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Temporal and spatial evolution of ecological service value and geographical

exploration mechanism in the ecology fragile area of semi-arid
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(College of Geomatics, Xi’an University of Science and Technology. Xi’an 710054, China)
Abstract: The spatio-temporal evaluation of ecosystem service value in semi-arid ecologically frag-
ile areas is of great significance in protecting the ecological environment and enhancing the value
of land and spatial ecological services. Taking Jingtai County as the study area, based on the so-
cial statistical data of land use from 2009 to 2017, this paper analyzes the spatio-temporal dynamic
changes of land use and ecosystem service value in Jingtai County. The change characteristics of
ecosystem service value are discussed quantitatively by using the equivalent estimation method of
ecological service value, with the geographical exploration model used to analyze the driving
forces of the change of land use and ecosystem service value in the county. ®From 2009 to 2017,
the area of cultivated land and construction land in Jingtai County changed the most, with the
proportion of cultivated land and construction land increasing from 14. 58% and 1. 90% in 2009 to
14.87% and 2. 31% in 2017, respectively. The area of forest land, grassland and unused land

decreased sharply, and the water area increased slightly. @]In the past 8 years, the total value of
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ecosystem services in the study area showed a decreasing trend, which decreased by about 22. 08 X 10°

yuan, the ESV of cultivated land and water land types showed an increasing trend, and the ESV

of forest land, grassland and unused land types showed a decreasing trend. @In terms of spatial

distribution, the total value of ecosystem services in Jingtai County shows a decreasing trend, but

the fluctuation range is small, and the distribution pattern is high in the southwest and low in the

northeast. @Geographical exploration analysis shows that the main driving factors affecting the

change of ESV in Jingtai County are the population density, the shortest distance to the adminis-

trative center and other indicators. In the process of future development, Jingtai County should

plan land resources reasonably to ensure the coordinated and stable development of ecosystem and

realize the sustainable development of economy and ecology.
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Fig. 1 Location map of study area
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Tab.1 Parameters of ESV for different land-use categories in Jingtai County
E—— ANl + 4 A 2 A ESV 2B
st Bl b 7K 4, A b A

SR 6 055. 14 1 384.03 865.02 0 0 0
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Fig. 2 Land-use change of Jingtai County

during 2009—2017
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Tab. 2 Change patterns of land-use in Jingtai County from 2009 to 2017

2009 4F 2013 4F 2017 4F
- R 2 R

I/ hm? ditk/ % 1fi A1/ hm* wi Lt/ % I/ hm? ditk/ %
B itb 79 987.23 14.58 80 537.50 14.68 81 572.87 14. 87
PR L 18 424. 28 3.36 18 351. 74 3.34 17 981. 66 3.28
T 265 511.79 48. 40 264 027. 44 48.12 262 568. 34 47. 86
7K 32 1267.14 0.23 1357.34 0.25 1 431.00 0.26
15 FH b 10 400. 68 1.89 11 723.23 2.14 12 686. 65 2.31
R by 173 039.12 31. 54 172 632.98 31. 47 172 389.72 31.42

S TH AR 548 630. 24 548 630. 23 548 630. 24
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Tab.4 ESV values and its change in Jingtai County from 2009 to 2017
ESV /10°78 ESV 2k %/ %
- ] R
2009 2013 2017 2009—2013 2013—2017 2009—2017
Bk H 956. 21 962. 79 975.17 0. 69 1.29 1.98
R 696. 46 693.72 679.73 —0.39 —2.02 —2.40
L 3 325. 66 3307.07 3288.79 —0.56 —0.55 —1.11
K8, 100. 78 107. 95 113. 81 7.11 5.43 12.93
A FHI 3 125.73 125. 44 125. 26 —0.23 —0. 14 —0.37
A 0 0 0 0 0 0
it 5 204. 84 5196.97 5182.76 6.62 4.01 11.03
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Tab. 6 Changes in ESV of each township in Jingtai County from 2009 to 2017

