Chinese Journal of Applied Ecology
ISSN 1001-9332,CN 21-1253/Q

(R FRAESZERDY MEERIR

H - T B2 A A 2 0% X AR 2 R GUIR S5 B B 25 V5 28 S LIRS R 3R

= MR, Ml i, #EREE

DOI: 10.13287/j.1001-9332.202201.015

e H - 2021-05-25

Mg E R HE:  2021-10-19

51 = MRE, Ml #fn, EAEE. TREBIESEH X AS RS IME FIN 23 5

28 K HIKBNR Z[IOL]. R AESSR.
https://doi.org/10.13287/j.1001-9332.202201.015

@n(rr@;»e«]

www.cnki.net

WIS ER: EHmBE LIRS, ffk NSRRI 2 DR R HEBUE R BN g0 E R S5
B HEMBAR L E, HEdFRATITF B8 FE TR HEROE e 5 H e fa 4 )
TURFE RGN CRIEMZ LI HBUS IR, AT ATE MARE . &, WIS, B g % R de
AR 2 HL DU Y CURfh E ) VIR i R P B e 1 o S P S8 Al I 2% 1 AR N 8 e AUAF 4 (il
R ERZEB) AN T AR BEAE Y A RAE s 2 ARWE TR A B . Bl RSBl 77 &g
BB TSCSR R, AR ARANGGAT 9 S AR BUT s R fF N 2 LA R 5 [ A R A5 T i
HURR BB AR, IERAE MG IVEIE 55307 155 87 ANCTRE R TR AL R IR TESE
N ERF T ERRI A BRI, SR ERG— 25, AMRBSOLSCEH | 1E# . HUA AR R A,
FURTEE T g A HEAT > B0 IE

HREEIN : AU TR EE I S (R E2EARIIT] OsfioO) By aEHARAREL, £ (FE
FARWIH (MZRREO) ARG & LA 5 405 T N 7 — B R i, LR BRI RO 30, A2 BRI
AR BT HI AR SO AT E R . HERROE RS . BN RE R . B (o B AR (RIZRRO) A2 B 5l
R H L SR TR 28 3 4 0 ) (ISSN 2096-4188, CN 11-6037/Z), it AR 29 W T AT 285 i b X 4%
RSN IE 2 AR



JSE AR 25 24

I BE AL B 2 B X AE S R SR S5 A8 0 I 25 i 2 L L oK B)
PSEEN

&' a2 g BEFEF

CHRERLNBERZEZFZR , K 410004 ; HEEBLEBWER , £ 410004 )
*BEEE B, E-mail: greenolivia@126.com

HE AREEECHREER  E5REBRESNE (ESV) HRZFERBEIEFEUNXEHL-2F-E5HAT
BEAREFEEE Y, BEAEMNESZFX 2005, 2010, 2015, 2018 FEHERBMEIFHIE , M 3 kmx3 km HIHER
REWE , £ ArcGIS Ml GeoDa WERZET , FEYUERFE. ZRIBEMEXSN. RRDTEH ERTEREERE
BRELFX ESV W ZERFES , i—SEAMBERMNBIERE ESV TEHIRNESRIRFREBIRFHRE
ERNGl, RKRHE 20052018 F, ARXBRAERBENBRSE , BESE 49.2% , EHRKFHERAM
B/, H T B RENCFTEE, HRBE , EXRERSNELEEHER , NAFA®Y ESV 2 XIEEKS
B OHhihEM ESVHETANENRE LY, HEX ESV BAE<“BE"NEE2HERE , B ESVZEASHFEEE
EMERMAE , B ESV WEENREERKNEEZHBLLHER , RPESNEZRAERREENE K. FRX
ESVZHRSFZEAKRENLLLFTRFRBEMANER , b, AREWEHNRBRS K.

