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Abstract: This review briefly summarizes the situation regarding food security in East and Southeast
Asia. In accordance with the World Food Summit definition and 2009 Declaration of the World
Summit on Food Security, the four pillars of food security—food availability, access to food, the
stability of food supplies, and food utilization—are closely scrutinized along with the characteristics
of food security at the sub-regional level. Historical trends for the agricultural economy and the food
trade, such as food imports and exports, production and consumption, and the food price index in
the sub-region, are presented and statistically analysed. Additionally, because agricultural industry
in this region is vulnerable to climate change, issues about how climate change affects food security
in food production systems, agricultural livelihoods, nutrition, and food policy making, which can be
linked to the four pillars in different ways, are also discussed.
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1. Introduction

Based on the World Food Summit in 1996 [1], the widely accepted definition of
food security is “all people, at all times, have social, economic, and physical access to
sufficient, safe, and nutritious food that meets their dietary needs and food preferences for
an active and healthy life.” Besides, according to the Sustainable Development Goals (SDGs)
established by the United Nations, one of the SDGs emphasized the importance of achieving
the goal of “End hunger, achieve food security and improved nutrition and promote
sustainable agriculture.” Targets in this goal include ending hunger and malnutrition,
increasing the income and productivity of small-scale farmers, maintaining genetic diversity,
and developing sustainable and resilient agricultural production systems and practices.

Asia is home to more than half of the world’s population. At the same time, the
East and Southeast Asian population accounts for 49.7% of the total Asian population [2].
This large number of people indicates that to achieve the goal of a food secure Asia, a
comprehensive and integrated scheme must be implemented in policy making, considering
the high demographic and geographic diversity in this region.

Therefore, in this review, the current situation in the region will be reviewed and
discussed under the food security framework composed of four pillars—food availability,
access to food, the stability of food supplies, and food utilization. In addition, climate
change has posed a significant threat to food security especially in the most vulnerable re-
gions, and as a result four dimensions in the framework can all be disrupted in complicated
patterns. A brief discussion on how climate change affects food security in food production
systems, agricultural livelihoods, nutrition, and food policy making, which can be linked to
the four pillars in different ways, and the corresponding responses to these impacts will be
presented. Considering that rice production plays an important role in food security in East
and Southeast Asia, based on the historical data, we investigate the correlations between
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rice production and some climate indicators, temperature and precipitation included, to
figure out the possible impacts of climate change.

2. State of Food Security in East and Southeast Asia
2.1. Food Availability

Food availability is prioritized over other aspects of food security. Goals for other
aspects cannot be achieved if sufficient food availability does not exist [3]. Generally
speaking, food availability indicates that adequate quantities of essential and proper types
of food are available on a regular basis. Food availability can be assessed in two dimensions:
food production and food trade.

2.1.1. Food Production

When it comes to cereal production in Asia, rice production is often the first issue to
be addressed. Rice production in Asia accounts for about 90% of the global rice supply,
and most of the rice is produced in tropical areas with abundant precipitation. Rice is the
staple food feeding over half of the world’s population, which is mostly located in Asia.
Therefore, rice production is of crucial importance, not only to Asia, but also the world. In
2019, rice production in East and Southeast Asia was estimated to be around 418.56 million
tonnes (Table 1), which represents 47.6% of total cereal production in the region and 55.4%
of global rice production.

Table 1. Cereal production in East and Southeast Asia (million tonnes).

Year Wheat Maize Rice Barley
2015 134.12 308.54 426.81 2.25
2016 134.71 310.69 426.34 1.71
2017 135.59 312.3 430.99 151
2018 132.83 311.62 431.38 1.39
2019 135.20 315.58 418.56 1.42

Source: data retrieved from [4].

Maize and wheat are two other important staple crops produced in East and Southeast
Asia. In 2019, maize production in the region reached 315.58 million tonnes, accounting for
35.9% of total cereal production in the region. China and Indonesia alone produce 92.4% of
the maize in this region. China is also the major producer of wheat in this region. In 2019,
133.60 million tonnes of wheat were produced in China, accounting for 98.8% of wheat
production in the region.

Typically, meat, seafood, eggs, and dairy products are the major sources of daily
protein intake. Regarding animal-based protein production, a large quantity of animal and
fishery products are also produced in East and Southeast Asia. In 2018, total animal-based
protein production, including aquaculture, capture fishery, milk, meat, and eggs, was
estimated to be 352.04 million tonnes (see Table 2). China contributed 70.9% of the overall
meat production in this region.

According to the projections in some research, meat and seafood consumption will
be about 30% higher in 2030, compared to that in 2017, and the increase will be mainly
driven by the demand in China, due to the growing wealth and population. Based on this
prediction, the growth rate of current production in this region will not be able to meet the
increase in demand of 2.31% in each year. Besides, animal-based protein production will
lead to a 35% increase in water usage to meet the needs of a surge in the demand for meat
and seafood under a business-as-usual scenario [5].

Undoubtedly, livestock production has placed great stress on a limited supply of
natural resources and is now facing multiple challenges such as climate change, land
degradation, and deforestation. In the short term, increasing imports of animal and fishery
products may be able to fulfil the need; however, in considering the burden that animal
farming imposes on the environment, it may not be a feasible long-term solution to deal
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with the growing demand. On the supply side, a more sustainable livestock production
system is required to ‘produce more with less’. On the demand side, an increasing number
of people are switching to vegan diets for health or religious reasons, which means that the
growth of animal-based protein consumption can slow down. The market for plant-based
protein, such as soy protein and pea protein, is expected to grow by 6.1% from 2020 to 2025
in Asia [6].

Table 2. Animal-based protein production in East and Southeast Asia (million tonnes).

Year Aquaculture Capture Fishery Milk Meat Eggs
2015 87.18 40.56 52.66 114.04 39.44
2016 90.58 39.37 51.63 114.04 40.88
2017 93.51 39.18 51.32 115.66 48.00
2018 94.38 39.17 51.74 118.16 48.59
2019 - - 53.44 107.63 50.62

Source: data retrieved from [4,7].

2.1.2. Food Trade

For some Asian countries with limited natural resources such as Japan and Singapore,
food trade is of great importance to achieving food security when the domestic food
production is insufficient to meet the dietary needs of their citizens. Besides, food trade
is able to boost the economy by creating job opportunities and reducing poverty. It can
also diminish the volatility of the overall food supply [8]. With more exposure to the
global market, many Southeast Asian countries can benefit from the reduction in market
distortions and improve incomes and welfare [9,10].

