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INFLUX objective: GHG emission quantification over Indianapolis at 1km resolution

Surface tower network and emissions are co-located: Require high resolution inversion system

Bayesian Kalman matrix inversion framework at 1km resolution

Need to define modeling needs (i.e. transport errors) and strategy to improve the atmospheric model 

Atmospheric model: Development of real-time data assimilation system

Emissions spatially constrained by prior knowledge

Characterization of prior emissions error structures

Urban scale atmospheric inversion of CO2 emissions using a high-density surface tower 
network over the Indianapolis area (INFLUX project)



  

WRF configurations and physics

High resolution atmospheric modeling

 - Atmospheric model WRF-Chem : 9km/3km/1km (nesting mode)

 - Metorological forcing : North American Regional Reanalysis (40km resolution), 3-hourly

 - Two model configurations : 
- Four Dimensional Data Assimilation (FDDA) : real-time nudging of meteorological observations (both 

surface and profiles)
- Historical mode : no FDDA (classic configuration)

Model physics

 - First order : sensitivity to surface conditions
 - Second order : Planetary Boundary Layer

 - Two model physics :
- Urban Land Surface Scheme (Energy and Building Models) with Mellor Yamada Jancic PBL scheme (MYJ)
- Simple urban scheme within the NOAH Land Surface Model with the Mellor Yamada Nakanishi-Niino PBL 

scheme (MYNN)

Surface observations (left panel) and at 850hPa used in the Four Dimensional Data 
Assimilation system (data nudging) for the 9-km grid of the WRF-CO2 model

Mode FDDA No FDDA

PBL Physics 
and LSM

MYJ
Urban

MYNN
NOAH



  

Evaluation of simulated meteorological variables

 Wind speed Mean Absolute Error: 

0.84 m/s (MYJ - WRF) / 0.61 m/s (MYJ - WRF-FDDA)
0.71 m/s (MYNN - WRF) / 0.53 m/s (MYNN - WRF-FDDA)

Wind direction : Similar values for the 4 configurations (within few degrees)

NB : Found significant improvement in other areas (location specific?)

WRF-FDDA wind direction results over Dallas-Fort-Worth area 
at 1km resolution
  - Assimilation of surface data or vertical profiles shows a 
significant improvement

Wind
Direction
(degree)

Wind
speed
(m/s)

Days starting from Oct 1st, 2012 Days starting from Oct 1st, 2012

Wind
Direction
(degree)

Hours starting from March 27th, 2013

WRF-FDDA simulation over Dallas-Fort-Worth area

  Wind speed mean absolute error decreased from about 20 to 10 degrees



  

High resolution inverse modeling system

 Reference configuration

  - CO2 mixing ratio observations : 13 surface towers (continuous – about 60 % of full network) and excluding nighttime data, 

  - Atmospheric model configuration : FDDA mode coupled to LPDM (Uliasz, 1995)  at 1km using Turbulent Kinetic Energy
                                                                fields,

  - Inversion framework : Bayesian Kalman matrix inversion 

  - Boundary inflow : Minimum observed over the period at site 1 or site 9,

  - Prior emissions : Hestia 2011 flux product aggregated at 1km resolution, with corresponding flux distribution  time-lagged to fit
                                  week days and week ends,

  - Prior emission errors : variances scaled with the emissions and correlation length of 10km across urban pixels

  - Observation errors : variances increased to 5ppm2 and uncorrelated

CO2 mixing ratios over two periods (10/26 to 10/30, and 10/31 to 11/04) from the original forward simulations using Hestia (in black), after inversion (in 
blue) and observed (in red). The x-axis does not represent the time but corresponds to the different sites with various number of available observations over 
the 5-day time window. The background values have been removed from the observations.



  

Tower footprints and boundary inflow

 Footprints stretched with main wind directions (compared to regional scale) with low variability (only 2 to 3 principal directions 
 over a 5-day window) : requires longer time window for the inversion to cover the entire area

Averaged surface footprints (in log(ppm.(gC.km-2.h-1) ) for two 5-day periods and averaged over the 2 months, at 1km resolution over 
the Indianapolis urban area 

 5-day period:
Oct 11th to 15th, 2012

5-day period:
 Oct 6th to 10th, 2012

55-day period 
Oct 6th to Nov 29th, 2012

CO2 spatial gradients (in ppm) across the INFLUX network and as 
modeled by WRF-LPDM and coupled to Hestia 2011 for the 
surface emissions. The results are averaged over the month of 
October 2011.

