5539 %45 19 1) *+ &~ 2 Eild Vol.39,No.19
2019 4F 10 A ACTA ECOLOGICA SINICA Oct.,2019

DOI: 10.5846/stxb201805301197
EERXTT, FBEA AR, 455, SR 7Y R X AR A5 R GUMR A5 (R 2 T A RIS A 254, 2019,39(19)

Wang J F, Liu F,Bai X Y,Dai W, Li Q, Wu L H.The Spatial and temporal evolution and simulation forecast of ecosystem service values in southwest China
.Acta Ecologica Sinica,2019,39(19) .

P 3 X A 75 B e AR 55 0 B A =2 08 38 R AR UL T

AR 2 GRS R R E R ZRA
1 SN R 2= BRI 5 T 8% TR, 5tfH 550001

2 HERFEBE BRI 5T BT R BT Rk R S S 3 B 550001

3 BRI R A TS RGN ST, I 562100

4 FSELARI A G -5 D7 s SCIk2E e, 78K 553004

WE SSRGS M E (ESV) 2070 A 252 Ak J RS2 B K 38 ] 1548 % SR By v MR, B /R P B X ESV i 2531
TE-A I 23 1 AR HLAE 35 H] ESV T4 44 22 40 T B #iL X, 2005—2015ESV ST Z8 74T 5 54047, % FH Logistic-CA-Markov Fi& 451
RITH 2025 4 ESV 4 )R, 5532 . (1)2005—2015 4F 74 5 Hh XS A S BHE K (ka 3 , FLMEIR B 20.85 1470, 2232 71 DU
JKIR ESV HEINFTEL, 708 U ESV B KOR F xR, (2) 2B L EIMPGIL AR T ESV & ALEE ESV IRAY 4> 1 4% 5 s A [F]
FRUFIUAR R S ESV #8723 ] A B AP S5 90 i) i S A I b, S At A 285 57 08 ) 42 182 Yt =5 46 7 20 /0 11 B AR 2 LA
HETH ] K S S I, BRI R T 5 38, A S IR A% . (3) Logistic [FIA 43745 A S50 ROC HI KT 0.87, 40 4
S5 RN I L B ER ; CA-Markov 1540 ESV 258145 J&) , Kappa 2300 0.86 , 7T LATE ALK B (4 S W He 25 (Bl i A8 e, (4)
2015—2025 4 ESV 75 [A] 3 £k 26 W 74 R b IX 45 X320 A5 A8 A A T 4, (LA 380 P b 338 o 94 2 285 B R0 AN T 2000, 1 7 & 2
PEAT M A Ry, ASBFSEIE /R T P RS L IX o 25 -BAE A ESV 2 S AL AL , B4 1K ik i) 27 10 s 23 3 A JR1 3%, o2 4 X S it
LA PR A A SR B T LR SRR TR S M E S

KIS R GRS E 5 s TS STHE F ShAIL ; LI FU ; 75 e b X

The Spatial and temporal evolution and simulation forecast of ecosystem service

values in southwest China
WANG Jinfeng "** , LIU Fang', BAI Xiaoyong™” * ,DAI wen*, LI Qin°, WU Luhua®

1 College of Resources and Environmental Engineering, Guizhou University, Guiyang 550001, China

2 State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550001, China
3 Puding Karst Ecosystem Observation and Research Station, Chinese Academy of Sciences, Puding 562100, China

4 School of Tourism ,H istorical Culture,Liupanshui Normal University, Liupanshui 553004, China

Abstract: The ecosystem service value ( ESV) plays a key role to build a global ecological security pattern in order to
reveal the evolution characteristics and future evolution of ESV in southwestern China. The revised ESV coefficient was used
to quantitatively analyze the dynamic evolution of ESV in the study area from 2005 to 2015. We used the logistics-CA-
Markov model to predict the ESV space evolution in 2025. The results showed that: (1) From 2005 to 2015, the total ESV
increased by 20.85 billion RMB in southwest China mainly due to the increase of ESV in Qinghai and Tibet waters, and the
growth rate of ESV had absolute advantages in Qinghai and Tibet.(2)In the study area, the distribution patterns of ESV in

