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Abstract; South-to-north water transfer project is a large project aimed at alleviating the serious water resource shortage in
northern China. The eco-environment quality of the water source area is directly related to water quality, safety, and long-
term operation of the water transfer project. Further, it has important effects on regional , social, and economic development.
In the present study, the eco-environmental vulnerability of Hanzhong City, which is located midway along the route of the
south-to-north water transfer project, was quantitatively evaluated by using " pressure-state-response" model and spatial
principal component analysis based on remote sensing and GIS technology. The results showed that; 1) the eco-
environmental vulnerability of Hanzhong City was at a medium level and was determined by the interaction of human

activities and natural environment. The elevation, annual average precipitation, annual average temperate, per capita gross
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domestic product (GDP) , and soil erosion intensity were the main driving factors. 2)) In addition, the eco-environment
vulnerability varied with altitudinal gradient. Vulnerability of the medium and high-medium mountain areas was higher than
that of the high mountain area, and it was low in the low mountain and hill-gully areas. 3) Among the administrative
divisions, the areas with high eco-environment vulnerability were mainly distributed in the Zhenba, Xixiang, Foping,
Lueyang, and Ninggiang counties; the areas with low vulnerability were located in the Hantai district. 4) The regional eco-
environmental vulnerability of Hanzhong City had strong spatial autocorrelation. The spatial variation was larger in the
direction of 45° and 135°. It could provide theoretical and scientific basis for ecological restoration and planning of regional

sustainable development of the water source midway along the route of the south-to-north water transfer project.

Key Words: eco-environmental vulnerability ; sustainable development; ecological restoration; south-to-north water transfer

project; Hanzhong City
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Table 1 Data source and its charactistics
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Table 2 Quantification of qualitative indices
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Table 3 The results of spatial principal component analysis

F T HF FEOE(E/ A TR/ % FI TR/ %
Principal component Eigenvalues Percent of Eigenvalues Accumulative of Eigenvalues
1 4.85805 33.96 33.96
2 3.95044 27.62 61.58
3 1.71539 11.99 73.57
4 1.50484 10.52 84.09
5 0.96574 6.75 90.84
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Table 4 Classification criterion of ecological vulnerability in HanzhongCity
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vulnerability index( EVI)
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Table 5 The results of ecological vulnerability evaluation in Hanzhong City

Ji 555 14 S50 1765/ No. TR/ km? 7 ST AR L B %
Vulnerability level Count Area Percentage of total area
WU W55 Negligible vulnerability 920097 828.09 3.05
BREMESS Light vulnerability 3941738 3547.56 13.07
rFREESS Medium vulnerability 17259034 15533.13 57.24
FEMESS Strong vulnerability 7440851 6696.77 24.68

HJE N5 Extreme vulnerability 591763 532.59 1.96

4t Total 30153483 27138.13 100.00

2.2 AEAMEESTESS B AR E
2.2.1  AEEHEISEAEAS R AR R 1) 25 [6) 43 A
PO T AL ZE I b SIS 2 RE AL B RS IR AL IR R RS DU 2 AR L Ll b3, A e 25 38
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ELPR T 1, 39 B B , M T A AR K, BT O VR S5 B AR E N, H AR IR AR LAt 22 , A= S Uk
5o o ARG LU DXOR e B DX A A5 PR Jo AU B4, EVSTABL (4331020 2.55 1 1.90) BF S /IN T Ho Al v 3 66 188 FAE 5
DXAEPRIK o Her AR DXL H R e 55 e B i 55 oy =, 6 ] I L XU TET R 83.71% , I IX U] A B AN ik
FEMESS A 3 e B R TATR Y 72.82%

