
 

Figure S1. Correlation analysis between the SPEI obtained by AUNSPLIN interpolation and the global 0.5 degree SPEI 

dataset 
The results showed that 97.61% of the pixels passed the significance test (p<0.05), mainly distributed in central and eastern 
Inner Mongolia and most area of the northeastern part. Among them, 37.76% of the pixels were strongly correlated (r>0.8), 
while 58.74% showed weakly correlations (0.3<r<0.8). Only 3.5% of the pixels had no correlation, scattering in the 
northwest, especially in areas where deserts widely distributed. This was most likely due to the scarcity of meteorological 
stations and the large deviation of the interpolation. 
 
 

 
Type 1 monotonic increase 
 (X83.1949 Y32.13147) 

 

Type 2 monotonic decrease  
(X90.26 Y45.295) 



 
Type 3 monotonic increase (with positive break) 

(X87.62731 Y32.49806) 

 
Type 4 monotonic decrease (with negative break) 

(X123.9937 Y45.79007) 

 
Type5 Interruption: increase with negative break 

(X117.2451 Y45.9817) 

 
Type6 Interruption: decrease with positive break 

(X120.736 Y45.71509) 

 
Type7 reversal: Increase to decrease 

(X116.4952 Y45.6651) 

 
Type8 reversal: decrease to increase 

(X118.0949 Y48.53115) 
 

Figure S2. Trend types of ecosystem functioning based on rain use efficiency detected by BFAST01 



Table S1 Arguments setting of (a) BFAST01, (b) BFASTclassify, (c) BFAST, and (d) BFASTLite in R 4.1.1(other arguments 
use default settings) 

(a) 
Arguments Sets 

formula Response~trend+harmon 
test BIC, OLS-MOSUM, supLM,supF 

level 0.1 
aggregate any 
bandwidth 0.15, 

 

(b) 
Arguments Sets 

alpha 0.1 
pct_stable 0.25 
typology "standard" 

 

(c) 
Arguments Sets 

h 0.15 
season harmonic 

 

(d) 
Arguments Sets 

formula response ~ trend + harmon 
order 3 

breaks "BIC" 
stl "both" 

 

 

 

 



 
Figure S3. Changes in population density and GDP over a 5-year interval from 2000 to 2015 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure S4. Regional mean NDVI, P, RUE and SPEI from 2000 to 2019 (From March to November every year) 

 
Figure S5. Annual regional mean NDVI, P and RUE from 2000 to 2019 (From March to November every year) 

(Annual RUE is obtained by dividing the annual accumulated NDVI by the annual accumulated precipitation) 



 
a. Sample 1: Xilingol League, Central Inner Mongolia (X113.6  Y44.2) 

 
b. Sample 2: Southeast Hulun Buir (X123.3  Y47.8) 

 
c. Sample 3: northern Xinjiang (X 85.54442  Y 44.68714) 



 
d. Sample 4: Southwest of Heilongjiang (X 125.7183  Y 46.81485) 

 
e. Sample 5: Western Tibet (X 86.13596  Y 33.81444) 

 
f. Sample 6: Western Jilin (X122.0107 Y45.6401) 

 

g. Sample 7: Western Hulun Buir (119.2447 48.88108) 
 

Figure S6: Trend types of some typical samples detected by BFAST01 model 



 

 
 

Figure S7. Distribution of break types of precipitation (a) and significance test of break types (b) (p<0.1) 

 



 

Figure S8. Timing of TPs in precipitation (p<0.1): (a) year; (b) month. 

 



 
 

Figure S9. Distribution of break types of NDVI (a) and significance test of break types (b) (p<0.1) 

 



 

Figure S10. Timing of TPs in NDVI (p<0.1): (a) year; (b) month. 
 
 
 
 
 
 



 
Figure S11. Inter-annual variation Sen trend of annual cumulative (March-November) NDVI 

 

 
 

Figure S12. Inter-annual variation Sen trend of annual cumulative (March-November) precipitation 

 
 



 
Figure S13. Spatial distribution of stable ecosystem function change  

 

 
Figure S14. Distribution of break types of SPEI (a) and significance test of break types (b)（p<0.1） 

 
 



 



 
Figure S15. The spatial distribution map of TPs obtained by BFASTlite and the four test methods of BFAST01 (all the above results have been 

tested for significance p<0.1), from top to bottom: a.BFASTlite_BIC b.BFAST01_BIC c.BFAST01_OLS-MOSUM d.BFAST01_supL 

e.BFAST01_supLM 

 
 