XEH THRA/BEREL ESRERSNE; HZRE ; EBRUSE ; AEHESLFX

DOI: 10.13287/.1001-9332.202201.015

Spatial-temporal evolution and drivers of ecosystem service value in the Dongting
Lake Eco-economic Zone, China

CHEN Rui', YANG Can'-2*, YANG Yan', DONG Xiang-ze'

(" College of Economics, Central South University of Forestry and Technology, Changsha 410004, China; > Hunan Green Development Research
Institute, Changsha 410004, China)

Abstract With the rapid development of urbanization, research on the spatial-temporal evaluation and drivers deduction of
ESV is important to regional social-economic-ecological coordinated and sustainable development. Based on the remote
sensing data of Dongting Lake Eco-economic Zone in four periods of 2005, 2010, 2015 and 2018, we investigated the spatial-
temporal pattern deduction characteristics of ecosystem service value (ESV) from a grid scale of 3 kmx3 km with the
technological support of ArcGIS and GeoDa, as well as combining the equivalent factor, spatial auto-correlation and hot-spot
analysis method. We further explored the dominant drivers of spatial heterogeneity of ESV and the interaction mechanisms
among drivers by using geo-detector. The results showed that, during the study period, the construction land area in the zone
had the most significant growth by 49.2%. Nevertheless, the grassland and water area had a relatively large decrease, while
the other land area did not change significantly. The ESV decreased gradually in general during the study period, only the
ESV of unused land increased rapidly, and that of the other lands all showed decrease to different scales. The overall spatial
layout of ESV in the study area was "surrounded". The spatial cluster effect of ESV was significant, but the cluster effect of
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high and low values of ESV tended to weaken during the study period, which indicated it was gradually decreasing. The
spatial heterogeneity of ESV was affected by the coupling and coordination of natural environmental factors and socio-
economic factors in the study area, on which the contribution of the HAI was the largest.

Key words land use/cover change; ecosystem service value; spatial-temporal pattern; geo-detector; Dongting Lake Eco-
economic Zone
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Fig.1 Geographic location of Dongting Lake Eco-economic Zone.
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Fig.2 LUCC classification of Dongting Lake Eco-economic Zone during 2005-2018.

PL: #tih Plowland; FL: #k3h Forestland; GL: HLih Grassland; WL: /K18 Water; CL: % % F #t Construction land;
UL: #F) Ff #hUnused land. T [d] The same below.
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Table 1 ESV coefficients per unit area in the Dongting Lake Eco-economic Zone (yuan-hm2-a!)

+Hb I F 26 Land use type

Ecosystem type PL FL GL WL cL UL
B4 " Aliment production 2106.91 695.28 905.97 1116.66 0.00 42.14
JEA#4 B} Raw material 821.69 6278.58 758.49 737.42 0.00 84.28
SARVEFT Gas regulation 1516.97 9101.83 3160.36 1074.52 0.00 126.41
S A% Climate regulation 2043.70 8575.10 3286.77 4340.22 0.00 273.90
7K3CIA ™Y Hydrological regulation 1622.32 8617.24 3202.50 39546.61 0.00 147.48
SR AL FE Waste disposition 2928.60 3623.88 2781.11 31287.54 0.00 547.80
{45 133 Soil conservation 3097.15 8469.76 4719.47 863.83 0.00 358.17
W% FEE Biodiversity 2149.04 9502.14 393991 7226.68 0.00 842.76
2500 Esthetical scenery 358.17 4382.36 1833.01 9354.66 0.00 505.66
J= it Total 16644.55 59246.18 24587.58 95548.15 0.00 2928.60

PL: #tHb Plowland; FL: #kHb Forestland; GL: ¥h Grassland; WL: 7K3% Water; CL: %133 Construction land;
UL: #F|Ff#h Unused land. F[& The same below.
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0.67. #Rih 0.13. FHb 0.12. /K3 0.1, E B 0.96. K FI L 0.05,
1.6 HbIBHRM B5

IR ZE (Geo-Detector) FI LAFRINELZK (125 (8] 4> T RRfE, B4 4 ANERMZRESS, A ARH
LR 7 R0 38 A4S H AR SR 2 W A B AE S 45X BESV R ESHFAELHER, 2
g /(1 O

'I"I',—:,rﬁ.,-\:tﬂﬁ (8)