x6 TRBHBELEESREEEESHE

Table 6 Distribution of eco-environmental vulnerability in different elevations

T NE 55 RPN I 53 E3 ] W NG 553 At ML AR
Hi SR Negligible Light Medium Strong Extreme TZtal/ Ecological vulnerability
Geomorphic type By Y By Y Y 2 synthetic index
/% /% /% /9% /%  km
L I 7 A 7 e L SR & 2 i
FeB% Hill-gully 328.99  37.99  301.63 3483 227.68  26.29 7.76 0.90 0.00 0.00 866.06 1.90
{1l Low mountain 498.03 7.80 2452.66  38.41 2892.82 4530 518.54 8.12 23.95 0.38  6386.00 2.55
'TILU : 1.06 0.01 792.93 4.18 1169140  61.71 5955.04 31.43  506.77 2.67 18947.20 3.33
Medium mountain
SRl
. . y 0.00 0.00 0.35 0.04  721.08  76.82 215.42 22.95 1.87 0.20 938.71 3.23
High-medium mountain
&1L High mountain 0.00 0.00 0.00 0.00 0.15  100.00 0.00 0.00 0.00 0.00 0.15 3.00

222 RSB IXAEZSNESS R AS 8] o A R

MBI [ e 585 PR A5 G T RG-SR T LU (3R 7) L TOF e X P AR B e B B 775 B b
PR P BB B 5 AN ELIX eSS PERR BE A R, EVSTAE 3 /8 T 58 XL R KT, I8 DA 52 IX 7R B Ay 12
ELAE SN VAR BE f Dy i EVSTELIA B 4.02 3 iy TIHABEL DX, DU 8 g 55 A0 8 Mg 55 o | 31 RE I 58 <5
G A i 4B B R 71.98% MR BEIESS f 15.019% 5 HoAth 4 AL DX A0 55 1 25 9 LA b B2 ANER B2 g s o 3, —
A2 BT AR 909%—95% LA b, IXJE A ik 5 B4k T L DXAIOR B i DX Ay Hh s X s e L DR
R, FARPREAS IR LR 22 ; R, 1% 5 BLE TPl v R SRR P55 i B0 g L B 3 2 2014
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A GDP B 4r 5K 56.42 /2 ICH 6.65 4270, 43 M2 X GDP B 1/4 F1 1730, 75 )5 (255K %F
A BB AR AT AR, I Fak s By A F LS IR AT =, anph £ L 2010 4F A H 8 1 AU 5]
0.05hm*/ A, T B 76 25 4 [ AP 347K S0 38 T2 308 i 7, AATTGE ) 320 b e 9 0 ) S A BT Bt B A, b
A SRR, R R R, SR S I 5 LR A s T A By BRST IXAEERAY B
LR EVSI{H R 3.00, BEAIRFAF 5% X B A IK -, Ma 55 1 S8 g LA b BE a5 0 8, o B LB ST AR 92.44% , BlF
FEIR A 5 A B DX A A5 ME 55 PR AR B AR RIS, Heh i B R R L v EL AR ] B A A 5 e A A B AR
FERESE A, 3 A B R ALY 80% LA I, WFFE X HhER I A X ELAR N B E R, AN 2RIE shxt H AR B 1Y
TEAERS R K Al T AR DO Z e pos  BR b SRR E 8, A AR IR EEA R S 447, n 2 4t 5 455 K
AAXT R, A AR R BRI 10 7 BE K, A A 55 M R B e 55, EVST (HAUCH 1.54, HLLAE 55 A 3, &
DL XY 63.37% , K L BB AL SLT AN &R, DU TH B EATE AL G X R Hrrs [ JE 1146
S AR -4 -2 0 R R R SR A 45 B XA S a5 M 45 18] 20 A R B < A5 P 30 e FP AR5 DY
JE R, HR IR A RFAE

®7 TRERWESEEEZERSH

Table 7 Distribution of eco-environmental vulnerability in different administrator divisions

