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COMPREHENSIVE EVALUATION OF WATER RESOURCES CARRYING
CAPACITY IN ANKANG CITY BASED ON GAME THEORY
COMBINATION WEIGHTING-TOPSIS MODEL
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Abstract: Adopting the statistical data of Ankang City in Shaanxi Province during 2011-2020, the evaluation index
system of water resources carrying capacity is constructed on the basis of the composite system of water resources-
society-economy-ecological environment. The index weights are determined by the game theory combination weighting
method, and the TOPSIS method and obstacle degree model are used to evaluate the water resources carrying capacity
in the area. The results reveal that the variation trend of water resources carrying capacity during 2011-2020 shows a
“W” shape, with little overall change, and there is still much room for development and utilization of water resources.
The carrying capacity of water resources and eco-environment subsystems shows a downward trend, while that of society
and economy subsystems is on the rise. The main factors restricting the carrying capacity of water resources are eco-

environment and economy subsystems. The main obstacle factors include ammonia nitrogen emission, chemical oxygen
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demand (COD) discharge, water consumption rate of eco-environment, daily treatment capacity of urban sewage and

water consumption by unit industrial added value.

Key words: water resources carrying capacity; game theory; TOPSIS method; obstacle degree model; Ankang City;

Shaanxi Province
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Hydrogeological sketch map of Ankang City

Fig. 1
1—5 KPR R FABUCA 2R LR & K A4 (loose rock-type porous aquifer
formation of high water abundance); 2—8& K55 MFA BLA 28 LB K
A4 (loose rock-type porous aquifer formation of low water abundance ) ;
35 KRS IR B A LB R BR 5 KA A (clastic rock-type porous
fissured aquifer formation of low water abundance); 4—5 K SR B Bk R
HABAUBEE T KEM (carbonate rock fissure karst aquifer formation
of high water abundance ); 5—& 7K1 H 45 IR R $h 4 S BB 7K
4 4 (carbonate rock fissure karst aquifer formation of medium water
abundance); 6—& /K55 BIBRIR #1752 R BUA & /KA 4 (carbonate
rock fissure karst aquifer formation of low water abundance); 7—& /K
SR AR R R 5 JE I i S SR & 7K 45 2 (carbonate rock intercalated
with clastic rock fissure karst aquifer formation of high water abundance);
8— i KM P A5 Bk BR o e T i 5 2R LB 5 1 5 7K o 4 (carbonate
rock intercalated with clastic rock fissure karst aquifer formation of
medium water abundance); 9—& /K 55 19 5 3 w5 R RBL &K A 4l
(magmatic fissure aquifer formation of low water abundance); 10— /K
TR A AR & K A4 (metamorphic fissure aquifer formation of low
water abundance); 11— Kk i &8 A8 B JC R R Bh A 2K B KA 4
(metamorphic rock intercalated with carbonate rock aquifer formation of
medium water abundance); 12— 7K 55 (145 i 5 Je il iR £k 28 K
4 4 (metamorphic rock intercalated with carbonate rock aquifer formation

of low water abundance ); 13—7)Z(fault); 14— (river)
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Table 1 Comprehensive evaluation index system of water resources carrying capacity
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Table 2 Index weight distribution results of game theory
combination weighting
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Table 3 Evaluation results of water resources carrying capacity in Ankang City during 2011-2020

AE 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 PIEH HCREK
G s 0.4793 03718  0.3292  0.3569  0.4163 04514 06133 05291 06265 04740  0.4648  1.0000
G s 09934 03727  0.0343 01640 03752 01662  0.8781  0.2346  0.7697  0.4663  0.4454  0.6989
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Fig. 2 Evaluation values of water resources carrying capacity in
Ankang City during 2011-2020
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B F/K B RIRRERLE B E R 2558, Fodh A GDP )L
15 107 JudE K31 43 666 TG, 25—l FLE M 40.00%
W% 45.28%, J7o0 GDP KM 184.4 m¥/J5 oL T ¥
£ 71.4 m¥3 70, s s 7K AN 69.76 ml )5
JURREE] 24.55 w70, J7 04D I {E A /K 2
935.66 m’/ 5 G TR 405.35 m* /770, 28 Akl 435
J9+189.04% . +5.28% . —61.28% . —64.81% . —56.68%.

