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Abstract The input interface of aerosol-related emission scenario data into a climate model
is investigated, and the input data are made on the basis of the investigation. Grid digitization
of the aerosol emission data and derivation of spatial distribution of aerosols in the atmosphere
are carried out: This derivation is required for a future projection of global warming by a
climate model as a contribution to the [PCC TAR (Third Assessment Report). In the
derivation, not only sulfate aerosols but also carbonaceous aerosols are treated, and IPCC
SRES (Special Report on Emissions Scenarios) scenario data are used. It is found that the
following issues should be overcome to make the input data in a more comprehensive way: (i)
To develop comprehensive methods of treating the case that the CO?2 emission sources required
by climate models are different from those of the emission scenarios given by integrated
assessment models; (ii) To develop methods of treating economic growth rates for each
country, population change, etc.
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1. Introduction

The ultimate purposes of this research project are to estimate time and spatial
distribution of global warming (climate scenarios} by numerical integration of the CCSR/NIES
climate model developed through joint research of NIES (National Institute for Environmental
Studies) with CCSR (Center for Climate System Research, University of Tokyo)} on the basis
of emission scenarios made by integrated assessment models such as AIM (Asian-Pacific
Integrated Model) developed mainly by NIES and Kyoto University with international
cooperation. In this project, the interfaces between climate models and integrated assessment
models such as the method of incorporating the emission scenario data given by integrated
assessment models into the global climate models are investigated.

2. Research Objective
The final goal of the research project is to derive aerosol distribution as a given
parameter to a climate model on the basis of anthropogenic emission data of aerosol sources.

3. Research Method

This research is the start of a concrete realization of coupling of the CCSR/NIES climate
model and AIM. This is a trial to integrate two research groups of modeling natural and socio-
economic which exist in NIES: two groups are located not in other institutions in Japan and
located rarely in the world.

4. Results and Discussion
4.1 Harmonization of emission data in the IPCC SRES scenarios

SRES (Special Report on Emissions Scenarios) made by IPCC WG 111 has 4 narrative
scenario families of Al, A2, B1, and B2 (e.g., Morita, 1999). Emissions are calculated for
each 4 scenario family using each integrated assessment model (IPCC, 2000). In the final
stage of SRES report, Al scenario famuly is divided into 3 scenario groups, i.e., AIB, AIT,
and A1F]l. We treat A1B which has been the representative of Al: The marker scenario of Al,
which was originally posted on the SRES web site, was A1B made by the AIM model. The
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Figure 1: Flow chart showing how to estimate geographical distribution of future CO, emission. By
way of illustration, CO, emissions by fossil fuel are shown for SRES A1 scenario which are made by AIM
model. (a) Harmonized regional emission scenarios. (b) Existing fossil fuel CO5 emission from EDGAR
V2.0 (Oliver et al., 1996). (c) Geographical distribution of the estimated fossil fuel CO, emission in 2100.
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Figure 2: Flow chart showing how to derive future spatial distributions of carbonaceous aerosol. By
way of illustration, the carbonaceous aerosol in 2100 is shown for SRES Al scenario which are made by
AIM model. (a) Geographical distribution of the black carbon (BC) emission in 2100. Estimated by the
method shown in Fig. 1. (b) Geographical distribution of the surface carbonaceous aerosol concentrations
in 2100.
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values of emission in 1990 and 2000 are different among 4 marker scenarios for the 4 families
although they should be same in each year. Therefore we harmonize the emission data as
follows:

(i) The average value of emissions of the 4 marker scenarios (AIB, A2, B1, and B4) is
adopted for each scenario in 1990 and 2000.

(ii) After 2010, the difference between the average value and the original value in 2000 is
added to the original value in future. With regard to emission values which are anticipated to
decrease in future such as carbon dioxide relating to land-use-change and sulfate dioxide,
however, the added values are set to decrease 10 %/decade to make the values in 2100 equal to
the original values in 2100.

4.2 Grid digitization of carbonaceous aerosol emission data

Emission data are given in ten or less areas in the world considering economic growth
rates and regional characteristics. Grid digitization is required for input to climate models. The
grid digitization is made according to the following method (see Fig. 1):

(1) The world ts divided into 4 regions: OECD, East Europe and past USSR; Asia; Others (Fig.
la).

(i) The grid point data of EDGAR V2.0 (Oliver et al., 1996), GEIA (Cooke and Wilson,
1996), etc. (Fig. 1b) are adopted for horizontal distributions in a relative sense. The horizontal
distribution of emission within the region is scaled by the integrated values of the region (Fig.
le).

4.3 Aecrosol distribution in the atmosphere using a transport model

Because the parameters required for the CCSR/NIES climate model is atmospheric
concentration of aerosol, aerosol concentration in the atmosphere should be calculated from the
gridded emission data as shown in Fig. 2. An aerosol transport model of off-line developed in
the framework of CCSR/NIES model (Takemura et al., 2000) is used. The distinction between
organic carbon (OC) scattering the solar radiation and black carbon (BC) such as soot
absorbing the solar radiation is considered for carbonaceous aerosols.

Global warming future projection experiments using CCSR/NIES climate model on the
basis of the aerosol distribution were done as shown in Nozawa et al. (1999, 2000) and in this
project’s report of sub-theme (1). The experiment data have been submitted to the IPCC data
center, and will contribute to IPCC TAR.
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