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Agriculture adaptation to climate change is an important global issue in food security. Answer the following

questions.
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Q1. Describe the current status of major crops under climate change based on figure 1-4. The Paris Agreement,
the framework for climate change measures after 2020, specifies that the increase in global average temperature

should be limited to less than 2 °C, and if possible, to less than 1.5 °C.
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Q2. Explain possible future yield changes of major crops against climate change and describe what agricultural

policies should be implemented in the future to fulfill global food security.
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Figure 1. a) impact of global warming on global average yields and b) global damage per year over the past 30
years (1981-2010). Yield impact is the change in yield under with and without (i.e., no global warming) CO2
fertilization (Izumi et al., 2018).
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Figure 2. Estimated impacts of climate change on average yields for 1981-2010. Positive values indicate that climate
change has increased the yields, and negative values indicate that climate change has decreased the yields relative to
what would have occurred without climate change. Estimated yield impact is the change in yield under with and without
(i.e. no global warming) CO2 fertilization (Izumi et al., 2018).
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Figure 3. Trends in world average yield estimates for major crops. All values are relative to the base value of the 2000s

(1.0).
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Figure 4. The temperature increases and corresponding mitigation level (RCP) at which the anticipated yield growth for
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2100 (the average for the period 2091-2100) was found to be the highest for the four RCPs.
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Figure 5. Benefits on global yields are reported for all crops aggregated and for each individual crop, along with the
uncertainty under different climate scenarios. The four adaptation scenarios indicate different levels of adaptation
(adapt.): timely adaptation, sowing dates and cultivars adapted as the climate is changing (2080-2099); cultivar
adaptation, sowing fixed at the reference level, only cultivars adapted as in timely adaptation; sowing date adaptation,
only sowing dates adapted as in timely adaptation, cultivars fixed at the reference level; delayed adaptation both sowing
dates and cultivar adapted but with 20-years delay, to 2060-2079 climate. The global yield of an individual crop is
computed as the area-weighted mean yield across all grid cells growing that crop (adapted from Minoli et al., 2022).
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Figure 6. Yield benefits are computed as the relative difference (%) between the timely adaptation and no adaptation
scenarios in the same climate period (2080-2099, RCP6.0). No adaptation indicates a scenario in which crop sowing
dates and cultivars remain unchanged compared to the reference period (1986-2005). Yield benefits are reported for each
individual crop (maize, rice, sorghum, soybean and wheat).
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Question
Choose one of the four topics shown below and explain the chosen topic within 250 words.

Write the number of the topic you chose on your answer sheet.

Explain “innate immune response”
Explain “Foodborne infections”

Explain “Antimicrobial resistance, AMR” and “why AMR is a global concern”.

i A

Explain “Genetically Modified Organism” in plants
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Question
HACCP (Hazard Analysis and Critical Control Point) is an international food hygiene control system
established and recommended by the Codex Alimentarius Commission. Please summarize the HACCP system, and

describe the CCP (Critical Control Point) in the production of one specific food as an example (250 words or less).
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Question

The use of genome editing technology in primary industry has already begun in Japan. In Japanese agriculture
sector, a genome-edited tomato cultivar with increased gamma-aminobutyric acid (GABA) in the fruit has come
on the market.
Question 1. In the future, it is expected that the use of genome editing technology in crop cultivation will further
expand. Regarding genome editing technology, briefly describe the advantages and disadvantages of the use in
future agriculture within 100 words respectively.
Question 2. Explain your ideas on how to avoid the disadvantages from the viewpoint of your academic specialty

within 200 words



