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• Improving Regional Inventories, Using Satellite Concentration 

Measurements and Inverse Modeling

 Can satellite data be applied in an urban inverse 
modeling framework?
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Introduction

 How well does the model output and current urban 
EIs represent the observed data in Tehran?

 How much information is in satellite data to 
constrain urban emissions?

• Tehran

• Carbon Monoxide
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Methodology – Inverse Framework 

What Other Independent 
Observations Could be 

added Inverse 
Framework?

Preparing a posteriori 
Urban EI

Minimise the 
mismatches 

Independent 
Observed/In-situ Data

Comparison

Rerunning the Forward 
Model

Other 
Observation Data

Comparison

Assess 
Differences

Forward Modeling 
System with a priori EI

Independent 
Measurements
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Methodology – Forward System
Preparing a 

priori Urban EI

Emission Data

The Community Multiscale Air Quality 
Modeling System

(CMAQv5.0.2)

Chemistry Advection

Diffusion Deposition

Concentration of Pollutants

Comparing with Independent 
Measurements

Initial  & 
Boundary 
Condition

Weather Research and Forecasting 
Model
(WRF)

Physics Dynamics

Land-use, Initial  
& Boundary 
Condition

Met Data
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Methodology – a priori Urban EI
Emission Database for 

Global Atmospheric 
Research (EDGAR) 

(resolution: 0.1°×0.1°)

Gridded Population 
Dataset

(Resolution: 30ʺ×30ʺ)

Downscaling the Spatial Resolution

Changing Temporal Resolution

Finer Resolution Urban EI
(Hourly at 3 Km)

Fossil Fuel Data Assimilation 
System (FFDAS) 
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Methodology
• Satellite Data

o Carbon monoxide total column retrievals from TROPOspheric 
Monitoring Instrument (TROPOMI)

 SRON Netherlands Institute for Space Research
 German Aerospace Center-Institute for Environmental Research/University of Bremen

• Surface Data
o Measured data by the Air Quality Control Compony (AQCC) 

in Tehran
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Methodology- Satellite Data

Preparing TROPOMI column retrievals to be comparable with CMAQ outputs

Calculate pressure profile

Interpolate concentration profile to the 
TROPOMI pressure level

Calculate the model partial column per 
layer

Apply averaging kernel
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Results – CO Comparison – Aug 2018
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TROPOMI
𝑦𝑦 = 0.71𝑥𝑥 + 0.004

𝑦𝑦 = 0.71𝑥𝑥 + 0.005

Pearson Corr. = 95%
Bias = 14 ppb
CMAQ Average = 49 ppb
TROPOMI Average = 63 ppb

Pearson Corr. = 95%
Bias = 15 ppb
CMAQ Average = 53 ppb
TROPOMI Average = 68 ppb
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Results – CO Comparison – Nov 2018
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TROPOMI CMAQ
𝑦𝑦 = 0.73𝑥𝑥 + 0.01

𝑦𝑦 = 0.72𝑥𝑥 + 0.009

Pearson Corr. = 88%
Bias = 3 ppb
CMAQ Average = 45 ppb
TROPOMI Average = 48 ppb

Pearson Corr. = 88%
Bias = 5 ppb
CMAQ Average = 44 ppb
TROPOMI Average = 49 ppb
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Results – No Chemistry Version

Pearson Corr. = 95%
Bias = 14 ppb
CMAQ Average = 49 ppb
TROPOMI Average = 63 ppb

Pearson Corr. = 88%
Bias = 2 ppb
CMAQ Average = 43 ppb
TROPOMI Average = 46 ppb
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Results – Surface Data

Observed road sites
Modeled road sites
Observed city sites
Modeled city sites

Hour

Co
nc

en
tr

at
io

n 
(p

pm
)

Months
City sites Road Sites

R Bias (ppm) R Bias (ppm)

Aug -18 0.62 0.59 0.65 1.4

Nov -18 0.84 -0.83 0.81 1.15
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Conclusion
 The modeled CO was compared with observations.

 The model underestimates the surface and satellite data.

 The TROPOMI retrievals from the SRON Institution and the Bremen
University are almost similar, but with the larger number of the SRON
soundings in our domain.

 Next steps for improving the EIs:

 Establish an urban scale inverse framework using 4D-Var data assimilation.
 Run the inverse model for CO in Tehran using SRON dataset.
 Apply independent measurements to assess the inverse model capability in

improving CO-EIs.
 Modify the framework for other species and urban areas.
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