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適応策 緩和策

影響評価（将来予測）
品質の変化 
収量の変化 

（不作の発生頻度の変化） 
生産量の変化 
産地の移動

栽培期間の変更 
品種の育成 

施肥管理などの生産安定技術

温室効果ガスの排出削減技術 
吸収機能の向上技術

気候変動研究の３つの視点 (農業分野)



高温による影響
リンゴ ミカン

リンゴの着色遅延


着色期に高温が続くと、着
色の進行が遅れる

コメ

作物の品質への影響が見られる

農林水産省：地球温暖化影響調査レポート



白未熟米の発生


高温や日照不足で細胞間に隙間ができ,

光が乱反射して白く見える


---> 品質の低下

http://fruit.naro.affrc.go.jp/publication/man/ondan/ondanka_zu.pdf

正　常

白未熟粒

コメの品質への影響



気候変化による地域収量への影響 
（適応策を施さない現行のまま）

! 北海道・東北は気温上昇で収量は増加する。


! 西日本では中部・近畿を中心に減少する。


! いずれの地域でも年々変動は増大する。

北海道・東北 関東甲信越 中部・近畿 中国・四国・九州
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温暖化による収量変動の増幅

開花時期の最高気温の平均値（℃） 

Paddy rice  
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ダイズ生産地

エルニーニョ発生時の気象偏差
気象庁HP

トウモロコシ生産地
北半球・夏

南半球・夏

世界の食料生産への影響

気象変動による影響主要生産地域が局在

耕作強度の分布



3ヵ国同時不作確率の変化
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トウモロコシ
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４パーミル・イニシアチブ



https://soilco2.rad.naro.go.jp



土壌の柔らかさ、粒状構造の発達等の物理性、養分保持能力、
化学的緩衝能力等の化学性、生物性などを決める。

土壌有機炭素：土壌中に含まれる有機物を構成する炭素



ARTICLES NATURE CLIMATE CHANGE

We combined these local scale estimates of species richness changes 
with local scale estimates of proportional changes in primary pro-
ductivity in response to richness changes17—a parameter estimated 

within forests, which reflects the strength of local tree diversity 
effects on productivity after accounting for climate and soil covari-
ates. Then, by further multiplying these estimates by net primary 
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Fig. 1 | Schematic diagram of a possible pathway to biodiversity-based climate solutions. There is much emphasis on the undesirable feedbacks where 
climate change drives biodiversity loss (magenta arrows feedback). Here, we highlight the contribution of an underutilized positive feedback in which 
biodiversity-dependent productivity could contribute to climate change mitigation (green arrows feedback). The conservation and restoration of tree 
diversity could enhance this feedback and promote the desirable pathway whereby forest biodiversity contributes to climate change mitigation.
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Fig. 2 | Biome-level projections in alleviating the loss of tree diversity from 2005 to the 2070s. a, Map of biomes where trees are present and the distribution 
of coarse grids (on the spatial scale of 30 arcmin) within each biome along temperature and precipitation gradients (annual means for the period 1970–2000).  
Colours of the points of each biome correspond to those shown in b. b, Ridge density plots showing the effect sizes of an effective climate change mitigation 
policy on ΔSR, calculated as mean α diversity change within each of the coarse grids between 2005 and the 2070s (n!=!32,670 grids). Results are shown 
for the five SSPs. Ensembled results across the three GCMs are shown; the points and horizontal bars indicate means and their 95% confidence intervals, 
respectively. When the effect sizes in each biome were converted into percentage changes, the consequences of mitigation efforts corresponded to 
approximately 3.0–61.3% reductions in local tree species loss compared with the respective baseline scenario. Outliers are not shown for density plots. Results 
for each GCM are shown in Extended Data Fig. 3. Numbers after biome names correspond to those used in Figs. 3 and 4, and Extended Data Figs. 3, 4 and 6.
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Mori et al. (2021)

生物多様性、気候変動および炭素貯留の関連性

Climate：気候変動の程度

Biodiversity：生物多様性

Carbon：炭素貯留
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現状の気候変動 気候変動の緩和策を実施

生物多様性の喪失

気候変動の増大

生物多様性の維持
気候変動の抑制

不適切なフィードバック 適切なフィードバック



気候変動と生物多様性の問題解決のため、ひいては
人間社会のために、土地利用のあり方を再考する

Kremen & Merenlender (2018)

食生活の見直し → 健康


↓

土地や資源利用の再考 → 栄養やカロリーの衡平な分配


                                  持続可能な生産者を支援

↓


気候変動緩和および生物多様性の保全



ARTICLES NATURE CLIMATE CHANGE DOI: 10.1038/NCLIMATE2353

GHG emissions from agriculture and LUC
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Figure 2 | Diagram showing the total GHG emissions from agriculture and
land-use change due to agricultural expansion, for the six scenarios. The
2009 emissions from these sources are shown for comparison, as is the
target in 2050 for avoiding dangerous climate change45 (which should also
accommodate energy, industry, and land-use-change emissions from other
non-agricultural sources, such as settlement expansion). Agricultural
energy use is already included and represents 2–3GtCO2e.

50 times larger than its estimated recharge rate43. Yield increases
from increased irrigationmay not be fully realized, implying that, to
meet the demand, even greater expansion of cropland into natural
landscapes would be necessary.

The model presented here would benefit from further
developments to include yield as a function of availability of water
and fertilizer, and the inclusion of climate change as a driver of
yield changes and irrigation demand. This would enable estimation
of how shortfalls in irrigation water availability might affect future
food production. Bioenergy scenarios also lie outside the scope of
this paper; unless food demand patterns change significantly, there
seems to be little spare land for bioenergy developments without a
reduction of food availability. It is important to note that the model
results we present here are conservative in estimating the extent of
agricultural land use and its associated emissions in the absence of
these model limitations.

