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FEREA AP — BT AT AL 734 ESV (It 28 AR AR AR, ik
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ESVAAER B BIR I 225, MBA SR PR3- 1 9t B 2 0] 22 5 A BIF S ik b
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BRSO ERIBEZE I M = K FARIK (T 1), MBI, [P e s B R
B R L I AR A R AE B
U =k AR AR AR 22 R . R S Y
FEPEEY, B S RARK ARK LR E,
AR A AMI, P T 45 KRR 25
RGBS HEN I B ELR,

HE 20184, BergdtiE 10 g, 107 E
(T, K). BePis Kz &Rk 2Rk, 1
P X PR R A, URRIEAL T S, AR
R MO 2P I, PR BRI MBI, X S
O XSS AE A, A TSR, BHE ST, Bk -
P2 el AR DI BT (1 SR S PR, (s fkrled
PHSE, TP R SR bR, R AR R T AR A
M, FERCOT RN, PR B Hb X 2 0 R KT 4
. Bedb, 6rf, B =K [ R IX [ 2R 4 i 5
BB RIEKF LR B, T ESV I 2S5 LA L2
B R AR B, B2 R 2B SR
PRI, LABCTE R 2 G, 40T ESV (2 325
R P U T 5 BB O R 4
1.2 HRSRIE

Bl R VR T H P PR 15 1 A RS B R SRR

Fig. 1 Study area
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PURZE, A, SRt ST BdEk 3 (BRPESETTHEL) (2000—20154F)
1.3 ARAFE
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T EWNAE PSR IR, fhIET Costanza FIUIFFT AR, & THTLEZAMPNAESTR
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7 A E PR TR AR B i X — BN AR A E T BEPE B IE R AL,
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F1 BEARMERESEERSNELE

Table 1 Equivalent value of ecosystem services per unit area in Shaanxi province

— IR TR Bt i HHl K3
HEZE R 55 T 1.36 0.29 0.38 0.8
A 0.09 0.66 0.56 0.23
KRS -2.63 0.34 0.31 8.29
PRI 55 SRS 1.11 2.17 1.97 0.77
ST 0.57 6.5 521 2.29
LR 0.17 1.93 1.72 5.55
KSR 272 474 3.82 102.24
SCRERSS O 0.01 2.65 2.4 0.93
AEAFFE IR 0.19 0.2 0.18 0.07
YR 0.21 2.41 2.18 2.55
SRR 55 KM 0.09 1.06 0.96 1.89

HARBEIE RS RS RGNS I EH R R T

a=% (1)
Ev=Y 4,x UV, (2)

Kb o MEIERE VP B = 8 (kg/hm?) 5 F oA RV 4 [ A i AU
e (kg/hm?), ZEBIEREN0.82; EV NMIFRIX BRGNS BME Oo); i
INFHHZEAY AR iR SR AL (hm?) 5 UV i i A M 20 (%) A7 T AR A
i (o).
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B8 40 Gy s 29 505 ] — DX 3l P g AR ARL P RO ] DX 2 ] i 2 5 1, o ml i i /A8 et XOKF [
AR Y B RBEVE SR EE™ . AR Sz FH M BRI 25 53 M #5 VA S i [K R 5 ESV 2Z A Y G
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L
LY no! (4)
0 =1

g=1-
n
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R XA R 2d AT %0, SET=3HAH L, 2015 4R P4 A 25 R G0 IR 55 U (.23 6] 4 A
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i b, DIABRIE A LA S R RS MR B R. gE . hdbm RS &
(B DX 3 ) By 43 A ) AACERAE | B L DX (L X S A e HLE A A, RS R IR (A 5



74 PR 2. 55T GWR MIBRP A RS RSSO (EI 28 R AE SGE RN Z T 1719

®2 BRAEE DA RS RS NMER BRI

Table 2 Characteristics of temporal evolution of land £SV in Shaanxi province (f¢t)
— G R55 YRS 20004F 2005 4F 20104F 20154F
HELA RS ey 383 385 390 396
b 228 229 228 225
IKBEIEALL -345 -348 -361 -378
HEZA R 55 BB 266 266 257 243
(3.2%) (3.1%) (2.9%) (2.8%)
PR Ss S MEY 933 937 936 932
Sy 2123 2132 2114 2091
Bl I 692 694 689 681
IR ST 2468 2464 2478 2457
W AR5 M 6216 6227 6217 6161
(71.3%) (71.4%) (71.7%) (71.8%)
IS LR 884 887 879 868
A FF TG A 102 103 103 103
ERYEZ=2dn 849 853 846 837
TR RS 1836 1843 1828 1807
(21.1%) (21.2%) (21.1%) (21.1%)
AEHRSS e 377 378 376 371
(4.4%) (4.4%) (4.3%) (4.3%)
T AR R GRS BE 8695 8713 8676 8583

