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Fast update of NOx emission trend for China: 

synthesis of bottom-up method and satellite 

observations

Evolution of NOx emissions 

in China: 1995-2010
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Anthropogenic emissions in China are changing dramatically  

Primary aerosol, Lei et al., ACP, 2011

NOx, Zhang et al., JGR, 2007

SO2, Lu et al., ACP, 2010

Primary aerosol: two peaks, reflecting the 

impacts of both economy increase and 

emission control 

SO2: increasing until 2006, driven by new 

power plants and industrial facilities, and 

decreasing after 2006, through installations of 

FGD devices

NOx: continuously increasing driven by new 

power plants and increased vehicle 

populations
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Developing up-to-date emission inventory is a challenging work…
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Statistics has a time-lag 

of 2-3 years

NOx emission trends in China

(Zhang et al., 2007, 2009)

Vehicle sales in China

Coal-fired power capacity in China
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Fast update of NOx emissions by using bottom-up method and 

satellite constraints

Ei Base Year

Ej Projected year

ß → Local sensitivity of column 

changes to emissions changes 

(calculated by nested GC model)

Ω → Trop NO2 columns

A → activity scale factor

e.g., power generation, vehicle population

Ƞ → Relative changes in emission factors 

Lamsal et al., 2011, GRL
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Changes in technology penetrations and their impacts on NOx

emission factors

Coal Power Plants Cars in Beijing

EF decreased by 

20% in seven years

EF decreased by 

85% in ten years
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NOx emission trends for China: 1995-2010

1995-2004, 

Zhang et al., JGR, 2007

2005-2007, inventory 

2008-2010, “fast update”

2007

2006

160%  increase in 15 years

Comparison of “fast update” and 

“traditional inventory” approach
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Comparison of bottom-up and top-down estimates: magnitudes, 

distributions, and trends

2003-2009 change:

Top-down:  73 % increase

Bottom-up: 70 % increase

SCIAMACHY data from TEMIS

R2=0.93



Emission monthly fraction anomaly to 
the average of 1995-2010Changes in power generation, NOx

emissions, and OMI NO2 columns

2008 minus 2007

2009 minus 2008
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Application of Satellite Observations for Timely Updates to 

Emission Inventories

Use GEOS-Chem to Calculate Local Sensitivity of Changes in 

Trace Gas Column to Changes in Emissions

Local sensitivity of column changes 

to emissions changes

Fractional Change 

in Emissions

Fractional Change in 

Trace Gas Column

Walker et al., ACP, 2010, Lamsal et al., GRL, 2011

Fractional Change 

in Emissions

Fractional Change in 

Trace Gas Column
Fractional Change 

in Emissions

Fractional Change in 

Trace Gas Column

Fractional Change in 

Trace Gas Column

Base year emissionsProjected emissions
Satellite columns
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Annual average value of β over China calculated by nested GEOS-

Chem model (0.5 x 0.666)

Apply to regions where anthropogenic emis

sions dominate (>50%)

Murphy et al., ACPD, 2006

ß tends to 

>1  in remote regions where an increase 

in NOx emissions decreases the NOx 

lifetime

<1 in polluted regions since an increase in 

NOx emissions consumes OH and 

increases the NOx lifetime