UEAk, 2014, 2020 4F 0 3T BE (B 55 b —4F 45 I
15, 2014 AFEREARR %) == 22 S DR A A FH TR e 34 FH /KR 4
ARG R 59.34% , RARE KA B EE N, i
2020 4F F 5L A GDP FEELL K T 76 GDP ik
TR J6 Tl 38 il 7K 34K e s

ZELATA, B 2R s G R Al 454
FIRIEE , LA KK IR FH R A PR R T, T 40 1
RYGRE IR QLR B — K, B — 2
A7l 254, FEARK PR IR S T E (28 T R TR IR R
LERIUR RIS
424 EBHBEFERES

B F RGURE T B B R R VTR,
Al 432k 2011—2015 4E 2248 T R B Be il 2015—2020
AERIE SN B, 2011—2015 4RI (B M 0.4956
TR 0.3322, FIE 32.97%. WEIEEHR K E , 4538
BT ARG AR T R B 2R R AR SIS KR |
T KHERCRE . B R it AT A (38 I AT K R A TR
T AR . TR A, 2015 AR S IHES KR 5
K HE IR RN BRL A B i R A 2011 4 43 3 K
130.77% . 35.93% . 16.75%, 7 Ui A4= 253045 F /K 4 g 4
TR T XA GER 2,  EAR LM B ivE 7K H 4b
FHAR T AT V5 K AL BEARAT TRRIRET, (HAPAR 2 LA
HEI 15 /K HE R XK B2 5 AR ) I s2 i FEEE . 2015—
2020 ARG EE(E M 0.3322 FTH2 0.3760, )& Tsh |
BB, Sy Hr BRI AT, PR 5 AR RN T Sr A
RN, W5 K H AR BREE S Ak TS KA PR Y
PETUA B Ab s St . A HE R 0 R IR 2 AR 2K
J1 EFAR F BRI, b, B 55 R A T ek
SRR F] 67.95%H 40.15% , 157K HACFREE 113k
F| 21.47x10* t/d, I I5KAEIREN 96.69%. Ttk
e S HE = A A ACHE R A B A 2015 AR [
16.38%H1 46.32%.

SVAE AR ZSIREE 7K 57K H AL FREE TR

T ¥5 7K AL PR Pk K DL K Ak 2T S A R HE R
AKIREE TR, 7T IR 7R % & SR ad A Hhox 20
AR v LR B BOR B g , JE R T A X
KI5 YT T ERIE S A T g . SR, A 2
AT LLE H,2020 4RI 2R 2019 A5G — & 1Y T .
M IABAR AT, 2020 4F A GDP 4 2019 4E[%
I 7.00%, Tifk2 i A HE A A el ACHE R 43501
Tt 55.35%H01 13.94%. HIRZFFAL T FAIEERTS  (HIR
G305 Y HER R RO A TR, BRBAETS YRR TH
A IR, V25 | EE A

43 KFFERENEREREKISH

43.1 BFRSTEREBERSWN

FIAAFK(19)—(21) 115 2011—2020 4E & F5 R
BERGFEE, WA RGURE ) F BRI T A
#OE 3 s,

MIE 3a AR, K BEEF 2R 46 B AR R Ry oK
B KR MUK R IR T & IR %, H = F
fig B AR S T IS IR B 4 B R, 2011
LI, PR 66.17x10* mikm? P12 46.47x
10* m*/km?, AI/KBEW I 5 907.63 m’/ AFEAL 2
4 359.51 m N, K RS T RS MK BRI &
FIHZM 4.72% FFHZE 7.15%. KEBET RGP RE,
15 5NN SETE S AR R, SRR A
AIPLR R AT, NG S K SR i SR AE B Ak,
I, 45 G /K BRI I A T JHAC B RN 2 A,