2009 4F 2013 4 2017 4 2009 4E 5 2013 4 2013 4E 5 2017 4F

7 ESV/10°JG ESV/10°JG ESV/10°JC ESV 24#i/10° 70 ESV 24i/10° 7T
TR W 314.79 304. 15 288. 53 —10. 64 —15.62
A< 402,72 403. 46 403. 47 0.74 0.01
4 BH 333.15 336.72 341. 80 3.57 5.08
&K S 218. 33 222.28 220. 40 3.95 —1.88
LV IR 549. 04 534,99 540, 22 —14.05 5.23
RS 974.17 979. 36 967. 26 5.19 —12.10
1l £ 1A 98.05 95.99 95. 62 —2.06 —0. 37
Hh L 249.73 245. 99 267.23 —3.74 21.24
R 558. 71 564.77 585. 66 6.06 20. 89
— 14 181. 20 170. 07 170.75 —11.13 0.68
1F B AR 629. 52 635. 55 612. 00 6.03 —23.55
R 695. 43 703. 64 689. 82 8.21 —13.82
At 5 204. 84 5196. 97 5 182.76 —7.87 —14.21
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777 98.06~249.73 C 11700824599

B 249.74~402.72 B 246.00~403.46
I 402.73-695.43 B 403.47-703.64

I 95.44-974.17 I 703.65-979.36

2009—2017

ESV/10°/6
95.62~170.75
. 1170.76~288.53
I 288.54~403.47
I 403.48~689.82
I 689-83~967.26

0 25 50 km
| I T—

3 L 2009—2017 4FAE I R GE MR 55 (6 B9 =[] 23 57
Fig. 3 Spatial differences of the ESV in Jingtai County from 2009 to 2017
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T 2009—2017 4 ZE EL AN F] A MR 2 B AR AR 55 A0 128 1k 1 TR R
Tab. 7 Contribution rate of changes in ESV of different land use types in Jingtai County from 2009 to 2017

W %
i ] Bt Mt iy kI SR 4
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PSR A 45 50 B T RO i ARCGIS #pF #E 47 i br 2 1l e qfii
B A B AR I B B A B _— B 23 1 BE S X1 0.029 3
O BT B L B AT B0 B B 4 9 2, A = 3507 3 9 B 5 X2 0.021 0
%Eug’%ﬁjﬂi{ﬁﬁjﬂ 12 %Jﬁ?ﬁ*ﬁﬂ*ﬁﬁ? &b R X3 0.045 7
T e W X4 0.005 4
#id GeoDetector F ff AL HA 5, 45 £ 2000, o BUFECTL B X5 0.178 0
20132017 4F - i 35 75 4 9 3h PR 71 BH 4 0 4 A RAHE SO X6 0. 236 4

e 52 w5 AR g . g (A 8RR 1% IR % + b it AR
25 B o VAR s i R AE S R G s M E R &
BHE., £ NHETFHEMZAE AR, R E X
- A% JR B i P 4 i RE (N K BN HE B AR TR
S NEEFEEC0. 236 O BT B LAY EE S (0. 178 0D
R R R (0. 045 7) VB 32 EA A IE S (0. 029 3) .
FI) 3= ] U A HE B (0. 021 0) B (0. 005 4), &
Z&EL M X A 1R AR AR 2SR 58 R 55 O 1E I AR
b, BRI FEERME R, F—  REMENH T
EREFEH REERF ¢ AT =4 1Tk 5
40% , N %% B (X6) X T 4 b 45 Ak 1) 52 i) f ok B
FE XBERENAOSZFHEESRENPA EMK,
TR E SN HEA L ASHREN S ZH
FE 2RI B T M5 L RO B AT B0 1Y BE
(X5), B A7 B Ja Bl b B AR R T ek K, HLBE
TG LI, b sk B G L A — R
R T AR S P . B A R T
5 R At v o ) N 10 RS (X)) R B 3 S R A
B (XM HERE LR E AR EET . E KW
i A PR 2 52 M AT X M 0 JF & T B T Bk
M2 AR, 1 AR AR R AR AN F R AR AL
FE 43 7K B IR T A A T FERE B A A, T i ] R
MATTIE B 25 Frgm, A A R 15 24 . 58—,
FEIE B g R R ¢ (AT R A
A 5 00 o 52w ik B s, R WD S AR B - b R T AR AR
ZHRMIEAGNHARNHE ., B2, A hHE R
AR PR 25 3[R A A% R RN AR 35 R B8 IR 55 i (8 7= R

