
• The NASA Earth Exchange (NEX) Global Daily Downscaled Projections (GDDP) dataset
• Outputs from 35 CMIP6 GCM (Global Climate Model) models
• Historical experiment and four SSP scenarios (our project focuses on the historical, SSP245, and SSP585 scenarios).
• Variables
§ hurs (Near-Surface Relative Humidity), 
§ pr (Mean of the daily precipitation rate), 
§ rsds (Surface Downwelling Shortwave Radiation)
§ sfcWind (Daily-Mean Near-Surface Wind Speed), and 
§ tas (Daily Near-Surface Air Temperature)

• Devired Variables
§ VPD (Vapor Pressure Deficit): the difference (deficit) between the amount of moisture in the air and how much moisture the 

air can hold when it is saturated
§ PDSI (Palmer Drought Severity Index): quantifying flooding/drought conditions

Sunlight and flooding/drought conditions dominate carbon fluxes in wetlands 
across the Southeastern United States
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Introduction

Flux Tower Data for Model Training

Workflow

• Highly productive and biologically diverse ecosystems
• Water line is within 0.3 m of the top soil zone for at least two weeks in the 

growing season (NRC, 1995)
• While they only cover 6% of the earth’s land surface, wetlands provide 

myriads of ecosystem services:
§ storing one-third of the organic carbon on the planet,
§ water quality enhancement, 
§ erosion control, and 
§ maintaining stream flow

Ø Wetland ecosystems

Ø Climate change threats
• Global warming and sea level rise
§ may dramatically alter the roles of wetlands in the carbon cycle
§ potentially transforming wetlands from carbon sinks into carbon 

sources

Ø AmeriFlux

Ø Research Questions

• 10 wetland sites
• Covering a range of 

wetland types under 
various climatic and 
hydrological 
conditions

• NEE (Net Ecosystem 
Exchange of CO2)

Spatial distribution of wetlands over 
the SE US calculated from the 
National Wetland Inventory (NWI).

Results

Comparisons between the estimated (y-axis) and 
measured (x-axis) daily wetland carbon fluxes (unit: 
μmolCO2 m-2 s-1) for the testing set. The black line is 
the 1:1 line, and the red line is the best-fit line 
between the simulated and measured carbon fluxes.

Ø Model performance at the 10 AmeriFlux sites

Ø Key variables affecting wetland carbon fluxes
• Higher SW_IN: stronger photosynthesis 

intensity (enhanced solar radiation can 
promote photosynthesis), higher GPP
§ SW_IN saturation (> 300 W m-2)

• Lower SW_IN: weaker photosynthesis 
intensity, lower GPP
§ GPP ≈ RECO or even GPP < RECO, 

less negative or positive NEE

PDSI:
• < -2.0
• -2.0 to 4.0

• > 4.0

Carbon fluxes:
• Close to 0 
• Consistently 

negative
• Close to 0 or 

increase to 
positive

• The wetland carbon fluxes simulated 
by the RF model agreed well with 
those measured by the EC towers
§ R2 = 0.62
§ RMSE = 1.04 μmolCO2 m-2 s-1

• What are the key climatological variables influence wetland CO2 fluxes?
• What are the wetland CO2 flux patterns over the entire Southeastern 

United States (SE US)?

Source: Utilize data from the 
AmeriFlux network and NEX-
GDDP-CMIP dataset. 

Variables: Focus on the Net 
Ecosystem Exchange (NEE) 
as the primary dependent 
variable, indicative of the 
carbon dioxide exchange 
between the wetlands and the 
atmosphere.

Extract information about 
Independent variables, 
including environmental and 
climatological factors like 
temperature, relative humidity, 
precipitation, solar radiation, 
and wind speed. Derive PDSI 
and VPD variables.

Data Collection 
and Processing

Model Training 
and Optimization

Algorithm Selection: 
Train three primary models, 
Random Forest, Support 
Vector Machine (SVM) and 
Artificial Neural Networks 
(ANN).

Optimization Process: 
Engage in iterative model 
tuning and optimization to 
enhance predictive 
accuracy. This includes 
adjusting model parameters, 
selecting features, and 
experimenting with different 
model architectures.

Model Evaluation
 and Comparison

Comparative Analysis: 
Evaluate the models' 
performances through 
metrics such as R-squared 
(R2) values, with Random 
Forest showing superior 
performance over ANN and 
SVM.

Insights on Variable 
Importance: 
Further analyze and interpret 
the models to understand the 
role of different 
environmental variables in 
predicting NEE, emphasizing 
the model's ability to capture 
complex relationships within 
the data.

Important 
Variable Analysis

Significant Predictors 
Identification: Through 
variable importance ranking, 
identify key predictors for NEE, 
such as Palmer Drought 
Severity Index (PDSI) and 
incoming shortwave radiation 
(SW_IN), while also assessing 
the relative insignificance of 
temporal variables like month 
and season.

Utilize techniques such as 
partial dependence plots to 
visualize and quantify the 
impact of significant predictors 
on NEE, noting patterns like 
the negative correlation 
between SW_IN and NEE.

Data Modeling and 
Future Direction

Utilize insights from the 
Random Forest model's 
performance to refine data 
collection and modeling 
strategies, while expanding 
training datasets and 
extracted variables. 

Plan for future research to 
further explore the temporal 
aspects of wetland carbon 
dynamics, considering 
potential impacts of climate 
change on seasonal 
patterns and the overall 
carbon balance.

Encyclopedia of Soils in the Environment. (2023)

• Eddy 
covariance 
technique

• Carbon (CO2 
and CH4) and 
energy (water 
vapour) fluxes

• Environmetal 
variables (e.g., 
air temperature, 
precipitation, 
wind speed, 
incoming 
shortwave 
radiation)

Spatial Climate Data for Model Application
Ø NEX-GDDP-CMIP

Key Finding 1
Ø Incoming shortwave radiation and Palmer Drought Severity 

Index are key predictors of wetland carbon fluxes

The variable importance analysis in the RF regression model. The x-axis lists explanatory variables ranked in descending order of importance: incoming shortwave radiation 
(SW_IN), Palmer Drought Severity Index (PDSI), vapor pressure deficit (VPD), air temperature (Tair), wind speed (WS), precipitation (P), 12 months (January to December), 
and 4 seasons (Spring to Winter).

Predictors with the highest Gini importance 
values were 
• SW_IN (0.26) and 
• PDSI (0.18)

Key Finding 2

• Spatial Resolution: 0.25° × 0.25°
• Temporal Resolution: monthly
• Period: 1950-2014 (65 years)
• Future projections (2015-2100) is under way!

Ø High-spatial-resolution and long-
term estimates of wetland CO2 
fluxes

The monthly climatological mean of wetland CO2 fluxes (unit: μmolCO2 m-2 s-1) across the SE 
US during 1950-2014 estimated by the random forest regression model at a high spatial 
resolution of 0.25° × 0.25°. 

Unit: μmolCO2 m-2 s-1


