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Conclusions

 We have developed a historical emission inventory (EI) in Asia, 
called REAS (Regional Emission inventory in ASia) for the period of 
1980-2003 as version 1 (Ohara et al., ACP, 2007) and 2000-2008 as 
version 2 (Kurokawa et al., ACP, 2013). Emissions during 1950-2011 
are preliminary estimated based on the methodology of REASv2.

 Basically, Asian emissions increased monotonically during the 
second half of the 20th century and show rapid growth especially 
after early 2000s reflecting the drastic economic growth and energy 
demand in China.

 Growth rates of Asian emissions from 2000 to 2011 (1980 to 2000) 
for each species are as follows: 46% (62%) for SO2, 114% (116%) for 
NOx, 62% (64%) for CO, and 41% (50%) for BC.

 Bottom-up EI has inevitable uncertainties in statistics and many 
kinds of parameters. Emission data derived using inverse modeling 
technique is effective to evaluate and improve bottom-up EI.



Activities
(Energy Consumption,

Industrial Production, etc.)

0.25°×0.25°gridded monthly emissions
Emissions at

each PPs

Number of
Vehicles

(G, D, Size, etc.)

Energy consumption
at each PPs

Annual
mileage

EFs for
Hot
EMs

EFs for
Cold
Start
EMs

Unabated 
Emission Factors (EFs) 

Allocation Factors
(Urban/Rural/Total Population)

Monthly Variation Factors
(Generated Powers, etc.)

Removal 
Efficiencies

Unabated 
Emission Factors

Removal
Efficiencies

Monthly Power 
Generations

Allocation Factors
(Road network)

Position of each PPs

Methodology of REAS 2.1 (Combustion, etc.)

http://web.nies.go.jp/REAS/ (Kurokawa et aｌ., ACP, 2013)

http://web.nies.go.jp/REAS/


Preliminary Results: SO2 and NOx EMs in 1950-2011
 SO2 EMs started to 

increase after 1970. 
Values became stable 
during latter part of 1990s, 
but grew rapidly after 
early 2000s.

→ Mainly due to coal
consumption in CHN
for PP and IND.

→ SO2 EMs from CHN
turned to decrease
after 2006 because
of FGD to large PP.

 NOx EMs increased
almost constantly from 
1950 to early 2000s and 
similar to SO2 grew 
rapidly after early 2000s.

 For NOx EMs in 1980, 
contributions from CHN 
and OEA were almost 
comparable, but recently, 
majority is from CHN and 
that from India is 
increasing.

 For NOx, EMs not only 
from PP and IND, but also 
diesel vehicles were 
increasing in Asia.
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Preliminary Results: CO and BC EMs in 1950-2011

 General features of CO 
and BC EMs in Asia are 
similar.

 EMs increased almost 
constantly from 1950 to 
middle of 1990s and start 
to increase rapidly after 
early 2000s mainly 
reflecting the time series 
of EMs in CHN.

 The first and second 
largest contributing 
country is CHN and IND, 
respectively.

 Before 1970, biofuel 
combustion in DM 
dominated the Asian EMs 
of CO and BC and is still 
major EMs sources, 
especially for BC.

 Recently, EMs from 
gasoline and diesel 
vehicles were increasing 
for CO and BC, 
respectively.
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Comparison with Top-down emissions

BEI
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GOME2/OMI: 
http://www.globemission.
eu/data.php
[Mijing,B. and R.van der A 
(2012); Mijing et al. 
(2009)]
Monthly mean NOx EM 
estimates derived from 
GOME2/OMI observations 
of  NO2 VCDs by the 
EDCSO algorithm

 In most provinces, emissions 
in REAS 2.1 are larger than 
those by OMI and GOME2.

 The differences of emissions 
between REAS 2.1 and 
satellite derived data vary 
from province to province.

 If we can find common 
contributing emission 
sources in the provinces 
whose differences between 
REAS 2.1 and satellite 
derived data are large, it 
might give clues to improve 
REAS 2.1.

 Monthly variation around 
Beijing  in 2007 is relatively 
small but in 2008, satellite 
derived emissions decreased 
rapidly after July.

→ Emissions mitigation
measures for Beijing
Olympic such as for
industrial and road
transport sectors were
not explicitly included
in REAS 2.1.
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