Xf: h NBE YT FIRDE/X: NANSRREXF b XRIEEG A o 200 2 X
R IX YAEITT 7%
1.7 BELE

PL 3 kmx3 km (IR RAFEAR BTG, 454 ArcGIS 1) Jenks AT MLAL ThRE, B 72 X ESV 4% =ik &l
GRS AN, BAAS RN FTIX 2005—2018 4E ESV 252 25 [6) 4ii J # W 1Kl . £ B GeoDa 1925 18] 3 #1 T
B, 505 2005—2018 FEifEMAESLFFX ESV K4 )5 Moran I KHAMEEIr. #—FiEH
GeoDa #AF#E AT HERLE A [, 15 H 2005—2018 =i B2 i A &L 5F X ESV I Moran 85 B A 0
LU AT A Ak M s W VR B AR S B X BSV [ S TR SR BE A 7 AR AE, 15 Bh ArcGIS 424 il 15 3
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Table 2 LUCC in the Dongting Lake Eco-economic Zone during 2005-2018

M A M Area (x10* hm?) A5{k % Change rate (%)

Land use type 2005 2010 2015 2018 2005-2010 2010-2015 2015-2018 2005-2018
PL 174.72 173.99 172.50 169.94 -0.4 -0.9 -1.5 -2.7
FL 212.07 211.80 211.20 211.96 -0.1 -0.3 0.4 -0.1
GL 7.87 7.52 7.42 7.13 4.5 -1.3 -39 94
WL 50.63 50.58 51.02 48.24 -0.1 09 =55 4.7
CL 9.92 10.68 12.80 14.80 7.7 19.9 15.6 492

UL 7.02 7.66 7.29 9.81 9.1 48 34.6 39.7
X 3 mTLUE H, TN 6 K] R AR AR AR S AN 149.84 77 hm?, (54 X SR
) 32.4%. U H ORI R A T MB350 8 AN RUBE B0 97 7k, BF st Mg ) S U g 285 3, b b R e b 3 1 L
e b, BFHuAARHL AL AR 2 0 o5 SV TR 41.8% A1 32.2%, & Hodth b SRR 5K 1) < B ot
PR

#3 2005—20184F LA EL R A
Table 3 Transition matrix of land use during 2005-2018 (x10* hm?)

iy ] i 2R FHFIH 257 Land use type (2018)
Land use type (2005) PL FL GL WL CL UL St Total 4 Transfer out
PL 111.45 39.40 1.09 1345 7.55 1.07 174.01 62.56
FL 38.22 161.95 3.53 3.46 3.02 0.02 210.20 48.26
GL 1.01 3.83 2.29 0.47 0.07 0.04 7.72 543
WL 13.34 4.00 0.06 2693 1.18 4.81 50.33 23.39
CL 4.60 1.20 0.03 1.12 2.90 0.06 9.91 7.01
UL 0.64 0.02 0.00 2.47 0.05 3.76 6.94 3.18
it Total 169.27 210.40 7.00 47091 14.78  9.76 459.11
# A\ Transfer in 5781 4845 472 2098 1188  6.00 149.84

22 AEBXBRGRFSNMENREZEL

H#E 4 nJLLEH, 2005, 2010, 2015, 2018 FEiHEMASLTFX K ESV 4514 2052.41.
2048.45. 2046.26. 2019.97 1276, WHFHEAN ESV ZFiridi, H RBUEA 32.44 {20, WHFRHEAN, #Hh
2 BESV MTTEk R LR E B, Ho, ESV MEZETTwkE M, &k 61%0L 1, 1 F A0 R ) H Hb
X ESV MTTERFE &AL, WAL 1%. WELFERE, HHAHAMCRF AR ESV 2 8EHKEH,
WK EEIL 39.7%, HHESIRS)JIEE 2015—2018 4E) LUCC, 1 HAth 4 o F) FH 2K B2 4L 1) ESV
) 2R EHRE IR D A& H: 2005—2010. 2010—2015. 2015—2018 4E[E] 1 ESV FELZE 451 4-0.2%.
-0.1%-. -1.3%, RUWFAEMESLFXAESRG S ET L,

4 2005—20184 #%HZESVAE (L
Table 4 Changes in ESV of various land during 2005-2018

R A R ESV (x108yuan) A {k# Change rate (%)