Table 3 shows the food commodity exports in East and Southeast Asia from 2005
to 2019. The main food commodities exported are rice, vegetable oil, refined sugar, and
seafood. Even though most rice production is supplied to meet the domestic demand in
many Asian rice producing countries, these countries have also shown the capacity to
export rice in large quantities [11]. According to Tables 3 and 4, the total quantity and value
of rice exported were both double the total quantity and value of rice imported in 2019, or
about 18.3 million tonnes and 9119.4 million US dollars, respectively. During 20162018,
rice exports exhibited an increasing trend in both the quantity and value exported. The
demand for rice is expected to grow in the near future due to the growing population, while
in the long term it is projected to decrease because of the changes in eating habits [12].

Fishery products are another important food commodity in the regional and global
market. In 2019, China, following the European Union, was the second largest exporter
of fish and fishery products in the world, while Vietnam and Thailand were the fourth
and seventh largest exporters, respectively. In terms of imports of fishery products, China,
Japan, South Korea, and Thailand were the third, fourth, fifth and sixth largest importers in
the global market, with a combined value of 45.1 billion US dollars [13].

As for meat and live animals, East and Southeast Asia is not the major producer of red
meat (especially beef and pork) in the world, although its consumption has been increasing
in recent years. To meet the domestic demand, there is a heavy reliance on imports. On the
other hand, poultry meat exports of the region account for about 13.27% of the global total,
and the quantity and value of poultry meat exported by Southeast Asian countries has
increased at a steady pace in the past few years [14]. The trend of this growth is projected
to continue, as poultry production is expected to increase in countries such as Indonesia,
Malaysia, and Thailand, where poultry meat is preferred to other meat. Imports of livestock
feed, particularly soybean meal, are expected to surge in the coming years, as a consequence
of the increase in livestock production [15].
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Table 3. Major food commodity exports in East and Southeast Asia.
2005-2015 Average 2016 2017 2018 2019
Commodity Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value
(Million (Million (Million (Million (Million (Million (Million (Million (Million (Million
Tonnes) US$) Tonnes) US$) Tonnes) US$) Tonnes) US$) Tonnes) Us$)
Plant-based food commodities
‘f’l\(’)iiat and 11 391.3 08 347.2 0.9 396.2 1.0 428.0 1.0 466.1
Maize 2.6 534.3 12 489.4 15 607.6 1.0 549.3 13 402.8
Rice 163 7938.8 16.6 7847.0 21.3 9872.1 20.6 10,606.9 183 9119.4
Fruit 12.2 10,455.0 145 18,246.4 17.1 20,229.5 17.0 21,474.1 15.9 24,206.0
Vegetables 9.1 9755.1 10.4 15,650.0 11.2 16,358.9 115 16,263.6 11.8 16,204.7
SRjé‘a“fd 34 1596.7 58 2666.1 5.1 2680.3 56 24882 50 1827.9
geﬂgetable 87 6469.1 439 31,887.6 486 38,001.3 50.2 33,578.1 48.0 29,832.0
Animal-based food commodities
Meat 2.6 5914.5 3.5 8928.4 3.7 10,100.8 3.8 10,170.1 3.2 8908.6
Seafood 10.2 36,835.8 11.3 45912.7 11.7 49,381.1 11.79 51,559.9 - -
Eggs 0.6 393.1 0.2 361.9 0.3 360.1 0.3 425.3 0.3 429.6
Dairy 0.5 1207.3 0.6 1517.3 0.6 1789.1 0.7 2094.8 0.7 2125.1
Products
Source: data retrieved from [4].
Table 4. Major food commodity imports in East and Southeast Asia.
2005-2015 Average 2016 2017 2018 2019
Commodity Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value
(Million (Million (Million (Million (Million (Million (Million (Million (Million (Million
Tonnes) US$) Tonnes) US$) Tonnes) Us$) Tonnes) US$) Tonnes) US$)
Plant-based food commodities
ﬂwoll‘l‘iat and 28.0 8737.8 43.0 10,135.2 128 11,652.1 411 11,230.9 411 11,107.6
Maize 38.3 9614.7 47.0 94143 441 9069.1 494 10,763.3 54.4 11,789.3
Rice 6.9 3734.8 8.4 42733 8.2 4139.0 10.1 5450.8 9.2 4695.9
Fruit 10.6 12,433.9 13.1 20,053.5 14.0 21,343.6 153 24,722.3 16.7 27,650.3
Vegetables 6.9 6455.6 8.3 8941.9 8.7 9304.9 9.2 9927.0 8.9 9906.0
Ejg‘red 24 1188.6 47 24675 40 22278 45 1963.0 3.2 12763
geﬂgetable 29 2663.1 14.4 12,730.1 15.6 14,7345 17.0 14,687.8 206 15,067.5
Animal-based food commodities
Meat 85 22,532.4 14.4 37,993.6 145 40,804.6 15.1 44,3414 17.0 51,402.9
Seafood 11.8 34,459.3 12.4 40,7784 13.8 45,525.2 14.2 51,431.6 - -
Eggs 0.3 492.7 0.3 445.8 0.3 480.4 0.3 549.5 0.4 546.0
Dairy 33 9745 4 5.1 11,5532 55 14,1965 58 15,3325 62 16,469.2
Products

Source: data retrieved from [4].

2.1.3. Self-Sufficiency Ratio (SSR)

The SSR denotes the share of domestic food production over the total national demand.
It reflects the extent to which one country or region can feed its population with its domestic
production. According to the FAQ, the self-sufficiency ratio (SSR) can be calculated using
Equation (1):
Production

SSR 100 1)

= X
Production + Imports — Exports

In general, a larger SSR means better self-sufficiency. Nevertheless, from the overall
perspective of the food situation, it must be noticed that if a large amount of one particular
commodity is exported, the country may still need to depend on considerable food imports
of other food commodities to meet its domestic demand despite the high SSR [16].

Table 5 shows the SSR in relation to various commodities in the region during the
2017-2019 period. Most economies in the region have a relatively high SSR for total cereals,
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where rice plays a major role. While wheat is not produced in most Southeast Asian
economies due to climate restrictions, rice self-sufficiency has been a long-term objective
for many Southeast Asian economies. Thailand and Vietnam are two of the biggest rice
exporters in the region and in the world. During the 2017-2019 period, 29.5 and 16.1 million
tonnes of rice were exported from Thailand and Vietnam, respectively, accounting for 22%
and 12% of global rice exports. The large exports explain the high SSR for rice in these
two economies, even though their production is lower than that of some rice net importer
economies such as Indonesia and China. What gives rise to this difference can be attributed
to factors on both the supply and demand sides. For instance, the shift in dietary patterns
(the demand side) or increases in rice production (the supply side) can both improve the
rice SSR [17]. Political means such as input subsidies, price intervention, and trade tariffs
are designed to ensure domestic food security and encourage exports [18].