the northwest and southeast were high and low in the north. ESV of different types and grades were spatially converted, and
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the conversion from low to high grades was obvious. The profit was greater than the loss, and the ecological environment was
obviously improved. (3) The Logistic regression analysis showed that the ROC values of all ecological landscapes were more
than 0.87, and the fitting results could meet the forecasting requirement. CA-Markov simulated spatial layout of ESV | and
the Kappa coefficient was 0.86, which could accurately reflect the spatial evolution pattern of the overall landscape. (4) The
spatial evolution map showed the dynamic changes of ESV in various regions of southwest China from 2015 to 2025,
reflecting the advantages and disadvantages of the ecological environment. The general trend of the ecological environment in
the region tends to be good, but the ecological negative effect of the increase in construction land can not be ignored. It is
necessary to rationalize the layout and build an environment-friendly society. In the future, the ecological planning must be
carefully laid out. This study provides a detailed spatial evolution map of ESV. It is significance to the implementation of the

effective ecological planning and provides a scientific basis for achieving sustainable development.

Key Words: ecosystem service values; spatial and temporal evolution; cellular automaton; simulation prediction;

southwest China

HEERGRSME( ecosystem service values, ESV) &I T TE2CPPAh A2 25 R G R UL e R NS LA AE 1Y
REE R IR S5 A VU R e DX A YT BRYT BT 3 TR A A S R, R IX AR B ER
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Fig.1 The spatial distribution of the study area
ESV =Y AVC, (1)
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Table 1 The basic data and their sources

Hji e HeR 35t

Type of data Data Sources Website link

BiHAEY Statistical yearbook e S E R SR hitp ;//www.stats.gov.cn
AR MZEAIE Land use map rh R U TR R SR e ol hitp: //www.resde.cn
N E POP map i [E R B 9 TR PR SR A ol http : //www.resdc.cn

=l A A 7 S &) GDP map m R e 9 IR SR A ol hitp: //www.resde.cn

B TRE DEM map Hh L R B = http : //www.gscloud.cn/
FTEIX K1 & Administrative map H Rk RGP R L & http : //www. geodata.cn/

K, ESV ARERA S TR SR LR RGNS A, A, B i RAEBRFOWEMAH, Ve, B i 5t
BEEBMERE ESVs IFIEBFOMM LIRS A, V C,, I ESV REL, BRSO S5
R 55 (i B FE B WA SRR E = KRR SR SR IR R AR RSB A 2k
PEORAFT, WF5E XA AR A SO R S Bkt ARl | Bdth, KR ) P b R 15 R b 6 N3 43 0%t 7 4
AR O KR & HBHE RS RGN RS H E R AR A E S BBFST, # e A K R R 5
FE A B T AR A S, o A S MR 0, HiAx a8 28R 8 50ULAY B I00 iR 55 0 (B R 50 S B e
MW EAS RGN I BESRS M E SRR, 1 DRSS OE 25 T 2 50 DR & 7= 2 i A
VA ELE N RIS A AR R A CPT HR BB IE ESV RABUL TV R HLIX ESV R AT, 2005 4F
VY R HL X F- 34 CPT 2R 101.8%,2015 4F24 101.4% , R 1 J BT ES (19 ESV X LA 5T, LA 2015 4F R L
PTG R L O R AR S S A ESV RE(%K 2)

*2 AHMRELESSWAMER ESV ZH/(J0/hm?)

Table 2 The ESV coefficient of ecological landscape per unit in southwest China

A=A FMZEAY Bl Mt s i) K5k R A T
Landscape type Framland Forstland Grassland Water area Building land Unused land
ESV 6848.02 21654.08 7175.28 53852.62 -6016.75 415.97
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SR ESV AR 2005—2015 4F 7Y g HL X SR ESV i 20.85 1270, FRAERG AN 2.09 147G, B 0.07%
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Mo TR RN WS, B st bR R ORI B TR AN T/ 0s o 98 gt DX A 0T R A2 HA =T
A K PR AR M i K PRARAP AR R 1 R BN TR K A T I A A B Y
ST HLAWSIR , PURE . H A v S5 IR R, ST AR WS 1 ESV 8, i TR EROOT A R
RE DR, U 0 R, i B e P AN LR G o T PR bR O [ ESV D P R XY
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R3 2005—2015 £ ESV IEkFIE
Table 3 The contributions and changes of ESV from 2005 to 2015