 Explicit evaluation of the footprints required

 Indirect evaluation :
 Spatial gradients across sites show that WRF-LPDM
 footprints are « reasonable”



  

Inverse emissions estimates at 1km resolution: reference case

Hestia
(prior emissions)

Inverse emissions Increment
(posterior minus prior)

Absolute increment (posterior minus prior 
emissions) from reference inversion configuration 
(in ktC) for the period Oct 6th to Nov 30th, 2012. 

 Reference inversion :

 - Limited change compared to Hestia for Oct-Nov 2012 (about 12%),

 - Strong constraint from prior error distribution,

 - Systematic decrease of emissions in downtown area (left figure).

Increment (posterior minus prior emissions) from 
reference inversion configuration (in ktC) for the 
period Oct 6th to Nov 30th, 2012. 

Upper 3 figures : Absolute values and logarithmic colorscale to highlight the spatial structures



  

Inverse emissions estimates at 1km resolution: sensitivity tests

Constant variance
(Inverse emissions)

Absolute increment
(posterior minus prior)

Scaled variance
(Inverse emissions)

Absolute increment
(posterior minus prior)

Constant variance over the domain 
(but still urban correlation)

 - Flux correction extends far beyond
city limits,

 - Magnitude of correction increases 
by a factor of 4,

Scaled variance with larger spatial
correlation (L=20km)

 - Flux correction remains similar in
space,

 - Magnitude of correction increases 
by a factor of 1.5,

Large flux correction (45% increase) Correction ignores known structures 
from Hestia (e.g. beltway not visible)

Increased slightly the flux correction 
(6% higher than reference case)

Similar correction slightly larger in 
magnitude 

Absolute values and logarithmic colorscale to highlight the spatial structures



  

Impact of transport model errors: sensitivity to the variances in observation errors

Increment
(2.4ppm RMS for observations)

Increment (posterior minus prior emissions) in ktC from reference inversion configuration (left panel) and from the low 
observation error simulation (right panel) for the period Oct 6th to Nov 30th, 2012. 

 Reduced RMS in observation errors increases the
 posterior emissions by 20% 

=> inverse solution highly sensitive to variances 
     (transport model errors?)

Increment with
1.2ppm RMS for observations

Prior Ref. Low R

Correlation Coef. 0.39 0.43 0.56

CO2 mismatch (in ppm) -1.75 -0.93 -0.7

Correlation coefficient and averaged CO2 mismatch (in 
ppm) for the initial simulation (prior), the reference 
optimized solution, and the low variance inversion case.

CO2 mismatch (in ppm) for the reference optimized 
solution (left panel) and the low variance inversion case 
(right panel) for the period Oct 31st to Nov 4th, 2012.

Upper 2 figures : Absolute values and logarithmic colorscale to highlight the spatial structures



  

Impact of boundary conditions

Absolute increment
(ref case)

Increment (posterior minus prior emissions) in ktC from reference inversion configuration (left panel) and from the 
biased simulation (right panel) for the period Oct 6th to Nov 30th, 2012. 

 Introduction of 0.5ppm bias in boundary inflow :

- Compared to reference case: Translate into a difference in
 inverse emissions of only 2% 

 - When decreasing the observation errors, impact increases
 significantly (about 9%)

Absolute increment with
0.5ppm bias in background

Absolute increment with
0.5ppm bias in background
and low observation error

Absolute values and logarithmic colorscale to highlight the spatial structures



  Map of road emissions from Hestia with their respective 
atmospheric modeled CO2 concentration using the 
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Conclusions

 - Initial agreement with Hestia 2011 and inverse emissions is promising for the initial inversion,

 - In the current system, hourly variability in observations and prior error correlations 
  represent the main parameters of the inversion, 

 - Boundary conditions have limited impact over 2 months but will increase with the time window
  of the inversion,

 - 5-day emissions corrections highly variable: optimal time window for inversion requires 
  several weeks of observations.

Urban scale atmospheric inversion of CO2 emissions using a high-density surface tower 
network over the Indianapolis area (INFLUX project)
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