.4% 0.3% - -
w 5498 398.3 40.4 22.6
W 575 51.8 13.4 5.2
10.5% 13% 33% 23%
w 1139 65.8 10.5 5.3
20.7% 17% 26% 23%
W 3784 280.7 16.5 12.1
68.8% 70% 41% 54%
Ma - - - -
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2003 377w

1
421 1956 1998 372
305 m’ 1/7 1/27 1000m’
225m’ 1/8 1.5%
, 11% 10%
2003 377 o
20 30 21
50% 330 m 75%
300 o 60 90 nm’
2
3
4

7.3
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1998 2010 2020 2030
2040 2050
7.3.1
2001 2005

2030 “ ?

2040 “ ”

2050 “ v b
7.3.2

2000 129533 1382 1001

2001
1997 2000
2030 “ ”

2030 16
60%

U [26]
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7-11

1997 12273 1240 953 123626
2000 12850 1382 1001 129533

% 1998-2000 1.54 3.68 1.65 1.57

1997 3508 829 628 36989

2000 4370 1072 721 45594

1997 30.4 71.0 70.0 29.9

% 2000 34.0 77.5 72.0 36.1

[5]1 [142] 2000
7-12

2010 14394 1518 1128 145421
2020 15425 1607 1204 156604
2030 15809 1640 1232 160000

2001-2010 1.14 0.94 1.08 1.16

2011-2020 0.69 0.57 0.66 0.71

% 2021-2030 0.25 0.20 0.23 0.25

7-13

2010 6333 1290 948 62530

2020 8175 1446 1072 81434

2030 9485 1229 967 96000

1997 30.4 71.0 70.0 29.9

2000 34.0 77.5 72.0 36.1

” 2010 440 85.0 84.0 43.0
2020 53.0 90.0 89.0 52.0

2030 60.0 93.0 92.0 60.0

7.3.3
,2050
,2050 7500 61650 1 8.22
GDP
[26]
2050
6:45:49
5.2:45.3:49.5 72170
7-14 GDP
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GDP 1997 8907 1810 1240 74772
2000 11417 2331 1593 95242
2010 22280 4610 3010 185000
2020 38785 8492 5290 325109
ooP 2030 62600 13700 8200 520000
2040 89160 19513 11456 740629
2050 114094 24656 14677 987200
1998-2000 8.6 8.8 8.7 8.4
2001-2010 6.9 7.1 6.6 6.9
2011-2020 5.7 6.3 5.8 5.8
% 2021-2030 4.9 4.9 4.5 4.8
2031-2040 3.6 3.6 3.4 3.6
2041-2050 2.5 2.4 2.5 2.9
1998-2050 4.9 4.8 4.6 5.0
[142] [5]
7-15 GDP
GDP 1997 7257 14598 13016 6079
2000 8885 16868 15910 7353
2010 15479 30369 26684 12722
2020 25144 52847 43934 20760
GbP 2030 39598 83537 66558 32500
2040 56398 118980 92984 46289
2050 72170 150340 119130 61700
[142] [5]
7-16
15.0
1997 % 48.7
36.3
9.3
2010 % 50.2
40.5
7.7
2020 % 49.1
43.2
6.0
2030 % 48.0
46.0
5.6
2040 % 46.7
47.7
2050 % 5.2
45.3
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‘ 49.5
[142] [5]
2050 200000

1997 13537

2000 17434

2010 38700

2020 65481
2030 114000
2040 159261
2050 200000

1998-2000 8.8

2001-2010 8.3

2011-2020 5.4

% 2021-2030 5.7
2031-2040 3.4

2041-2050 2.3

1998-2050 5.2

[142] [5]

16952

1997 10832

2000 10917

2010 11000

2020 11154

2030 11300

2040 11349

2050 11400

1997 63.9

2000 64.4

2010 64.9

% 2020 65.8
2030 66.7

2040 67.0

2050 67.2

[142] [5]
7.3.4
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7.3.5
2040 “ "
2040 “ "
7.3.5.1
Wop +
X X
7-19
1998 26.8 22.0
1999 51.5
2000 51.8
m’ 2001 51.8
2002 51.5
2003 53.5
2010 50 24
2020 66 24
2030 78 24
2040 80 25
- 2050 80 25
1998 209 67
2000 202 71
2001 202 73
2003 118 54
2010 215 83
L/d 2020 220 90
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2030 225 105
2040 232 110
2050 232 110

