
Estimation of terrestrial gross primary production:

current progresses and challenges

Prof. Dr. Tiexi CHEN / Dr. Xin CHEN

Qinghai University of Technology

Nanjing University of Information Science and Technology

2024.07.17 
1

20th US-China Carbon Consortium

Xining China



1. Background

2. GPP estimation model and its improvement

3. Uncertainty in GPP estimates

4. Sources of uncertainty in GPP estimates

5. Conclusion and prospect

NUIST



1. Background NUIST

碳通量转换过程（Xiao 2019）

Gross Primary Productivity (GPP) refers to the CO2 absorbed by vegetation through photosynthesis, and GPP is the 

largest carbon flux between terrestrial ecosystems and the atmosphere, playing a key role in the global carbon cycle.
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Carbon flux conversion process（Xiao 2019）

Factors affecting photosynthesis（Pei 2022）
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Global GPP changes in REA and MME method index under 

different SSP scenarios from 1982 to 2100 (Huang 2021)

Key parameters of carbon cycle in terrestrial ecosystems and their 

contribution to carbon source and sink estimation（Liu 2022）

The importance of accurately estimating GPP:

(1) Estimates of other carbon fluxes, such as terrestrial carbon sinks   (2) estimates of future GPP
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Representative results of estimates of total terrestrial primary 

productivity（Ryu 2019） Development of GPP estimation methods（Zhu 2024）

After years of development, GPP estimation methods have been relatively mature compared with other carbon fluxes

biogeochemical process

black box
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The development of LUE model（Pei 2022）

In recent decades, numerous LUE models have been developed to estimate GPP
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An improved method of LUE model（Zhu 2024）

GPP = 𝜀×FPAR×PAR×f(W)×f(T) GPP =（𝜀𝑠𝑢𝑛 × APARsun+𝜀shd × APARshd）×f(W)×f(T)

Big Leaf Medel Two-leaf model
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Many current GPP products use the structure of the two-leaf model
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An improved method of LUE model（Zhu 2024）

The model parameters need to be further optimized
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The spatial distribution of parameters is used in the GPP 

estimation model
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Dynamic parameters that vary in time and space are used in the model
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Long-term trends in GPP products Yang 2022
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Train machine learning models from the perspective 

of different vegetation types
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Incorporation of CO2 fertilization effects into machine 

learning models



3. Uncertainty in GPP estimates NUIST

Released GPP products（Zhang 2021）

Comparison with FLUXCOM-GPP（Zhang 2021）

Several GPP products have been released based on different 

approaches
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Characteristics of different GPP products（Anav 2015）

The results of Anav et al. (2015) highlight the uncertainty in global GPP estimates.

Annual total: 119-169 Pg C yr−1 Interannual variability: 0.8-3.89 Pg C yr−1 Long-term trend: 0.0181-0.621 Pg C yr−2
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Characteristics of different GPP products（Zheng 2020）

Based on the study by Zheng et al. (2020), the uncertainty in the GPP estimate is further expanded

Annual total: 92.7-168.7 Pg C yr−1 Interannual variation: 0.32-5.89 Pg C yr−1 Long-term trend: -0.05-0.84 Pg C yr−2
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Spatial distribution, trends and interannual variability (coefficient of variation) of GPP simulated by different models（Dong 2022）
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The difference of GPP simulated by different models in different vegetation types and climatic zones（Dong 2022）



3. Uncertainty in GPP estimates NUIST

Performance of GPP products of different models during drought（Dong 2022）
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Effects of soil moisture on GPP estimates, where a represents the spatial 

difference between GPP estimates with and without soil moisture (Stocker 2019)

Regardless of soil moisture
Consider soil moisture

Differences in processes included in different GPP 

estimation models (model structure)
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The difference of GPP estimated by different model parameters in different 

vegetation types（Chang 2021）

In a well-functioning model, it is often necessary to recalibrate the parameters when changing areas or 

using data from other sensors (model parameters)
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Differences in GPP simulations based on different LAI（Liu 2018）

When conducting GPP simulations on a global scale, global vegetation datasets need to be used, and 

vegetation datasets come from many sources (input datasets).



4. Sources of uncertainty in GPP estimates NUIST

Differences in GPP driven by different meteorological data（Barman 2014）

When conducting GPP simulations at the global scale, reconstructed meteorological data sets need to 

be used, and meteorological data sets come from many sources (input data sets).



5. Conclusion and prospect NUIST

In recent decades, the development of remote sensing and ground observation technology has made important 

progress in the theoretical research of GPP estimation. However, accurately quantifying and understanding the 

spatio-temporal pattern of GPP remains a serious challenge. 

◆ The model structure, model parameters and input data sets all bring great uncertainty to GPP estimation. 

◆ Generally speaking, This uncertainty is mainly reflected in the annual total of global GPP (92.7-169 Pg C 

yr−1), the long-term trend (-0.05-0.84 Pg C yr−2), and the interannual variability (0.32-5.89 Pg C yr−1) and 

response to drought events (varying degrees of negative anomaly). 

Therefore, it is important to emphasize that while the GPP estimates are relatively mature compared to other 

carbon fluxes, they are far from the point where they can slow down exploration. We must deeply understand 

existing theories and models, combining data from increasingly advanced satellite datasets with observations 

from flux towers to evaluate and constrain GPP estimation models to improve global GPP estimates.
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