Table 5. Self-sufficiency ratios (SSRs) for major food commodities in East and Southeast Asia, 2017-
2019 (%).

Cereals Fruits Vegetables  Meat Eggs Dairy Products
Rice Maize Wheat
Brunei Darussalam 3.0 3.0 0.0 0.0 15.0 20.3 68.6 89.2 2.1
Cambodia 104.4 107.6 103.2 0.0 113.0 99.4 92.6 99.9 40.2
Hong Kong SAR 0.0 N/A 0.0 0.0 0.7 3.6 9.0 0.2 0.0
China 97.0 99.2 98.6 97.5 99.9 101.7 95.6 100.3 94.0
North Korea 83.8 93.2 88.1 13.9 94.4 99.7 97.6 100.0 95.9
Indonesia 87.8 97.5 97.9 0.0 98.1 94.6 94.2 100.0 79.4
Japan 33.6 91.8 0.0 14.0 57.5 81.7 52.8 99.7 95.3
Laos 103.7 99.3 124.3 0.0 113.9 102.3 83.5 99.7 23.0
Malaysia 30.6 68.7 1.7 0.0 715 56.8 89.0 117.5 56.6
Mongolia 714 0.0 0.0 80.6 37 50.8 98.5 439 98.9
Myanmar 107.3 111.6 133.6 214 115.4 100.3 100.0 100.0 99.0
Philippines 74.7 87.1 92.7 0.0 127.2 96.6 81.9 99.7 3.6
South Korea 26.9 914 0.7 0.7 75.7 89.7 65.1 99.1 92.7
Singapore 0.0 0.0 0.0 0.0 0.0 49 29.2 22.0 35.2
Taiwan 25.3 95.5 3.9 0.4 90.0 88.6 75.4 100.1 67.8
Thailand 122.6 189.4 101.2 0.0 128.9 98.1 162.0 101.7 95.3
Vietnam 86.0 122.6 34.0 0.0 113.3 100.2 95.8 100.2 824
East Asia 90.8 98.3 88.4 90.2 98.1 100.8 89.5 99.7 93.5
Southeast Asia 90.2 111.5 78.9 0.5 111.0 95.1 96.4 100.4 81.9
World 100.3 99.9 100.4 100.7 100.2 100.2 101.2 100.1 99.9

Source: data retrieved from [4] and calculated by the equation in [16].

2.2. Access to Food

Even if food availability in one country is adequate, there is still a possibility that
daily caloric requirements may not be met for a group of people in that country. Food
access is the indicator used to examine the ability of people to obtain sufficient food, to
fulfil their dietary and nutrition needs. Adequate access to food indicates that all people
have appropriate resources to produce or purchase food [19]. It can be assessed in multiple
dimensions, and in this section the consumer price index for food and the share of food
expenditure in GDP will be discussed.

2.2.1. Consumer Price Index for Food

Changes in the food price can directly affect food affordability. For example, many
rural smallholder farmers, particularly in developing countries, are net food buyers rather
than suppliers, which means they are unable to produce enough food to feed their house-
hold and hence the fluctuations in food prices have a great impact on their livelihoods [20].

The consumer price index (CPI) for food provides an insight into the variations in food
retail prices at the country and regional level. According to the FAO, the consumer price
index for food evaluates “the change over time in the general level of prices of food and non-
alcoholic beverage items that households acquire, use or pay for consumption” [4]. This
market-level analysis approach can assess how the market reacts to supply and demand
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variations, and how domestic food supply can meet the expectations of demand [21]. The
FAO Food Price Index (FFPI), as defined by the FAO, is “a measure of the monthly change
in international prices of a basket of food commodities.” [22]. The FFPI is the average of
food commodities in five markets (cereals, vegetable oils, sugar, meat and dairy products),
which account for around 40% of the global total food commodity trade [23]. Unlike the
food price index that reflects the inflation in food prices in international markets, the CPI
for food reveals the food price fluctuations in the domestic market at the consumer end.
The trend in volatility in the food price index does not necessarily match that in the CPI for
food, due to public policy, exchange rates, and other reasons [24].

The various values of the CPI for food in East and Southeast Asia during the period
from 2016 to 2020 are presented in Table 6. The regional average CPI for food in 2020 in
East Asia and Southeast Asia reached 117.1 and 115.4, respectively. The regional average
CPI for food in East Asia even rose from 110.2 to 117.1 between 2019 and 2020. Despite this,
the impact of the global coronavirus pandemic on food prices remains uncertain, although
many projections suggest that the food price will undergo a spike in 2020 due to high
production and transportation costs, as well as the disturbances in the supply chain [25].

There has also recently been a significant surge in food prices in some Asian economies,
such as China, Mongolia, and Myanmar. Table 6 shows that the average food price in
these three economies during January to July 2020 had increased by 24.2%, 31.0% and
34.1%, respectively, since 2015. The price hike may be subject to several domestic and
external factors. For instance, as a landlocked country, agricultural production in Mongolia
is hugely affected by the climate, which implies that the country is more vulnerable to
climate variability. As a result, food prices may increase due to the high production costs
and huge losses along the supply chain [26]. In Myanmar, the investments in infrastructure
and development schemes since 2015 have led to inflation because of budget deficits, and
thus food prices have increased [27]. It is worth noting that the price of rice plays an
important role in food price fluctuations in East and Southeast Asia. As most rice produced
in the region is consumed by the domestic population, and the major foreign trade market
for rice is within the region, volatility in rice production in exporting countries can have a
huge impact on regional and global rice markets [28]. Besides, acute increases in the price
of rice are harmful to the poor [29]. Many Asian economies have for a long time resorted
to political intervention to stabilize the rice price and ensure self-sufficiency. An opening
up of trade in rice in these economies has been called for, to reduce the external costs of
stabilizing the global rice market [30,31].

In addition to the domestic factors, external factors including the oil price, mining and
metal prices, and international food prices can also cause fluctuations in domestic food
prices. The volatility in international markets will hit the countries that heavily rely on
food imports, especially cereal crops, the hardest.

Table 6. CPI for food in East and Southeast Asian economies. Base year (2015) = 100.

2016 2017 2018 2019 2020
Brunei Darussalam 99.5 99.8 101.7 101.0 103.1
Cambodia 106.4 109.9 112.6 115.2 119.2
China 103.7 103.5 105.5 113.2 124.2
Hong Kong 103.6 104.7 109.2 120.0 129.5
Indonesia 107.3 109.3 113.8 1154 118.7
Japan 102.1 102.8 104.5 104.7 105.6
Laos 104.3 104.2 105.5 110.4 118.3
Macao 102.9 104.5 107.3 110.6 115.6
Malaysia 103.9 108.2 109.7 111.5 112.6
Mongolia 98.5 102.8 110.1 121.9 131.0
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Table 6. Cont.

