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1. Land use change scenarios 

 

 

Figure S1. Land cover maps of the NRWNNR (Naban River Watershed National Nature Reserve) of 

the initial state of 2015 (A) and the final year (2040) of each scenario: Business-as-usual (B), 5-years-

plan (C) and Balanced-trade-offs (D). 

 

  



2. Model parameterization 

For detailed descriptions on the manner of functioning for each of the four InVEST 

model applications used in this study, the reader is referred to the InVEST user guide 

(http://data.naturalcapitalproject.org/nightly-build/invest-users-guide/html/). The 

following chapters provide a list of input parameters and spatial data we used to run 

the models. 

a. InVEST Sediment Retention model 

Table S1. Input values for the InVEST sediment retention model for the C- and P-factors of the USLE 

equation for every land cover category. On the basis of  [1] (Sheikh, Palria et al. 2011), values for P are 

assigned in relation to the slope of the landscape and management measure (no measures, terracing, 

contouring, strip cropping) on a pixel basis. Elevation data for calculating the slope with ArcGIS (Version 

10.3.1) is derived from ASTER Digital Elevation Model Data (“astergtm2_n22e100_dem” (ASTER 

GDEM is a product of METI and NASA)). 

Name USLE C Source C USLE P measures 

Upland forest 0.001 [2] no measures 

Lowland forest 0.001 [2] no measures 

Bamboo 0.04 
[3] 

no measures 

Rubber 0.029 (C*P) 

[4], 

2 herbicide applications per year terracing 

Rice 0.18 
[5] 

terracing 

Perennial crops 0.13 
[6] 

strip cropping 

Bushland/Tea 0.18 
From [7] (Primary sources: [8,9]) 

contouring 

Annual crops 0.31 
From [7] (Primary sources: [8,9]) 

strip cropping 

Water 0 
From [7] (Primary sources: [8,9]) 

no measures 

Urban 0.2 
From [7] (Primary sources: [8,9]) 

no measures 

 

 

  



Table S2. Additional parameterization (spatial data and calibration parameters) for 

the InVEST sediment retention model. 

Input Range Source of input data 

Source of 
calculation 
procedure 

Rainfall 
Erosivity R 

2911 – 4492 
[MJ*mm*(ha*hr)-1] 

Annual average precipitation  
(see below) 

[10] 

Annual 
average 
precipitation 1233 – 1631 [mm] 

[11]  
(Resolution ~900*900m)  

Soil 
Erodability K 

0 – 0.035 
[t*ha*hr*(MJ*ha*mm)-

1] 
[12] 
(Resolution ~900*900m) 

[4,13] 

LS Factor 0.02 – 4579 

InVEST internal calculation based 
on ASTER DEM (mean LS 
factor=40.7, some few values are 
extreme outliers), which are 
capped at 333 according to the 
InVEST user manual. (Resolution = 
30*30m) 

[14] 

Borselli k  1.096 Calibration parameter  
[15] 

SDR max 0.8 InVEST default setting 
[16] 

IC0 0.5 InVEST default setting 
[16] 

Threshold 
Flow 
Accumulation 500 

Calibrated to fit the hydrological 
network in NRWNNR  

 

 

  



b. InVEST water yield 

Table S3. Kc coefficients and rooting depth of every land cover category for the InVEST water yield 

model listed with their sources. 

Land use 
Kc 

coefficient Kc source 
Rooting depth 
[mm] 

Rooting depth 
source 

Upland forest 
(>1000m) 

1 [17] 7000 [17] 

Lowland forest 
(<1000m)t 

1 [17] 7000 [17] 

Bamboo 1.1 [18] 4000 [19] 

Rubber 1.1 Own measurements 5000 Own measurements 

Rice 1.2 Own measurements 300 Own measurements 

Perennial crops 1.2 [20] 400 [21] 

Bushland/Tea 1 [20] 3500 [22] 

Annual crops 0.65 Own measurements 2100 [23] 

Water 1.05 [20] 0 Not applicable 

Urban 0.3 [17] 200 [17] 

 

  



Table S4. Additional input parameters for the InVEST water yield model. 

Input Range Source of input data Source of calculation procedure 

Annual average 
precipitation 

1233 – 1631 [mm] 
[11] 
(Resolution ~900*900m) 

[11] 

Annual potential 
evapotranspiration 

1209 – 1610 [mm] 
[24]  
(Resolution ~900*900m) 

Direct implementation 

Plant available 
water content 
(PAWC) 

0.115 – 0.138 
[12]  
(Resolution ~900*900m) 

Direct implementation 

Root restricting 
layer depth 

920.2 – 1130 [mm] 
[12]  
(Resolution ~900*900m) 

Direct implementation 

Zhang constant Z 23  [25] 

 

c. InVEST carbon storage model 

Table S5. Input values for the carbon storage model for each carbon pool and every land use 

category in Nabanhe Reserve. 