2005 2015 2005—2015
He SR ZE R BTk L i DUk L Al i A

RS ESV/billion sk LB ESV/billion SRR L] Zha g i
Landscape type Contribution Contribution ~ Change amount/ Rate of

RMB R RMB K o Trend
ratio/ % ratio/ % billion RMB change/ %

#EHb Framland 2214.08 7.48 2182.73 7.37 -31.35 ! -1.42
MM Forstland 17420.25 58.86 17405.76 58.77 -14.49 } -0.08
B Grassland 6826.05 23.07 6816.31 23.02 -9.74 ! -0.14
JK I Water area 3120.41 10.54 3225.57 10.89 105.16 1 3.37
A% I Building land -62.43 -0.21 -91.12 -0.31 -28.68 l 45.94
KA Unused land 75.36 0.25 75.31 0.25 -0.05 ! -0.06
243 Total 29593.72 100.00 29614.57 100.00 20.85 1 0.07

PATHESV AR, PYRIHLIX 2005—2015 A9 A S R G AT S (AR (bR B35 (1 2) . WAk 3 KR
WA RIS AR AR SCAR M ELAE R, 22 0 (b BRI B8 1 N 45 BH (2, 19K 0.35% , 5 /K 38R K T AR 1y 34
KA ; BHOE S R ™ AR AR AR A (B AR D | 3R S R B IRIR 55
EREARI ., I8 0.19% , 2 EE 5 FH HURE N o5 R AR i 5 3

2005—2015 4F- P4 g b X A= 25 R GRS M (B A 44 i, 39800 1 5 AR B SR 0 JR 55 A0 (A2 AN HE S IR 55 b
A PG S, HTE B (E B (ARG 18% LA I, ARHl |50 b A 25 50 X0k G g e X o S Y 2 A |
TR R TR Y 70% LA L, HLAM )32 A B i R s S AR RE 1. B/ B AS R G SR IR 55 (i
WA S EBER 3% LT &Y AR W BIT IR 55 M (B AE ESV A8 AR PR/ [R5 75 g b DX b e e AR
HEHE RN B A B AL RS & AR P (e LA

BURAL

N

AMERERERT i AMERERE i

2 2005 712015 FF B ESV/Z T E X E
Fig.2 The radar map of single ESV/billion RMB in 2005 and 2015
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3.1.2  2005—2015 4 ESV %5 [A]j#H 4

ESV 25 [ 7 ifish, #&T ESV Jish'™' )\ 4 v LIFEH, £FA ST ESV 45 [ Eabfr 7AW
JEE PR RE B 48 | B b A2 3 T i o D AR AR AR B R | 2D e A A KSR R R b, ESV 75 U Bl
D 13.58 4470, ARHLBE AT B AL SR K S ESV 38, AR A B 2R M (B K, 3k 23.70 440G, R AR AL
K BB RN B A 41.44 4270, it Akt | 152 FH M AR R P b LA B BT 0 5 0, R A T b= — o 5 A8 ¢
U8, oLt BSV AR SR 35, VAT, BF L PR B K3 R A ) b ) 38 Y b 303 00 o, oD
YA AS 2 AR HAt A= 2855708 1] 7K Sal 4 3t s A 09 282 R P T b X 1Y ESV HG

ESV ZE 8] 53 A2 A . 4G ESV HUEE R/ SR H] A SR W s B T X XA ESV 432 6 200, IAIET 3 7]
DIE PO X 4548 ESV 45402 ] b 2 90 v LA AR e e L P i AL IR 0 2 [B) 43 A A, AR ESV
X B AT AE T U P = e DX PRI A DXL DX e My, 750 PR R DX, N T 2D A %, KR
TRy A2 AR . T PRI B VA X X e B by T PR 0 A BT o v, AR AR AR AP, AR ESV
X FZITEN N SN E =8 =38 X, = 38 Syl i XL i AR 2 | Vg BRI g 3
A 2 R E R R AR

£ 4 2005—2015 £ ESV B TiRzhER/ 120
Table 4 The ESV profit or loss values from 2005 to 2015