2016 2017 2018 2019 2020
Myanmar 109.4 114.2 121.8 132.7 134.1
Philippines 101.6 104.7 111.9 114.2 116.9
Republic of Korea 102.3 105.8 108.7 108.8 1111
Singapore 102.3 103.6 105.0 106.2 109.0
Taiwan * 105.2 104.8 105.9 107.9 108.6
Thailand 101.6 101.6 102.0 104.4 105.2
Vietnam 102.4 101.3 104.5 108.8 119.5
East Asia 103.0 103.5 105.6 110.2 1171
Southeast Asia 104.3 106.2 109.8 112.2 115.4
World 101.9 104.1 107.1 112.0 118.0
Note: * indicates that CPI data for Taiwan are retrieved and adapted from [32]. Source: data for each year are the
average of monthly data sourced from [4], except for data for the year 2020, which are the average for the data
from January to July 2020.
2.2.2. Share of Food Expenditure in GDP
The share of food expenditure in GDP varies across economies and is closely related
to the degree of national economic development. Figure 1 shows that, generally speaking,
countries with a higher degree of economic development, such as Singapore, Brunei, and
South Korea, have a lower share of food expenditure in GDP, while economies with a lower
degree of economic development, such as the Philippines, Myanmar, and Cambodia, are in
the opposite situation. It is also interesting to see that a higher food self-sufficiency ratio
does not necessarily mean that the people can spend less money on food. Take Cambodia as
an example. Although the SSR for meat and the SSR for rice in Cambodia were 92.6% and
107.6%, respectively, the share of food expenditure in GDP still reached 37.6% (Figure 2).
%
40 +
30 -
20 -
10
O -
& & L L& ~ & > > N > & & & X
8 & T TFT TTFT T TS VS S
2 Y X % ({g@ @‘b & S, 2 ~ & S
2 S S &5

Figure 1. Share of expenditure on food in total GDP for East and Southeast Asian economies in 2017
(Percent, GDP = 100%) (Source: data retrieved and adapted from [33]).
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Figure 2. Relationship between the meat SSR (2017-2019), rice SSR (2017-2019), and share of expendi-
ture on food in total GDP (2017) for East and Southeast Asian economies (Source: data retrieved and
adapted from [4]). Note: the area of each bubble signifies the share of expenditure on food in the total
GDP of each economy. Data on self-sufficiency for North Korea are not available.

2.3. Stability of Food Supplies

In addition to the adequate availability of and access to food, people must always
have a stable food supply. People should be able to obtain access to appropriate food on a
constant basis. Put simply, stability is a temporal element in the food security framework,
and it basically influences all three other elements [34]. In this section, the cereal import
dependency ratio and the percentage of arable land equipped for irrigation are discussed.

2.3.1. Cereal Import Dependency Ratio

The cereal import dependency ratio expresses the degree to which one country relies
on cereal imports to meet its domestic demand. The higher the import dependency ratio,
the more vulnerable the country is to fluctuations in the international market price. A
high degree of cereal import dependency may be due to insufficient domestic production,
while a low degree of cereal import dependency can somewhat indicate the restrictive trade
policy decisions [35].

The cereal import dependency ratio is calculated by the following Equation (2):

(Cereal imports—Cereal exports) % 100 @)

Cereal import dep endency = (Cereal production+Cereal imports—Cereal exports)

Figure 3 depicts the cereal import dependency ratio in East and Southeast Asian
economies. Hong Kong has the highest cereal import dependency ratio, as the result of
a lack of natural resources and agricultural inputs. The cereal import dependency ratios
for Japan, South Korea, Taiwan, and Malaysia are above 60. This can be attributed to the
production insufficiency due to the landscape limitations [17], or the changing dietary
patterns [36]. That is, people in these economies also eat other cereal crops not produced
domestically, such as wheat. Besides, because of the growth in the demand for meat, these
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countries need to import more feed to feed their livestock, which may also explain the high
degree of dependency on cereal imports.

On the other hand, some Southeast Asian economies such as Vietnam and Thailand
are net cereal exporters. However, these countries have also experienced larger variations
in this indicator (Figure 4). Thailand was a net cereal exporter in the period 2011-2013, and
since then, its cereal import dependency ratio exhibited a negative trend until 2014-2016.
The ratio then grew by about 20% in 2015-2017 compared to that in 2014-2016 period. This
fluctuation can be attributed to the extended drought during the 2015-2016 season. As
most rice production in Thailand relies on a rainfed system, which is highly dependent
on precipitation with productivity being sensitive to extreme events, the production fell
during the drought and exports decreased [37]. Mongolia, however, is a rather different case.
Unlike Southeast Asian economies, wheat is the major staple crop produced and traded in
Mongolia. The significant increase in wheat imports from 2016 to 2017 can be explained
by the massive decline in wheat production during this period. As a landlocked country
which is prone to extreme climate events, Mongolia experienced a prolonged drought
and unexpectedly high temperatures in 2016 and 2017. The resulting undesirable climate
conditions caused great harm to the wheat crops during the crucial growing stages [38].
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Figure 3. Cereal import dependency ratio for East and Southeast Asian economies in 2017 (Source:
data retrieved and adapted from [4]).
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Figure 4. Percentage point change in cereal import dependency ratio in East and Southeast Asia
(Source: data retrieved and adapted from [4]).

2.3.2. Percentage of Arable Land Equipped for Irrigation

According to the FAO, the percentage of arable land equipped for irrigation is the
“ratio between arable land equipped for irrigation and the total arable land” [4]. This
indicator evaluates the reliance on irrigated agriculture and the susceptibility to water
stress in each country. Most East and Southeast Asian economies have a higher than world
average percentage of irrigated arable land, as Figure 5 shows.

