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3.1 HELMRE

TR T AR RS BRI A DG R BUERE Ky 2 ik R 7 (VIF) K445 5% . i3 1 AT %0, A GDP(Xy)
L X I GDP O (X)) 2 83 U OC, FHOC R ECN—0.656, 5 Tl INME I GDP o (X) 2 3
FIIEAR O, AHOCRECH 0.620; Tk INE 5 GDP L (Xo) 5 HIX WA B SZ 5 GDP HE (Xy) 2 & 7 A
FFF, MK R BN -0.616; HA B E L REEI/NT 0.600, FHEMEE /N, N T BE— A0 U6 By B 1
e Z B, R A VIF X AR AT LR MR 00, # fre>10, RIS R RIAE S T B 2 w4 . |
26 1 Al 1, FERR (X)) 1 fore (SR, 3 fore (ER 3.18, Ui BB AR B AN 7E 22 B SRR () it

F1 HEXREK VIF &5
Tab. 1 Correlation coefficient and VIF test

A i X X X X, X; X X,

X 1

X 0.620%** 1

X; 0.368%** -0.092 1

X, —0.656%** —0.616%** —0.451%%% 1

Xs -0.013 —0.032 0.193%* —0.198** 1

Xe —0.207** —0.283%** 0.456%%* —0.184** 0.222%** 1

X7 —0.607*** —0.470%** —0.230%#* 0.599%#* —0.557%** 0.201%* 1
i 3.53 3.04 2.37 3.90 2.57 228 4.54

e 2 RICREASRAE 1%, 5%F110%/KF L83, FH.
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Syt G A BT, XoF TR AR 2580 () P AR MR A T ARG 35 . Ak S SR — A B A AR A B0 iR 22, (ISR FH Harris
and Tzavalis ;5% (HT #;53 ) . Im, Pesaran and Shin ¥ % (IPS K% ) Fil Fisher-Auamented Dickey Fuller £ 55
(Fisher-ADF A58 ) 4 iy SO ARG 30 A A7 8501 (38 2), If-lad PR W48 o I 2Pk (P (B S 245 A I
DB, T AR 15 AT A 208 1) e /N J 2 M K, A8 P A A T A TSR 9 T b — B A I SR (A 3 o B i)
3 PRI A5 R R ARG AR (Y) . Tk AT (XG) | BHE R K- (X3) | BT HIACE (X)) FELEHR.
AR, AT IHGXGT 3 fif 2 at F fipp BRA  — B 25 (A TR 0, 4578 s 4 248 1 AR B U8 A7 AE SR AR (4G 5,
X RIS e A8 e AR Y o

*2 ERBIBESAREIER

Tab.2 Results of unit root tests for panel data

- HTH: 56 IPSH ADFH s
giitE Pl gl Pl gt Pl
Y 0.216%* 0.048 —2.155%* 0.016 22.830 0.742 B[S
AY —0.286%** 0 —5.063%** 0 50.205%* 0.006 T
Xi —0.110%** 0 —2.155%* 0.016 109.715%%* 0 FE
AX —0.461%%* 0 —4.223%%* 0 52,590+ 0.003 T
X, 0.635 0.997 2.417 0.992 8.804+ %% 0 E [
AX, 0.090%** 0.013 —1.029%** 0.002 34,4728 0.007 T
X3 0.372 0.489 -1.173 0.120 24.209 0.671 E [
AX; —0.055%#* 0 —4.255%%* 0 67.125%%* 0 T
Xa —0.096%** 0 —3.721%%% 0 48.362* 0.061 FE
AXy —0.462%%* 0 —4.409%** 0 97.731 %+ 0 T
Xs 0.460 0.814 0.209 0.583 20.754 0.836 B[
AXs 0.032%* 0.003 —4.080%** 0 73.273 %+ 0 T
Xs 0.069*** 0.001 —3.611%** 0 117.860%** 0 FE
AXs —0.280%** 0 —4.004%** 0 226.342%* 0 T
X, —0.343%%% 0 —5.288%** 0 41.022% 0.054 FE
AX; —0.579%** 0 —5.518%** 0 47.910%* 0.011 i
TE: AR — B 2848 .
K FH KAO Fil Pedroni WK 5 3% 7 A8 B w3 MEERELR
VUMK B . B ZE L (35 3) £, Pedroni K01 Tab.3 Results of cointegration tests
UIRZS St S Pl 4t