AR B S Fih K B AF 2005 4
landscape type Framland Forstland Grassland Water area  Building land ~ Unused land Year
HFHb Framland 0.00 20.24 0.20 25.77 -44.54 -0.05 1.62
L Forstland -12.98 0.00 -23.21 13.14 -23.70 -1.41 -48.16
FiHl Grassland -0.11 24.95 0.00 41.44 -8.13 -1.78 56.37
JKIF, Water area -2.57 -0.66 -4.14 0.00 -2.97 -9.24 -19.57
##1 HH Building land 2.08 0.80 0.14 1.56 0.00 0.00 4.57
FAFHHL Unused land 0.00 0.05 0.98 25.05 -0.06 0.00 26.02
2015 4F- Year -13.58 45.38 -26.03 106.95 -79.40 -12.48 20.85

10 473 10] P4 F b DX A9 S SEG0AY ESV AR BLRE , PU IR ESV g ESV &4k, it ESV %X & ESV
Hedk, ~FIAEE ESV [ {H ESV, S H ESV (a8 ESV iAY . R TEAE R S 9 m IR %9 ESV H4k  {HAIK
G ESV [0 = SR ESV FALR B ESV e K R AR SRS A B B o p AR IR A S A
BT,

3.2 VURGHL XA R GRS B T

ESV B8k 18 32 A A 5o AR A A 5200, X ESV HEAT A SCHUN , )75 B0k A= 25 S R AT VAR AR AL
TEREIERY X HE—25 %) ESV SEAT T
3.2.1  FNLKBh R F 4

K H Logistic [1 V285 7Y 43 #7 A5 25 50 0L 5 8K 2l L AR 6 i) B 7 2 8] i 5l i 5C &, A& 2 ( DEM) | 3
(SLOPE) MBS /KA ES (DOR) 3 A~ H AR 7 FI A 8 BE (POP) [ P AE 72 B (GDP) 1 5 7 15 FH 1)
S (DOB)3 M ASCH T 5 6 F A 25 5 R GE AT Logistic M1, M2 4 (8] )5 20 By J7 B2 (4 191 U9 22 80RT LA
B (RS B 5N OB SR EYIMIE , BT 2000 T N O S 35 B 55 R - 28 1 X3k
AR 5 R AR OV BEAR G, 200 A0 TR BB A X3, a8 FH A 527 1 R AR 7= VBRI N 2% B 1 5
Wi, 2253 A0 T N 85 BE R ) R AR 7 S s 0 DI P, ety R b ) 401 2252 3 AR 73Kl

OB IR B A 25 U A A AR A IR P45 AN AR TRD , {H A 2530 28 R A 43 A 52 11 SR B 3R sl e A SCE I I,
EHRTE AR T AIESHIZER . N ROC By RIEEE R TTLLA ), A B F ISR ROC HI7E 0.87 LA
b, T BRI 2 R T BB 5 G A B A 2 S L) o A RS A 2 L % T 3R 0 A L S 43 A =2 ) LA 3 /Y
— 5k,
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B3 2005 702015 EREFR ESV ZE 2 E
Fig.3 Spatial distribution of ESV at different levels in 2005 and 2015

®5 BIEEORFEM ROC K5
Table 5 Logistic regression equation and ROC test

P 2 UL ] 5 roc
Landscape type Regression equation

Hi#th Framland Logit () = —6.00+0.10DOB=0.90DEM+0.14GDP+6.74POP +0.05DOR-0.95SLOPE 0.94
#Hh Forstland Logit (fory = —5.62+0.02DOB-0.64DEM-1.58GDP+6.60POP-0.12DOR+0.83SLOPE 0.92
T Grassland Logit 45 = =5.78+0.05DOB+0.75DEM~-1.05GDP +4.16POP-0.01DOR~0.23SLOPE 0.93
kI Water area Logit (uery = —6.94-0.02DOB+0.56DEM+0.47GDP+1.04POP+0.11DOR-0.32SLOPE 0.87
Y% I H Building land Logit (piding) = —7-45-0.22D0B-0.50DEM+2.19GDP+0.80POP+0.17DOR-0.23SLOPE 0.87
KA Unused land Logit (unused) = —8-43—0.19DOB-1.00DEM=0.07GDP+1.17POP+0.08DOR+0.15SLOPE 0.92