Figure 5. Percentage of arable land equipped for irrigation in East and Southeast Asian economies,
2015-2017 (Source: based on data from [4]). Note: data on percentage of arable land equipped for
irrigation for Singapore is not available.
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Of all the crops grown in the region, rice uses the most irrigation water and the
irrigated rice ecosystem is of great importance in many Asian economies. Irrigated rice
production is a high-input agricultural system, which can maintain stable rice supply with
its controlled water supply, disease and pest resistant varieties, and the special nutrient
cycle in the paddy water. It is a highly intensified production system in that the yields are
usually higher than those for other systems, such as rainfed or deep-water rice. Under
some humid tropical climates, two or three crops of rice can be harvested in each year with
the irrigation system [39]. In Figure 6, we can see a roughly positive relationship between
the percentage of arable land equipped for irrigation and the average rice yield. Most East
Asian economies, including South Korea, Japan, and Taiwan, where the topography is
highly diverse and lacking in large flood plains or river deltas, tend to utilize the irrigation
rice production systems, and hence their yields are higher. On the contrary, rainfed and
deep-water rice ecosystems dominate in some Southeast Asian economies. For instance, in
Thailand the rainfed system is implemented in over 80% of the country’s total rice growing
area. As the water supply is uncontrolled, the yield varies and is relatively low because of
the intermittent drought and flood conditions [40].
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Figure 6. Relationship between the percentage of arable land equipped for irrigation and average
yield of rice (2015-2017) in East and Southeast Asian economies (Source: based on data from [4]).

2.4. Food Utilization

With the provision of sufficient, accessible, and stable food, the proper use of food to
acquire adequate nutrition to maintain health and wellbeing is also essential in ensuring
food security at all levels. This includes the way people physically handle the food with
clean water under appropriate sanitary conditions, as well as the knowledge to prepare
and consume food. From a broader perspective, social factors in food preparation, such as
adaptation to different cultures or equity in intrahousehold food allocation, should also be
considered. In this section, access to water and sanitation facilities, the food available for
consumption, and the state of hunger and undernourishment will be presented to discuss
food utilization in East and Southeast Asia.
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2.4.1. Access to Water and Sanitation Facilities

Water is central to food security. Without clean and sufficient water, almost every
aspect of food security, human health and wellbeing included, will be affected. Sustainable
Development Goal (SDG) 6 “clean water and sanitation” proposed by the United Nations,
aimed to ‘ensure availability and sustainable management of water and sanitation for all’
by making improvements in multiple dimensions including drinking water, sanitation,
hygiene, wastewater treatment, water quality, and others [41]. Access to safe water and
sanitation facilities can eradicate malnutrition directly or indirectly and avoid water-borne
diseases that lead to undernourishment. Besides, clean and safe water is also essential for
food preparation and processing.

Figure 7 shows the percentage of population using at least basic drinking water
and sanitation services in East and Southeast Asian economies in 2017. Most developed
economies have almost 100% of basic drinking water and sanitation services, while many
developing economies lack sufficient drinking water and sanitation services.
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Figure 7. Percentage of population using at least basic drinking water and sanitation services in East
and Southeast Asian economies, 2017. (Source: data retrieved from [4]).

2.4.2. Food Available for Consumption

From a health perspective, it is important to keep track of food consumption patterns
to understand the nutrition composition in daily diets and prevent the development of
nutrition-related diseases. Dietary energy supply, which can indicate food available for
consumption on the food balance sheet drawn up by FAO, can provide a rough picture
of the dietary patterns at the country or regional level [42]. It is calculated with several
components using the Equation (3) below [43]:

— animal feed — seed — wastage — additions to stock @)

Tables 7 and 8 demonstrate the major groups of food available for consumption on a
caloric basis in East and Southeast Asia from 2014 to 2018. In East Asia, supplies of cereals
increased slightly from 2014 to 2018, and wheat, rice, and maize exhibited a similar growing
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trend. In Southeast Asia, cereal supplies also increased from 2014 to 2018. However, there
was a large increase in wheat and wheat products from 163 to 208 kcal/capita/day, while
the rice and rice products supplies decreased slightly from 1244 to 1221 kcal/capita/day.
Supplies of vegetables are relatively low in Southeast Asia, compared to that in East Asia.
Supplies of meat, eggs, and seafood in both East and Southeast Asia grew steadily from
2014 to 2018 (Table 8). Supplies of milk declined in East Asia, from 62 to 56 kcal/capita/day,
whereas in Southeast Asia, they increased from 27 to 31 kcal/capita/day.

Table 7. Plant-based food available for consumption in East and Southeast Asia (kcal/capita/day).

East Asia
2014 2015 2016 2017 2018
Cereals * 1403 1421 1413 1411 1421
Wheat and products 526 529 529 532 535
Rice and products 781 781 789 781 794
Maize and products 64 63 64 64 64
Fruits ** 97 98 99 101 103
Vegetables 211 220 223 225 229
Southeast Asia
2014 2015 2016 2017 2018
Cereals * 1534 1546 1573 1576 1574
Wheat and products 163 175 208 205 208
Rice and products 1244 1237 1219 1226 1221
Maize and products 122 128 134 134 140
Fruits ** 94 103 96 94 95
Vegetables 53 53 54 54 56
* Cereals excluding beer. ** Fruits excluding wine. Source: [4].
Table 8. Animal-based food available for consumption in East and Southeast Asia (kcal/capita/day).
East Asia
2014 2015 2016 2017 2018
Meat 433 438 444 449 453
Eggs 73 76 78 77 78
Milk * 62 57 56 55 56
Seafood 60 62 62 63 63
Southeast Asia
2014 2015 2016 2017 2018
Meat 186 185 187 188 190
Eggs 25 26 27 28 29
Milk * 27 28 30 30 31
Seafood 68 70 72 75 75

* Milk excluding butter. Source: [4].

2.4.3. State of Hunger and Undernourishment

Table 9 shows the hunger level of East and Southeast Asian countries according to
the Global Hunger Index (GHI). The GHI is designed and published by the International
Food Policy Research Institute (IFPRI). The GHI provides measurements of a set of com-
ponent indicators, which are assessed in three dimensions (inadequate food supply, child
undernutrition, and child mortality) by aggregating standardized scores of four indicators
(undernourishment, child stunting, child wasting, and child mortality). The calculated
GHI scores range from 0 to 100, where 0 means zero hunger and 100 means the worst level
of hunger. Based on the calculated GHI scores, each country is classified by its degree of
severity from low to extremely alarming [44].
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Table 9. Hunger index in East and Southeast Asian Countries.

Country 2000 2006 2012 2020 Change since 2000 (%)  Severity Classification
China 13.6 9.5 <5 <5 — low
Thailand 17.8 12.3 12.7 10.2 —42.7 moderate
Mongolia 30.1 23.1 12.7 13.1 —56.5 moderate
Malaysia 15.5 13.3 11.8 13.3 —14.2 moderate
Vietnam 26.3 21.9 16.5 13.6 —48.3 moderate
Philippines 25 20.4 20.4 19 —24 moderate
Indonesia 26.1 29.5 23.1 19.1 —26.8 moderate
Cambodia 41.2 27.2 249 20.6 —50 serious
Myanmar 39.8 31.8 23.3 20.9 —47.5 serious
North Korea 39.5 33.1 28.2 27.5 —30.4 serious
Laos — — — — — No Data

Source: [43].

