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Abstract; A new concept of vulnerability on ecological water resource bank was provided to analyze the formation and
representation of vulnerability of water resource system, by investigating ecological water resource bank in the hilly-land
regions in south China. On the basis of formation of vulnerability, the evaluation index system on vulnerability of water
resource bank, including 10 concrete indices , was also constructed in the hilly-land regions in south China. The ten
indices included precipitation, surface water subsystem, soil water subsystem, vegetable water subsystem and economic
subsystem ,then the evaluation index system of vulnerability of ecological water resource bank in Hunan Province was
established using analytic hierarchy process ( AHP). The vulnerability indices of ecological water resource bank were
calculated in 85 counties of Hunan Province using fuzzy matter-element analysis method , Three grades (high, medium and
low) were used in the evaluation index system. The main findings were: (1) Most counties showed medium vulnerability.
The low, medium and high vulnerabilities accounted for 3.5% , 82.4% and 14.1% in the 85 counties, respectively. (2)
The spatial distribution pattern was that the vulnerability in the west (or south) regions was higher than that in the east (or
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north) regions. Two significantly higher vulnerability zones included the external arc zone formed by northwest, southwest

and south Hunan Province, and central-east zone centralized by Changsha, Hengshao Basin.

Key Words: ecological water resource bank; Hilly-land regions in south china; index of vulnerability; Fuzzy matter-

element analysis method; Hunan Province
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Fig.1 Causes and typical representations of water resource ecological bank in south china
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BIEE A TR IR R, HiAb 2 51 SR ] YL B e BR AR U8 LU K ) VDO R A S . AR VB P =THA
FEWLMIFEE, P KRR, LB ER, Sk LR - N ER B SIS, KRN
B, FE ST R UL VK AR E K RMEL, MR B R B AR R B =T ILATE
B, BB BEEAKL, B — R ZENEIE KR, MRFERXTOE  REU RO LA RL, a8
S5#IEAE 50% ~60% . SEAFMBERILSL 6% L, EEEHE2 v, BFEHENMBRER, BHLEX
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o TR 77 L BR KK B IRNE S BT A BUR M A2 I, TR KAtk RAE 825 B, ZERFER TR
& FE ML H IR R AR T8 E R . ZEXFAT R G XS BT B FORE 55 A& L PR
S R 2 R AR B LA b, MUK STIRAIAE AR IN 545 A S T OB s B B R ) L BE  BRPEAT R LM
FPENRNERR . REMENAXE ZEBEEIR I TR E , RAHE M S HE IR R R

OB R A B (1 1) B B A SR IR B iR R R (R 1), B EHEERE
B R X A RK TR G S P R B 10 NMEIRM A X R X, 2 FISRAE T MK I 28 3 A B A 25 5k,
FL,GRAT ~9 ARERERURMMKETE, X, XM X ARFEIK TR AR E KRR,
H, X, M X, Rk RE TR AEKFIRZ Bl 0 A AR RE D BT B8 1r . X R AR Rk BEIRA AR
WD K BB A BE SRR K IR ME St a5 M X AR M 45 40 LA ZK RS O 32, 7K R B 7K 58 R ) R 20 23R A X
15, B, K B B R, HOKBHRF AR S B, UK R BRI X X, AR A RAE , B FK
ARG EJOF SR ULRGFE TR RS, EEX R RENPLR MR IR R T, Bk
PR GDP(X, ) ML D (X, ) PATE AT REAS I 3L S R X SBUK BEIR O A6 S R FIK BHR B AR O, AT
REFE ST KEN BRI RGEHEF

£1 HEESKREBEERESETINEFER

Table1 Vulnerability assessment index system of ecological water resource bank in Hunan Province

H#7 Object HEN] Z Sub-object B RIE1R Index

EAKRBERENERE F& /KB 23 43045 Uneven of precipitation ZAEFIYREK B (X, ) Average precipitation( X, )
Vulnerability of ecological ATHT 235 %0 (X, ) Drought index during July — Sep. (X, )
water resource system WK RGIAERE ) Capacity of surface B 1 HRE KA (X, ) Water capacity (X, )

water system

B HE R AR L E (X, ) Ratio of available irrigation area( X, )
7K H kb AR b 2 (X5 ) Ratio of paddy to infield (X )

THOK R KA P H (X, ) Slope index(X;)
Water-holding capacity of soil bank T E KB (X, ) Water-holding index of soil (X;)
VKRR e .