3.2.2 TR EEVEANY

BEHULZE S A R ff T2 T (1% DG, A 2015 RE4DL 1A 55 FC A2 (81 23 [l A Jep il AR DL, AE AR 28 5oz AR TS 5t
RN B 1 24, ZORS A 4 B FCAC R XERY . Kappa Z &0 — AR5 0 SRS EE A J7 ik 32 F IDRIST A i1y
T A ARG 2015 4F 74 R b X A 25 5 N0 PSB85 SR A 7 501 , Kappa 45 547 0.86, Kappa 45 Sl 2 3T
1 U BASEALIORG R 5, T DAAE SR A b BB A (1Y) S WL 23 W)y AR BR300 | B M Xt ESV S A TR0

N T 2 BRSSO RLORG B 8 A A S SO PR I Ok, B Kappa £ 58 (IL3% 6) , 1T LA
B R IORG B2 S0k S RE UL RS (R 5 SE PR L S R B A RBARR B — A S SO LA R A . Ei FH
FKIE Kappa 2 BORIXT A, 5 FHHAR G T = A S50 0m 5, AV, el AN 80D & M A e/, Z A
G B 2 DRLHORE O T AR AR SO R TR, A AR AR v, FE A2 AR S I 8 oW 7 LA
PR BE AR RCAR , ZK BRI 58 X 3G AR e 22 | 14K Mt B A PR 1) S 0L, o i RS O HL 2 ) o Bk B e K, B
FAN) Kappa REIILE 0.59 DL L, B0 945 28 A 8 500 e ESV 28 [ AR )R B v 54,
3.2.3 2025 4 ESV i

T 2005—2015 4F 19 4 255 5L B 56 [ A1 Logistic [0 4307 A= G A 38 B I 46 | i3 1T CA-Markov 75 3]
2015 A1 2025 4FA SO AN A SR (B 4) o AT A 2025 454 SO0, #5147 2025 4E ESV 70#r, &
K 10 4F VG g L X DAL B K PR SR AR R AR SCAER SN (B AR 55 AN (ECKE R RS G I, ARHE T H Rk
BRORZE ESV Y FE TS, MUK ESV 7E 2015 4EAYEEAE FH K 6.02% ,2025 42645 31398 12T,
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B4 ARMRESEUASHE
Fig.4 The map of landscape in Southwest China

SRS A SRIASE RS2 ) AR AR (0 ESV ASRIEAL A R b, W AR L8 X IR ESV 7EHE i, S 26 DX de 75 i
XS AT SR A S R A Ty AR L BT ESV A RS fEAS ] EIRE T ESV M Ay >
HIEIBE(ELS) o

x6 EEFIVAIBRRBETMNE

Table 6 Ecological landscape type simulation accuracy evaluation table

G *E?U\ﬁ ' Kappa o TETLME . Kappa

= Valueof simulation Kappa N Valueof simulation Kappa

True value .. True value -
B JE#E coefficient Ik 3K E[F/ €5 coefficient

#HHb Framland 68897 414 K3, Water area 58457 4622

AE#EHL Non-framland 1243 12735 0.91 Bk 18, Non-water area 80023 2185717 0.67
L e[ AL AR L

Ml Forstland 699556 90410 1M Building land 11963 4670

JE#k I Non-forstland 70271 1468582 0.87 e 31186 2281000 0.59
T JEE Non-building land KA JEAF

b Grassland 829703 117279 KA Unused land 162421 22830

3|
4l ¥ b Non-grassland 64437 1317400 0.88 i 13257 2130311 0.90
Non-unused land

http ; //www.ecologica.cn



19 FAARC A PR XA S R G IS A s T AU T 9

ESV 73 [] I 75 i , ESV 340 3081.15 42T , FE3E ) DX 35, 32 273 A7 76 75 1 V5 A6 A V5 58 AR m i Al =
M4, R K A, 5 T A SRS K . ESV I/b 1158.50 1270, £ HE A7 @A T HB Ak S, 4%
TS O 1) 2 FH M 5 S S A, ESV s Y X ek 32 AR R 7R DO )1 2 RS DR ) PR A X R,
A KFE PR )RR A X, ESV 22 IX 3K 7 38 X3, P b IX. ESV FREE3iiin , AL S IR R Ak i % |

5 2025 £ EVS RSN mERERAE
Fig.5 Prediction of the distribution trend of EVS in 2025

4 itig

A A IR S5 A E A T, (45 24 25 R S5 I (L A A 5 R bk 27 1 T4, [ PN A X ESV a2 i 1A H 25 3
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