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Tropical Drivers of the Atmospheric CO2 Growth Rate 
2010-2011 



Drought and the Tropical North Atlantic 

TNA 

El Nino 4.0 The tropical North Atlantic experienced 
a record-breaking SST anomaly >1.5°C.  
 
Consequence of a strong Central-Pacific “Modoki” 
El Nino amplified  by a strong and persistent negative 
phase of the North Atlantic Oscillation (NAO) (Hu et al, 
J. Climate 2011) 
 
Shifted ITCZ north leading to a dramatic Amazonian 
drought (Lewis et al, Science, 2010) 



Implications of Drought on Atmospheric 
CO2 Growth Rate 

2010: 2.45 ppm yr-1 
2011: 1.84 ppm yr-1 

The atmospheric growth rate of CO2 in 2010 was about 33% higher 
than 2011. 

What role did the drought play in the CO2 growth rate? 
What are the processes driving those differences? 



Posterior fluxes and uncertainties 
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Changes in total flux 2011-2010 

What processes drove the total flux?   



Flux Decomposition 

Fossil Fuel  Ocean Biomass burning NEP Chemical Source 

The total flux inferred from CMS-Flux can be decomposed into a sum of 
terms representing key  processes within the carbon cycle.  

The interannual change in total flux can be similarly decomposed: 

Strategy: Use multiple satellite observations to constrain individual 
terms and infer the  others as a residual.  

Net flux into the atmosphere is  positive 



Respiration: combustion 
Measurements of Pollution in the Atmosphere 

• Carbon monoxide is a by-product of 
incomplete combustion.  

• MOPITT provides CO verticals with near 
surface sensitivity. 

• CMS-Flux estimates CO from MOPITT 
and converts to CO2 

• CO2 from biomass burning is calculated 
from CO/CO2 ratios (Andreae and 
Merlet, GBC, 2001) 

• Emission factors are a function of dry 
mass (given) and burning efficiency, 
which is a function of plant function 
type. 

Emission factors 

2011-2010 



Flux decomposition: NEP 

Net flux into the atmosphere is  positive 

Net ecosystem production (NEP) 
can be inferred as a residual from 
the posterior total flux, biomass 
burning, fossil fuel, and chemical 
production. 

The inferred NEP was greater in 
2011 in  Africa, Southeast Asia, and 
Australia while lower in Brazil and 
Mexico.   



GPP-Solar induced fluorescence 

Optimal estimation provides a framework to determine GPP that accounts for uncertainty in 
the fluorescence, prior uncertainty in GPP, satellite  coverage and timing.  

xa=mean Trendy GPP 
y: GOSAT SIF at time {ti} 
F(x): Observation operator: GPP to GOSAT overpass 
Sn: Error in GOSAT SIF, Sa:Ensemble Trendy spread 
 

Parazoo et al, 2013 

Frankenberg et al, 2011 



GPP-Solar induced fluorescence 

• Solar induced fluorescence (SIF) is a direct measure of photosynthetic activity (e.g., Porcar-
Castell et al, 2014)  

• Parazoo et al, GCB, 2014 introduced an optimal estimation method for GPP balancing 
satellite SIF and carbon cycle models (TRENDY and Casa-GFED) 

• Brazil shows increased productivity in 2011 



Brazil  

• Brazilian biomass 
burning accounts for 
more than half of global 
BB change. 

• Weak uptake implies 
negative NEP. 

• GPP is positive-Rh 
must compensate 

• Mortality (Saatchi et 
al, PNAS, 2013)? 

Net flux into the atmosphere is  positive 

δFtot 

PgC 



Brazilian mega-drought in global context 
• The tropics dominated the CO2 

atmospheric growth rate. 
• Decreases in global BB account  

for ~50% of gross CO2 growth 
rate (GR) decrease (1.5 PgC) 
• Brazil accounts for more 

than 50% BB or ~30% CO2 
GR 

• Brazil accounts for only 10% of 
change in total net uptake. 
• Driven by competing 

respiration  processes.  
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Complex global carbon cycle response to historic Central Pacific 
El Nino 
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• Globally, change in CO2 GR 

driven by biomass burning 
(~50%) 
– Brazil was primary 

contributor 
• Increased Ocean uptake 

accounts for 20% CO2 GR 
– Climatologies, e.g., Takahashi 

atlas, would miss process 
• Global NEP (30% CO2 GR) was 

driven by GPP 
– Implies fast carbon pools 

readjusted. 
• Brazilian NEP was driven by 

respiration 
– Slow carbon pools possibly 

impacted 

More frequent extreme events like the 2010  
mega-drought on Brazil could favor respiration 
processes, which could accelerate the CO2 growth 
rate. 
 