X)) R f f X,
Water-holding capacity of vegetable bank BB (X, ) Ratio of forest cover (X, )
AREFESDFTAES B KBIR GDP( X, ) Ratio of GDP to water resource(X,)
Pressure of economic activities A O E (X, ) Density of population(X,,)

3.2.2 EHERENRIEREEERIR

X e HAEAR, SR 3 4 100 43+ 70 (/M T 10°3F 90 43, 10° ~20°Z [Al3t 60 43, KT 20°3F 30
51) , RJE LAVEY BT GO I + M AR B B o HUAE AR S5 DS 4 o ELAE SR BR AT AR B AR BB, X, A
FVEYT BT F] - SRR AT AR LU AE WA E S L B R R B K RE SR RO RIS E] . Hodh A 13k
BE KRNI BB TR SR BISRR " o BT TR R A SR 1 @ i 4 % SRR M X T
BRERG . Ko, X, X, PR B 2R BRA 50a(1950 ~ 1999 48 ) SF-3{H , SR %RE 73715k B BB R
W X RIF AR E MBI A SZRER, X X R BT WA E L R/RT . HRErEIERBE T EERITHEE,
I} ] 352 2005 4R,

X, X5 Xy Xy MIE 84S, BRFE AR B E R , RGEBES , HAR 6 TN AEER, T B v R %17
B, WX AR TS B P, & 5 R s R SR A 72 1A 2 51, PR BTG 85 4>, B4
TR BITPE U EAR R IR IR B R 2% 2,

3.3 WIEEASUKEIR S WY
ZRREER KRENE SN T ERE, BEFR A BFE— LR, P 2ERES TR
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B IR PEA S R AR AR, EEA PR AR X S 3 U0 8 PR4Y , T EL i TP s iR 5 PR
HA B RAARE, P L SRR A NG R, EE LB HE RN . B, EEREKERLS ST
YrSUB B T — BT B R 3 B BRI LI T i, SO BR BB TR _ESEA E » AR AR T RKER
T30 P8 FA B W OB B o B X A BOK TR PR R S E AT 42 2 PP
3.3.1 AOKBIRPENE X PEOTE IR 73 BAT R <E

RO Y U R 2R , AR SCRRE S5 BRI 70 3 B, ARVON RS S S AR 5. Aetais FH1E
18 2 A5 507 e KK B IRPP A S A 2 B LR , B 25 U 2 A 4 i T 3 IX A 3K B VR R R A R B 2 o
AT B G RAET R 7 X B B B R AT RS 1, RAR BRI B 5% BT SR X B B R B /)
{8, [FIA7E RS 77 S R T B 28 R SRR BB ARAE 0 A o SRIHBIEIREIRE S B 3 S50, BRI 2 N =%F0
R, FESBPA U B S (E B  BrsR s FHE , B PR 1 im ) gl FHE L% 3.

£2 BHEMATTIMEREREE
Table 2 Evaluation index value in each evaluated unit ( part of the total)

WX X, x, XX X, g Ho
Evaluation units (mm) X (10*m® -km~2) (%) (%) X X (%) (F&/m®) (A/km?)
( Yuan/m®) ( Person/km?)
I FH Liuyang 1549.4 1.62 22.84 0.80 0.91 64 0.588  62.7 4.38 268.7
¥ Changsha 1293.6  2.35 39.59 0.79 0.93 89 0.518  48.7 12.76 300.5
& Youxian 1420.7 2.47 22.53 0.75 0.79 73 0.493 45.1 1.15 78.3
ZX B Chaling 1321.8 2.31 13.76 0.68 0.80 56 0.492  45.7 0.71 62.5
#5 Hengnan 1252.5 2.71 45.02 0.87 0.91 71 0.365 29.4 1.28 104.9
#r 1l Hengshan 1365.1 2.60 34.67 0.59 0.83 80 0.526 44.4 1.35 121.1
BB % Shaodong 1263.2 2.12 51.59 0.72 0.66 56 0.682  29.3 2.00 200.0
#r AR Xinshao 1291.3  2.21 23.19 0.57 0.70 49 0.581  49.8 0.79 123.7
£3 HIMSREREFERNE
Table 3 Value and weight of each evaluation index about three grades
% 4 Grade X X, X, X, X Xg xX; Xg X, Xy
555 Low 1610.5 1.18 86.76 0.886 0.573 76 0.619 64.7 0.435 96
FEREE Medium 1428.9 1.86 52.26 0. 686 0.720 61 0.510 47.5 1.438 188
A5 5 High 1247.3 2.54 19.75 0.477 0. 866 46 0.401 30.2 2.512 280
E Weight 0.185 0.117 0.190 0.128 0. 085 0.095 0.041 0.034 0.075 0.050

3.3.2 TEMEREIMEST

(H)FERAEMYIIT MNHEE 85 MNEZIEMHITL K 3 MESEFRIL 88 N R, KIBTFM R
IR TR 3 PHEER € & £+ 10 MR E SR,

Q)HBEMERBE ERiERRAR), AMERRARQ2)HHE:

FEC B S5 R R (IE 38 H7) (1)

/NG 55 B B (£ RIdEAR) (2)

K, 20 A L NV BTTEE b TR AR X B B9 2 ; max, F1 minx, 53 3 R 34T B0 B — TR AR
Fi R B8 P B E MR /IME,

) HEMEFTRENYIT RI\ES RO MR B E R, BESTEM T8 FaxT B S PR B0
B B AL AR R TG, BP uy, =1,i=1,2,--+,10,

U, =X,/ Maxx;,

U, = minx;/x;
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(4)HEE T TN 18 s ST FIEIRZ R Z 8P 5 E- 8Bt R, (K (3)) -