In 2020, China was classified as ‘low’” in East and Southeast Asia, with the GHI score
falling under 5, and Thailand, Mongolia, Malaysia, Vietnam, the Philippines and Indonesia
were classified as ‘moderate’, with the scores falling between 10.0 and 19.9. Cambodia,
Myanmar and North Korea were classified as ‘serious’ since their scores were between 20.0
and 34.9, but no country was classified as ‘alarming’, with the score falling between 35.0
and 49.9. Data for some high-income countries, such as Singapore, Japan, and South Korea,
were not measured as the prevalence of hunger in these countries is very low [44].

Even though the trend of the hunger index exhibits an improvement in terms of a
reduction in hunger in East and Southeast Asia from 2000 to 2020, Asia still has the largest
share of people suffering from undernourishment in the world. In 2019, 64.7 million people
experienced undernourishment in Southeast Asia, and the number had risen three years in
a row, from 63.4 million people in 2017 (Figure 8).
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Figure 8. Number of undernourished people in East and Southeast Asia (Source: data retrieved
from [4]).

There are multiple reasons for hunger, such as poverty, natural disasters, political
unrest, or gender inequity. The harm caused by hunger to society can be significant,
including the added pressure on healthcare systems, and a reduction in the productivity.
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Among the people experiencing undernourishment in this region, those from poor, low-
income households account for a large share [45].

The level of economic development of an economy is usually negatively associated
with the prevalence of undernourishment. When per capita GDP exceeds a certain amount,
people in that economy are unlikely to suffer from undernourishment. From Figure 9,
we can even see economies with per capita GDP of more than 40,000 per year (based on
constant 2011 international dollars), such as South Korea, Japan, Taiwan, Brunei, Hong
Kong, and Singapore, experience a prevalence of undernourishment of under 2.5%.

We would also like to see if the prevalence of undernourishment has something to
do with the basic infrastructure in one economy, such as people’s access to clean drinking
water. In Figure 9, we can see that there is a roughly negative relationship between
the percentage of population using at least basic drinking water and the prevalence of
undernourishment if North Korea, the Philippines, and Thailand are not taken into account.
Furthermore, among these three economies, Thailand is the most confusing example where
it can provide sufficient basic drinking water, produces sufficient food (the SSRs for cereals
and meat are both over 100), and yet almost 10% of the people in Thailand still suffer from
undernourishment.

It is worth noting that in addition to hunger, many economies in Southeast Asia are
facing a crisis of a ‘double burden of malnutrition,” which refers to the coexistence of
over and undernutrition at the individual, household, community, or country level. For
example, some children in this region are overweight, whereas other children of the same
age are stunted or wasted [46]. This situation has become common in many Southeast
Asian economies and can lead to a negative social and economic impact on the overall
development of the economy.
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Figure 9. Relationship between GDP per capita, the percentage of population using at least basic
drinking water services, and prevalence of undernourishment in East and Southeast Asian economies
2017 (The area of each bubble signifies the prevalence of undernourishment in each country). (Source:
data retrieved from [4]). Note: according to [4], data on the 2.5% prevalence of undernourishment
denotes 2.5% and below’.
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3. Challenges from Climate Change

Climate change inevitably has a great impact on food security. As agriculture is a
highly weather-dependent industry, the increased frequency of extreme events such as
drought, floods, wildfires, and storms can be a great threat to crops, livestock, farming in-
frastructures, and even lives of farming communities. Among the four pillars we discussed
in Section 2, food availability forms the foundation of the food security framework, and
food production is central to ensuring food availability. For example, climate change is
expected to induce changes in suitable crop varieties, seasonal conditions, extreme weath-
ers (such as high temperature, heavy rainfall, etc.), and atmospheric conditions (such as
concentrations of carbon dioxide), all of which may have a considerable impact on the
production of food crops. In addition to impacts on crop production, climate variability
can also pose a threat to livestock and fishery production. Heat stress, water insecurity,
and elevated concentrations of carbon dioxide, to name a few, contribute to the risks to the
production systems through development of pathogens, lower survival rates, and shift in
distribution of animal species [47].

Because of the reduction in food supply caused by climate change, additional costs
are incurred for consumers to buy food, thereby further limiting consumers’ access to food.
On the other hand, for farmers and households whose livelihoods rely on agricultural
production, their income level may decrease due to low productivity and high production
costs [48]. This result is also linked to reduced stability of food supplies, as poor economic
conditions indicate that people do not have enough resource to get access to markets, or to
always secure stable and sufficient food for the household.

As for the dimension of food utilization, climate variabilities caused by extreme events
in recent years are found to be factors contributing to changes of food quality and safety.
These changes are transformed into a shift in dietary patterns and eventually give rise to
poor nutritional status. For instance, in recent years a growing number of research starts
to focus on how rising CO, level and temperature affect crop yields and their nutritional
value. The loss of some critical micronutrients such as zinc, iron, and vitamin A can lead
to malnutrition problems. Livestock health, which is correlated with the quality of meat,
may also be affected by environmental conditions, including humidity, temperature, biotic
components, and water availability [49]. The impacts of climate change will not only reduce
the consumed calories, but also hinder the formation of healthy local eating habits [50].
Therefore, understanding the context of these changes and identify the problems is crucial
as it is more likely to make effective policy and plans to improve food security at national
and regional levels. In this final section, a brief discussion on how climate change affects
food security in food production systems, agricultural livelihoods, nutrition, and food
policy making concludes this review.

3.1. Impacts on Food Production Systems

The stability of food supplies depends on a well-functioning food production system.
Changes in weather patterns such as uneven precipitation and rising temperatures can put
pressure on crop yields, fish migration patterns, and livestock productivity [51]. Low pro-
ductivity negatively affects food production, resulting in food insufficiency and eventually
lead to an increase in domestic food price [47], which means food availability and access
to food will be undermined. On the other hand, several studies suggest that geographic
shift in favourable conditions can possibly create new opportunities for food production in
some areas.

According to Global Climate Risk Index 2021 report published by Germanwatch, from
2000 to 2019, many countries in Southeast Asia (such as Myanmar, the Philippines, Thailand,
and Vietnam) were exposed to extremely high risks of climate change [52], meaning that
climate change is a crucial factor when addressing food security issues in this region. As
a matter of fact, at the end of 2019, Southeast Asia had been facing a serious drought
problem. According to statistics from the Mekong River Commission, the water level of
the Mekong River in 2019 has set the lowest record in nearly 60 years, coupled with the
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emergence of the El Nifio phenomenon, downstream Mekong River countries in Southeast
Asian (including Cambodia, Laos, Thailand, and Vietnam) were facing severe drought
problems [53], causing export prices for rice to increase in the two major rice exporting
countries, Vietnam, and Thailand, in the first quarter of 2020.

