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Abstract: By constructing quantitative model and tradeoff/synergic model of ecosystem services, the spatio — temporal
evolution process of key ecosystem services in Southwest China was investigated. Based on the spatial static and temporal
dynamic scale, the relationship between ecosystem services was quantitatively measured to further explore heterogeneous
characteristics of tradeoff/synergic effects between ecosystem services in southwest region and reveal the formation

mechanism of ecosystem services tradeoffs under different urbanization gradient. The results showed that (1) in the past

E&TE  hEBEB RIS ST T LI A 25(XDA23090501) 5 FZALARHESE AT H (20X2S020) 5 DA 224 5 A F 5 2 0 1] EL 28 5%
K IREAFFE 0 IR (xy2022023)

15 B #7:2022-10-03; % F3 HH1:2023-03- 15

# W IHAE#H Corresponding author. E-mail ; wangyukuan@ imde.ac.cn

http ://www.ecologica.cn



22 4 XU/INIE A TR T A B8 14 v Y e e DX A 2 R G IR 55 LA 5 P ) 9417

20 years, the area of cultivated land and grassland in Southwest China decreased significantly, while the area of
construction land and water increased by 141.19% and 34.6% , respectively. The urban expansion characteristics of Guizhou
Province were prominent, and the reduction of cultivated land in Sichuan Province was the most obvious. Habitat quality
index and water yield in the study area showed a decreasing trend, while three ecosystem services, including soil
conservation, food production and carbon storage increased to some extent; (2) from the dynamic perspective, there was a
significant tradeoff relationship between soil conservation and water yield, and a largely insignificant relationship between
carbon storage and the other four ecosystem services, the area of soil conservation and water yield service tradeoff (61% )
was larger than that of synergistic relationship (27% ), and there was insignificant relationship between carbon storage and
other four ecosystem services in a large area (> 70%); (3) from the static perspective, ecosystem services in different
urbanization gradient areas showed significant heterogeneity. The non—urbanized area was similar to the study area as a
whole, but the correlation between soil conservation and carbon storage gradually weakened. The tradeoff/synergic
relationship between ecosystem services in rapid urbanization areas was the most significant. In particular, the correlation
between carbon storage and habitat quality was the highest (R*>=0.541). The interaction intensity between ecosystem
services in past urbanization areas was weaker than those in other two areas, but any two ecosystem services all presented
the positive correlation, among the 10 ecosystem service pairs, 7 ecosystem service pairs had significant positive correlation ;
and (4) the rapid expansion of construction land led to the decline of ecosystem services, especially the significantly
negative impact on habitat quality. The interaction between ecosystem services in rapid urbanization areas was the most
vigorous. The large increase in forest area led to an increase in soil conservation, especially in mountainous areas.
Meanwhile, urbanization could cause a strongly synergistic decline in carbon storage and habitat quality. Although ecological
protection and management projects can improve regional comprehensive ecosystem services, they will bring certain negative

effects to territorial ecological restoration projects aimed at specifically increasing certain ecosystem services.

Key Words: land use; ecosystem service; urbanization gradient; tradeoff; Southwest China
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1.2 BuRskyE Fig.1 Location and topography of the study area
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Y5, ABEFE A FH A0SR 90277 71 (Net primary productivity, NPP) FlZ& {12 ( Evapotranspiration, ET) i Jg&”
it R 22 ] [ ML 23 W K Jmd o 2 (EAT ' PRI A5 BB DA 5 ] ] i e R R AU Bl ) T 38, Ak s N B i (i
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Table 1 The used data and the relative sources for ecosystem services assessment

B2 Data type B Data source

+- A Land use R BE B IR PR R 5 B 0 (30m 238 hitp . // www.resdc.cn)

DEM LR AL TR HIBAT: 55 BE 4 (90m 43 HE% )

NPP & E E F M2 At K5 (MOD17A3HGF, 500m 43 3% hitp : //www. earthdata. nasa. gov/ eosdis )

TR IA) T Night light data [ [ G AR A TR (500m 43983 http ://ngde. noaa. gov/ eog/ dmsp. html )

SApEEE Climatic data E R G AR 0 (7K hitp ./ data.cma.en/) | 5 B B ZAL 25 L KR (MOD16A2 ET,500m 23353 )
AR Soil data 5 - EHR 1 (1000m 23 HE%  hitps : //www.fao. org/ soils-portal/soil-survey/soil maps-and-databases )

DEM . 50 = 245 Digital Elevation Model ; NPP : fH#1F %] 2% 42 7 #1 Net primary productivity
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F IR R R InVEST AR () Y2 v R R AR B i 22 1, & SR P8 FH 33837 2¢O B2 (USLE, universal

soil loss equation ) 7E PIA% BAIT RUEE 1 0 34 4> Hb B e V0 S B8 LA S AF 3 33378 2% (43 B 1000m % 1000m )
F R L R E K R R AT
USLE, =R, xK_XLS, x C_ X P, (1)

A USLE, F/R 52br LR M (vhm? ) R, K, LS,, C, ,Fl P 4353 RBERRAR 1l g | -3 w] ik P
IR AR AR 25 TH IR B DR 1 A SR ORFR I A 1 SEBR RIRAR I 25 8 T AT IX R A R O
FIAR AR 26 T LRI R 1, P 2 22 3R LHEORIr . MRS A R 3R ] L st ) 2
TR SR AV E YDA BRI R AT T A58 (3R 2) .

