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Changing climate -> Carbon-climate feedback

Environmental change impacts on NHL biosphere-atmosphere GHG fluxes

Stomatal-level response to rising CO2, or “CO2 
fertilization effect” enhanced ability to 
photosynthesize CO2 and/or to reduce water use.

Responses to climate trends are regionally 
unique (Warming? Wetting? Snow cover 
changes? Other?)
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Rising CO2 -> Carbon-concentration feedback
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A. Anthony Bloom, ABoVE 10th STM, May 21-24, 2024

Net decrease in 
atmospheric CO2 
burden…
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Net increase in 
atmospheric CO2 
& CH4 flux?

Net reductions in 
atmospheric CO2 & 
CH4 flux?

Multitude of land-atmosphere GHG responses to environmental forcing trends, net effect remains unknown
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The CARDAMOM observing system
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Worden et al., under review at GCB

• Question 1: How do ABoVE 
domain ecosystem CO2 and CH4 

fluxes respond to multi-decadal 
climatic variability and trends? 

• Question 2: Will the integrated 
ABoVE domain GHG (CH4 + CO2) 
flux responses to projected 
climate changes induce positive or 
negative carbon-climate 
feedbacks? 

• Question 3: How does the 
integrated GHG (CH4 + CO2) flux 
response to climate, compare to 
the integrated GHG flux response 
to rising atmospheric CO2? 

ABoVE domain CO2 and CH4 mediated feedback questions

Eren Bilir, ABoVE 11th STM, May 12-15, 2025
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Black = Optimized CARDAMOM fluxes
Red = Alaska eddy covariance datasets

CO2 CH4

Global warming potential of joint CH4 and CO2 climate sensitivities

A. Anthony Bloom, ABoVE 10th STM, May 21-24, 2024

(1) Combined effects of warming and wetting 
lead to opposing carbon-climate feedback 
responses across vegetation types.

(2) Knowledge of CH4 response to changes in 
temperature and precipitation key for resolving 
the sign and magnitude of the GWP-weighed 
GHG response of the biosphere
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CARDAMOM global gridded run at 4x5 degrees, with disturbance fluxes
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 Variable Source/Description

Atmospheric CO2, 2001-2021 NOAA ESRL

Burned area, 2001-2021 GFEDv4, Randerson et al. (2018) 

Deforestation, 2001-2019 ISS GEDI, airborne LiDAR, etc, Xu et al. (2021)

Meteorology, 2001-2021 ERA5 reanalysis
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GPP, 2001-2019 FluxSat, Joiner et al. (2019)

TWS, 2002-2021 GRACE/GRACE-FO, Wiese et al., 2016  

LAI, 2001-2016 Terra/Aqua MODIS, Myneni et al., 2015

SCF, 2001-2021 Terra/Aqua MODIS, Hall et al., 2015 

Fire CO flux, 2010-2015 Terra MOPPIT, Jiang et al. (2016) 

CH4 flux, 2010-2012 GOSAT, Ma et al. (2021)

SOC, single value HWSD, Hiederer and Köchy (2011)

ABGB, 2001-2019 ISS GEDI, airborne LiDAR, etc, Xu et al. (2021)

NBE, 2010-2021 OCO-2/3, Liu et al (2021)

Runoff, 2001-2014 River gauge network, Ghiggi et al. (2019)

Eren Bilir, ABoVE 11th STM, May 12-15, 2025

Bilir et al., in review
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CO2 vs Climate sensitivity: attribution approach
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∆𝑪𝑇𝑜𝑡𝑎𝑙 =  ∆𝑪𝐶𝑂2 +
∆𝑪𝐶𝑙𝑖𝑚𝑎𝑡𝑒 + ∆𝑪𝑜𝑡ℎ𝑒𝑟

∆𝑪𝐶𝑂2: F2 – F0; ∆𝑪𝐶𝑙𝑖𝑚𝑎𝑡𝑒: F1 – F0; 𝑪𝑛𝑒𝑡𝐶𝑂2𝐶𝑙𝑖𝑚𝑎𝑡𝑒: F3 – F0.

Eren Bilir, ABoVE 11th STM, May 12-15, 2025
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Heterotrophic respiration flux sensitivities: CO2 & CH4 
climate sensitivities
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25th-75th percentile

Eren Bilir, ABoVE 11th STM, May 12-15, 2025
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• Question 1: How do ABoVE 
domain ecosystem CO2 and 
CH4 fluxes respond to 
multi-decadal climatic 
variability and trends? 

Heterotrophic respiration flux sensitivities: CO2 & CH4 
climate sensitivities

20% 80%

Eren Bilir, ABoVE 11th STM, May 12-15, 2025
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Result: CH4 accounts for 20% of GHG flux response to climate
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• Question 2: Will the integrated 
ABoVE domain GHG (CH4 + CO2) 
flux responses to projected 
climate changes induce positive or 
negative carbon-climate 
feedbacks? 

34%

66%

Net land-atmosphere carbon flux: climate sensitivities

Eren Bilir, ABoVE 11th STM, May 12-15, 2025
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Result: positive climate-carbon feedback; CH4 accounts for ~1/3 of GWP
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• Question 3: How does the 
integrated GHG (CH4 + CO2) flux 
response to climate, compare to 
the integrated GHG flux response 
to rising atmospheric CO2? 

Net land-atmosphere carbon flux: climate and CO2 
sensitivities

Eren Bilir, ABoVE 11th STM, May 12-15, 2025
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Result: negative feedback (CO2 fertilization dominance); CH4 reduces by 10%



Related poster

Eren Bilir, ABoVE 11th STM, May 12-15, 2025



Summary & future efforts

• Joint CO2 and CH4 sensitivities have been jointly resolved in a gridded protype with 
improved water and energy balance.

• Across domain, GWP impact of CO2 fertilization effect dominates over climate feedbacks

• Next steps: Continue model development: permafrost, streamflow temperature, river DOC 
fluxes (separate effort) 

• Next steps: Continue with integration of ABoVE aircraft data

• Dataset: publish a 1x1 carbon water energy reanalysis product; anticipate publication on 
joint GHG flux responses  

Eren Bilir, ABoVE 11th STM, May 12-15, 2025



Program Stats 

• Support: two postdocs (Shuang Ma, Eren Bilir), PI (Anthony Bloom) 

• Engagement: multiple conference presentations from Shuang Ma and Anthony Bloom
 
• Products: 1 publication (Ma et al., 2023) and expected future paper (Bilir et al, in prep) 

along with dataset

Eren Bilir, ABoVE 11th STM, May 12-15, 2025
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