[142] [5] 1997-2003

7.3.5.2
GDP
GDP GDP
7-20

1998 307

m’ 2000 278

2010 321

2020 314

i 2030 307

2040 306

2050 305

2010 16

2020 19.5

i 2030 23

2040 24

2050 25

1998 300

2001 258

2010 277

iy 2020 264

2030 251

2040 249

2050 246

[142] [5] 1997-2003
7.3.5.3
GDP
7-21
1997 67.2
m’ 2000 70
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2010 93
2020 112
" 2030 116
2040 127
2050 120
1997 50.0
2000 36.0
2010 24.0
2020 17.1
m/ 2030 10.2
2040 8.0
2050 6.0
[142] [5] 1997-2003
7.3.5.4
GDP
7.3.5.5
“ 2050
30mm (s
3 km 20 o
6mm 8 10 nm’ 30mm [L1[143]
1 km’ 3 158
15mm 5 m
[142]
2010 3.3 m* 2020
10 17
2010 9 m 2020
14 55
7-22
R 1997 0.5
1998 0.5
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2010 12.3
2020 24
2030 72
2040 72
m 2050 72
[142] [5]
7.3.5.6
W = Wor + Woa + Wor + Woe
7-23
m 1998 424
2000 401
2010 500
2020 539
2030 597
m’ 2040 611
2050 603
7.3.6
1
1998 96% 142l
2050
300 101 o 199 '
2
7-24
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112

m 1998 9.0
2010 22.0
2020 41.0
2030 51.0
m’ 2040 52.0
2050 47.0
[142] [5]
3
10 m® 1998 3.1 m
1998 0.4 m 2010 61 m 4
7-25
m 1998 3.5
2010 9.0
2020 17.0
2030 19.0
m’ 2040 21.0
2050 24.0
[142] [5]
4
Ws = Won + Wey + Wss
7-26
m 1998 305
2010 331
2020 358
2030 370
m 2040 373
2050 371
Bl 1997 5600 m* 21%
3000 m®
500 m’
9000 m’ 32% 1998
96% e




7.3.7
50%
50 2010
100 m® 2010 2050 180 m’
7-27

305 355

m 1998 424 424

-119 -69

331 481

2010 500 500

-169 -19

358 508

2020 539 539

-181 -31

370 520

2030 597 597

m’ 227 77

373 603

2040 611 611

-238 -8

371 601

2050 603 603

-232 -2
2010 2020 2030 2040 2050

169 m 181 m* 227 m* 238 m* 232

2040 611 m’ 2040

“ ” 2040 238
m3
50 m* 2010 100 m* 2010
2050 180 m’ 2010 2020 2030
2040 2050 9 mWw 312 m77 mm8 m 2 n
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(4-14) 4-15  4-16

P'= GDP+GDPst+ Ws— Wor /ga / GDP/P+ op+Qe /0

7.4
741
GDPy = Ws=Woe ~Wor=We~
WDE*: P’ Qe
Wp*=P* Qr
2010
I
2010 I

m*  1,=Ws/W, =66.33% 2010

2010 I
Ps

I GDP

95.22%

CCWR
I

4-17

CCWR

500

13706

.97%

/0
Ip IGDP
Ws 331 W,
66.33%
P 13706

14394 1,=P"/Ps=95.22%

14394 95.22%

GDP GDP,, 13257
GDP GDP,s 12192 1.-=GDP"/GDPs=91
GDP 21216 91.97%

Wee 11.43
WDES 12 m3 | E:WDE*/WDES:95 .22%

Iy Ie
CCWR= |w+|p+ IGDP+IE /4=88. 19%
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13706 21216
11.43 88.19%
7-28
1998 2010 2020 2030 2040 2050

m’ 305 331 358 370 373 371

I m’ 424 500 540 597 611 603
I 71.93% | 66.20% | 66.30% | 61.98% | 61.05% | 61.53%
12400 14394 15425 15809 15809 15809
L 11742 13706 14755 15131 15142 15202
I 94.69% | 95.22% | 95.66% | 95.71% | 95.78% | 96.16%
GDP 5997 13257 22030 33804 46631 57617
GDP 5484 12192 20346 31118 42870 53238
e GDP 9673 22280 38785 62600 89160 | 114094
GDP 9160 21216 37101 59914 85399 | 109714
Leoe 91.44% | 91.97% | 92.36% | 92.05% | 91.93% | 92.40%

0.5 12 24 72 72 72
Ik 0.47 11.43 22.96 68.91 68.96 69.24
I 94.69% | 95.22% | 95.66% | 95.71% | 95.78% | 96.16%
CCWR 92.7% | 88.19% | 87.15% | 87.49% | 86.36% | 86.14%

7-29
1998 2010 2020 2030 2040 2050

m’ 355 481 508 520 603 601

" m’ 424 500 540 597 611 603
Iy 83.73% | 96.20% | 94.07% | 87.10% | 98.69% | 99.67%
12400 14394 15425 15809 15809 15809
L 12018 14317 15307 15579 15787 15804
I 96.92% | 99.46% | 99.24% | 98.54% | 99.86% | 99.97%
GDP 5997 13257 22030 33804 46631 57617
GDP 5700 13137 21734 32893 46504 57580
s GDP 9673 22280 38785 62600 89160 | 114094
GDP 9375 22160 38489 61689 89034 | 114056
Leop 95.04% | 99.10% | 98.66% | 97.30% | 99.73% | 99.93%

0.5 12 24 72 72 72
Ik 0.48 11.94 23.82 70.95 71.90 71.98
I 96.92% | 99.46% | 99.24% | 98.54% | 99.86% | 99.97%
CCWR 93.15% | 98.56% | 97.80% | 95.37% | 99.53% | 99.88%