TR M5 RIS B M5 RN PR M55 e AW A 18
B4Hk Negligible Light Medium Strong Extreme Ty Feological vulnerabili
oy B N T S
[EEZ5 0.00 0.00 294.30 9.10 2000.15  61.83 926.11 28.63 14.52 0.45 3235.08 3.20
P 0.00 0.00 29.33 1.04 2177.72° - 71.01 620.69 21.95 0.05 0.00 2827.80 3.21
T 0.00 0.00 8.72 0.27 1791.89 5494 1455.53 44.62 5.66 0.17 3261.79 3.45
UR=S 32.59 1.36 464.67  19.40 1792.22 - 74.82 106.05 4.43 0.00 0.00 2395.53 2.82
BB R 0.00 0.00 0.06 0.00 44237 13.01  2448.46 71.98  510.59 15.01 3401.48 4.02
{Ci3aEs 0.00 0.00 4.32 0.34 809.55  63.88 452.58 35.71 0.95 0.07 1267.39 3.36
IS 0.00 0.00 74.19 3.79 1809.26  92.44 73.79 3.77 0.00 0.00 1957.23 3.00
WHEKX 347.13 63.37 103.55  18.90 97.10  17.72 0.04 0.01 0.00 0.00 547.82 1.54
M E 145.16 5.14 851.85  30.16 1470.14  52.04 356.93 12.64 0.74 0.03 2824.82 2.72
FH 11.68 0.37 709.50° 22.18 2246.76  70.23 231.36 7.23 0.05 0.00 3199.35 2.84
bRz 291.53 13.13  1007.08  45.37 895.91  40.36 25.22 1.14 0.03 0.00 2219.76 2.30

2.3 AEASHEES MRS A B A DCHERRE

i 1 ArcGIS 10.2 ] Fishnet T-H. #% 500m (4 RAF: [ ff £ B it A= 25 e 55 P 4 B8, 75 3] 107935 M
FA SIS AR, BT MG 24 8 GS+9.0, B 107935 AL 5 8 8 H 28 S sl 0T R AT R B &
SEILRWI (3R 8) . iy WA AU R FL S S Wi b i £ BB R R AR OCME . R B Co+C 2 2.503 [ il A= 25 Mfe
SRR B I B ALK, €/ Co+C Ty 0.1254 )8 TR LR 23 (0] A A OC , BEBAR 5T X AE SR BEME 55 M2 A A 4K
PR 2RI A PR 2 R R ) 25 51, o B AL PR 285 1A 1) 2 ) S o e o 28 ) S5 M 1) 12.549% , HL 2 B4R
FE:500m LLFE/INRUBE b5 1 2 8] 5 AE G 51 9 2 (] 5 031 7 623 (8] 52 B PR 1Y) 87.46% , BT IX A AR 7 Oy
72.92km , 3 W AE AR T N 45 IX ek A 25 458 e 559 M (A7 A 5 TR AH DG

DX 3 A A 14 A8 S5 pRECAS AN 5 R B B A G, T Lt 5 0 i 56l ad 1 T3 0°,45° 90° Fl 135°4% 4 4~
FFE Ty 1) AR S R AR, AT L pR B 2R i AR, T DL S i XA AR B A AN O ) B AR SRR, S5 T
rh T A A8 IR ME 55 R FE 119 2 () S o Pk ELAG Y A0 9 4% 1) S PR AR A, T 45° I 135° 7 ] b i 5 () 48 S5 g oK Tl 0°
1 90° 5[] - 1923 [ A% S A AN BH 5 100 B A 25 PARS5E G 553 P 110 4 1 A 5 S AR BT 45° 1 135007 [l , F2 B2 Ji A
I oK KR b REEIA ALY GDP A DV SR TN 5 0] FAFE i 255
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Table 8 Semi-variogram of eco-environment vulnerability in Hanzhong City

” . k22
Hom Yol i BAM RRMUBAEE BB/ (wa) i R
. . R Residual sum of
Model Nugget Sill Nugget/Sill Range .
squares ( RSS)
2 MEARRY Linear model 0.771 2.927 0.2634 127892.335 0.687 2.790
BRIRAIEHY Spherical model 0.001 2.487 0.0004 85600 0.955 0.404
SR Exponential model 0.001 2.727 0.0004 126300 0.896 0.965
F Y Gaussian model 0.314 2.503 0.1254 72919.339 0.957 0.384
3 FEHER

