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研究の全体概要 

緩和・適応が進んだとしてもこれを超えて現われる気候変動影響が存在し、この影響は「損失と損害

（Loss & Damage）」と呼ばれている。国際的にはこの損失と損害に対処することが、緩和・適応の両輪

に続く気候変動対策第 3 の柱として認識されており、近年最も重要なトピックの一つとなっている。

しかし、損失と損害に関する科学的な知見はこれまでのところ非常に限られており、我々が将来にわ

たりどれだけの損失と損害のリスクを抱えているのかはわかっていない。 

本研究の目的は、緩和・適応策を講じても現われる気候変動影響を現在から将来にわたりグローバ

ルに評価し、現状での適応限界を超えた損失と損害がいつ(when)、どこで(where)現れ始め、その後ど

の程度(How much)増大していくかを明らかにすることである。対象とするのは国際貿易を通じて日本

への影響も大きく、我々の生命・健康維持に欠かせない「食糧生産」とする。「損害」の評価は収量変

化といった物理的な評価だけでなく、国際貿易を通じた波及効果も含めた経済的被害額を評価する。

物理的な評価においては、これまで農作物影響評価において十分に考慮されてこなかった灌漑水不足

や洪水のような水を介した影響も考慮する。さらに、本研究では「損害」だけでなく、不可逆的な影響

である「損失」として栄養不足に起因する死亡者数の推計を行う。 

本研究は食糧生産を対象とした世界で初めての包括的な損失と損害のリスク評価研究となる。これ

らの成果は IPCC 等への学術的貢献のみならず、世界各国が自国の損失と損害のリスクの把握に役立つ

ことが期待される。この科学的情報は損失と損害の軽減・回避に向けた各国の今後の政策や戦略の検

討、国際的支援のプライオリティが高い地域の同定などに役立つことが期待される。 

 

 

 

 

 

 

 

  

 

 

 

 

 

 



研究の全体概要図 

 

Cama-Flood (河川モデル)

MATSIRO(陸⾯過程モデル) MATCRO(作物モデル)

time scales from a month to a few centuries, and at the
resolutions larger than tens of kilometers. MATSIRO
is intended to represent all the important processes for
the water and energy exchange between land and
atmosphere, at that time and spatial scales, in a
physically based way, i.e., advanced, though in a
simple manner, i.e., minimal.

MATSIRO has been developed on the basis of the
land surface scheme of CCSR/NIES AGCM (Numa-
guti et al., 1997). In CCSR/NIES AGCM, a bucket-
type hydrology model and a single-layer snow scheme
are adopted. With a single-layer snow model, the
predicted snow surface temperature tends to be inaccu-
rate when snowmass is high, thus the snow scheme has
been modified to a multilayer model. Since the snow
albedo has considerable impacts on the land surface
processes and hence on the atmosphere, a prognostic
snow albedo scheme has been implemented. The effect
of canopy is considered in a rather simple way in the
bucket-type model in CCSR/NIES AGCM; that is, the
albedo and the roughness are prescribed in accordance

with the vegetation type. In MATSIRO, they have been
parameterized based on a multilayer canopy model
after Watanabe (1994). As for runoff, there is only
the saturation excess runoff in the bucket-type model.
However, the horizontal heterogeneity of soil moisture
caused by the topography has a significant effect on
runoff (e.g., Famiglietti and Wood, 1994; Stieglitz et
al., 1997; Koster et al., 2000;Warrach et al., 2002). The
simplified TOPMODEL (Beven and Kirkby, 1979) has
been adopted for runoff in MATSIRO so that the
surface runoff and the base flow are estimated sepa-
rately. The stomatal resistance is prescribed at a con-
stant rate in the bucket-type model. That was calculated
from an empirical equation (Jarvis-type model) in the
first version of MATSIRO (Takata and Emori, 1999),
and has been recently replaced by a photosynthetic
scheme on the basis of physiology (Farquhar-type
model) after SiB2 (Sellers et al., 1996). The Farqu-
har-type model is used as a de facto standard in LSMs,
owing to the progress in studies of the interaction
between climate and the terrestrial ecosystem. In this

Fig. 1. Schematic diagram of the relation between the prognostic variables and the turbulent heat and vapor fluxes in MATSIRO. The symbols

of the variables are listed in Tables 1 and 4. Black thick arrows denote sensible heat fluxes. White thick arrows denote evaporation, and white

thin arrows denote transpiration.
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ILS-crop (統合陸域シミュレーター+作物モデル)
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グリッド別の収量変化

経済被害額

サブテーマ1︓
農作物影響評価
(国⽴環境研究所・東京⼤学・
中央⼤学)

サブテーマ2︓
経済被害評価
(国⽴環境研究所・京都⼤学)

死亡者数

適応限界を超えた損害が
どこで発⽣するか?

