Appendix A

Table A1 
Validation of each ES and factor. a
	ES & factors
	Units
	Classification
	Data sources
	Valuation method

	FA
	t/hm2
	Low, 1.00e-5 ~ 1.06e-4;
Medium, 1.06e-4 ~ 6.37e-4;
High, 6.37e-4 ~ 1.20e-3.
	Grain output and grain sown area of townships in Pu'er region (2020 Statistical Yearbook of Counties in Pu'er Region).
	The method used to calculate FA in Guo et al. (2020) was also applied in this study. Spatialize & zonal statistic to the grids used in the study.

	TR
	\
	Low, 0 ~ 0.17;
Medium, 0.17 ~ 0.26;
High, 0.26 ~ 0.47.
	Naturalness of vegetation types of Pu'er region (Lin et al., 2016); 2020 road network in Pu'er region (https://www.openstreetmap.org/)
	The method used to calculate TR in Jopke et al. (2015) was also applied in this study.
Spatialize & zonal statistic to the grids used in the study.

	SC
	hm2/t(time)
	Low, 3.73e8 ~ 7.10e8;
Medium, 2.71e8 ~ 3.73e8;
High, 8.17e7 ~ 2.71e8.
	Annual precipitation data at 1km resolution (http://gre.geodata.cn); soil erodibility factor; 30m resolution DEM data in Pu'er region (http://www.resdc.cn/); crop–management factor; support practice factor (Feng et al., 2021).
	The RUSLE model (Ganasri & Ramesh, 2016). was used to estimate the SC of Pu'er region. Spatial resolution: 1km. Zonal statistic to the grids used in the study.

	BD
	species number (richness）
	Low, 1.76e3 ~ 2.07e4;
Medium, 2.07e4 ~ 3.61e4;
High, 3.61e4 ~ 7.28e4.
	265,876 geographical distribution information of 12593 vascular plants species (GBIF, Global Biodiversity Information Facility; http://www.gbif.org; BIEN, Botanical Information and Ecology Network; https://bien.nceas.ucsb.edu; Chinese Digital Herbarium Database https://www.cvh.ac.cn/; and so on)
	The Maxent model (Phillips, Anderson & Schapire, 2006; Sales, Galetti & Pires, 2020; Song et al., 2021) was used to simulate the species richness of the vascular plants species in Pu'er region. Spatial resolution: 1km. Zonal statistic to the grids used in the study.

	INV
	\
	Low, 0 ~ 1.42;
Medium, 1.42 ~ 2.83;
High, 2.83 ~ 4.25.
	441 invasive alien species and their location (The List of Alien Invasive species in Yunnan Province (2019 edition))
	The Maxent model was used to simulate the species richness of the invasive alien species in Pu'er region to represent the colonization risk. The data was reclassified to 5 grades. Spatial resolution: 1km. Zonal statistic to the grids used in the study.

	PD
	\
	Low, 0 ~ 8;
Medium, 8 ~ 13.33;
High, 13.33 ~ 18.
	Landing sites density of the Spodoptera frugiperda from Myanmar (Wu et al., 2019)
	 The data was reclassified to 9 grades to represent the extent of PD. Spatial resolution: 0.03°×0.03°. Zonal statistic to the grids used in the study.

	CI
	m
	Low, 1.37e5 ~ 2.32e5;
Medium, 6.34e4 ~ 1.37e5;
High, 139.36 ~ 6.34e4.
	Vector national boundaries of China, Myanmar, Laos, and Vietnam (http://www.sbsm.gov.cn/).
	Euclidean distance from the borderline to the center point of each grid was used to represent the extent of CI. The greater the Euclidean distance, the weaker the degree of CI.

	ET
	ton
	Low, 0 ~ 2.70e5;
Medium, 2.70e5 ~ 7.62e5;
High, 7.62e5 ~ 2.19e6.
	Import and export freight volumes of ports in Pu'er region (China’s Port-of-entry 2019 Yearbook)
	The volume of freight traffic (Import & export) was taken as the weighted value of the urban area where each port was located. the rural area was valuated as 0.

	NDVI
	\
	Low, 0 ~ 0.24;
Medium, 0.24 ~0.32;
High, 0.32 ~ 0.47.
	Monthly NDVI dataset at 5km resolution (http://www.geodata.cn/). 
	[bookmark: _Hlk128653770]Direct valuating from the data source. Zonal statistic to the grids used in the study.

	PRE
	mm
	Low, 866 ~ 1.02e3;
Medium, 1.02e3 ~ 1.17e3;
High, 1.17e3 ~ 1.31e3.
	Annual precipitation data at 1km resolution (http://gre.geodata.cn)
	Direct valuating from the data source. Zonal statistic to the grids used in the study.

