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OCO-2 and the Era 
of CO2 from Space
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Fluxes to concentrations to fluxes…

Real fluxes in the 
real world
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Transport
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Top-Down Flux Estimates and Uncertainties 



Carbon-Climate Feedbacks are Strong,
Producing Significant Interannual Variability



Societal Changes Affect the Growth Rate of 
CO2



But, not very much:
Global surface CO2 anomaly after 5 months



Carbon Capture and Storage: is it Observable?



“Wedges”—Are they observable?

• Pacala and Socolow proposed the useful wedge 
model, with ~10-12 technologies each reducing 
emissions or capturing CO2.

• A key observing challenge is detecting change 
due to wedges early, when they are small.

• And, that’s just what we can’t do with global 
inverse schemes.



Megacity 
Approach



OCO-3 Snapshot Area Mapping Mode Samples ~100 
urban areas worldwide (~85% of global emissions)

https://www.atmos-meas-tech.net/12/2341/2019/amt-12-2341-2019-f01-web.png
https://www.atmos-meas-tech.net/12/2341/2019/amt-12-2341-2019-f01-web.png


Solar-induced fluorescence: a new tool



SIF: a global measure of carbon uptake by 
photosynthesis



Urban estimates in the Middle East suggest larger 
emissions than inventories

Yang EG, et al. Using 
Space‐Based Observations 
and Lagrangian Modeling to 
Evaluate Urban Carbon 
Dioxide Emissions in the 
Middle East. Journal of 
Geophysical Research: 
Atmospheres. 2020 Apr 
16;125(7)



Source and Sink Modeling at Finer and Finer 
Scales

 223 

Figure 3. STILT column-averaged footprints (unit of ppm×m2×s/µmol) for a location about 10 km (plus 224 
shape) and 30 km (cross shape) within the Nile Delta at 13:30 on 2014-09-23 (left) and 2016-02-15 (right). 225 
Footprints for the centroid location within the background section (circle shape) are also shown. The 226 
footprints (spatial resolution of is 1 km × 1 km) indicate the transport of air for the past 32 hours and the 227 
upstream source locations which influence the XCO2 values at the receptor location.  228 

2. Results and Discussions 229 

3.1 Spatiotemporal variation of XCO2 and SIF 230 

We studied 62 days of OCO-2 measurements over the Nile Delta and desert area spanning five 231 

years of observations. We observed the expected steady seasonal cycle in XCO2 concentration over 232 

the delta (XCO2,del) and the desert (XCO2,des) from 2014 to 2019 (Figure 4). About 80% of the 233 

measurements showed a mean XCO2,del about 1.11 [0.83,1.21] (95% confidence interval) ppm 234 

higher than mean XCO2,des with a maximum ΔXCO2  (XCO2,del - XCO2,des), of 2.2 ppm. Expectedly, 235 

consistent higher SIF values in the Nile Delta indicated the agricultural production (Figure S4), 236 

with high SIF values during the months of peak of winter growing season (DJF) and summer 237 

growing season (JJA), but the latter season showed significantly lower ΔXCO2 values (Figure 5). 238 

This seasonal pattern of ΔXCO2 can be attributed to the river flow dynamics and crops grown in 239 

the winter and summer season. The delta receives sediment and carbon-rich water during the winter 240 

season from the Aswan high dam (El Gamal and Zaki 2017), which is recycled and also used in the 241 

summer season. The emissions from newly arrived carbon-rich soil (carbon source) could result in 242 

high ΔXCO2. However in summer, high photosynthetic activity of well-irrigated maize and rice 243 

during the mid-day could be a significant carbon sink (Rana et al 2016, She et al 2017) with reduced 244 

CO2 emission from soil, thereby resulting in lower XCO2 values in the delta. A detailed study 245 

combined with cropping pattern and river flow dynamics could give insight that is more accurate. 246 

On average higher SIF values correlated with higher XCO2, which might not be expected for forest, 247 

but because of all the fossil fuel and soil CO2 emissions associated with the farming and irrigation 248 

in the Nile Delta (Figure 5 and S5).   249 
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Even in areas with 
strong sources, 
photosynthesis can take 
up significant amounts 
of the emitted CO2



Mitigation required eventual MAJOR 
reductions in net emissions*

• Global-top down analyses can confirm budgets over relatively long 
time periods—1-5 years—given interannual variability but cannot 
verify specific actions.

• Point-source analyses aided from space can confirm or reject both net 
emissions (emissions – removal) and photosynthesis (SIF) at city-
region scales.

• Ongoing space assets (OCO-2/3, GeoCarb, Sentinel, Tansat) provide 
ongoing space-based observations into the future.

• Space-based methods provide an independant reference context 
within which reported CSC, uptake and mitigation may be assessed at 
megacity-regional scale.


