Appendix A. Supplementary method
Detailed method for spatio-temporal variation analysis
1.1 Theil-Sen Median trend analysis
Spatio-temporal trends in NPP were assessed through Theil-Sen Median (Sen) trend analysis. This approach is widely employed for analyzing trends in long time series datasets, boasting the benefit that it doesn't require samples to conform to particular distribution pattern, plus its outcomes remain unfazed by extreme data points (Wu et al., 2010). The formula is presented below.

Where,  quantifies the trend, ​ and ​ stand for NPP values in Yunnan for years i and j in the time series, and  indicates the median value. Positive 𝛽 values denote rising trends, whereas negative values reflect declining trends.
1.2 Mann-Kendall non-parametric test 
The Mann-Kendall (MK) test assessed whether the NPP trends were significant. The MK test is relatively robust to outliers in the data and remains unaffected by data gaps or irregularities, rendering it appropriate for assessing trends in lengthy time series data (Sheng and Wang, 2004). The formula is presented below. 
Assume a time series:

Establish the standardized normal distribution statistic Z:

Where:



In the formula, represents the variance, S is approximately normally distributed, q denotes the count of tied groups, and ​ denotes the quantity of data points in group p. In trend testing, let represent the assumption that the NPP dataset is independent and identically distributed, indicating the absence of a trend. Given a significance level, the null hypothesis  is rejected if , suggesting the presence of a statistically significant trend in the sequence. Furthermore, a significant trend is then classified based on the sign of Z: upward (Z > 0) or downward (Z < 0). Otherwise, the null hypothesis  is accepted. Given the significance confidence level  for NPP change trends, then the critical value. Table S1 shows the classification of trend significance levels.
Table S1 NPP trend significance grading scale
	β
	Z
	Trend characteristics

	β > 0
	Z > 2.58
	Highly significant increase

	
	1.65 Z 2.58
	Significant increase

	
	1.65 Z 1.96
	Slightly significant increase

	
	0 Z 1.65
	Not significant increase

	β = 0
	Z = 0
	No change 

	β < 0
	-1.65 Z 0
	Not significant decrease

	
	-1.96 Z -1.65
	Slightly significant decrease

	
	-2.58 Z -1.96
	Significant decrease

	
	Z -2.58
	Highly significant decrease


1.3 Cold and hot spots analysis
Spatial clustering patterns of NPP can be investigated using the method (Zhang et al., 2023). The calculation is:


Where,  represent the expected value of ,  signifies its variance.  denotes the spatial weights. Hot spots are identified when  is significantly positive, denoting a spatial cluster of high values, and vice versa for cold spots.
1.4 Stability analysis
This study analyzed NPP stability by the coefficient of variation (CV) (Luo et al., 2021). The calculation is:

Where,  refers to the NPP value for year , NPP is average, and n denotes the total study period. A lower coefficient of variation indicates stronger stability, while a larger one indicates weaker stability.
1.5 Persistence analysis
The Hurst index measured the persistence of NPP trends by quantifying the long-term correlations (John et al., 2008). The formula is presented below.
The time series  is divided into  subsequences , for each subsequence, .
The average NPP time series is:

The cumulative deviation of NPP is:

The standard deviation series of S is:

The Hurst index is:

Where, H is obtained through the fitting equation:

H is the sustainability index, with a range of 0 to 1. There are three scenarios: H = 0.5 suggests a random, unpredictable trend in NPP variations. 0.5 < H < 1 implies a persistent trend where increases or decreases tend to follow past behavior. 0 ≤ H< 0.5 signals anti-persistence, meaning fluctuations are likely to reverse direction over time.
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