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Background

Rapid climate change on Tibetan Plateau

Warming at a rate twice of global average Widespread wetting in endorheic basins

(Yao et al., 2022)



Background

Vegetation greening on Tibetan Plateau

Data source: GIMMS LAI4g

2001-2020Decadal trend of LAI



How is vegetation greening contributing to ecosystem carbon uptake?

Scientific question

phenology



1. Contribution of vegetation greening to decadal trend of GPP

Satellite derived LAI

MOD152A, LAI4g, GEOv2 
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− 𝑅𝑑 (Farquhar model)

𝐴𝑛 = 𝑔𝑠 𝐶𝑎 − 𝐶𝑖 (Fick’s law）
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process-based photosynthesis model

(Chen, Liu* et al. 2024, Agricultural and Forest Meteorology)

phenology



1. Contribution of vegetation greening to decadal trend of GPP

(Chen, Liu* et al. 2024, Agricultural and Forest Meteorology)

Acceptable uncertainties after we control LAI in the process-based model



1. Contribution of vegetation greening to decadal trend of GPP

(Chen, Liu* et al. 2024, Agricultural and Forest Meteorology)

Greening contributed to 27% of increasing GPP
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Trend: 3 TgC yr-2 (3.9% decade-1)
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GPP is increasing with a rate around 3.9% per decade



Advancing peak timing

2. Shifts in the phenology of vegetation growth

(Xu, Liu* et al., 2023, Frontiers in Plant Science)

Enhancing peak values

Time

V
eg

et
at

io
n

 In
d

ex

Trend in peak LAI (m2m-2 yr-1)



(Xu, Liu* et al., 2023, Frontiers in Plant Science)

Framework based on the “laws of minimum”

(Parker et al., 2019, Global Change Biology)

2. Shifts in the phenology of vegetation growth



10% of the grasslands over the Tibetan Plateau is facing increasing water stress during peak season in summer

(Xu, Liu* et al., 2023, Frontiers in Plant Science)

2. Shifts in the phenology of vegetation growth



External driver: precipitation is decreasing during late green-up stage

Data source: reanalysis product of Indian Monsoon Data Assimilation and Analysis reanalysis (IMDAA) project 

2. Shifts in the phenology of vegetation growth

(Xu, Liu* et al., 2023, Frontiers in Plant Science)



Endogenous driver: rapid growth in early green-up stage exploit soil water and suppress growth during peak season

➢ We conducted partial correlation analysis by 

relating soil moisture with the date of peak 

growth, while controlling the precipitation.

➢ Years with earlier peak of vegetation growth 

also show lower soil moisture.

2. Shifts in the phenology of vegetation growth

(Xu, Liu* et al., 2023, Frontiers in Plant Science)



3. Implication for shifting phenology on ecosystem carbon uptake

(Xu, Liu* et al., 2023, Frontiers in Plant Science)

Advancing peak growth stimulates ecosystem production, but this impact is weakening due to increasing water limitation
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Take home message

1. Increasing carbon uptake on Tibetan Plateau is primarily driven by warming and wetting climate through leaf 

physiology instead of canopy greening.

2. An enhanced and spring-ward shift of peak vegetation growth is accompanied by abundant water resources in 

early growing season, as well as increasing water limitations during the peak season.

3. Spring-ward shift of peak vegetation growth could benefit ecosystem carbon uptake, but this impact is weakening 

during past two decades.
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