Land use type 2005 2010 2015 2018 2005-2010 2010-2015 2015-2018 2005-2018
PL 290.81 289.60 287.12 282.86 -0.4 -0.9 -1.5 2.7
FL 1256.43 1254.83 1251.28 1255.78 -0.1 -0.3 0.4 -0.1
GL 19.35 18.49 18.24 17.53 -4.5 -1.3 -39 9.4
WL 483.76 483.28 487.49 460.92 -0.1 0.9 -5.5 -4.7
CL 0.00 0.00 0.00 0.00 0.0 0.0 0.0 0.0
UL 2.06 2.24 2.13 2.87 9.1 -4.8 34.6 39.7
J2t Total 2052.41 2048.45 2046.26 2019.97 -0.2 -0.1 -1.3 -1.6
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Fig.3 Spatial distribution of ESV in the study area during 2005-2018.
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R S WTLLVEH, BFFIX BSV 4046 £ 70 i 3 1 25 (A IEAH S RN 2= [l 2 5 8, B ESV mi{E X &
THEE. REXETAE, 55X KNG LUCC (A PY J&E i 5 2080 bR 25 A2 25 5506 2% 1)
S ARG JRAYI A . 2005, 20104 2015, 2018 “EFJ Moran I {H4 %] 0.525. 0.510. 0.512. 0.492, %
Hah M FRE@, REFTIX ESV B S E AR AE 5 R AN A B W 55 i m, REA &0 E =
B 45 SRR N IR W o, T AES RS KIS S5k A — B RREA ., 2005—2010 FIEA“+—H”
RISE A, BAFHSH KRR R, HEEESFAS CEERE, 45 H R E AR 1 8 i
I, thhn: S ACHEE 5]k 0 ER 1 F s R SR R B s T AR A sk, (AT ALIX ESV S A4 R
BN IZ BT TS s 2010—2015 HEIE AL — F BRI SL it 18], Bl 26 20 5 4k 2 hnse R @ Rl 25 A S 1 A 7 1
o [ 25 ) HORE, (R AE BSV B A AR SR AN IG5 AS H s 2015—2018 4 IE b+ = . B K1) S it HA
B, EERIFHADCHER, EMEFHEERE, Bl TGERDHE, ESV B2 4L R MM
BN B

%5 2005—20184FESV4: JajMoran I4t i1
Table 5 Global Moran / of ESV during 2005-2018

SE4y Year Moran / E(D) Z(D P

2005 0.525 0.000 74.440 0.001
2010 0.510 0.000 72.484 0.001
2015 0.512 0.000 72.560 0.001
2018 0.492 0.000 68.970 0.001

I 4 TTLUR th, EEWIE AL X BSY M FRIOBAE AR SRR, H 4 MIEO s
Rk, RUIFIAX ESV BATE 0% 7R MO IE EHIDCARAT . BSV A A0 H I FLAT 6 X A6 [ 4
FIR, WENBORE . H— KM S B T R, RBFIX BSV B IX & 4 M 2 L 1
F 5 R PR R0 40— RIR A AR TR A AR R B3, R UIFAEIX ESV i o 4 3 SR g
A AR IREOE A TR
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Fig.4 Moran scatter diagram of ESV during 2005-2018.

B 5 afLLEH, 2005—2018 4E, WX ESV HEm (H-H) ERX EESAAEITSKA TR
A2 BB X AR WK I R EMILX, BETEEMNESEIR, RHENES
25X ESV MEERIFX; (Km (L-HD) MEfK (H-L) X E%ﬁ&mﬂﬁé B A A
BWEN; MK (L-L) ERX FESAAEP RS ET, EENEH. ERENE. il
FIAGER . HR X B AEES . WHEH R RIVER . HE W, w2 B, M.

2010 . 2015

Lo,
DeG, e
g ad

No Il H-H H-L DA mmEE.9 50 1oem

1

K5 20052018 4EBFFLIX ESV ] LISA £ %K
Fig.5 LISA cluster diagram of ESV in the study area during 2005-2018.