T O WEEERS IS T SRS i b .

a. 20004F b. 20054 c. 20104F d. 20154

28 SE/OT/hm?)
20166

6~34970
B 34971~42990
. 42991~50170

—_
[}
]
- 7
- . 50171~60358

41724
- 48766
. 4876760335

Fl2 20002015 4FEBEPG4E L A= 25 RGNS 0 B 43 () RFAE
Fig. 2 The spatial characteristics of land ESV in Shaanxi province from 2000 to 2015

HAE G T SRl 4 S

WE 3R, a. b, c. dZr3IFEIR 2000—2005 4, 2005—20104F . 2010—2015 4F
2000—2015 PP PN ot AR B R G R GEME S = A CRHIE . B H R R
RERIZIPN FRICAE B RGN S5 U (B AR OC 2R SR A EUE RN

Kl 3am]%l: 2000—20054F, BEPGAH S PN KR X IRASAL A 1E 156 B G 26 IR S
T ARG RS IHER BT, TR IT A R T, X S RITSCES )
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a. 2000—20054F

A

45 BAIT/(O0/hm?)
]

m?) 25 S/ (OC/hm? {25 EAI/(T/hm?)
62644~ 2137 3

(1

2395 C1420~ 313 162644~ 2615
= 30 0 =R

— Ik 96~ - 7583704

- - 3705-13510

gy BE/(OT/h
—11232~-23

- 1129-14726

K3 2000—20154FRk PG L3k 25 R GRS N (EAR LR
Fig. 3 The changing characteristics of land £S¥ in Shaanxi from 2000 to 2015

Bro HIMTIZAT B N 28 [RIRRAE 30K 08 B B e () PE A BROC AR PR AE R L 1 727 08 B 5 v -
JRHBIX, BRI A B R RSB X3R4, B 22 S AR PR S i dE /N,
FE3b AT : 2005—20104F, ZHT B N A R GE MRS5S I (BLHG 1 MR B AR ) IX S 4 h e A 7
1540 [ A P E R =K (= e € [ A < S I N AN T I 2 1 P I S Y/ =¥ = 7 o T | = e
BN, BEAR AR A PR BT R B IE I S i, R AE SR . IR 3e il
2005—20104F, I B Py 3G I E B o 14 DX A PR e P i, IREEZR R 40, LA
FKEB DRI a4 Rt , DABRIE X e 2 .

R LIPS G 3d AT A, 1S ARG 45PN 50 ESV Y25 M AR fb B B I, AR
B X RS, VLIRS B BE N R BT ST E S RS RS B T RS, & (B K)
PEM B/ D HAE TR ZERLHBIX , Uk (EAE S M B A 2 2 A
22 BFAAESEERSNEZWEZSH
2.2.1 520w PR35

ESVAEZ B ZEA R, RGN ARE R S5HESRER RS, [HitaH
FOUSEREZ, MAFEY . NBITRE RIS HHCFEE I FERER ", 45
AR Rz L, AT R ML SIR R g ok, mbig g TR A
ESVIRIEERZm HF (£3),

2.2.2 FETF PGS A e R 1R

HFRIERFRER L, MRS S M2 HE I8, TkAhE A%
TR R R RE A . R, SIABEREEINAS , Xk R i i e, ek A
TH5ERNF. — R RER S A TR FHABRIN, 5 — 5 T SE A 3L
FE4E, e ROREE AR T B8 LAY 22 B LR M () BRI 25 SR 035 4 R

FETHRMGE SR, 456 TR g (6 5 W38 A 50 Se B o R 75 325 7 A Uil
FIRGEE, MFE4RH. X1, X2, X3, X4, X8, XOANHTH ¢ EX/NT 0.1, HEHiZA
T AR R E A ES , BONBR T XN MERIA 6 N F, HgEHAKT
0.1, HAMYRMRAEN, Hp Eafbst 1 0.05 0 WML .

