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mensions Programme on Global Environmental Change, IHDP) 7£ 1995 4L [A#EH ™, L)
1 LULCC AHOCHIFSE 24 h7E LULCC Ry 2546 SR A 2, LULCC (3K 3 g AR sl
7, LULCC BEBLAT AT 322 FHW A B2 LULCC f A= A RN e i =5
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AR RS A R AR 3, AT T H (Getis-Ord G*) 43t B A2
FRBE IS AR S RIS 50 A, I B b BRI S AR R T o [ A AN T Y 5
i PRI 2R DA S 23 (R4S Jm GBI R g2 i b [ AR SRR i i AL R R R 2 5%

2 Bkl

IR & 1995 4F . 20004 . 20054F . 2010 4EF12015 4F LULCC %tk 5 1 rp [E Fl 2=
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JEE e 1) = R S R P . A R4S 6 S — PRI R 254 2k
AUy e B XA TR O A B B AT BB T N T GDP s SR B A T
M, ASCE T ERF R B IR MR R B 0 1 km 28 HEEE 1 FL GDP %5 8] 3 A 8
PR B PR EE AR 1995 4F- | 2000 4F: . 2005 4, 2010 4F-F12015 4F v =] B sk A 1145 5 A1 34
GDP. 1E A H 1 GDP 7 [a] 5347 2 BL I A& Fictin 48 2 7E 42 1 43 BN EURI GDP G -4l i 2%
Bl b, g5 A A HEE . AT R . TR R A B S GDP AL 1 Y 45 (] B 5
FUEE S Zs (a4, A8 T ) 2 B9 S 47800 S8 I8 AL A B
(NGCC) (http://ngcc.sbsm.gov.cn/) o oAl b 3 25 PR 552 B0 408 ke U8 LA B 1158 5 v AL
F 1o NEBHEAZ W E LULCC A9 A= S IR0 i 25 4% S i AR AE , ARAE [ SR b ELAR1F,
FLIGHTE S . A . K AR IR AR A AR R, B E R =AM ES
KIX: RERZERIX , HEZEXAPEILT5X (http://www.ecosystem.csdb.cn/) (&1, UL
$5217700) 0 I HARSCER =S K XIF3E AL 100 km P E A, 25 nh
[ = R A 25 X G T A 2SI BE o i T LB A 3k 22 St . Pl TR IR 65 b X B B 2
AT ER . WA = HIX

3 BTk

AFFFEE L PP H B ] P8 LULCC (ARSIt , s 220 i o ] B fn = A 2
DX D R s A AP i 25 VAR RE . A5 BEE O M A AreGIS 10.3 3/l 4y
FrTH (Getis-Ord G*), P51 1995—2015 47 ] A AP i S fb s A b i S B A IR AR
23] EAYBERAFAE . R BRI BRI | 2255 8 A ORI | AL AP MIBUR A SR
Wi PRI 22, TR AR H ] LB R — KA AR IX A Rt SR ) A S A5 o [ 3 A M S ke
R,
3.1 EXHEREIBHNE

A S TREE RS SO B A LULCC 54 BB R 2 MR ER R R, RFRIEX
3o P A S T ) AR AT

EQIL~(Y LUA, X EV,)/ Y LUA, (1)
C=[(EQI, - EQI,)| EQI]<[1/(12 - 11)]x 100% (2)
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Tab. 1 The index system of geographic detector analysis
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Fig. 1 Spatial distribution of domains in China
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Tab. 2 Land use classification and eco-environmental quality values of different land-use types

—gE U /31 AR R —guhk Y B/ 5 1 A b7 N i 1
B 11 JKH 0.30 N 45 RES 0.45
12 LS 0.25 46 WEHE 0.55
ot 21 At 0.95 A S WU 0.20
22 HEARM 0.65 52 AT R A 0.20
23 AN 0.45 53 Hoh g 0.15
24 HAobbd 0.40 AFHH 61 oy 0.01
Fii 31 i L R 0.75 62 KBE 0.01
32 rpRE 5 RE D 0.45 63 ERpdh 0.05
33 A 0.20 64 THEEHL 0.65
ik 4 0.55 65 et 0.05
42 WA 0.75 66 egarisiil 0.01
43 IKRESTLYE 0.55
44 AV 25 1l 0.90
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W, RUNE RIS G T R OT A S IAEE T B A AR (R TME) , B A
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(2) min(P(x), P(y))<P(xNy)<max(P(x), P(v)), Wi F x Fly 3¢ B Ji5 9 7 JE e
EER