	TEM
	℃
	Low, 12.87 ~ 17.72;
Medium, 17.72 ~ 19.77;
High, 19.77 ~ 22.99.
	A combined Terra and Aqua MODIS land surface temperature and meteorological station data product in Pu'er region (2003-2017) (https://data.tpdc.ac.cn).
	Direct valuating from the data source. Zonal statistic to the grids used in the study.

	PRO
	protected area per grid %
	Low, 0 ~ 0,32;
Medium, 0.32 ~ 0.63;
High, 0.63 ~ 0.95.
	Vector range of protected area in Pu'er region (Strategic Environmental Assessment Report).
	Georeference & zonal statistic to the grids used in the study.

	SLO
	m
	Low, 5.53 ~ 13.45;
Medium, 13.45 ~ 21.36;
High, 21.36 ~ 29.27.
	30m resolution DEM data in Pu'er region (http://www.resdc.cn/). 
	Slope calculation & zonal statistic to the grids used in the study.

	SPI
	\
	Mild, -1.10 ~ -0.50;
None, -0.50 ~ 1.42.
	Climate Hazards Group InfraRed Precipitation with Station (CHIRPS) precipitation grid point data in Pu'er region (2020) (http://www.chc.ucsb.edu/data/chirps).
	Spatial resolution: 0.5°×0.5°. Zonal statistic to the grids used in the study.

	AP
	application load per unit of crop %
	Low, 0 ~ 1.36e3;
Medium, 1.36e3 ~ 6.74e3;
High, 6.74e3 ~ 2.03e4.
	Application of pesticide, fertilizer and filming, sown area, arable area of townships in Pu'er region（2020 Statistical Yearbook of Counties in Pu'er Region）
	The method used to calculate AP in Guo et al. (2020) was also applied in this study. Spatialize & zonal statistic to the grids used in the study.

	AC
	\
	Low, 0 ~ 0.33;
Medium, 0.33 ~ 0.67;
High, 0.67 ~ 1.
	2020 road network in Pu'er region (https://www.openstreetmap.org).
	The method used to calculate AC in Li et al. (2019) also applied in this study. Spatialize & zonal statistic to the grids used in the study.

	POP
	person 
	Low, 218.76 ~ 3.18e4;
Medium, 3.18e4 ~ 6.34e4;
High, 6.34e4 ~ 9.50e4.
	Population density data at 100m resolution in Pu'er region（https://www.worldpop.org/）.
	Direct valuating from the data source. Zonal statistic to the grids used in the study.

	[bookmark: _Hlk128520924]LU
	\
	Arable, 1; Forest, 2; Grassland, 3;
Water, 4; Urban, 5.
	30m resolution land use data in Pu'er region (http://globeland30.org/).
	The land use data was resampled to the grids used in the study.

	CON
	%
	Low, 20.01 ~ 39.63;
Medium, 39.63 ~ 59.24;
High, 59.24 ~78.85.
	30m resolution land use data in Pu'er region (http://globeland30.org/).
	Fragstats 4.2 (Li & Reynolds, 1993) was used to evaluate CON. Spatial resolution: 1km. Zonal statistic to the grids used in the study.


a The classification of SPI was based on the meteorological drought composite index classification table (Wu et al., 2019). The classification of LU was based on the percentage of each category (Arable, Forest, Grassland, Water, Urban) in each grid, and then the grid was assigned the value corresponding to the category (Arable, 1; Forest, 2; Grassland, 3; Water, 4; Urban, 5). with the largest percentage. All other factors were classified by Natural Jenks (Chen et al., 2013). 
TR, NDVI, SPI, and AC had no units because they are normalized indices. INV and PD had no units because they reclassified the original graded data, and the numerical size was used to represent the strength of the indicator. LU had no unit because it was just used to characterize the difference in land-use categories. 
The corresponding data of each factor were presented in Appendix_B.


Table A2
Abbreviation Index
	Full name
	Abbreviation
	ESs & factors
	Abbreviation

	ecosystem service
	ES
	coupling effect
	CE

	bayesian network
	BN
	geographic information system
	GIS

	food availability
	FA
	tourism & recreation
	TR

	soil conservation
	SC
	biodiversity
	BD

	bio-invasion
	INV
	transboundary pests & diseases
	PD

	economic transactions
	ET
	cultural interaction
	CI

	normalized differential vegetation index
	NDVI
	precipitation
	PRE

	temperature
	TEM
	protected area coverage
	PRO

	slope
	SLO
	standardized precipitation index
	SPI

	application of pesticide, fertilizer, and filming
	AP
	transportation accessibility
	AC

	population density
	POP
	land use
	LU

	landscape contagion index
	CON
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[bookmark: _Hlk127962652]Fig. A1 Basic geographic information of the Pu'er region. (a) Natural and cultural tourism resource points of the Pu'er region (https://ditu.amap.com/). (b) Topography of the Pu'er region (http://www.resdc.cn/). (c) Land use types of the Pu'er region (http://globeland30.org/). (d) Protected area of the Pu'er region (Pu'er Forestry and Grassland Bureau).
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