I KAO Fo B rh 46 25 1 B 7 19 10 5825 K - T4 -
o TR, BN RS K VOCE, AL earomity 0 ADF 10382 o

HEFT [ A 43047 Panel PP —9.765%¥* 0  fh4s
3.3 [EVRBRLIG KAOK; ADF —4.071#%% 0 It

VEHX F 46556 F1 Hausman £ 56 X 2010—2019 45 Hft 44 i AC8CE 2547 A AR e B . F AR S0 e i HE h
3.04, P{E R 0.001, BITE 1% B97KFETFHE4e 1 s, i B [ e RO B R4 F1R A [HE A Hausman 4556
GEAHE R 57.62, PAE R 0, RIFETE 1% (7K T 4E48 T JFRBR, BRIV 5 35 A A A T R PR AR AL . PRI,
TR W ARG H R A8 K R -2 5 A S - A A AR B DR S i R 2 06 7 (R 43 #T
34 ElEMHREEYFS
3401 AFREESH  EANEFERZSHIXEIEEEE . hE 4 078, B SRR R IEE R R? 2T
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T 0.99, F A AIBISCR 300 . 45748 1 [RE 85 5 IR, 2805 & B IK SRRk & R K H i 4 7Kk 9%
MR- Pt SR RIS S VM B 4R T A B B R, R R AN 3 . R an T

20 R RIS (X) SR A UM BE (V) BIEAH R, BIHRECN 0.029, HAE 1% MKFE T B3E, AR
GDP B34 1%, HiltE = KRG HE UHEACER 25 0.029%. #ZE 2019 4F, Hili4 GDP 5% 8 718.30
{¢TE, L 2018 4R T 0.19%, SEBL T 3K 6% [T B AR, L0t MUASIHT A& R (B3 45 17 M i Kok AE 25
BRI B, A B H R B AR IR- 254t - SRR A PR A 82 71

B & KT (XG) SHEE MR EE (V) BIEM SR, BIHRECK 0.021, HAE 1% W7KFE R B3, BH
BWFFE SR & BRI 1%, #AVREKRAR S 0.021%. BHE & TR A3 = ik 5 02 1k H 2 7k
FEIR- A AR SRR A MR, —J7 1, ST AR R, anis K ORI B | ’KSE &R AL
AR L R BGRB8 8 v AR K 5 55— T, TR I FH BEAR BT RE IR 0T &, IR 1 BE VR AR
Eb, FEAA I SR, A A T m R EEIREERE 1y . I, B & /KT i 2 HOR A /K B R -2 B 4
S3-HE PR G PR /K- 1] v 9y [ Y 1) B 254 )

Tl AR OG) SHEA DB (V) R IEM SR, RIEIHREGEE] 0.029, (HHZMR R %, BUNFE R
K(X) « BEIRF AT (Xs) 5 H R A K ER- 200t &R B IER G PR B (Y) B 0AHCE R, MIH R
43 1—0.011 F1-0.004 . FREELRTKT-(Xe) | BEIERZIA R 2R (X7) SHRA MR EE (V) R IEMCCR, IH R
435124 0.004 F1 0.006, b4 K Z MR B

F4 EHARSHEXEIFLER

Tab.4 Whole sample and sub-regional regression results

A5k WK T A it X g A e v 2+ 7 R X HEgm X MEEEINX T T X
X 0.029%*%(5.14)  0.094%**(6.44) 0.014(1.48) ~0.066(—1.42) 0.037(0.72) —0.009(-0.11)
X 0.029(0.92) —0.000 3(-0.01) 0.028(0.37) —0.356%*%(—1.65) 0.290%**(1.33) 0.071(0.58)