K2 TEERESERDOENMIESY

Table 2 Biophysical table in soil conservation module for the study area

— 2 Yk AR K PR FERIE
Level 1 type Level 2 type USLE_C USLE_P
#FHL Cropland 7K H 0.5 1
i 0.3 0.4
M3 Woodland A it 0.05 0.3
BER 1y N 0.03 0.2
HiH Grassland iei 75 R 0.07 0.3
rP R R 0.06 0.2
V7 5 i R 0.05 0.1
K15, Water 0.001 0.001
A% FHH Built-up land 0.001 0.001
A HL Unused land 0.1 0.1

USLE_C: Universal soil loss equation_land cover and management factor; USLE_P; Universal soil loss equation_support practice factor

212 EWZHEHR

A 35 T DA R S e 25 R g0 A HAS S A AP AR A8 A MR BE Y L FE InVEST BRI | A 55 i i 45
BAE R A ZREEIER, PTLE R A S R GRS AR, Az 358 0 e R A 15 %l Jle ) B0 M P9 A
XS] A 15 2 ) A LA B ER P SR IR A B S R AT B 28 R I A 1R 1000mx 1000m 43 3% gl i P
T i, 81 N AT

nm

me - ( d

) if linear (2)

tmax

2.99
L = exp(— (d ) dnmj if exponential (3)

K, i, R IR EATE m B ¢ X5 RS B0 n AR SR REIRL, d,,, 3785 B RO RS, d,, R
I HATE n F m Z B IZRIER RS . FEAWRTE Sl ] T S e F A Jl Ml , 8 280 0l 1 7 B A 52
BB . S ARCICER i T BUE R R P BRI (3R 3) .
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Table 3 Sensitivity table in habitat quality module for the study area

Level 1 type Level 2 type 1ﬁ%ﬂﬁﬁﬁﬁﬁ:ﬁ i ﬁlﬁﬁﬁﬂﬁ I
Habitat suitability score Cropland Built-up land Road
#kith Cropland JKH 0.7 0.3 0.8 0.7
FHb 0.6 0.3 0.7 0.6
Mt Woodland A M 1 0.1 0.6 0.7
AR 0.9 0.1 0.6 0.5
AR 0.8 0.1 0.6 0.5
oA A 0.8 0.4 0.6 0.4
il Grassland 1R P i 0.8 0.3 0.5 0.7
rp R 0.7 0.5 0.4 0.6
{17 25 3w, 0.6 0.4 0.3 0.5
7K Water NN 1 0.3 0.6 0.7
Nl 1 0.3 0.6 0.7
HoAly 0.4 0.1 0.2 0.1
A5 ML Built-up land 0 0 0 0
KFFHHL Unused land 0.2 0.1 0.3 0.3
0 A%, 1 Feimn s b (RS P /3 (8% )« A A 5 28 R0 T Jgl ) 4 A % SR
2.1.3 K=

7K A SO SO AR L (0 InVEST A58 e 1477 7K S B H 1 - b ) 28 A %ot 43 7= 7K
TEAYRZ I AR R K P A D B DX R K R R 1 22 A 0 A WA BT T AR R OK R
(1000mx1000m 43 H¥48) , HAJFEIAT

AET,
Y, =|1- I x P, (4)
P .

x

K AR KRR Y (B m’/hm?) | AET KRR TT « BYSEBRAFEZE R, P R R « AT HIRE K
2.1.4 HRiEF

ffi FH InVEST A RN AL AR A7 B A7 i, T E A MRS R, % 18 ARl A b ) FH 2870 ol 3 o 28 0 A
B AR Y A ST T AR R R R R AR R BRI | AR AR IR R T (R4,
ANIFFE IR A i A A7 3 HE% R 1000mx 1000m ( BA437 -t/ hm?) .

F4 AEEHXAELMFA AR AGERBER (Vhn®)

Table 4 Carbon stocks per unit area of different land use types in the study area

o A WY - hEY) \

s _ N 1 b + B A b At
g — g Weft i ek - A kR
Level 1 type Level 2 type Aboveground Aboveground arb gt k Dead organic d l‘t

carbon stock carbon stock carbon stoc carbon stock enstty
#hith Cropland 7K H 26 40 78 8 152
b 26 36 70 8 140
s Woodland ey ik 200 52 145 19 416
HEAMR 172 34 80 12 298
MR 106 15 43 9 173
il Grassland [SE - Easi| 40 45 73 6 164
rPE S 18 28 58 4 108
AP 5 8 6 18 36 2 58
KK Water 3 2 8 0 13
AP Built-up land — 2 1 6 0 9
A FHL Unused land — 4 3 10 0 17

215 S
WEATRAESRG P E B LA RS, R AR BN IRS . AU YE InVEST #5 drit
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PR T 34.6% , iK% 10688km>( % 5)

http ; //www.ecologica.cn



9422 JAE = 43 4

F5 WEHRETHFAERS M km’
Table 5 Quantity of land use types in southwest provinces

F R HZEM Land use type

Ay (=)

Year Province Bt b b, Kk R R
Cropland Woodland Grassland Water Built-up land Unused land

2000 il 49363 93520 32076 439 598 41
P 121392 165651 174861 3732 2944 17532
Pt 68674 218580 88713 2825 2050 2094
N 38623 30467 11727 942 619 17
A1t Total 278052 508218 307377 7938 6211 19684

2018 Bt 48075 93176 31524 1027 2197 35
Pl 118230 169013 170287 4709 6110 17656
P 67699 219544 85879 3733 4514 1550
HEK 37641 33703 7654 1219 2159 10
43t Total 271645 515436 295344 10688 14980 19251

20004F 20184% AR

i F A R R 28 A

[ Ikt ks [ %kt [ ks [ sl x
I kst R [ EEsUEN  Eeandiikil I s ok i At (X
[ s [ R [ Hs [ ] RAI A [ ] DAl fedt (X

B2 AEmtXImAAEEES
Fig.2 Spatial pattern of land use in Southwest China
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Fig.3 Spatial patterns and changes of ecosystem services in Southwest China
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