M 3b WAL 42T RGEAAAR bR R SN T
1.0% , ¥ 50/, AR 3 ) B E AT A0 H 2R3
KR A B AR TS R, TN 25 B kA
SEEFE M AF X /)N

M 3c Al S0 T RAASTRIRBR AT B R T
Rba A, B A K o 7 e b3 i K & A
GDP. J77C GDP JHZK B A HH i 8k v 15 FH K . A
WRBAE AT AT, J7 o0 Tl 3 e K & M 69.76 m?/
JIou FREZR 24.55 /106, A¥J GDP M 15 107 o
K% 43 666 JC, T GDP /KM 1844 m¥Y HIC T
W28 71.4 m¥JT G, 4 FIVEWE 57 24 F /K f DA 449.0 m¥/F
WK 2 7011 m¥/F. ATLAE H, Bl S5 PG & R
NBRAEEACE I, LT A0 S REFER) T 4
My [ 2R R I AR et =M, B GDP /K & KR
TR A HH I B K AR R k. R AE
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Fig. 3 Obstacle degrees of indexes for water resources carrying capacity in Ankang City during 2011-2020
a— /K IRTF 2245 (water resources subsystem); b—FE2xTF RS (society subsystem); c—&5 F R4 (economy subsystem); d—24=FEE T RSt (eco-
environment subsystem); 1—7=7K#E%¥L (water production modulus); 2—fE K%L (water supply modulus); 3— A K ZEJH & (water resources per
capita); 4— AR UEF FH it (water utilization per capita); S—HiF/KBE IR &7 L (proportion of surface water resources); 6— K FIF & F H 2 (water
resources utilization ratio); 7—A 1% fﬁ(populalion density); 8— A1 [ SR 34 K &K (natural population growth rate); 9— Ik #8 1k 2 (urbanization rate) ;
10— A ¥ H A= 75 F7K i (daily domestic water consumption per capita in cities and towns); 11—A3J GDP  (GDP per capita); 12—=55 =\ [L &
(proportion of the tertiary industry); 13—J1JC GDP il /K & (water consumption per 10 000 yuan GDP); 14— J3 50 Tl 484 & FH 7K &+ (water consumption
per 10 000 yuan of industrial added value); 15—J3 JLAMVIEINEFKE (water consumption per 10 000 yuan of agricultural added value); 16—4% HI#E
EHT 4 7K & (average water consumption per mu for farmland irrigation) ; 17—4: 23455 il /K% (water consumption rate of eco-environment); 18—#Fk#k
7 55 2 (forest coverage); 19— T 2107 15 2R (urban green coverage); 20—7/K 13 S IA PR X (control area of water and soil loss); 21—fb2# 7 FH i HE
Jil i (COD emission ) ; 22— A HEi it (ammonia nitrogen emission ) ; 23—HLAF HLjifi i it (fertilization amount per unit cultivated land area); 24—i57K
HEjilt it (sewage discharge); 25— 75 /K H 4L FRAE /1 (daily treatment capacity of urban sewage); 26— 1775 /K AL 3% (urban sewage treatment rate)

AN HEBE bR AT LR FIRER 2T R,
R ARRA T HE L KA
M 3d AL ARSI T R GUAS HE AR i

B, HE AR R REAG o A R AR A2
B TG K HARBERE ST AP | A A EA
PR K HERCR . BRAE S IR K R A5 K HE R
AR Z S RS, HARTE R 2 T
. AR o3 Al 4, < B =]

Bl A A PR O B R A S s AN SRR B R ok, Ak
2 e St HE R A 2 ECHE L 43 S R IR 22.66% F
50.47% , A S IEE AR H N 0.39% FIH2 1.69%,
LA AT A AR BT 0 F RO, AR SR K
PRIR T SRAEZ AN K. B AR5 /K HE RS, e P
K ATG KA FER B 485 96.69% , HE A IR 5 H Y 52
PrfEis BEERWIRRAL. BIARE, SR T RES
FEAR R AR B X A IR AR B VE R, ARSI
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BafRA J1E AW TS A Ak 5K H
AEFRAE T FIAL B ol b AR AR ER IR TS G, ST K BRI
e
432 EARZEETERBERSH

MG AR bR it TR 1545 T RGN E 5 &R
GEbEhT (18 4) , FF PR IURAT AT 10 SLAF8HRAE 0 3
LR T T3 4,

[14)

i
e

T i BEE %

TiFE1 2017 2013 2074 miE G 2m? 208 2004 nan
F f
| 4 2 3 Bl

Kl 4 2011—2020 4L HETTK BRI 14T R LA L
Fig. 4 Obstacle degrees of subsystems for water resources
carrying capacity in Ankang City during 2011-2020
1=K W F ZREGE (water resources subsystem); 2—4123F R 5t (society
subsystem) ; 3—%Z:55 F R4t (economy subsystem) ; 4—LERIEEF R G0

(eco-environment subsystem )

& 4 AT %0,2011—2020 4EPEMN N, A SR
T ARG E e, IR AT TR % KRR T RS
kb2 RS Ho, ASHBERUKEE T R SR
JE T 5 3.28%F1 20.16% , £ 35 Akt 25 1 R G fis
JEAY BT % 18.27%F1 4.71%.

T 4 S3Hr R, TR REREB I E A RS
FE R T @ A H i T A e AR
PR KR SkiTE Kk HACBERE J1 5K HERCR AU oG
V3G K & U SR A | P KA
FABK BRI i, HA AR R f B AR X /N,

SRR AT 23 R AN BB - S — B B 2011—
2015 4, BEAs LA s R HE R i A2 A R R
57K HACFRAE S /05 S0 Tl 36 i ik ok 3, H:
S RUCHE A RN A2 R HE A A AR AR
3G Tl 38 e A /K S AT V5 7K H AL BREE 7 Rt
FEWEAG, AR ZSFREE K NG K HE R Y B
JEAEPE TR . MSAR EcHE rT AT 12 BT o6 Tl 3 m
fH 7K EM 69.76 m¥ 7 JLRIEFEAR 2 20.48 m* 77T,
PETTI5 K H AR FREE J1 AN 6x10% t/d $ETF 2= 16x10* t/d,
15K HERCE A 1 078.90x10* t/d #4311 466.56x10*t/d,
A S EE FHK RN 0.39% 4R TH 2 0.90%. 45 BB

x4 20112020 ERFEHKRFHEABNEZRBEFRIFGE
Table 4 Main obstacle factors and obstacle degrees of water resources carrying capacity in Ankang City during 2011-2020