Observations from OCO-2 and TROPOMI will help to 
assess longer term impacts. 



Summary 

• Complex global carbon cycle response to historic 
Central Pacific El Nino 
– Globally, change in CO2 GR driven by biomass burning 

(~50%) 
• Brazil was primary contributor 

– Increased Ocean uptake accounts for 20% CO2 GR 
• Climatologies, e.g., Takahashi atlas, would miss process 

– Global NEP (30% CO2 GR) was driven by GPP 
• Implies fast carbon pools readjusted. 

– Brazilian NEP was driven by respiration 
• Slow carbon pools possibly impacted 
• Implications for carbon climate feedbacks 

 
 



Backup 



Comparison with TCCON 



Flux decomposition 

Atmospheric growth rate was driven by changes in tropical flux 
dominated by biomass burning, NEP, and then ocean. 

Tropical  net ecosystem production 
(NEP)  change was offset by 
reductions in the NH. 
 
Biomass burning dropped in both 
hemispheres.    

NEP is the difference between 
gross primary productivity and 
respiration.   

What drove NEP?   

-1.2  

-0.33 
0.23 

0.02 

0.45 

-0.71 



Mexico 

• Mexico experienced  a severe drought in 2011.  
• Total flux reduced uptake from Mexico was driven by a reduction in 

GPP but offset by a reduction in respiration 



Climate context 

• Large increases in Brazilian 
precipitation. Stimulation of 
respiration?   

• Mexican temperature increased while 
precipitation decreased.  



Conclusions 
• The record changes in tropical North Atlantic SST from an El Modoki El Nino led to a massive drought in 

the Amazon followed by a strong La Nina—with a direct impact on the atmospheric growth of CO2 

• Assimilation of satellite CO2 indicates that tropical fluxes—including ocean fluxes--drove the reduction in 
atmospheric growth offset in part by reduced NH uptake.   

• The incorporation of MOPTT CO and GOSAT fluorescence enabled the attribution of carbon flux changes to 
carbon cycle processes: 

– Biomass burning primarily from Brazil is the dominant driver of the change in the atmospheric growth rate.  
– NEP increases in the tropics were offset by reduction in NH NEP—especially in regions like Mexico.  
– The use of fluorescence allowed NEP changes to be resolved into GPP and respiration gross fluxes.  

• Preliminary estimates indicate that in spite increases GPP, respiration processes dominated the Brazilian 
carbon balance. 

– Strong increases in precipitation may have stimulated those processes.  

• Assimilation of GOSAT methane (Harvard) suggests an underestimate of North American emissions 
especially in Oil/Gas and Livestock regions (> factor of 2) 

• Use of inferred respiration indicates that carbon cycling is important for methane wetland emissions. 
• The CMS-Flux can be used to quantify the spatial drivers of climate forcing through an integrated approach 

to data, models, and assimilation across the entire carbon cycle—CO2 and CH4. OCO-2, OCO-3, and 
TROPOMI will be able to vastly improve carbon attribution.  

• Toward a Carbon (and Air Quality) Monitoring System 
– New geostationary sounders such as GEO-FTS could be an anchor of atmospheric monitoring  
– A virtual constellation of geo-carbon instruments patterned is feasible 

• More information at http://carbon.nasa.gov and http://cmsflux.jpl.nasa.gov 

http://carbon.nasa.gov
http://cmsflux.jpl.nasa.gov


Link between tropical temperatures and 
CO2 growth rate 

Wang et al, 2013 (PNAS) 
showed that 1 °C tropical 
temperature anomaly leads 
to a 3.5 ± 0.6 PgC yr-1 CO2 
growth rate anomaly (1959-
2011) (r2 ≈ 0.5).  

Cox et al, 2013 (Nature) 
used that same relationship 
to apply an observational constraint 
on carbon-cycle climate feedback 
parameter-> γ (GtC K-1) in C4MIP 
models 

Spatially explicit drivers of atmospheric CO2 growth rate could provide better process scale 
constraints 
Can satellite observations play a role? 



Covariation with GPP 

Comparisons with MPI-BGC point to the proportionality of 
GPP to fluorescence.  

Frankenberg et al, 2011 



How effective 

• include Wigly, Levi discussions… 
• maybe this would go into backup 
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