適応限界を超えた損失と損害が
いつ頃から発⽣するか?

CMIP6 気候予測

・ILS-cropを⽤いてグリッド別
収量変化を推計する。
・⽔を介した影響を考慮する。
・様々な適応策を組み込む

・AIM/Hubを⽤いて、経済被
害額・死亡者数を推計する。
・波及効果を含めた⽇本の経
済的「損害」を推計する。
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3. Model Structure 
The AIM/CGE model explains all of the payments recorded in the SAM. The energy commodity transaction 

and GHG emissions are particulary delt with in detail. The model therefore follows the SAM disaggregation of 
factors, activities, commodities, and institutions. It is written as a set of simultaneous equations without any 
objective functions. In addition, there are complement variables to solve the problem like the carbon tax attached 
to carbon emissions constraint. Therefore Mixed Complementary Problem (MCP) is used to solve them. The 
equations define the behavior of the different actors. In part, this behavior follows simple rules captured by fixed 
coefficients. For production and consumption decisions, behavior is captured by nonlinear, first-order optimality 
conditions - that is, production and consumption decisions are driven by the maximization of profits and utility, 
respectively. The equations also include a set of constraints that have to be satisfied by the system as a whole but 
are not necessarily considered by any individual actor, namely macro economic banalce and balance of payment 
and so on. An overview of this structure is shown in Figure 1. 
 

 
Figure 1 Overview of AIM/CGE model structure (for one region)3 

 
There are four blocks: production, income distribution, final consumption, and market. The first block, 
production, represents the structure of the production functions. We apply a nested CES function for production 
activities with multiple nested CES functions. Secondly, incomes are distributed to three institutional sectors: 
enterprises, government, and households. The government takes in income by collecting taxes. Thirdly, 
institutions consume goods as final consumption. Government expenditure and capital formation are defined as a 
constant coefficient function. The LES (Linear Expenditure System) function is used for household consumption. 

                                                           
3 The production function excludes emission gases in this figure. Moreover, this production function is applied to 
only non energy transformation sectors 

AIM/Hub(国際経済・貿易モデル)
Supplementary Tables 

Supplementary Table 1 Five aggregated regional classifications and AIM/Hub native regions 

Native Region Code  Native Region Name R5 classification 

USA USA R5OECD90+EU 

XE25 EU R5OECD90+EU 

XER Rest of Europe R5OECD90+EU 

TUR Turkey R5OECD90+EU 

XOC New Zealand and Australia R5OECD90+EU 

CHN China R5ASIA 

IND India R5ASIA 

JPN Japan R5OECD90+EU 

XSE Rest of East and South East Asia R5ASIA 

XSA Rest of Asia R5ASIA 

CAN Canada R5OECD90+EU 

BRA Brazil R5LAM 

XLM Rest of Brazil R5LAM 

CIS Former USSR R5REF 

XME Middle East R5MAF 

XNF North Africa R5MAF 

XAF Other Africa R5MAF 

 

 

Supplementary Table 2 AIM/Hub native region definition 

Native Region Name 
AIM region 

code 
ISO Code Country 

Rest of Brazil XLM ABW Aruba  

Rest of Asia XSA AFG Afghanistan  

Other Africa XAF AGO Angola  

Rest of Brazil XLM AIA Anguilla  

Rest of Europe XER ALB Albania  

Rest of Europe XER AND Andorra  

Rest of Brazil XLM ANT Netherlands Antilles  

Middle East XME ARE United Arab Emirates  

Rest of Brazil XLM ARG Argentina  

Former USSR CIS ARM Armenia  

Stunting Module DALY Module