B IR T R B A HE

GO AT
1 2 3 4 5 6 7 8 9 10
2011 C» 10.10 Cx9.71 Cx 8.83 Cyu 8.02 C» 5.50 Cx 4.76 Cy, 4.68 Ci; 4.54 Cy 451 C.4.12 64.77
2012 C» 9.70 Cx 9.30 Cyx 7.92 Cy 7.05 Cy 5.72 C 5.49 Cx 5.23 C.5.12 C;5.03 Cs 4.40 64.97
2013 C» 9.62 C» 9.16 Cyx 7.31 Cy 6.65 C 5.99 C.5.72 Cy 5.62 C; 5.60 C» 5.30 Cs 4.95 65.91
2014 C» 9.62 Cx 9.20 Cyx 6.77 Cy 6.47 Cu 6.44 Cy 5.67 C,5.48 C;5.36 Cx 5.36 Cs 4.74 65.11
2015 C» 9.65 Cx 9.25 Cy 761 Cy 6.86 C» 5.78 Cy 5.73 Cu 5.68 C. 517 C; 5.06 Cs 4.46 65.24
2016 Cy 8.15 Cp 7.78 Cn 713 Cyx 7.00 C» 6.96 Cy 5.89 C, 5.67 Cu 5.62 C;5.53 Cs4.91 64.65
2017 Cr 8.86 Cyp 7.62 Cy 7.49 Cx 719 Cx 6.88 Cy 6.27 Cu 5.67 C. 4.60 C;4.49 C 4.32 63.38
2018 Cr 8.80 Cy 7.58 Cp 741 Cx 7.29 Cy 6.48 Cy 6.08 C.5.70 C; 5.55 C4 5.10 Cs 5.00 64.99
2019 Cy7 9.49 Cu7.74 Cn7.71 C» 7.63 Cx 6.23 Cu. 5.86 Cx 5.25 C,4.86 C;4.69 Cy 4.40 63.87
2020 C 9.03 Cx 9.00 Cp 7.77 Cy 7.65 Cu 6.37 Cy 6.09 Cyx 5.80 C.5.13 C;4.93 Cs 4.57 66.33
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F& 2016—2020 4, AR AIAEE F/KCR I et T+ 2
B, FUOh 2 A HE R A 2255 A HE R 75 K HEL
AT V5K HACBRAE f1. B AT, 1) 2020 4F,
WE K ROIMK R 1.69%, T AT 4 M
2015 41 4 538 t AR E 2 436 t, fh2fis A HECE
W\ 34 529 t FEARZE 28 872 t, {HI5 KA O 44
K% 3292x10* t.

DL EBAERM, A R A B AT A D &
J& 4 R TF AR A Tl F K sl , 282 01k Tl
PS5 1 K B2 R R [ oR T A A
PP s AR A e A e e R it
AR T AE A =T WA, Bl A S SO
BRI, BRI AR FIIREE A R4 25 A
Sl KR FH I A i 2 AR S LS 4R T, iR R
R /K AC IR P 4 T AR AR A O XN A A IR B ot
MR AL AT R G RRAT B A SR bR A R 2R 5ok
F N — G B RK IR (AT A S A IR
BERG, IR 1B AR L ALl 254 , 8
1 AR HHT 2D B A K B R T FE R AT e M HETL
i, HUKE RSP EA TS R R R i
AT,

5 #it

AT LK E PRS- R B BAE R A RS
P N BEfl b 2 FRE T KRR B P FR AR IR R
K HATZRE A WAL, 12 H TOPSIS #5571 A [ A5
BEF 22 FE T 2011—2020 4E /K SR R S #1728
T, EELSBWT

1) WA EZEEKEHRE, 2011—2020 44
HiK PRI AR S A A W B, ZEATEMEM
0.4793 TFE R 0.4740, SR K BEEATAHER
FERFIAZS ], g, G357 RGN K GEIR K E 1
TURAR K, ORI T R4 A F REMA SR
BT RS

2) NTFRGAREIIEE, 2011—2020 KB
A BB T R YR BIR R RS, oz
TrF RGUKE I 2 BT 78 2020 4, 45T R G0k
BAIH TR,

3)BRERHEE AT R, AR SR T R ARG B
HRNAT T REMKEE T RE, tHoT RGN

JE Ak Hob, @ RO e F AR A
PREEFRE . a5k H AL FRBE ) #0030 Tl g il
PR i A R 1
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