Land use 
Above ground C 
[Mg C/ha] 

Below ground C 
[Mg C/ha] 

Soil organic C 
[Mg C/ha] 

Dead matter C 
[Mg C/ha] 

Source 

Upland forest 
(<800m) 145 29 82 5 

[26] 

Lowland forest 
(>800m) 189 41 79 6 

[26] 

Bamboo  42 4 72 4 
[26] 

Highland 
rubber 
(<800m) 24 5 62 1.76 

[26] 

Lowland 
rubber 
(>800m) 58 10 56 2.11 

[26] 

Rice 5 1 39 1 
[26] 

Perennial crops 15 3 56 1 
[26] 

Bushland/Tea 6 10 73 0.5 
[26] 

Annual crops 6 1.67 50 0.5 
[26] 

Urban 2 1 50 0 
[17] 

Water 0 0 0 0 
[17] 

 

  



d. InVEST habitat quality model 

Table S6. Habitat quality threats for the BAU, the 5YP and the BTO scenario in parenthesis (where 

applicable). All values are based on Cotter et al. (2017) [27]. Threats are assigned weights concerning 

their severity in relation to the strongest threat (Urban areas with a value of 1). The weight of all threats 

decays in an exponential manner until the maximum distance is reached. 

Threat Maximum distance [km] Weight Decay 

Rubber 0.1 0.27 (0.135) exponential 

Agriculture 0.1 0.3 exponential 

Urban 1 1 exponential 

Roads 0.1 0.5 exponential 

 

Table S7. Overall habitat scores (vertebrates, invertebrates, flora) and the sensitivity of each land cover 

category to each threat. All values are based on Cotter et al. (2017) [27]. 

Land use Habitat score Rubber Agriculture Urban Roads 

Upland forest (>1000m) 1 0.7 0.6 1 0.8 

Lowland forest (<1000m) 1 0.7 0.6 1 0.8 

Bamboo 1 0.7 0.6 1 0.8 

Rubber 0.57 0 0.1 0.87 0.63 

Rice 0.26 0 0.07 0.47 0.33 

Perennial crops 0.32 0.13 0.07 0.2 0.2 

Bushland/Tea 0.33 0.12 0.17 0.39 0.29 

Annual crops 0.33 0.1 0 0.5 0.33 

Water 0.73 0.82 0.82 0.97 0.75 

Urban 0.1 0 0 0 0 

 

e. ArcGIS rubber yield model 

Table S8. Rubber yield estimations based on survey data in Xishuangbanna [28]. Spatially explicit land 

use data is derived from Beckschäfer (2017) concerning plantation age [29]. Altitude data is derived 

from ASTER Digital Elevation Model Data (“astergtm2_n22e100_dem” (ASTER GDEM is a product of 

METI and NASA)). Yields are listed from the first year of plantations being tapped, since plantations 

have different lengths of establishment phases, depending on elevation. Pixel size is 30x30 m. 

 

  

 Potential rubber yield 
[kg/(year*pixel)]   

 Elevation 1-5 years 6-10 years > 10 years 

 
< 800m 124.12 158.20 158.20 

 800-1000m 124.12 129.55 151.30 

 > 1000m 58.50 58.50 58.50 



3. Additional results 

 

 

Figure S2. Ecosystem service results at the last year (2040) of the BAU scenario (A) including habitat 

quality (B), carbon storage (C), water yield (D), sediment export (E) and rubber yield (F). 

 



 

Figure S3. Ecosystem service results at the last year (2040) of the 5YP scenario (A) including habitat 

quality (B), carbon storage (C), water yield (D), sediment export (E) and rubber yield (F). 

 



 

Figure S4. Ecosystem service results at the last year (2040) of the BTO scenario (A) including habitat 

quality (B), carbon storage (C), water yield (D), sediment export (E) and rubber yield (F). 

 



 

Figure S5. Ecosystem service index integrating the five ecosystem services weighted by 

Xishuangbanna prefecture administration using the ROC (centroid weight) method for the initial year of 

2015 (A) as well as additional results for the final year of each scenario (Business-as-usual (B), 5-

years-plan (C) and Balanced-trade-offs (D)). 

 

  



4. Sensitivity analysis of hydrological models 

 

Figure S6. Sensitivity analysis of the InVEST sediment export model.  

 

 

Figure S7. Sensitivity analysis of the InVEST water yield model. 

The sensitivity analysis for the sediment export model showed the expected behaviour 

of a model based on the USLE. Linear relationships between sediment export amounts 

and changes in the K, R and P factor were found. Sediment exports were more 

sensitive to changes in the C factor, as it also influences downslope sediment retention 

in addition to potential soil erosion. The highest sensitivity was identified in respect to 

changes in the Borselli k parameter, explicitly implemented for calibration purposes.  
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