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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 environment4riendly 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
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Fig.1 The spatial distribution of the study area
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Table 1 The basic data and their sources

Type of data Data Sources

Website link

Statistical yearbook
Land use map
POP map
GDP map
DEM map

Administrative map

http: //www.stats.gov.cn
http: //www.resdc.cn
http: //www.resdc.cn
http: //www.resdc.cn
http: //www.gscloud.cn/

http: //www.geodata.cn/

POP: Population density map; DEM: Digital elevation model map

2

ESV

/( /hm?)

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

Landscape type Framland Forstland Grassland Water area Building land Unused land
ESV 6848.02 21654.08 7175.28 53852.62 -6016.75 415.97
ESV ( Ecological service values coefficient ESVC)

hitp! '/ fwww.ecologica.cn
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2.2 Logistic-CA-Markov
Logistic Markov CA
2.2.1 Logistic
Logistic z
logit[l _ip] =by +byx, +byx, + +b,x, (3)
exp(by + b, %, + b, 2,0 + b, x,)
p[,= vee ( 4)
1 +exp(by + by %, +byx, + +b,x,)
pi b() bO bl _bmbl _bm xl 'xmxl -
x, o Logistic ROC 05 1 ROC>0.75
2.2.2 CA -Markov
Markov 3
o S ™ Sild
EI =
21 922 271|:|
Si = 0. .. .0 (5)
Bnl 9n2 s nn |:|
(Pu P P
EP P P =
21 2 0[]
Py = 0. . 0 (6)
H)n] p112 o pnn %
S P pisjli=1 2+ nj=1 2 n) o
S S; S (s, — sj) =p(s, ‘5,') =D o
CA * Markov CA-Markov
3
3.1
ESV
ESV ( 2 ESV
3.1.1 2005—2015 ESV
ESV - 2005—2015 ESV 20.85 2.09 0.07%
( 3), ESV ESV 3.37%
28.68 o ESV
ESV ESV o
ESV ESV ( 4) . 10
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N ESV o
N N ESV
ESV o
3 2005—2015 ESV
Table 3 The contributions and changes of ESV from 2005 to 2015
2005 2015 2005—2015
ESV /billi E illi
Landscape type \;{/13}3 ron Contribution S\;{/Mb}s ron Contribution ~ Change amount/ Trend Rate of
ratio/ % ratio/ % billion RMB ren change /%

Framland 2214.08 7.48 2182.73 7.37 -31.35 } -1.42
Forstland 17420.25 58.86 17405.76 58.77 -14.49 ! -0.08
Grassland 6826.05 23.07 6816.31 23.02 -9.74 } -0.14
Water area 3120.41 10.54 3225.57 10.89 105.16 1 3.37

Building land -62.43 -0.21 -91.12 -0.31 -28.68 } 45.94

Unused land 75.36 0.25 75.31 0.25 -0.05 ! -0.06
Total 29593.72 100.00 29614.57 100.00 20.85 1 0.07

ESV o 2005—2015 2) . N
N N N 0.35%
0.19% N N o
2005—2015
18% o N
70% o
3% ESV
20154
AR
6000.00
BRI ARG
RIS kg

SRR RYAE LR/ ZE A RHAE B

2 2005 2015 ESV/

Fig.2 The radar map of single ESV/billion RMB in 2005 and 2015
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3.1.2 2005—2015 ESV
ESV . ESV » 4 ESV
ESV
13.58 o ESV 23.70 o
41.44 . o
ESV o . . .
ESV o
ESV . ESV ESV 6 3
ESV . o ESV
o . ESV
4 2005—2015 ESV /
Table 4 The ESV profit or loss values from 2005 to 2015
2005
Landscape type Framland Forstland Grassland Water area Building land  Unused land Year
Framland 0.00 20.24 0.20 25.77 -44.54 -0.05 1.62
Forstland -12.98 0.00 -23.21 13.14 -23.70 -1.41 -48.16
Grassland -0.11 24.95 0.00 41.44 -8.13 -1.78 56.37
Water area -2.57 -0.66 -4.14 0.00 -2.97 -9.24 -19.57
Building land 2.08 0.80 0.14 1.56 0.00 0.00 4.57
Unused land 0.00 0.05 0.98 25.05 -0.06 0.00 26.02
2015  Year -13.58 45.38 -26.03 106.95 =79.40 -12.48 20.85
10 ESV ESV ESV ESV ESV
. ESV ESV ESV ESV o ESV
ESV ESV ESV
32
ESV ESV
ESV .
321
Logistic ( DEM) .
( SLOPE) . ( DOR) 3 (POP) . ( GDP) .
(DOB) 3 * 6 Logistic o
( 5) . .
ROC ROC 0.87
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Fig.3 Spatial distribution of ESV at different levels in 2005 and 2015
5 ROC
Table 5 Logistic regression equation and ROC test
Landscape type Regression equation Roc
Framland Logit( ) = =6.00+0.10DOB-0.90DEM+0.14GDP +6.74POP+0.05DOR-0.95SLOPE 0.94
Forstland Logit( gy = =5.62+0.02DOB-0.64DEM-1.58GDP+6.60POP-0.12DOR+0.83SLOPE 0.92
Grassland Logit( s = =5.78+0.05DOB+0.75DEM~-1.05GDP+4.16POP-0.01DOR~-0.23SLOPE 0.93
Water area Logit( ey = ~6.94-0.02DOB+0.56DEM+0.47GDP+1.04POP+0.11DOR-0.32SLOPE 0.87
Building land Logit  1,ui14ing = ~7-45-0.22DOB-0.50DEM+2.19GDP +0.80POP+0.17DOR~-0.23SLOPE 0.87
Unused land Logit( ypuseqy = ~8-43-0.19DOB-1.00DEM-0.07GDP+1.17POP+0.08DOR+0.15SLOPE 0.92
DOB: ; DEM: ; GDP: . POP: ; DOR: ; SLOPE:
3.2.2
2015
. Kappa IDRISI
2015 Kappa 0.86 Kappa
1 ESV o
Kappa — ( 6)
Kappa
Kappa 0.59 ESV o
3.2.3 2025 ESV
2005—2015 Logistic CA -Markov
2015 2025 ( 4. 2025 2025 ESV .
10 N N N o N N
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Fig.4 The map of landscape in Southwest China
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6
Table 6 Ecological landscape type simulation accuracy evaluation table
Kappa Kappa
Valueof simulation Kappa Valueof simulation Kappa
True value o True value X
coefficient coefficient
Framland 68897 414 Water area 58457 4622
Non-ramland 1243 12735 0.91 Non-water area 80023 2185717 0.67
Forstland 699556 90410 Building land 11963 4670
Non-forstland 70271 1468582 0.87 31186 2281000 0.59
Non-building land
Grassland 829703 117279 Unused land 162421 22830
Non-grassland 64437 1317400 0.88 13257 2130311 0.90

Non-unused land

(C)1994-2019 China Academic Journal Elﬁ%@giwgémggg&lgwe. All rights reserved. http://www.cnki.net
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