X 0.021%%%(4.24)  —0.002(-0.22) 0.001(0.09) 0.021%%(2.03) —0.026(~1.33) 0.094%%%(8.84)
Xy -0.011(-0.61) ~0.017(-0.78) ~0.178(-2.44) —0.112%%%(~2.99) ~0.104(-0.99) —0.374%%%(-2.71)
Xs —0.004(-0.60) —0.055%%%(—2.85) —0.017%%%(—1.58) —0.080%*%(=3.07) 0.081%(1.71) 0.024(0.41)
Xs 0.004(1.15) 0.010(1.50) 0.061%%*(4.55) 0.021%%%(3.29) 0.040%%%(1.55) 0.008(1.15)
X 0.006(0.98) —0.009 5(-0.82) 0.023(1.02) 0.058%*(2.18) 0.015(0.61) 0.077%**(4.21)
Constant 0.172%(1.90) —0.689%*%(—2.69) 0.138(0.83) 1.289%%(2.27) ~0.060(—0.08) ~0.120(-0.11)
B 140 50 30 20 20 20
DX 3k 14 5 3 2 2 2
R 0.988 0.987 0.989 0.976 0.976 0.999

TE: 55 B IR AR R 22

342 SR )asgdr  HRE CHR & P ik R ik M R A S 2 2 s A0 X B %), K H
TR TE— AR 43 R Tl P B DX I SR T L STl L kAT . & B AT ) L v BTl X (22 M T A
BRTT) |« B AR B B A SR X CBR BHTT L SE T A PE T ) o RS e X CH R MR SN ) AR B 28 1 X
(P RETT AN KK T 36 5 FIX sk, 2R FH 122 A5 n A 43 b X RR A HEA T [R1A (3 4), 25 5360

T Al XA 2 S ) R R R R B R KT () AN B R FH KSR (Xs) , 81 2R 5045 5108 0.094 Al
—0.055, $383d T 1% B E VERGER . o 76 M X 4T [ R 20 (40~400 mm), 2% % & K (1 500~3 000 mm), &5,
B A ABURR X, 2 A S 55 X7, 2895 R JR /KT i 1R 4 S W A A PR B VA AR RIERE, % J5R FH K ST
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P51, BIJTOC GDP FH/K 5 YT R 2 (2 1] 76 A i DX AR B MR A P-4 o3

Bl R e 8 v D DX R e R 2R A TR R KT () R BR3P 7K (X ) o v, B2 A1 FHAKF
55 e AR B v 8 A g i R S bR B R UM DR SE &R, I R B —0.017, FLIEAE T 1% A9 W5 YR58, BT 0
GDP 7K R FEAR 1%, 1ZH0 X FRE 2R G0 K K2R 0.017%; 1M FREE AR K SRS BE I S IE AL R,
IR ECH 0.061, 38t T 1% 095 AT 55, PR R4 KT A £ 5 2 0% X R A R K T4 g 1) T 24
IPA

HRE IR X = R RS Tl Ak (X)) BHE & R KE(XG) |« BURAS HIKF- (Xy) | B8 5
IR (Xs) o IRERAR I KT (Xo) BB IR RZ M P 28 (X7) o o, Tl Ak /K S X6 H B e JE XA A5 B 3 22 £ A ¢
KZR, I01H R BCN-0.356, Halad T 1% 098 E A, 454 Hm e X s AE K flb A P2 AE, Talk bk
T HE R s R BUT L R R . B R R AT 5 H R e R DGR A DR R E ARG OC R, M RECh
0.021, Hil i T 5% iYW PR 0 . BUR S BRKF- 5 H F & R IR A D0 B 2 A DG OC &R, L R0k
—0.112, Hl T 1% 19 B EF R R . WIEARHKES B XA E B2 0 R, HIH RN
—0.080, Wi T 1% M B PER 56, BIGA R J7 5C GDP /K 2 B B AR 1%, 12 M X H8 4 U 9 K S 42 s
0.080%. [FIHF, GEIRHZI R 5 iz XK A PR 2 IEAHSCOE &R, B RECH 0.058, it T 5% 1 B &k
K5 o ISR ORI /KT A4 o0 H g DX A IR BE 15 R AT — 2 (9 IE i/ E A, R R0k 0.021, HiE T
1% 11 5 25 PER R, K LUK H e b X & Ol AR & e, A I R b A 28 R G072 BN, w1k vk
LGN, AR /KT- 3 58 R XA SR i — 2B &, R 1 H pa v DR X S DR K- 1Y
27t

