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Air pollution poses a serious global problem, particularly in Asia. Therefore, the society
must promote pressing actions for developing countermeasures. Air pollutants include black
carbon (BC), tropospheric ozone, methane, hydrofluorocarbons (HFCs), and other
compositions collectively called short-lived climate pollutants (SLCPs) that warm the earth's
system, thereby accelerating global warming. The reduction of SLCPs represents an important
action for mitigating global warming. Toward that end, we must lower the large uncertainty
involved in estimating the climate impacts of SLCPs resulting from their complex
characteristics and distributions.

This project aims at reducing the uncertainty of SLCP impact estimates through the
following activities for seeking optimum SLCP pathways and effective countermeasures for
impact reduction: (1) Cause and effect analysis of atmospheric quality change events and
construction of an evaluation system; (2) Improvement of integrated models and their
application in developing future scenarios; (3) Impact assessment of climate and environmental
effects using numerical models; (4) Development of an integrated operational system; and (5)
Evaluation of the environmental effects and promotion of countermeasures to climate change.

The project found that a reduction of BC will cause only a small decrease in the mean global
surface air temperature through counter effects of clouds caused by lower atmospheric heating
by BC. It is also possible to increase the surface air temperature by significantly reducing
nitrogen oxides (NOx), resulting in a higher atmospheric methane concentration through
reduction of hydroxide anion (OH). Based on this finding, we showed that an effective SLCP
reduction is only possible by a reduction scenario entailing a suitable reduction combination of
BC, methane, carbonaceous substances (CO and VOC), and NOx. Creating such a scenario
requires quantitative knowledge about the complex direct and indirect climate effects of
SLCPs; thus, we developed an integrated operational system for SLCP assessment. This system
consists of an improved SLCP emission inventory construction system with a combined
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satellite inverse method, SLCP climate simulation system with a coupled atmosphere-ocean
climate model (MIROC-ESM), and a next-generation nonhydrostatic icosahedral atmospheric
model (NICAM) implemented with aerosol and atmospheric chemistry process models of
SPRINTARS and CHASER. This assessment system was used for detailed quantitative
simulations of SLCP impacts on climate, health, agriculture, and water circulation. The
simulation results have thus become a solid base of improvement for the SLCP process of the
Asia-Pacific Integrated Model (AIM) regarding the selection of technology for reducing SLCPs
and creating an optimal SLCP reduction scenario.

Reducing the surface air temperature on the order of 0.5°C has become an important target
toward achieving the 2°C goal and 1.5°C effort under the Paris agreement. However, SLCP
impacts on the earth's climate are not well understood even among the professionals. As a
simple large reduction of air pollutants may result in accelerating global warming, an effective
method of reducing SLCPs must be found by using a suitable reduction combination of BC,
methane, carbonaceous substances (CO and VOC), and NOx. We studied the performance of
various SLCP scenarios using the integrated operational system and found an optimal one that
can reduce the global surface temperature on the order of 0.5°C, while simultaneously
mitigating environmental damage.
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