R4 g BN, ¥ TR HE Y, X6 (A¥JGDP) >X5 (GDP &) >X10
(LM RIER) >X7 (W mEABA) >x12 (NDO%E) >x11 (AHRE), Hp
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X5, X655 X101 g (B A & FHAK 3 BAEAEESEERENEVIEZNEF
+ , H %Ig i ﬁ T 0.001 E]/(J 2 "‘%2 A|~$ ;l:{j Table 3 Primary influencing factors of ESV in Shaanxi province
5, UL R = AR ek RWNR Wi RS
o WANS S IRFRIZ W SHmss  ARRR PRRE m Al
B, AP E RS RGO HIUIE IR ot X2
Wik, SRREAE AR, 2N R R mmem
2. R RAREAE RS T—— <
WAMEEBE WA Foh, x5k e GPPEE -
. A\¥]GDP Jo/ N X6
{6i@i‘émGDP?, Xl{'ﬁ/fflzi@?% B2 JE R A 7t X7
AN, fifE G 2630847 OLS 5 HAWBABENE T X3
GWR ARSI, — T HASTIE  homz asmmms ' a9
nﬁl%ﬂ@ﬁ%z&, LJE*%EE&&?%?UE%% iiﬂ%ﬂ% % X10
ghie, A— kRN EE S INED=S A X11
TostE, Db BRI A BRI 25 5 JNEL) s Mkm' X12

e, XS5 X6, X115X124
FEN—AERR T o AR SCRZGEE TN EFH T, 502 A GDP (X6) ., W% fER
WA (X7), HHIRFPR (X10) RADEE (X12),

R4 MIBRNIB[RME R

Table 4 Geographical detector detection results

TR ¥ X1 X2 X3 X4 X5 X6
qll 0.0432 0.0762 0.0471 0.0126 0.4932 0.5561
plE 0.3015 0.6733 0.8761 0.7865 0.000 0.000

PRI X7 X3 X9 X10 X11 X12
qfl 0.3353 0.0991 0.0931 0.4859 0.2963 0.3167
plE 0.000 0.1522 0.4153 0.000 0.0125 0.0137

2.2.3 OLSZMEmIH%5R

& ERRT 5 ESV i T OLS L2k M [nl 15, 2550 LK 5. OLS AL R BIR .
(1) W& FRESEHWN BEMWAE 0T, S5RECVHM, &HTFRIBERNSEITEE
M, HIA FIEEE 0.001 A9 S E MR, BB RAS B 28 B JC R HER A 0,
PRI AL B e it2r g Lo (2) 7 22K B TR 56 /s 455 i IR 7 1) VIF (B Y/ T 7.5,
VEIARIAR MR BI04y, S HETFAFAEZELEERR, (3) Jarque-Bera 455 /R K 5
WBE, U A IRMIES AR, ARG B, R THU AR 5 I A GWR AR,
2.2.4 BT GWR B0 K23 (8] 5 Bk o Afr

FEVEAT MO B ANA B 0BT 2 A1, T LT PR AR B 28 [ 56 3R o A S B GeoDA 4331
ST ESV I as a2, 4559 R H Moran's {43914 0.46, 0.61, 0.65, 0.65, Vi
BEvy ESVAFAER A B A 2 [ 2 R . WO T IRAR R ZS Bl B MG KR R, H OLS A4,
RAFAEAIE 3z B IIAS 1813 4347 45 PR 7 X6 BRI AR w2 () S Jo PR R 52 )

AR5 A Brundson ZE LS, # GWR LG 45 5 v AI1Ce BUE 5 OLS & 45 i rp
AICc W ZME RT3, Ui GWR b OLS A48 e, W PS4,

226 41, GWR B AICCHE S OLS By AICe BUEARZE k3] T 26.6636, K HA %
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x5 BAAESRFRSNEFMWEFOLSEENELER
Table 5 Results of OLS model of ESV in Shaanxi province

Ap i EY bR tE plH VIF
o 3.5421 0.1714 20.6665 0.0000™ —
X6 -0.4047 0.1186 0.8831 0.03793 4.0754
X7 -0.0366 0.0828 -0.4415 0.06598 2.9648
X10 -0.4877 0.0689 -7.0828 0.0000™" 1.7866
X12 -0.3203 0.1874 -1.7093 0.0015 5.0051
OLSZW; B4 FIE Jarque-Bera £ 56 K (BP) ¥ BA R
0.0000™" 9.4687 19.8569 217.8836, 0.0000™"
TE: L U IFORTE0.0LL 0.05, 0.1 FIKFE T B,

IR AICC B 1 GWR 5 [ OLS B AL #6 GWRS5OLSHEZERILL

% éf':f % E ﬁE , 3‘_1': S ﬁ Xﬂ‘ . GWR 5 Table 6 Comparison between GWR and OLS model results