Aside from drought issues, rising sea levels, especially around the delta regions, is
another critical climate issue not to be overlooked while investigating food security issues
in Southeast Asia. Studies have shown that the altitude of the delta areas in Southeast
Asia is lower than previously predicted. As the delta region is often populated and
cultivated for food, rising sea levels poses as much a threat to local food production as
to livelihoods of local population [54]. For instance, rice is mainly grown in the Mekong
Delta in Vietnam, and hence rising sea levels might bring risks of underproduction for this
major rice exporting country. Furthermore, in recent years China’s policy of building dams
on the upper Mekong River has also led to a decrease in water flow into Vietnam, which
causes the problems of soil salinization and seawater intrusion, further aggravating rice
production in Vietnam [55].

On the other hand, the geographical shift in favourable conditions for crop production
may bring possible benefits in some areas [48]. Warming temperatures extend growing
seasons in high-latitude regions. Some studies suggest that it can give rise to new opportu-
nities for food production due to higher crop yield and larger diversity of crop varieties [56].
A study focusing on impacts on rice yields in South Korea [57] predicting with integrated
modelling approaches reveals an increasing trend of rice yield under the scenario of Repre-
sentative Concentration Pathway (RCP) 8.5. RCP 8.5, usually being regarded as ‘business
as usual’ scenario, is a high greenhouse gas (GHG) emission scenario where climate change
policies are absent [58]. A study [59] also revealed that elevated CO, concentration may
improve crop yields and water-use efficiency (WUE) during photosynthesis process. The
higher CO; concentration can inhibit transpiration levels and hence reduce water losses.
The yield and WUE growth trends are particularly noticeable on rainfed wheat at higher
latitudes. However, despite the potential benefits, the complex interactions between cli-
matic conditions and the agro-ecosystem should also be noticed. Changes in temperatures,
carbon dioxide level, and moisture create favourable conditions for the expansion of weeds
and pests, which may offset the benefits of climate change in some production areas [48]. To
maximize the potential advantages, developments of new varieties, appropriate pest and
fertilizer management strategies, and revised irrigation and drainage systems are required
to adapt to the environmental changes [56].

3.2. Impacts on Agricultural Livelihoods

The disruption of agricultural production creates direct impacts on agricultural liveli-
hoods. Increased frequency of extreme events as well as long-term changes of climatic
conditions lead to lower yields of food [60] and agricultural outputs. As a direct impact
of climate crisis, farming households relying on agricultural production may face income
losses. For the least developed countries whose agricultural sector accounts for a large
portion of their economies, losses of agriculture jobs will lead to a high unemployment rate
in rural areas and further push people to migrate to urban areas seeking for opportunities.
A study [61] suggests that a 3 °C temperature increase could lower agricultural labour
capacity by 30-50% in sub-Saharan Africa and Southeast Asia. According to the Internal
Displacement Monitoring Centre [62], in the period of 2008 to 2018, climate related disasters
have made 54.5 million people displace across Southeast Asia [63]. In this region, sea level
rise is the major push factor of migration for coastal communities. Most people living
in coastal areas are reliant on fisheries, aquaculture, and related industries. The loss of
biodiversity, inundation, saltwater intrusion, and flooding pose threats to the livelihoods of
77% of total population residing in this region [64]. Furthermore, over 79 million people
are predicted to lose their homes due to the flood inundation in Southeast Asia by 2050 [63],
which force residents in these areas to flee their home or country. Without sufficient capacity
to adapt or transform, regional political instability will deteriorate and potentially provoke
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conflicts [65]. The U.S. National Intelligence Council [66] pointed out that cross-border
migrant workers between countries within Southeast Asian region can bring pressure on
domestic employment, resources distribution, as well as conflicts between different ethnic
and religious groups.

Meanwhile, from the perspective of consumers, access to food will be diminished
because of increasing food prices. As an outcome of balance between food supply and
demand, food price rise reflects low productivity and resource scarcity from the supply side,
as well as increasing population from the demand side [67]. The economic impacts triggered
by food insecurity can be extensive and long-lasting. According to [47], cereal price is
projected to rise by 1-29% in 2050 under various Shared Socio-economic Pathways (SSPs),
which are the integrated socioeconomic scenarios with varying degrees of mitigation and
adaptation challenges. As a result, consumers from underdeveloped countries are projected
to be hit hard. The model projections under different SSPs reveal that an additional 1-188
million people will be living on the edge of hunger, in contrast to a no climate change
scenario. In some special cases, smallholders may be benefit from increasing food prices
if they reach an optimum balance between food sales and purchases. For instance, in
Indonesia many poor people rely on agriculture. Additionally, the yield impacts are
estimated to be lower than other countries. Increasing food prices due to climate change
can thus bring better incomes for farmers and reduce poverty. Other than that, higher
food prices caused by weather-related disasters usually exacerbate poverty in farming
communities who are net buyers as their incomes are reduced due to low productivity [68].

3.3. Climate Change and Nutrition

In the food security framework, the food utilization dimension encompasses food
safety and quality, as well as nutritional status. The latest data from Global Nutrition
Report [69] revealed that in the Asia region 21.8% of children under 5 years old suffer
from stunting, and 9.1% suffer from wasting. The nutritional status will exacerbate due
to low food availability and other external conditions of climate change. People who
have restricted access to food are at high risks of undernutrition. Calorie deficiencies will
become more prevalent, and on top of that, micronutrient sufficiency is more crucial on
improving food security. As we mentioned above, a large proportion of the population
relying on agricultural production in developing countries may be faced with income
decline due to low productivity. As a result, they are inclined to purchase more cheap
staples or processed food, which are more affordable but less nutritive [50], rather than
fresh vegetables and fruits. Lack of clean drinking water and sanitation facilities, difficulties
in accessing healthcare services, limited diet diversity also deteriorate the nutritional status
of these vulnerable groups [60].

A recent study conducted by University of Vermont [70] demonstrated that increasing
temperatures had significant negative impacts on diet diversity among children in five
out of six studied regions (Asia; Central and South America; North, West, and Southeast
Africa). On the other hand, higher precipitation, depending on its pattern, correlated with
higher diet diversity, shown by the study. Diet diversity is assessed by the number of
different food groups consumed in a specific time. Low diet diversity indicates low diet
quality and lack of micronutrients consumption, which will result in malnutrition.