(3) P(xNy)y>max(P(x), P(y)), ULEHE T x Fly e 5 J5 S F s ;
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(5) P(W)=P(x)+P(y), DB x A1y FHE AT

Hh AR AR I T A RS SR R e 2R R LS TE I . ASCNASRER | 4t
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FLH (R 1), Hi HARZER P AR S IAEE i i 25 (A8 SR e iU AR IS, ASF9E 322 A b
WHF . SR A H = mEss T oM. KBk F i e lh i ggg
(), AR MR PR A A P T B B 28 A A A SR T B ke P R 7, ARS8 T HE i
REE (X1) A0 (X2) SIRERIN MY R 7 X6 A 25 PR B8 ot o 4 (W) 40 A Ak SR B B2 T o
A PR XA A IR 5 o A e A R e R R, AR ] DAFEAT AT s
2% RURE |50 DXl A 25 P08 T R Ji 28, A Xl S PR 5 o vt 2 oo A b 25 ke e PR A
FHUN 7 S 30 b 4 3 46 b o S (ke o A S PR I i AR A AR AR A T A
BN ZEIE S AR A S R R A4 F oK (X3) FIAEEYAR (X4) S RA IR
Fri i As i E LIRS R . MR/ b A R AR AR MR R R R G S oW bR
AT B R MR RS (XS) MR 2R (X6) FAE NS ShxT + i F| H
TR . #h 2P sh N &5 i A S PRE i AR P LG IR 2, ARG
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AU TR T A B B i s B BRI, S TR AR R A S R BT BT v AR AL
B, WSS G T EEUS S ) — R E A SR TR (X11), A5G S B AR ik
i H (Key Shelterbelt Construction Program, KSCP), KXY Wi H (Natural Forest
Conservation Program, NFCP) FlE#fif#kT1 H (Grain to Green Program, GTGP) 5P,
X AR S PR O AL ML RS 743 . Horh KSCP L H 16 F 1978 4F, NFCP 3t H 4 T+ 1998
., GTGP I H IR T 1999 4 . AHEFE T A £ 4 #0 i AreGIS10.3 1Y Arc Toolbox/Spatial
Analyst Tools/Zonal/Zonal Statistics T.EAM, i@ it Join TIFEHIAL FREE S Excel £l 7 AL
WSRO, Mg T b E R T A S B DAL A i P R R B A, S B AR
K3 . FEo 2B D FIEOR AT R 25 1 s A R 2 [l 4k

L

4.1 19952015 FHEESHEREN =5

1995—2015 4F[a] v 5] A= 25 PR T e 48 B0 B2 285 SR 3R W, 100 1) v (6] A A P ot AR
PR¥ReE, FEIRM T — @ B P i AR S IR 0T i [R) ) kA 3 B RS A P A s
P ELR G MAYEE R . 1995—2000 4F 1] b [ AR S R R0 R T, h 19954E/Y
0.404 HE 1112 2000 411 0.420, 33 5 [ 33X — A 40 S i 9 6 438 Bl Bl P AR I HL (Key
Shelterbelt Construction Program, KSCP), KAKMAEY 11 H (Natural Forest Conservation
Program, NFCP) FIE#Fif AT H (Grain to Green Program, GTGP) ALK FH . 2000—
2015 4[] iy [ A= A PR TSt PR BRF SRR AR, 2000 4F11 0.420 FEARE] 2015 4F19 0.418,
BURMRF 202 Lok, P EFEW T A Tl Ak S D7 TS T O, Xk A
KRB Z 38, Tl P b A A 38 FH ARG e in 5 T KR R, SRR TR
HEa%5K, Has ™ Em AR &S & TSI . Bl A — R 00 ™ A SRR
() A G o AR ASPREE BT i 25 (6] 20 A R R, BIFE A Ia] v [ A A5 PR o i 25 [ At Ry
FARGHRRRE (B12). REBZERIX A S I B AR TR IX, BRI AR
JRUDX g 50 b DX A 2SR T AT X R B A AE T A X (R = At . K =Mt
L AT TR R G S TR ) AR T Y I X, AR R XU A F il X AR 2 3
58 T AL DX (R 32 43 A AR T A R X ot R Bk vl A A B AR b b DXV i R4k P i 1)
A AL TR AT . IR TR . PEBHZE U X RS Kk T e X)) DL e for T4

