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4. Leading edge GHG ensemble 
system can produce estimates of 
GHG  source/sinks on global to 

regional scales 

1. Atmospheric observations inform the global 
carbon budget 

3. Predicting CO2 and weather together with a coupled model  

2. We can estimate GHG sources/sinks with an 
atmospheric transport model  
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• Largest uncertainty in global carbon budget is due to terrestrial biosphere 
• Interannual variability of atmospheric CO2 is related to terrestrial biospheric processes 
• Atmospheric observations are important for determining the global terrestrial biospheric flux  
   (Fland = dCO2/dt – Eanthro – Focean), Eanthro=fossil fuel + biomass burning emissions 
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The question:  Using atmospheric observations up to the present, what was the past 
flux of GHG from the surface to the atmosphere? 
 

Net perturbations 
to the global 
carbon cycle: 
Annual means.  
The land and 
ocean take up 
some of the 
anthropogenic 
emissions.  But 
how will this 
partitioning 
change in time? 

The traditional method of solving this problem is called flux inversion because the atmospheric 
transport model output (CO2 prediction) is “inverted” to determine the unknown input (sources/sinks).  
It is a type of data assimilation problem in which observations and model output are combined 
statistically to optimally determine model parameters (here sources/sinks).   The mathematics is well 
founded.  The problem is all the assumptions that are made in practice.  So really, source/sink 
estimates are often biased, and uncertainty estimates are not believable.  To make progress, we 
need to start relaxing these assumptions. 

LeQuere et al. (2015, ESSDD) 

IPCC AR5 WG1 (2013) 

One critical assumption made by flux inversion systems is that the winds 
which transport greenhouse gases are perfectly known.  Of course this 
is not true!  And the potential impact of this assumption is known to be 
big.  With a coupled weather and greenhouse gas transport model, this 
kind of uncertainty can be simulated.  But it is not easy to develop, 
maintain and is expensive to run.  Luckily we already have the expertise 
at ECCC in atmospheric modelling, chemistry transport modelling  and 
data assimilation, not to mention the carbon cycle modeling.  With our 
cross-division collaboration, we have developed such a coupled 
meteorological/greenhouse gas transport model.  Note: ECMWF and 
NASA have also taken this approach. 

Polavarapu et al. (2016, ACP) showed that CO2 can be reliably 
simulated only for large spatial scales.  This uncertainty in the forward 
CO2 prediction translates to uncertainty in where the source/sink is 
estimated when “flux inversion” approaches are used.  
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Coupled meteorological and tracer 
transport model: ECCC’s global 
weather forecasting model with 0.9° 
grid spacing adapted for CO2 
transport.  

Column mean CO2 on 31 Dec. 2009 after 1 year of simulation 
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Ask me to see animations of: 
• CO2 evolution 2009-10 
• CH4 evolution 2009 
• CO2 uncertainty Jan 2009 

Movies can be illustrative  

• Atmospheric observations of greenhouse gases are a valuable 
resource for understanding sources and sinks of carbon in the 
present and past.  This is true for the global CO2 budget. 

• observations are from  ground (e.g. ECCC network) and space-
based observations. 

• Can we use atmospheric observations to get spatial distributions 
of sources and sinks? This would give us better estimates of 
Canadian GHG emissions and improved understanding of 
coupling of biospheric and atmospheric processes 

Collaborations 

• Meteorological Research division 
1) Data assimilation section (Montréal) 
2) Weather forecast modelers (Montréal) 

• Air Quality Research Division  
1) Modeling and Integration section (Toronto) 

• Climate Research Division  
1) Climate modeling section (Victoria) 

This is truly interdisciplinary work.  The model development, 
research results and coauthors in Polavarapu et al. (2016) 
involved all 3 of ASTD research divisions: 

 
Academic collaborators (U Toronto, Dept. of 
Physics) work closely with us. 
 
Our work was/is partially funded by the Canadian 
Space Agency. 
 
We are on science teams for research projects for 
satellite missions: NASA (OCO-2), JAXA (GOSAT) 

Using the coupled meteorology/greenhouse gas transport model, we 
can estimate GHG sources/sinks by allowing for all sorts of uncertainties 
from: observations, meteorology, model formulation, initial conditions., 
etc.  This is not possible with a “flux inversion” system. The impact of 
uncertain meteorology on CO2 is shown below. 
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