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Abstract: It is significant to identify the response thresholds of ecosystem services and influencing factors for regional
ecosystem restoration and optimization. However, current research often overlooks the scale effects on the response
thresholds of ecosystem services and influences. In this study, the composite of ecosystem services ( CES) in central

Yunnan Province from 1990 to 2020 was first quantified using various methods, such as the integrated valuation of
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ecosystem services (InVSET) , the revised universal soil loss equation (RUSLE) , and the normalized summation method,
and then its spatial and temporal changes were analyzed. The influencing factors of CES were identified using the random
forest model. The nonlinear relationship between CES and different influencing factors was explored using the constraint line
method. Finally, the scale effect of CES with the response thresholds of different influencing factors was explored in the
scale range of 1km tol4km. The main findings are as follows: (1) CES in ceniral Yunnan Province fluctuated and then
decreased from 1990 to 2020, exhibiting a spatial distribution pattern of ‘low value in the middle and high value on both
sides’. (2) Fractional Vegetation Cover (FVC) and annual precipitation were identified as the most important factors
affecting CES, with mean importance values of 0.5472 and 0.1893, respectively. (3) The constraint line between FVC and
CES showed a positively convex pattern, while the constraint lines between CES and factors like annual precipitation,
average annual temperature, standardized precipitation evapotranspiration index ( SPEI) , elevation, and slope exhibited a
hump—shaped pattern. The constraint lines between GDP per capita, urbanization rate, and CES demonstrated a negatively
convex pattern. (4) Within the scale range of 1 to 14 km, the shapes of most constraint lines remained consistent as spatial
scale increased, but the R® values fluctuated and decreased. The response thresholds of CES to annual precipitation,
elevation, and slope showed fluctuations and decreasing trends, while the thresholds to annual mean temperature fluctuated
and increased. There is no significant regularity in the response thresholds of CES to SPEI. This indicates that there is a
scale effect between CES and the thresholds of its influencing factors. The findings provide new insights into how changes in
CES and scale sensitivity influence the relationship between CES and its driving factors in central Yunnan Province. In
summary, this study not only bridges the gap of scale effects in the study of response thresholds of ecosystem services and

influencing factors, but also can provide scientific references for ecosystem service management and ecological restoration.

Key Words: ecosystem services, InVEST model, driving mechanisms, constraint lines
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Fig.1 Map of the study area
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Date type Name Spatial resolution/scale Data sources
TR Google Earth Engine
Remote sensing imagery Landsat TM/OLI 30m (https :// code.earthengine. google.com/)
LR RIDEEA T GLC_FCS30 30m MRk R SR s s
Land use data (http://www.geodata.cn/ )
gt Lic PE 1km 38 A BEK B/ SRS 1k [ Z IR R G R R e
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DEM —_— .
itk ASTER GEDM 30m HbIRZS (B KHE 2 (http ./ www. gscloud.cn/)
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+ 458 . . EESE TV > (http;//data. tpde.
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AFREHUATHC K R 250m HR
(https://data.isric.org/)
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Fig.2 Spatial and temporal changes in CES in central Yunnan Province from 1990 to 2020
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R2 ARENETFI CES HIFEEEM

Table 2 Characteristic importance of different impact factors on CES

iii = 1990 2000 2010 2020 if:i
1% 7 35 ¥ Fractional vegetation cover 0.5931 0.5264 0.4938 0.5754 0.5472
AER#% TR Annual precipitation 0.1455 0.1891 0.2644 0.1580 0.1893
AEFA R Annual average temperature 0.0518 0.0712 0.0418 0.0493 0.0535
LK L

Zjl*zjﬁﬁigzzj;‘pf%j;ﬁion evapolranspiration index 0.0561 0.0445 0.0463 0-0401 0.0468
2 Elevation 0.0399 0.0407 0.0365 0.0386 0.0389
Y Slope 0.0690 0.0497 0.0406 0.0444 0.0509
A GDP Per capita GDP 0.0262 0.0473 0.0278 0.0289 0.0325
WAL # Urbanization rate 0.0184 0.0310 0.0488 0.0653 0.0409

2.3 EMHEXT CES M 20 Ri

EHHLIX CES 5AFSZ N H R B AR AL A4 5. 1990—2020 4F, FVC-CES B2y LN 1E N A 3ROR
CES KfifF FVC RyBEKmise s (B 3) . AR AL -CES AF 3R & -CES  SEPI-CES | = F2-CES A JE-CES (213
RURLNGRIET ([ 4 FELS) o FoR ik 8 BEJS AR R i AR 340 SPEL, i AR R fy 3 I s i 25 %
3 CES BIIEAK, 1275 30 4F, % X 3 CES X AF 4 FR 12t 0 7 119 580 {843 51 & 894.08mm . 897.87mm , 864.98mm Fil
799.06mm , 5 B S/ N REH . CES AR50 B A0 7 [ B4 11.65°C (13.05°C ,14.95C F110.51°C
RIS KG9/ N i, CES X SPEL (1) 0w b7 [ {8 i 1EAEL % S8 T (B, CES X i A8 14 i 1o (59 8 43 51 oy
2409.73m ,2338.90m ,2337.46m Fl 2645.69m , 25 AL #4345 AE X URAH L, 1990 4F, CES X35k B (14 1 17 [ {1
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