No: A3 Not significant; H-H: - High-high; H-L: -l High-Low; L-H: {&-% Low-High; L-L: {&-fik Low-Low.
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2005—2018 4, JHEEMIESZLVFIX BSV A #Gl Bl #HAMNA I B 0 Ak R, BESV #A sk X
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Fig.6 Spatial distribution of cold and hot spots of ESV in the study area during 2005-2018.
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F 50 X A SRR AR B (CS) Fem MR, 29 0.6, Ut B2 AR 0 R B8 N 1%, ESV
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BINT 1, Ul E A S A X ESV AN T B 5 R U2 A XS AR 1, BRI 7R H A A &
BodEH FiREMASEFX, B —EnEE,

#*6 WX ESVHIBUSME IR HUE (L
Table 6 Changes of sensitivity index of ESV in the study area

A Year PL FL GL WL UL
2005 0.142 0.612 0.009 0.236 0.001
2010 0.141 0.613 0.009 0.236 0.001
2015 0.140 0.612 0.009 0.238 0.001
2018 0.140 0.622 0.009 0.228 0.001
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Fig.7 Spatial layout of drivers for spatial heterogeneity of ESV.
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a)iM 2 Elevation; b) 3% J¥ Slope degree; ¢) H—fLIE#F5 %L Normolized difference vegetation index; d) i Temperature; e) F£7K
Rainfall; f) A N5ZMFE4 Human active index; g) 1) GDP Average GDP; h) \ 1% & Population density; i) +3F|FH 2% Land use
type.
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NEE IR At o im s 0 T B ) A S A — @ IR TP A RRM ST Iy 40.8%, X
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10%EAN, XHTFLIX BSV 23 8] 73 53 AL I AN K

HAM A 2 5B A A FRE R 7t IX ESV A R W ahils, Hitas
BrEE BRI IR B K7 X BE AL X ESV A5 [8) 73 3 (O MERE JOK, i n) e Ak 2 4 B R S R 5 b B N N 52
FaBOM L A FH SRR 1 R 52 ESV A 0] 70 i BB KR (& 7) o Bk, 728 — 58 i [ 2 a] B0
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Table 7 Factor detection for spatial heterogeneity of ESV

[AF Factor g Giil i gstatisic P {H Pvalue #f/F Rank
2 Elevation 0.115 0.000 5
Wi Slope degree 0.108 0.000 7
YA — 10 A7 15 45 410 Normalized difference vegetation index 0.150 0.000 4
S.if Temperature 0.097 0.000 8
[#7K Rainfall 0.114 0.000 6
AN 45 % Human active index 0.596 0.000 1
i #%) GDP Average GDP 0.056 0.000 9
N % & Population density 0.160 0.000 3
+ 3R H Land use 0.408 0.000 2
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Her, HAL 5 R 288 22 BAE SR L IX BSV 25 [8] 4 S (52 W i i, g {E =iE 0.787; W Al
FXF ESV F Al R 71 KT 50%0F . HAINFE /K (0.691) . HAIN iR (0.674) . HAIN 3% &
(0.662). HAINE F£(0.659). HAINNDVI(0.658). HAIN A 1% ¥ (0.632). HAINHL GDP(0.613). H
R R T I0AC EAE X ESV 28 (8] 5 7 HI AR RS J1 35/ F 50%, AH P R 7 L s — R 76 BSV 25 (8] 43
7t [R5 W0 T R 1 o

& IR B0 PR 1 [6] R A8 & AR FH T T 1 1R 386 i 2% S 0 B 72 X ESV 28 8] 43 e RACR = A= W R AR V] B 8
EEEFXAER G HAREZMGART, MZZINTNNERETFH2WESN T, KAN5E ESV
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Table 8 Interaction detection for spatial heterogeneity of ESV in the study area

I - M E/
gﬁgf A
. 1 b , g¥ Hi#) GDP FI ,
T wi % Nomalized AU ok JEEC KB NIy g
. Slope X . Human Average Population
Factor Elevation difference Temperature  Rainfall . . Land use
degree . active GDP density
vegetation .
: index
index
=1 #2 Elevation 0.115
i FE Slope degree 0.126 0.108
_ b He :
At iR Normalized 0231 0.229 0.150
difference vegetation index
<& Temperature 0.120 0.121 0.228 0.097
[#7K Rainfall 0.168 0.167 0.265 0.159 0.114
et B it e H ;
A ARG S Human active 0659  0.662 0.658 0.674 0.691 0.596
index
i) GDP Average GDP 0.134 0.130 0.209 0.115 0.146 0.613 0.056
\ 1% /% Population density 0.204 0.210 0.285 0.196 0.240 0.632 0.174 0.160
L Hu A Land use 0.459 0.459 0.471 0.457 0.493 0.787 0.433 0.497 0.408
:I: A
3 én e
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