7.4.2
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7-30

1998 2010 2020 2030 2040 2050
D1 % 0.1 1.54 1.14 0.69 0.25 0 0
D2 % 60 34 44 53 60 65 68
D3 75 68 71 72 73 75 75
D4 % 30 50 45 40 37 33 30
D5 % 40 60 55 50 45 43 40
D6 / 180 110 141 160 177 182 182
D7 / 230 202 215 220 225 232 232
D8 / 110 73 83 90 105 110 110
D9 GDP / 61700 8885 15479 | 25144 | 39598 | 56398 | 72170
D10 GDP % 5.5 15 9.3 7.7 6 5.6 5.2
D11 GDP % 50 38 40.5 43.2 46 47.7 49.5
D12 / 1.5 1.32 1.18 1.10 1.07 1.07 1.07
D13 / 1 0.85 0.76 0.72 0.71 0.72 0.72
D14 GDP % 5 8.6 6.9 5.7 4.9 3.6 2.5
D15 GDP % 4 7.0 5.7 5.0 4.6 3.6 2.5
D16 % 70 64.4 64.9 65.8 66.7 67.0 67.2
D17 GDP m’/ 50 351 224 139 95 68 53
D18 GDP m’/ 500 1739 1549 1051 817 613 514
D19 GDP m’/ 20 127 83 58 39 31 23
D20 % 80 60 65 68 72 75 80
D21 m'/ 220 272 277 264 251 249 246
D22 % 12 0.2 2.4 4.4 12.1 11.8 12.0
D23 m’/ 50 0.8 8 16 46 46 46
D24 GDP m’/ 6 54 33 20 14 9 7
D25 % 70 10 20 30 40 50 60
D26 % 20 5 10 15 18 20 22
D27 % 100 30 57 90 100 100 100
D28 % 100 15 41 60 82 95 100
D29 % 20 17 20 21 23 22 21
D30 % 15 1.0 6.6 11.5 13.8 13.9 12.7
D31 m'/ 500 289 258 241 235 235 235
D32 m’/ 300 219 219 219 219 219 219
D33 % 100 68.3 66.2 66.3 62.0 61.1 61.6
D34 % 98 96 96 96 96 96 96
D35 % 0.1 -2.8 2.2 0.8 0.8 0.2 -0.1
D36 % 8 1.4 2.7 4.7 5.1 5.6 6.5

7-31
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7-31
c1 D1 % 0.0795
C120.01 0.44 D2 % 0.0795
RI=0.58 c2 ciz0.0 | D3 0.0334
- CR20. 02 0.17 RI=0.58 D4 % 0.0127
= CR=0.05(<0.1) [ ps5 % 0.0146
(<0.10)
5 c3 C1=0.0 D6 / 0.0463
o 0.39 R1=0.58 D7 / 0.0463
(o)) CR=0.05(<0.1) D8 / 0.0463
D9 GDP / 0.0376
o C1=0.06 | D10 GDP % 0.0216
0.43 RI=1.12 | D11 GDP % 0.0431
) CR=0.05 | D12 / 0.0118
RIC:'O‘OSS (<0.10) [ D13 / 0.0151
@ CR:-O c5 C1=0.0 D14 GDP % 0.0196
(<0.10) 0.14 CR-E'B‘ééﬁ 5 D15 GDP % 0.0196
=0. -1 | p16 % 0.0039
- C120.04 D17 GDP mZ/ 0.0467
= P T: GDP m'/ 0.0194
= 6 CR=0.03 |19 GDP m/ 0.0194
0.43 (<o.i0) D20 % 0.0194
> D21 m’/ 0.0242
C1=0.04 | D22 % 0.0083
7 R1=0.9 D23 m*/ 0.0094
0.50 CR=0.05 D24 GDP m'/ 0.0063
. (<0.10) D25 % 0.0315
w ~ D26 % 0.0195
g:;gg; D27 % 0.0216
c8 - D28 % 0.0074
= 0.50 CR=0-06 I"p2g W 0.0028
s (<0.10)
D30 % 0.0043
9 C1=0.02 D31 m’/ 0.0729
0.5 R1=0.58 D32 m'/ 0.0296
o - CR=0.03(<0.1) D33 % 0.0120
N < c10 C1=0.02 D34 % 0.0729
0.5 R1=0.58 D35 % 0.0296
CR=0.03(<0-1) | p3p % 0.0120
CI=0.06 RI= 0.9 CR= 0.07(<0.10) 1.0000
C.1. Coherence Index
R.l. Random Index C.R. Coherence Ratio
7-32 R.I.
1 2 3 4 5 6 7 8 9 10 | 11 12 13 14 15
R.I. 0 | 0 |0.52|0.89|1.12|1.26|1.36|1.41|1.46|1.49|1.52|1.54 | 1.56 | 1.58 | 1.59
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7-33
1998 2010 2020 2030 2040 2050
0.556 0.595 0.671 0.768 0.864 0.905
7-34
< 0.40 0.40 0.60 0.60 0.80 > 0.80
7.4.3
CCWR(
CCWR) 90% 60%
CCWR IG[)P IW
1998 2050
GDP
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