a. 19954F b. 20054 c. 20154F

* s

0 1200 km

FH ©0-020 =021~040 =0.41~0.60 =0.61~0.80 m 0.81~1.00

B2 19954, 2005 FH2015 FHEEFMEREEHZESH
Fig. 2 Spatial distribution of China's eco-environmental quality index in 1995, 2005, and 2015
TE: SUEARRE SN 2 b 5 SR bRkt (FTES: GS (2016) 1569°%5) x4, JREITEHEMK.
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JCFERE Gy o S EEH X IEARN, T ESE —Bss, S EAN D MEERX, s,
LU RN, AT R RN T B 5 TR T B0 S 1l XA A R85 o PR AR 79
BRI o e JE DR PG G R IR A S A B R IR X, X Se il X 24 Frp
ERSE =, WRE, ARKMES:, FARRAL, BEKRA, AT, s
SRR, WU R PR R VDB A, X e X HA AR
IREE NGS5 A S A SIS AR 3 AR AORRAE o X B8 b X B T 7 VA8 P T T R 8 S K SF
iy XA 23T AR M X AAR o R 43 Ml X N VR 5 X RN 28305 KSR TR TR X,
BB A RS e XA S R R F B R N . A= KA IXORE (E13), R
R RUX A SRS 8 B . 1995—2000 4E (AR A HE I, 2000—2015 4F Al FFZE AR ;
POl T 5 X A SIS R FE B A, 1995—2005 4F [a] Pi b 152 X AR 25 30055 i o 1R 22
i, WG A A BrekcE .

0.  ONEFRE DFEREK O2H  SAESKE
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E 020 [ |
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Fig. 3 Eco-environmental quality index of the Three domains in China from 1995 to 2015
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A R L OISR E (K4), 1995—2015 4Fa]Hh [ A 2588 i i 8 /A e b
BEATFEMX, IR P EPIE I miE% . Hrb 1995200048 ] g3y it 1
16.444 km, HMAFIEBIEE ALK, B
11 1995—2000 4F [i1] H [ PH b Ml X A= A5 55
Bem AT W AR, AR X A5 0
Bl B35 0% L. 20002015 4 [R]
VU HB X R A S T M A AR R M X
HESIME AR R L, (2
G TS N Ny NI E B/ G A RS 7 ST il
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R EAE SRR, i Pa T 5 X R e e
FEX SRR . A5G R AR R
ZR 2 KX B AN R 2 5 A S 2R
b, TR IR EEA SR, K gy 1995 2015 pEASFSRBIESECREND
iﬂgﬁﬁﬁﬁ i&iﬁH%ﬂGTﬁzﬁfﬁ<fﬁiﬁi B"J Fig. 4 The movement trace of eco-environmental quality
,BL\],Z\’HQ, @j K?EB%D%&%@E%}FU }Eﬁi‘m index center of gravity in China from 1995 to 2015
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WA 200, PEHIT & S EOCE B IR AR S IAEE B 1 5o BRI A Ry At i A= 25 PR 85
JEETY SRR R R R R T XA S
4.3 19952015 FHREASIMERET WL A S IEFHEWEFHIE

R T IRAIERI 19952015 4[] Hh ] A= 25 PR 58 o i 25 B JE AR AE , AR SCR FH Are-
GIS 10.3 W4 JRas[a] A AH5E (Global Moran's 1) T H X [ A= 25 PR i 18 28 Ak 25 (6] 4 J&)
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Tab.3 The main interaction factors and associated changes

EE| IR X T FE X LT RIX MR X

19954 X2NX5 (0.846) X2Nxs5 (0.870) X1NX5 (0.813) X1NX5 (0.825) X1NX5 (0.859)
X3NX5 (0.890) X4NX5 (0.785) X4NX5 (0.806) X6MX5 (0.799) X6MX5 (0.860)

X4NX5 (0.844) X6NX5 (0.800) X6NX5 (0.834) X7NX5 (0.798) X7NX5 (0.837)

X6MNX5 (0.846) X10NXx5 (0.823) X7NX5 (0.797) X10NX5 (0.805) X8NX5 (0.825)

20004F  X2NX5 (0.859) X2NX5 (0.883) X1NX5 (0.827) X1NX5 (0.823) X1NX5 (0.857)
X3NX5 (0.901) X3NX5 (0.794) X4NX5 (0.805) X7NX5 (0.790) X6MX5 (0.860)

X4NXxs (0.851) X8MNX5 (0.838) X8MNX5 (0.806) X10Nx5 (0.807) X7NX5 (0.840)

X6MX5 (0.858) X10NX5 (0.842) X9NX5 (0.846) X11NX5 (0.786) X8MX5 (0.828)

