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Air pollution is a serious global problem, especially in Asia. There is a pressing need for 

countermeasures and society should promote them. Air pollutants include black carbon (BC), 
tropospheric ozone, methane, hydrofluorocarbons (HFCs) and other components that warm the Earth's 
systems, accelerating global warming. These are called “SLCPs” (Short-lived Climate Pollutants). 
Reduction of SLCPs is an important action to take for simultaneous mitigation of global warming, health 
damage and other issues. The short lifetime of SLCPs in the atmosphere assures a rapid reduction of the 
surface air temperature after implementing SLCP mitigation measures to contribute to the 2°C goal and 
1.5°C effort goal of the UNFCCC Paris Agreement. On the other hand, past studies show large 
uncertainties to be involved in estimating the climate impacts of SLCPs as a result of their complex 
characteristics and feedback processes. 

Strategic research project S-12 was performed with the aim of reducing the uncertainties in 
estimates of SLCP impacts and seeking optimum SLCP reduction pathways and effective 
countermeasures. For this purpose, the project performed the following activities: attribution of air 
quality change events and a REAS inventory update; AIM SLCP modeling and development of 
mitigation scenarios; evaluation of SLCP mitigation effects on climate and environmental problems 
using a MIROC-coupled atmosphere-ocean climate model with SPRINTARS aerosol and CHASER 
chemical models, the high resolution atmospheric model NICAM, and others (Fig. 1). 

The study found that there were two major indirect effects in processes regarding BC and NOx, 
which should be taken into account for constructing effective SLCP mitigation scenarios. First, BC 
reduction would not significantly decrease the surface air temperature due to cancellation of the BC 
effect by positive radiative forcing of cloud change generated by BC heating reduction (Fig. 2). Second, 
a large reduction of NOx would cause a decrease in the OH radical by which the methane lifetime would 
be increased, and thus atmospheric methane concentrations would increase. These indirect effects clearly 
indicate that a suitable combination of reductions of BC, NOx, OC and VOC, methane has to be 
designed based on careful investigation of SLCP impacts on the Earth's climate and environment. 

Based on our investigation, the project constructed a series of SLCP mitigation scenarios, i.e., the 
Ref-, EoPmid-, EoPmax-, and 2D-scenarios. The 2D-scenarios include derivatives such as 
2D-EoPmid-CCSBLD, -EoPmax-CCSBLD, -EoPmid-RESTRT, -EoPmax-RESTRT, 
-EoPmid-RESBLDTRT, and -EoPmax- RESBLDTR. These scenarios involve the use of a variety of 
mitigation technologies, i.e., EoP—end of pipe technology, enhancing EoP diffusion both in developed 
and developing countries by 2050 for SO2, NOx, BC, OC, PM2.5 and PM10; 2D—decarbonization 
mitigation measures toward the 2℃ target, reaching a carbon price of 400US$/tCO2 eq in 2050; 
CCS—enhancing an energy shift to coal and biomass power with CCS technology; RES—energy shift 
to renewables; BLD—electrification of the building sector across the world by 2050; and 
TRT—electrification of the passenger transport sector across the world by 2050. 

Figure 3 shows an example of how BC and SO2 emissions would change from 2010 to 2050 
depending on the scenario. After extensive numerical simulation of climate and environmental problems, 
we concluded our best scenario would be the 2D-EoPmid-RESBLDTRT to simultaneously mitigate 
global warming and environmental problems. The best scenario could reduce the surface air temperate in 
most areas of globe by about 0.4°C, whereas use of only end of pipe technology (EoPmid and EoPmax) 
would increase the surface air temperature due to warming caused by large reductions of sulfate 
aerosols.  

Nonetheless the SLCP process is complex, so we should continue our research to find good SLCP 
mitigation scenarios. The following are our recommendations for future studies and mitigation actions: 
(1) identifying an optimum solution for SLCP reduction, which requires consideration of the complex 



interactions among SLCPs, climate and the atmospheric environment; (2) evaluating SLCP impacts on 
health, agriculture and the water cycle, which are significant and must be elucidated as part of any 
SLCP-reduction strategy; (3) finding measures to reduce SLCPs, which should consider various 
possibilities, such as health- and global warming-oriented scenarios; (4) using the scenarios evaluated 
during the S-12 project to inform SLCP-reduction policies in Japan and the broader international 
discussion; (5) continuing scenario-based analyses in support of formulating international and domestic 
SLCP-reduction policies; (6) employing an S-12 type scenario-development system for evaluating SLCP 
impacts to better determine viable mitigation paths; (7) monitoring air pollutant emissions, which should 
continue with an update of the SLCP emission inventory in Asia to reflect changes in high 
socio-economic activity and environmental policies; (8) utilizing the integrated system of emission 
inventory, chemical transport modeling, and satellite inverse analysis for assessing the current state of 
air pollution and evaluating the effects of countermeasures to air pollution in Japan as well as other 
Asian countries. 

 

 
Fig. 1  S-12 project flow for seeking the optimum SLCP reduction scenario for mitigation of global 

warming and environmental problems. 
 

 
Fig. 2   Relationship between surface air temperature change and radiative forcing by sulfate and BC 

(cited from Takemura & Suzuki, 2019). 
 

 
Fig. 3  BC and SO2 emission changes in S-12 scenarios from 2010 to 2050 (cited from Hanaoka & 

Masui, 2019). 
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