AP

3 gwEite

3.1 it i

ARSI DL B3k B, BT 4 b R AR AT 5
SR WA B SS E  E E= H R S B, 1
b ) P 6 R 0 A 285 DT R 3R A5 T 43 A AR 2SR 55 (B
i 2 Y2 3 b N 8 R Y 3 A 2K R S Ak
KA RGNS W AR KB ) . A S0k FH R I
T ESED  BAER S B T @ i & I
P 5 f 43 BT H AR 2SR 55 0 1 R0 X A 28 3 55 A 5 )
BOME PR AR SO T8 v b 1) 2R 38 R e IR 5
WAl DL SGZ VA I A e 2 T A B ek, &
] 25 AN Ik T e SR e RS A e AR B AR S IR 55 B
WHSBOR A — R BR M. TR 5285 31
A AL LA KA 25 3R G T e OUAE A 23 X PP AR 45 i Y
M), b, BRI 1 A5 TR A A gt 2 T M s kA L g
8 v A% BB e T A Jmy R AHL el T s 1 AT
RICE A 75 SRR T 48 | 28 T 7 B 5 BUSR IR K %)
+ b3 AR K ARSI E AR AR sE . AR pFgE R
AT DASCGHEPPAR J7 %, O3 A0 0 4 TH 5 TR AR B R &R L (1
TEAR 235 R AR 45 R o
3.2 & i

D BEE & Ty & g, 5t 5 R 1 & A
TH B2, 2009—2017 4F 6], #f Ho A0 3 15 7
ARG K £, 43 BN 2009 4E 1K) 14. 58 % 1 1. 90 %
HEINE) 2017 4E A 14. 87 Y6 1 2. 31 %6 ; Ak i | 0 b A
) b T R A 2 o L/ R R A B K Sl N s
o,



534 PH22 P TR (202155 37 45 4

2) WX AE R R SR 55 D) he S A (H i AW
WD L8 AR g > 22, 08 X 10° g6, Hip
HAK L ESV 5 1 A #, Ao | B b R0 R A b
ESV TR, HH ESV (5 B4 5k 60% .8
B TRAES . EERGERS N 58S
PP R Z2 R R A R T T T RE R Y
ma st B AR REM S B M AR K EZERT)
AE H M E P 3R 538 68 00 5 1M 1 2R SC AL JEE AT RH RN &
YA P A L RAL R 9. 16 %%

3) mBEBERRGNRS M (8 5 20
FAHBAEER /N, SR L RBRREETRGENRS
A8 3 A A Jm S PO P e L AR AR

4) FFR B+ WA R M ESV AR fk % ik M A
T RN RIS B R SR R, R ]
PRI EC P PR 3R R e R B S e 0N, R A M R SR
PR 1Y 52 0 B8 7 B G H o N 5% B A B AT B
rh s B B S R R e AR O 3 PR N SO R R
REAEBRGERS MAER 25 B0 R EIKZFE

e

(1] BZE, Bl EXRERSMEITPAETF BRI A8
#3R,2007,27(1) :346-356.

ZHAO Jun, YANG Kai. Valuation of ecosystem serv-
ices: characteristics, issues and prospects [J]. Acta
Ecologica Sinica, 2007, 27(1): 346-356.

(2] vrwe, M#k, R4 pgel 1 A A2 AR B R

GER R E VD D RE R R [J ], A2 244, 2016, 36 (12)
3734-3747.
JIANG Ling. XTAO Yi. RAO Enming, et al. Effects of
land use and cover change (LUCC) on ecosystem sand
fixing service in Inner Mongolial J]. Acta Ecologica Sin-
ica,2016,36(12) :3734-3747.

(3] AR BBER , B, %5 2001 4F—2009 4F [ 2 8 4

B & 3 A/ 8 w5 A s A LTt S A 5%, 2012,
21(2):64-71.
ZHOU Qiuwen, YANG Shengtian, LUO Ya, et al.
Land use and cover change in China and the neighboring
countries from 2001 to 2009[J]. World Regional Stud-
les, 2012,21(2) .64-71.

(4] HA R, EB, SCEF. M PR g X A s A 128 1k B & B

STl K R ARFRDFSY,2015,22(1) : 188-193.
FENG Jianmin, WANG Li, WEN Qi. Land use changes
and its rationality evaluation in the Yushenfu mining ar-
eal J] . Research of Soil and Water Conservation, 2015,
22(1):188-193.

[5] RUELLAND D, TRIBOTTE A, PUECH C, et al.
Comparison of methods for LUCC monitoring over 50
years from aerial photograph sand satellite images in a
Sahelian catchment[J]. International Journal of Remote
Sensing,2011,32(6) :1747-1777

[6] TUAN Yifu. Geography, phenomenology, and the
study of human nature[J]. The Canadian Geographer,
2010, 15(3): 181-192.