20054  X2NX5 (0.859) X2Nxs5 (0.877) X1NX5 (0.826) X1NX5 (0.823) X1NX5 (0.858)
X3NX5 (0.900) X3NX5 (0.811) X6NX5 (0.844) X6MX5 (0.803) X6MX5 (0.866)

X4NX5 (0.848) X8MNX5 (0.831) X7NX5 (0.805) X10NX5 (0.806) X7NX5 (0.841)

X6MX5 (0.853) X10NX5 (0.847) X8MX5 (0.806) X11NX5 (0.787) X8MX5 (0.828)

20104  X2NX5 (0.860) X2Nx5 (0.878) X1NX5 (0.826) X1NX5 (0.825) X1NX5 (0.857)
X3NX5 (0.901) X3NX5 (0.812) X4NX5 (0.805) X6MXx5 (0.791) X6MNX5 (0.863)

X4NX5 (0.849) X8MNX5 (0.832) X6NX5 (0.843) X7NX5 (0.825) X8NX5 (0.831)

X6MNX5 (0.857) X10NX5 (0.849) X8MX5 (0.807) X10NX5 (0.806) X7NX5 (0.866)

20154  X2NX5 (0.862) X2Nx5 (0.878) X1NX5 (0.824) X1NX5 (0.828) X1NX5 (0.856)
X3NX5 (0.903) X3NX5 (0.801) X6MNX5 (0.851) X6MX5 (0.803) X6MNX5 (0.868)

X4NX5 (0.851) X8MNX5 (0.835) X7NX5 (0.805) X10NX5 (0.807) X8NX5 (0.832)

X6MNX5 (0.862) X10NX5 (0.843) X8NX5 (0.811) X11NX5 (0.788) X7NX5 (0.841)
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Spatial heterogeneity and formation mechanism of eco-
environmental effect of land use change in China

CHEN Wanxu"?, LI Jiangfeng"?, ZENG Jie', RAN Duan"’, YANG Bin"*
(1. School of Public Administration, China University of Geosciences, Wuhan 430074, China;
2. Key Laboratory of Legal Assessment Project, Ministry of Land and Resources, Wuhan 430074, China)

Abstract: The complex physical elements, socioeconomic elements, regional development
strategies, and policy adjustments have formed China's current unbalanced spatial economic
development pattern, spatial land use pattern, and spatial eco- environmental quality pattern.
The unclear eco-environmental quality formation mechanism would limit the sustainable land
use and the effective conservation of the ecological environment in China. Few studies have
examined the spatial heterogeneity and the formation mechanism of China's eco-environmental
quality at the national scale. This paper uses the eco-environmental quality index method to
measure the eco-environmental effects of land use/land cover change (LULCC) to provide an
overall review of eco-environmental quality index under complex physical and socioeconomic
circumstances in China. We analyze the spatiotemporal evolution features and formation
mechanism of eco-environmental quality from 1995 to 2015 with the gravity center analysis
method, hot-spots analysis tool (Getis-Ord G*), and Geo- detectors tool. The results are as
follows: (1) The eco-environmental quality of the eastern monsoon region is higher than that of
the alpine region of the Qinghai-Tibet Plateau and the arid region of northwest China. The low-
value regions of the eastern monsoon region are mainly distributed in urban areas with dense
population and economic agglomeration. The gravity center of eco- environmental quality
during the study period moves toward the northwest of China continuously; (2) The hot-spots
areas of eco-environmental quality change during 1995-2015 are mainly distributed in Tibet,
Xinjiang, Chongqing, Guizhou, and the provinces located in the Loess Plateau (Qinghai,
Gansu, Ningxia, Inner Mongolia, Shanxi, Shaanxi, and Henan). The cold- spots areas are
mainly distributed in the provinces along the Yangtze River Economic Belt and the coastal
regions in the southeast of China. The cold- spots and hot- spots changes in China's eco-
environmental quality are closely related to the regional development strategies and the
implementation of ecological conservation projects in China; (3) Land use intensity has a
stronger effect on the eco- environmental quality than other factors, and the impacts of
socioeconomy, traffic road, geographic location in the eastern monsoon region are stronger than
those in the alpine region of the Qinghai-Tibet Plateau and the arid region of northwest China;
(4) The interactions between physical elements and socioeconomic elements are stronger than
the interactions within individual indicators. The interactions between the influencing factors
mainly include nonlinear enhancement and bi-factor enhancement, and nonlinear enhancement
is the dominant interaction mode.
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