OLS *ﬁﬂ E’:J R l_ﬁ 1}% %)ﬁ R , GWR g'ﬂjr AICc R R’ Adjusted

%*ﬁﬁ:ﬁ OLS ,;&%Eﬁ% , EW\U‘E% OLS 223.4251 0.6762 0.6463

GWR Tﬂ%ﬁ?&%ﬁiﬂfiﬁo GWR 196.7615 0.8149 0.7635

15 FH GWR BRI, B Je ik f7 5
B, VUSSP ST T O 226 b BARAR . Kernel 287U 4% Fixed Gaussian PR
B, B TEHT BEFEBR A Cleveland ™8 H 1) CV 28 iAo R BB 3h R 12 ) 57 i
M, FIH F SRS K T 2 BT (F4) . S56 T R BT IALZE R, i
SR RBP4 ESV 23 6] 53 TP

mE 4R, a, b, o, dAlFR LHLRSEA . A¥IGDP, ANO%EE . WS HERA
B ANT ESV 2 [ S RVEVE R, ESV AR R R AL E S RGNS, TAER DS
ARG RS, HIHZE SR RGNS ES 5B RGMSMEESY, W& T4 507
AR I T 1 ES AR A AT IR X5 ESV IS M A

HE danl A, +HRERS ESV &R MR, W RATRE R, ESVK
ik, X2 TREE SRR R, PPN ST AR SN ESHE AR TR G N R, HE T

0.68875.
~0.405988

K4 Bl A R GUIR AT U B0 DR 002 ) e B s

Fig. 4 Spatial heterogeneity of influencing factors of £SV in Shaanxi province
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JESVITT R, TS E oA B RS AUIRIORRE . (ENAXHERTE , Ptz T
Kb 5 RR, Ul PRt A B L - M B AR AR 57 A i R ESY I [ RE X R T O Bk
F, XOEm TRAL ARA A S, RGBS Y, i R R AR R b iR
AR AT BE ESAMRFEH, R I Y - B A A ESY BsZmafE FHEE R

HIFE 4b T, &4k B A3 GDP 5 ESV B2 HUMSE, (UAERRALAR T X L2 BEASE, (2
HAEREEZ XY GDP i, ESVi#ls, fatatiie, BRIbBR#Rs: X E GDP mish,
RERy X B35 SRR, TRy ESYV B BAR . 0H72s ARAE,  BRrg 5 Bt 4 x4
. KRB, BEMITERRR 5Pt $u0 A GDP RS 5 1E ESV Y FREIREE R, X
SEH TR BARAE S, Pl DARRIEAL T 2, B m DA DA 3 e K T ) o 8 K
BRI, PR Z IR MRS A, Bk, AA®EE, $RIHALGDP I 1 ES
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Spatiotemporal evolution of land ecosystem service value and its
influencing factors in Shaanxi province based on GWR

GENG Tian-wei"?, CHEN Hai"?, ZHANG Hang"’, SHI Qin-gin"?, LIU Di'*
(1. College of Urban and Environmental Science, Northwest University, Xi'an 710127, China; 2. Shaanxi Key
Laboratory of Earth Surface System and Environmental Carrying Capacity, Xi'an 710127, China)

Abstract: Based on the ecosystem service value (ESV) assessment system, geo-detector and
GWR model, the spatiotemporal evolution characteristics, influencing factors and dominant
factors of ESV of 107 county-level administrative units in Shaanxi province from 2000 to 2015
were analyzed. The spatial heterogeneity of the intensity of the £ESV was examined. The main
conclusions are as follows. (1) From 2000 to 2015, the ESV in Shaanxi province showed the
characteristics of rising and then decreasing. In 2005, the ESV reached the peak in the study
period, while that of 2015 saw the bottom. The supply and regulation services were the core
functions of the ESV in the province. The service contents in the food production and
maintenance of nutrient recycling are the two types of services. (2) The distribution of ESV
over the years showed a pattern of "low in the center, while high at the edge; high in the south,
but low in the north". The areas with high values were distributed in the Qinling Mountains and
the Ziwuling Mountains, and those with low values were concentrated in the Guanzhong Plain.
The spatial changes in the ESV are more obvious. The whole province is basically covered by
negative values. The high- value areas are less concentrated and concentrated in Northern
Shaanxi. The second- highest values areas are scattered in Guanzhong and Southern Shaanxi.
(3) Economic factors have the greatest impact on the ESV, with the strongest interpretation,
followed by social factors, and natural factors contribute the least to the interpretation of
ecosystem services. (4) The spatial intensity of the effects of various dominant factors on the
ESV is different. The land reclamation rate is characterized by a gradual decline from south to
north. The per capita GDP gradually increases from south to north, and the population density
increases from northeast to southwest. The land reclamation rate, per capita GDP, and
population density are all negatively correlated with ecosystem services. The per capita income
of urban and rural residents shows that the ESV is changing from negative to positive, from
north to south and gradually increases.

Keywords: ecosystem service value; spatiotemporal characteristics; GWR model; influencing
factor; Shaanxi province