ME kY HE KR @R EU #E HE WHEH PHEH RS
x 0,060 0.009 0.031 0.013 0.004 0.021 0.005 0.009 - 0.075 0.033 0.004
x, 0,196 0.036 0.022 0.042 0.004 0.011 0.072 0.056 - 0344 0.124 0.014
x; 0.86 0.933 0.834 0.814 0.941 0.924 0.949 0.887 - 0.969 0.949 0.868
x, 0.280 0.273 0.246 0.199 0.323 0.133 0.229 0.111 -~ 0.330 0.203 0.044

R,=|x 0001 0.000 0.025 0.021 0.001 0.014 0.087 0.066 -- 0.152 0.055 0.006 (3)

x 0.266 0.425 0.331 0.199 0.357 0.375 0.199 0.135 - 0.369 0.234 0.059
x, 0149 0.092 0.072 0.071 0.000 0.098 0.222 0.143 - 0.174 0.085 0.010
xg 0.466 0.350 0.312 0.319 0.104 0.304 0.103 0.360 - 0.479 0.338 0.116
x 0.432 0.000 0.828 0.893 0.809 0.800 0.711 0.880 - 0,933 0.787 0.645
xo 0,023 0.003 0.567 0.645 0.448 0.382 0.136 0.372 .- 0.48 0.166 0.014

OB EFMHERAE R BRSO R E R HTE (AHP) HE S PFMHE IR E . HEELE
TR ZX RIS EEAT PP LB FIBTAE [, FIBT 4 R R AR 9 IR dE, PP B R F, A F, LR, IR
F *ﬂF FISFER, LS R F W F, A ER, W S R 3, F L F, I B ER, W B SRS, F L F,

BRL W HLBEERI T, F L F R B, M PLER A R 9, HIMT 45 R LR A SR A R U7, B 2.4
6\8 FEIFEME, BRAGERANEE XA RE T, K5, HHREERRHF X BHEF B 1A WAE A — 2ok
RAFHPSR— 30 BJa , R AU P& SR M BT RR BlE R 2 & A B T3 T A S KRR
PERE SR E . 23R/ H AR TRNERRE 3,

@I HIRERMIEE  hTAESKERERSE NP RE SR ES, B, RAM( -, « ) EE
HERRERMIEE pH, (K(4) ) :

pH, =1 - _i}lwiAji (G=1,2,-,88) (4)

F pH N5 n AT ISR ET R A I AR B, AR, /AW B R, A ZE

BRI , SR 5 LA R AR S BK ER 3 B 52 S B W 7T pH; (T 2X)
A KY B#m T BB OKRN KE XR AR Wr WE KXW BT &WF &H
pH, 0.435 0.476 0.465 0.469 0.427 0.412 0.412 0.433 0.528 0.406 0.410 0.427 0.412 0.420 0.415

J
wmL &K KR RR HBFR HH FE EE WE &F HT WP HF  EH &M
pH, 0.427 0.418 0.439 0.436 0.436 0.441 0.433 0.438 0.415 0.503 0.432 0.582 0.400 0.389 0.395

J
#E ORA T BEFE OBE WE MR AT BH RE Wt BHE O T R BEX

pH; 0.447 0.442 0.408 0.422 0.405 0.389 0.355 0.401 0.379 0.494 0.455 0.438 0.384 0.367 0.392

o BE HEE AX BR BR %M BRF XL ME AR MW EE Tk TFE KL
pH, 0.432 0.454 0.419 0.434 0.445 0.426 0.438 0.413 0.409 0.410 0.393 0.425 0.420 0.440 0.533

BHE A WokID HER OXUE Hide MMET B Rk RE O OBE O KM FR BT 4R
pH; 0.417 0.427 0.488 0.430 0.428 0.418 0.535 0.414 0.372 0.448 0.440 0.428 0.539 0.422 0.427
W OEE FE YR ORE EE RF X R R BUEH THRS BES

pH; 0.431 0.422 0.432 0.465 0.442 0.428 0.473 0.483 0.481 0.460 0.332 0.420 0.518

3.3.3 SR

WY BRI GR LG H LT 4518 O SN EES BB N E . 85 MR ) IR EER F3
1B 0.435 , B/ MECABEIREY 0. 355 , B R(E Y HR PRI Y 0. 582, 422 0. 227 4722 0. 039, BiBABI R YK
A ROK IR 55 8 22 e B2 s QS5 X S R TR L85 IO B (1) =AFHE A, K,
HMEFEE 3 4>, 0 B PR BITHY 3. 5% , PAERETFH 70 4, b B IFAT HITH) 82.4% ,RMES 12 4, N BIE
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Yrfiooi 14.1% . MRS BAR N E TR BIES
X, {8 B FREK B VR B 23 4345 A 3 K Fl st 98 8 7K
BOAMRUREFIRERBHRNFRENFELZR
R, AR R ER & 2 — 2.
ONERIFMHKE (B 2) , EHERETEHRKTRE,
EHATILE” M BRI HAS, 2EFAER K
A AR5 X (R ) , — = W PG L 4 7 B A R
LIS IR T B e 55 0 , 4 KR PR B TAS 0 7
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