Although it is theoretically possible to decarbonize energy supply,
such complete reductions are unattainable in the livestock part
of the agricultural sector. Although there are many mitigation
options in agriculture44, our study indicates that a decrease in overall
agriculture-related emissions can only be achieved by employing
demand-side reductions. The agriculture-related emissions in our
business-as-usual scenario (CT1) alone almost reach the full 2◦C
target emissions allowance in 2050 (21 ± 3GtCO2e yr−1; ref. 45).
Even scenario YG2, with yield-gap closures coupled with halving of
food waste, reaches more than a half of the target, leaving only the
other half for all other energy and industrial processing emissions
(Fig. 2). The share of emissions related to agriculture may therefore
increase in the future. However, to date, global food and land-
use scenarios have received relatively little consideration in climate
change mitigation policies compared with the consideration given
to the energy supply and end-use sectors.

Reducing emissions from agriculture is essential to reduce
the risks of dangerous climate change. The agricultural industry
must strive to improve yields and food distribution, but improved
diets and reductions in food waste are also essential to deliver
emissions reductions, and to provide enough food for the global
population of 2050.

Methods
Future land-use predictions are based on a model that describes the physical
characteristics of global land-use and agricultural systems. This model was

composed by collecting and fitting together the empirical data from many global
datasets. It has two crucial components: the land-use distribution analysis and the
agricultural biomass flow map. The analysis of land-use distribution was achieved
by overlaying data on global biomes21, current land use22,23,46 and agricultural
suitability10 in a Geographical Information System.

The agricultural biomass flow map allows us to model changes in food
supply chains explicitly, together with livestock management systems, agricultural
waste, food waste and dietary preferences. It is constructed in the manner of a
material flow analysis, so that the flows always add up to the total vegetation
growth on cropland and pasture, measured as net primary productivity (NPP) in
grams of carbon. It follows the allocation of agricultural vegetation biomass to
harvest, residues, losses and ecosystems in the first instance, and then to food,
feed, fibre, fuel, soil recycling, losses and intermediate steps. This biomass flow
map is first parameterized with 2009 data. FAOSTAT statistics24 provide most of
the data, supplemented by some characterization of livestock feed systems25,
agricultural residue quantification and uses25,47, and losses at each stage26,29.

The model with these two major components was used to assess the
consequence of future food demands and changes in the agricultural systems in
12 global regions. Calculations can be described conceptually as the
following sequence:

Future consumption for each commodity in a region was calculated as a
product of the per capita future dietary preferences associated with
socio-economic changes as projected by the FAO (ref. 2) and regional population
from the UN mid-range projections36. Aggregated by carbon mass, these add up
to a 57% increase in food consumption, underpinned by a 75% increase in
cropland productivity. Healthy dietary preferences37–40 are taken as an alternative.

Required future production is calculated on the basis of the predicted future
consumption and the characterized agricultural biomass flow map. We assume
that agricultural systems in 2050 are different from those of today, in terms of the
increased share of cropland-grown feed for livestock, and improved livestock
efficiency. Trade between regions is assumed to remain the same. Changes in
agricultural waste are implemented at this stage.

Future cropland area is a result of the required future production and yields.
The Current Trends (CT) scenarios assume yields in each region will continue to
increase linearly at current rates, which are taken from a recent global yield
study4. The Yield Gap (YG) scenarios assume that sustainable intensification will
achieve yield gap closures in all regions, achieving the current potentially
attainable yields for their agro-ecological zone. Yield gaps for each region and
crop are taken from the GAEZ study10.

Future pasture area is a result of future demand for grazing and the assumed
livestock stocking densities. Unfortunately there are no statistics that could be
used to estimate possible stocking densities on global levels. We compared results
from a global dynamic vegetation model, a previous livestock energy model25,
and livestock product statistics24, to determine that some regions can significantly
increase densities (Latin America, SE Asia), whereas in others they are already
very high (W. Europe, N. America). Because of many unknowns (about stocking
densities as well as livestock management systems), pasture areas are
highly uncertain.

The location of future cropland and pasture expansions (or retractions) is
based on the land suitability component of the land distribution analysis,
described above. Losses of ecosystems and GHG emissions are also dependant on
the distribution of agricultural expansion over current land use and biomes in
each region.

Fertilizer and irrigation use is estimated on the basis of current trends in
their uses and total cropland area for each scenario. The YG scenarios assume an
increase in irrigation use efficiency, whereas fertilizer use is set at high enough
levels to support optimum yields.

GHG emissions from land-use change (LUC) are calculated on the basis of
the ‘before and after’ land carbon pools, which depend on the biome and land
use. We used the published methodology and parameters to obtain GHG values
of ecosystems48. Only emissions from agriculture expansion and contraction
are included.

GHG emissions from agriculture associated with fertilizer use and
production, rice paddy methane emissions, emissions from enteric fermentation
and manure management, as well as energy use in mechanization, are also
calculated. Calculations are based on scaling up today’s emissions49,50 linearly with
emission sources.

Received 7 April 2014; accepted 26 July 2014;
published online 31 August 2014
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栄養バランスの取れたカロリー過多でない食生活

＋


食品廃棄物の削減

↓


温室効果ガス排出を約1/3に削減

食料の生産と消費を変えることによる
気候変動の緩和への貢献

Bajželj et al. (2014)

農業からの温室効果ガス排出量

シナリオ 生産	 食生活
CT1 現状のまま
CT2 現状のまま 食品ロス削減
CT3 現状のまま 食品ロス削減 ダイエット
YG1 生産調整
YG2 生産調整 食品ロス削減
YG3 生産調整 食品ロス削減 ダイエット