[7] ZHAO Bin, KREUTER U, LI Bo., et al. An ecosystem
service value assessment of land-use change on Chong-
ming Island. China[J]. Land Use Policy, 2004, 21(2):
139-148.

(8] BAZE XN, H2EH. i 60 FHe MR A S REM

S0 H B A AR R ()] 4 & % R, 2013, 33 (10D
3169-3176.
ZHAO Liang, LIU Jiping, TIAN Xuezhi. The tempo-
ral and spatial variation of the value of ecosystem serv-
ices of the Naoli River Basin ecosystem during the last
60 years [ J]. Acta Ecologica Sinica, 2013, 33 (10):
3169-3176.

(9] AH MW « RETAR MR, Sk Aihr - &) S . i 3L

Lo W 9 3 b R R A A 2R S R S IR S G 52 R
(1. 4%l T/ 241 , 2019, 35(2) : 260-269.
YUERIGULI Kasimu, YANG Shengtian, ZIBIBULA
Simayi. Impact of land use change on ecosystem service
value in Ebinur Lake Basin, Xinjiang[]J]. Transactions
of the Chinese Society of Agricultural Engineering,
2019,35(2) :260-269

[10] MAMAT Z, HALIK U, KEYIMU M, et al. Varia-
tion of the flood plain forest ecosystem service value in
the lower reaches of Tarim River, China[J]. Land
Degradation & Development, 2018, 29(1):47-57.

(1170 Jedet, lokcns, Zeti, 48, A28 st 4 R0 20 i 5
[ RS IRBEA R, 2015, 24(1) ¢ 1-7.

LONG Hualou, LIU Yongqiang, LI Tingting.et al. A
primary study on ecological land use classification[ ] ].
Ecology and Environmental Sciences,2015,24(1) :1-7.

[12] BROWN G. The relationship between social value for
ecosystem services and global land cover: an empirical
analysis [J]. Ecosystem Services, 2013,5:58-68.

[13] LAUTENBACH S, KUGEL C, LAUSCH A, et al.
Analysis of historic changes in regional ecosystem
service provisioning using land usedata[ J]. Ecological
Indicators,2011,11(2) :676-687.

(14 XEEMR, 5K 8 B, 3K 65 . 4 = /it X 4 3 ) B 23 A2 fk

MABRRGEWR S MEMZ W] K% 2014, 34
(12):3311-3319.
LIU Guilin, ZHANG Luocheng, ZHANG Qian. Spa-
tial and temporal dynamics of land use and its influence
on ecosystem service value in Yangtze River Delta[ J].
Acta Ecologica Sinica,2014,34(12) :3311-3319.

[15] #3Cim , V1078, B 7 B, &%, 67 = 2B 25 (8] 7 9 £ s )
FH S fiR 2 B S 2R 25 R 55t (B BF 9 LA MR Xy 451
[JJ. BARWE IR AR . 2018,33(12) :2098-2109.

DAI Wenyuan, JIANG Fangqi, HUANG Wanli,et al.

Study on transition of land use function and ecosystem

service value based on the conception of production,

living and ecological space: a case study of the Fuzhou



THIGE 52 , 55« 2 T 5 A M0 55 DX AR 25 IR 55 A0 i I 2 9 2 6t 44 0 AL 1

535

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

new areal J ]. Journal of Natural Resources, 2018, 33
(12):2098-2109.

. m U A R SOUL RS JR AR Ak e B (D] mE
I AR R, 2010.

WANG Hui. Dynamics and prediction of landscape in
land utilization of Nanjing city[ D]. Nanjing: Nanjing
Agricultural University,2010.

KW AL E . AR I T 1990-2015 4F 4 M
JHI = AR AE S KB AL [T, A= &%= dk, 2019,39
(24): 9339-9350.

ZHANG Junmao, ZANG Chuanfu. Spatial and tempo-
ral variability characteristics and driving mechanisms
of land use in the Southeastern River Basin from 1990
to 2015[J]. Acta Ecologica Sinica,2019,39(24):9339-
9350.

FIRAL, BRIEE W IRE 5. RIINTT 4 st ) 2B Ak 8K
RG] PEAD « W 5H B, 2006,16
(6): 124-128.

WANG Zhaoli, CHEN Xiaohong, ZENG Lechun, et
al. Application of grey system theory to analyze the
driving force system of land use change in Shenzhen
City[J]. China Population, Resources and Environ-
ment,2006,16(6) :124-128.

SR . M BTK E B Rk AR R A R R
WSS DL S S B LT ], A 35 5 R BRI5 22 4,
2019, 35(11): 1387-1395.