DUP AL %% R 3, g HOR EL L, JL AR Zie R R AR 25 T RE Xt J2 2 5 FR i 4 FRe X, 2 e [l g vk
PP TR A EEOKIRIX $H 0 CRIE 2 S8 /K IR S A K B B 20 |, SR B AR R K b AT e v I
BUGIER, HAES RIS, HHECR B & TR K A% 21847, A SO IR 7S -0 o7 52 A4 AE
2 MALEE T NIV Y GDP SRR K ARE R R UL IR R EE (NDVI - R /BB
TR - AR 1k am BE 2 10 A4S P10 A S MESS PEPEN TR AR AR |32 FH 8o 7 vk DU b i A 25 e 55 R ol
LOFEREAT T 08 AR BILLUT 2458

(1) DU A AR MG 5 PR AR AR AL T 85 O i K- o B8 G 55 25 T o T AR L 81 e v, ol 1F 5 DX I R
57.24% . DL AE S WE S ME RO UR ARG SR A SRINBE LR G VR, ARE Rl AR IR K (3% GDP | 3
R B R4 R T B BBl N

(2) DUAp A 2 e s P A 5 Z A 25 18] AR AR, 25 8] 18 AH 5 51 S B0 2 8] e Jo P o s 2 ) e SO P 9
87.46% , HEZSPRIEIES FEIE (14 2 ) St B P HAT W SR 25 1) SR R a7 45070 135007 1) 19 25 ) A St dje K

(3) AN TRIHRFSACRR FEE L 0 T A 285 53 P R o e ) DXl v Ly DX e v L X DA v B 583 R 2
5550 3, A & P I ORI A XOR TRTBR B 90% LA b H R e 55 TR A AE ST X AR B RR A R S LD X,
e 535 = B AR AT 5 X DU S O ZR I L DX AT B X R DX e g IX A S B o e AR 5, HL PRI X LA
H R e 55 R R 5 O T e DX AR EE AR g 55 O

(4) AFATBOX A E, BOR T PERBAUR R A BB 7o B Oh IR P 2 BARE A 5 A B IX e 55 R
JE f e, HLLL R BE R BE R O 3, ARSI IXAE S eSS PERR B A 5, IRURERE S5 o . HiAt 5 DB IXHY
WessPERR e e rp, AR L 25 S XA A S P2 18] 7 A SR B R < ARV img R A AR s DU T , RIS B RHALE

M THEIEIX A SR IRBE AR IRV AN e Hh e 2 B R SR KPR M AR S M S P i & B N T2
A AAAE S 2R AR B DG AR, AN [R) 2 [R] BT 10 A A5 e 5 1 32 S SR gl [ 5 Rk sh AL ) 45 57 , S B0 h s A= 2 e s
23 ) 0SB DRI 00 H i A ) DX A e T A 2 M 33 1 2 I 20 A 1) S B, 7 4 I AR 2B 3R EA
MG A o TAE S S R R R R B v S B fhep R B AT R B AE 5 BIX MRAE S A
SRIP G 22, A 2 ST KA, NS SR RS (9 T-PU R IR g BE R AR i, 0 A 4 B (03 A S B i 2
X, FE e 25 R AN A S PETR B S AP RS ST T I B R LA J5y i i A A A AR RAF
feite , D/ N N B PR AR , P o] L geAR e, AR R 2K IR MR sl DUV Rk B AR S IR o . X T H
IRPREG SERIEAT 41 s B K40 , NS Bloxk A= 5RO 4 g B O™ 1) A 285 M 3 P A B 33
DL X R R ) S L (R B kel L 2% 4 BLIX AR D i M X, A S R AN T A S ] I, b T
FFEe R I AN HISC AR, B NS5 Shy AL AR B Al o I T A 25 e 55 P A B o 14 B LB R B By A
O E BT OR AP X P R i AR AR ERET RO ORI I RE L BT, DU T AR K AL LK P
HASIREE 1 B i B e A X E 2 8 0 K R FNIRK TR R0B AT, 4 Ja b R iR B A s , Bk
PR R A WA S ORI T 58 B DRI A e 2 U 5 A A R W] R S g DR R K AL IR R 2k TR A K
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