FABRZE E 1L X S R R Tk Ak (XG) - SREE AR K- (Xo) B B8R A K- (Xs) o Hedh, T
MY A AT R 12 b DX - D0 08 B g 4 s B — s P TE VR R, TR 3R 250k 0.290, HE T 1% 1y & A,
RISAH Tl AU A AR 5 1%, FE 4 B Ll DX RS A& DR BB 15 0.290% 0 Fa il 43 B 1L X 43 T () 28
e R RS, TV AL SRR AR SLHESEA B T 0L s e ¥ 2 I L XA & DR K i3 . IR ORI K- SRR G
PR S IEACOE R, HH RO 0.040, 343 T 1% A9 E TR LR, SRR KT A H2 i e ma 3 28 2 L1 X R
ARSI AN HE S 1 o IR FH K OF 512 X R A DA 59 (813 2508 0.081, HLiEE T 10% ()
PR SG, T2 B LU X 7 0 GDP F/K 55 HAh 2 XM FEAAIR, G805 K S48 v, I AR 4 IX 38 % e
L, A PO R, ST BRI R, M I R T A B 1L DX s SR S MR )

FRR Y BT X F2 B R ) R RO R R R K T (X)L BURFAS BEAKOF (X)) PR IR 2 R 2R (X7) o Horr, B}
Fe R R 55 VR S0 XA A DR SR B AR DGO R, IR ECH 0.094, Hisd T 1% 08 E AR, &#
AR R X2 X IR AR A R AT I8 TH AT — @ B AR SEVE R, R iR BT X 48 0 B AT, 7l 4
P B, FLEE AT BT 528, sl BRSO, B I T IR A UMR AT A4 8 o BURPAS KT 5 el b R
G MR R R, B R BON-0.374, Hilid T 1% 898 &R, 2B AY 72 W8 P/ F AR 15 2]
A RURAE, X XA A PR AT S A E A AR 50 40 R I . R T 5 v 0 e XRS5 B ) B 2 T A G OC
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Driving factors of water resources-economic society-ecological environment

coupling in Gansu Province

ZHANG Tianzi"?, WANG Xiaojun®?, QI Guangping', KANG Yanxia', YIN Minhua',
MA Yanlin', JIA Qiong', ZHANG Xiangning"?
(1. College of Water Resources and Hydropower Engineering, Gansu Agricultural University, Lanzhou 730070, China; 2. State Key

Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing 210029,
China; 3. Research Center for Climate Change, Ministry of Water Resources, Nanjing 210029, China)

Abstract: Revealing the main influencing factors of coupled water resources-economic society-ecological environment
coordination is important for strengthening the macro management of natural resources and economic society systems
as well as promoting regional sustainable development. With the selection of indicators based on two dimensions of
endogenous and outward dynamics, this study introduces a fixed-effects model to measure the coupled water resources-
economic society-ecological environment coordination drivers in Gansu Province from 2010 to 2019 by analyzing the
evolution of regional water resources-economic society-ecological environment coupling. The results show that: (D The
level of economic development and technological development have a positive effect on the improvement of the level
of coupled water resources-economic society-ecological environment coordination in Gansu Province, with regression
coefficients of 0.029 and 0.021 respectively, and passing the 1% significance test. 2) The factors influencing the zoning
areas differ significantly, the improvement of the level of environmental protection and economic development has a
catalytic effect on the improvement of the coupling coordination of the sub-regions. In the context of accelerating
economic society development in Gansu Province, policies and incentives of relevant drivers should be coordinated to

promote the coupled evolution of water resources-economic society-ecological environment system.

Key words: water resources; economic society; ecological environment; driving factors; coupled coordination; fixed
effects models
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