ZHANG Yingjie, LEI Guoping. Analysis of spatial
distribution and optimization of rural settlements in ge-
ological disaster-prone area: a case study of Dongtou
County,Zhejiang Province[]J]. Journal of Ecology and
Rural Environment,2019.,35(11):1387-1395.

W, T BRSSPI T A R T SRS
MR AR A A SCER B ) g s [)]. TR HE
TR 5¥EE, 2012,26(10): 132-137.

YAO Yuan, DING Jianli.» ZHAO Zhenliang. Study on
the landuse change in Urumgqi during acceleated urban-
ization[ J]. Journal of Arid Land Resources and Envi-
ronment,2012,26(10) :132-137.

ZEHIGEE G E, RTINS N RETAS
FHHbAE SR AE [J]. Z¥r b3, 2017,37(12) :180-189.
LI Ying. FENG Yu. PENG Fei, et al. Pattern evolve-
ment of ecological land in Tianjin based on geodetector
[J]. Economic Geography, 2017, 37(12): 180-189.
JA 7 B, AR KU T A R S5 4 AR B
WA AR SR T ], G b3, 2012,32(4) :124-129.
ZHOU Ziying, DUAN Jiannan, LIANG Chunfeng.
Temporal-spatial changes analysis of land use structure
in Changsha city based on information entropy[J]. E-
conomic Geography,2012,32(4) :124-129.

A 22, T I B VAT I S b ) s A A JR) Y AR R BK
g 1)1 BEIRREE,2020,42(3) 1 460-473.

ZHANG Baifa, MIAO Changhong.

changes and driving forces of land use in the Yellow

Spatiotemporal

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

River Basin[J]. Resources Science, 2020, 42(3): 460-
473.

e, & HFE. R R F Bl RAESR NN
EIPAELI ] AR BEIR 224, 2003,18(2) :189-196.
XIE Gaodi, LU Chuanxia, LENG Yunfa, et al. Eco-
logical assets valuation of the Tibetan Plateau[]].
Journal of Natural Resources, 2003, 18(2):189-196.
COSTANZA R, D’ ARGE R, DE GROOT R, et al.
The value of the world’s ecosystem services and natu-
ral capital 1[J]. Nature,1999, 387(1):3-15.
SCHIRPKE U, KOHLER M, LEITINGER G. et al.
Future impacts of changing land-use and climate on e-
cosystem services of mountain grassland and their re-
silience [ ] . 2017, 26 CA):
79-94.

BRSO ER, AR, DU T A b A B s AR Ak R
HXEBRGE M S MEF T KRR,
2020,27(1) :275-282.

FENG Jianmin, GUO Lingxia, LI Xiaohua. Temporal

and spatial variations of land uses and their influences

Ecosystem Services.,

on ecosystem service function values in Hanzhong City
[J]. Research of Soil and Water Conservation,2020,27
(1):275-282.

BRI PR BN Ok R e R N
SR AR A 5 AR R WO R RLT]. AR B R 2
#%,2017.32(8):1385-1397.

LU Chen. LAN Xiuting, SUN Wei. A study on the
relationship between natural factors and population
distribution in Beijing using geographical detector[ ]].

Journal of Natural Resources.2017,32(8):1385-1397.

WANG Jinfeng, HU Yi.
detection with GeogDetector[J]. Environmental Mod-
elling & Software, 2012,33; 114-115.

WANG Jinfeng, LI Xinhu, CHRISTAKOS G, et al.

Geographical detectors-based health risk assessment

Environmental health risk

and its application in the neural tube defects study of
the Heshun Region, ChinalJ]. International Journal of
Geographical Information Science, 2010, 24 (1):
107-127.
TR ARAUR. MR A . RS )], s
2R, 2017, 72(1): 116-134.
WANG Jinfeng, XU Chengdong. Geodetector: princi-
ple and prospective [ J]. Acta Geographica Sinica,
2017,72(1) :116-134.
S A TR R RS, A5 AN TR 20 I X H b s [E] 3
JERRAE e AL DLEE N S I [T . Bk 77 & R W o,
2018,25(12) :141-146.
WU Wei, HUANG Cuiping, ZHAO Xiaojie, et al.
Spatial expansion characteristics and mechanism of ur-
ban land use in different modes: a case study of Gan-
zhou[ J]. Urban Development Studies,2018,25(12):
141-146.

(TiiEgmiE  F 4