The impacts on food nutritional value of elevated CO, concentration, due to climate
change, is widely discussed over past decades. According to the Special Report published
by Intergovernmental Panel on Climate Change (IPCC) [71], despite the growth stimulation
effects by elevated CO, in some cereal crops, decreased protein, micronutrient, and vitamin
B content are found in major rice cultivars in Southeast Asia because of high CO, concen-
tration. A study [72] found that protein contents in rice, wheat, barley, and potato declined
by 7.6%, 7.8%, 14.1% and 6.4% respectively under elevated CO, scenario. As plants are the
major sources of protein intake for 76% of the global population, the reduction of protein
contents in these staple crops will put an extra 148.4 million people on the edge of protein
insufficiency by 2050. Studies also found that zinc and iron deficiencies in C3 cereal crops
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(rice, wheat, and barley) under an elevated CO, scenario [73,74]. The IFPRI [75] also found
that by 2050 availability of protein, iron, and zinc per capita will be reduced by 19.5%,
14.4%, and 14.6% respectively. The suggested interventions to ensure nutrient adequacy
include plant breeding, integrated cropping systems, improved farm management, and the
use of microbial inoculants [76].

3.4. Climate Change and Food Policy Making

Impacts on food security of climate change are recognized in the 2015 Paris Agreement,
“the fundamental priority of safeguarding food security and ending hunger, and the
particular vulnerabilities of food production systems to the adverse impacts of climate
change.” It also highlights the importance of adaptation to food production in its Article 2,
“Increasing the ability to adapt to the adverse impacts of climate change and foster climate
resilience and low greenhouse gas emissions development, in a manner that does not
threaten food production.” The Nationally Determined Contributions (NDCs), which are
central to the Paris Agreement, guide the participating countries to achieve their goals in
GHG emission reductions, as well as adaptation and mitigation measures implementation,
whereas the Intended Nationally Determined Contributions (INDCs) are communicated
by each member country to inform the international community their intended actions on
achieving the goals under the agreement [77].

According to [78], of the 160 parties submitting INDCs, 87 included agriculture and
related GHG targets in their mitigation plans, and 7 included non-GHG agriculture-related
targets in their plans. A total of 128 parties have referenced climate actions and measures in
the land use, land use change and forestry (LULUCEF) sector. As for adaptation, agriculture
is prioritized by 102 parties out of 113 including adaption plans in INDCs. As food
production and LULUCEF sector have enormously contributed to the global GHG emissions,
many countries have evidently realized the importance and urgency to integrate climate
change into food policy making to ensure long-term food security [51].

Food systems connect with other domains in a sophisticated way, which means
governance and policy making should be tailored according to their scales, sectors, and
properties [79]. Several studies [77,80] have provided suggestions in food system transfor-
mation under changing climate. For instance, GHG emissions reduction can be achieved
through investments in sustainable livestock, CO, sequestration by forests and biomass,
and tackling deforestation. Besides, empowerment and education of the most vulnerable
people can act as a sustainable solution to improve their livelihoods. Natural resource
management and genetic diversity are as well critical to improve long-term resilience and
avoid risks. Climate finance is expected to support the transformation by making finance
more available to smallholders, building an inclusive financial ecosystem to offer technical
assistance, and creating mechanisms to facilitate capital into climate-smart agricultural
investments [81].

On the other hand, mitigation measures or policies adopted by governments some-
times might exert greater influences on food security than climate change does. A study [82]
simulated global land utilization and population suffering from undernourishment in 2050
under various mitigation policy scenarios. This research suggests that, for China and
Southeast Asian countries, if the local government adopts strict mitigation measures, the
negative impacts of these measures on local undernourishment population is far greater
than that of climate change itself, particularly under Representative Concentration Pathway
(RCP) 2.6, proposed by IPCC [83]. The RCP 2.6 is the lowest projected level of climate
change which can be achieved with ambitious mitigation measures to reduce GHG emis-
sions. To illustrate, food production systems in the developing countries are usually less
resource-efficient, with higher greenhouse gas (GHG) emissions and lower yield, as com-
pared to those in the developed countries. Effective climate policies not only reduce GHG
emissions but also enhance productivity, and hence increase food availability in terms of
food security. However, strict mitigation measures, such as heavy carbon taxation, can
reduce access to food through increased food prices, making healthy and balanced diet
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nearly unattainable for people in the low-income countries. Therefore, when tackling the
threats on food production caused by climate change, the potential impacts on local food
security from adopting mitigation policies should be thoroughly considered in advance.

3.5. The Relationship between Climate Indicators and Food Production: The Case of Rice
Production in East and Southeast Asia

Food availability is fundamental to the food security framework, and food production
is the base for securing food availability. To understand the possible connection between
climate factors and food production, we would like to investigate the relationship between
food production and several climate indicators. As we have mentioned in Section 2.1.1, the
rice crop plays a critical role in food security in many East and Southeast Asian countries.
In addition, the agricultural industry in this region is predicted to be highly vulnerable
to climate change. Therefore, the relationship between rice production and several cli-
mate indicators, including annual mean temperature, annual minimum and maximum
temperatures, and annual precipitation, will be discussed. The differences in the relation-
ship between these climate and production variables in five selected countries (including
Vietnam, Indonesia, Thailand, Japan, and South Korea) spanning different latitudes and
climatic zones in East and Southeast Asia are compared in this section. Table 10 summarizes
the geographic and climate information of these countries.

Table 10. Geographic and climatic information of Vietnam, Indonesia, Thailand, Japan, and South
Korea. (Source: data retrieved from [84-88]).

Country

Extent of Latitude for Share of Agriculture in GDP (%)

Climate Information Each Country (2020) *

Vietnam has tropical climate in the south and

temperate climate in the north, with seasonal monsoon

Vietnam all over the country. Mean annual temperature is
24.66 °C, and mean annual rainfall is 1843.79 mm
(1991-2020).

23°22' N

08°25' N 149

Mainly tropical rainforest climate with abundant
rainfalls in low-lying plains, and cooler temperatures

in the inland mountainous areas. Rainfall variability
Indonesia depends on monsoons, with wet season ranging from
November to April and dry season ranging from May

6°4' N

11°0' S 13.7

to October. Mean annual temperature is 26.14 °C, and
mean annual rainfall is 2857.01 mm (1991-2020).

Mostly tropical monsoon and tropical savannah

climate, affected by the southwest and northeast

Thailand seasonal monsoons. Mean annual temperature is
26.80 °C, and mean annual rainfall is 1549.85 mm
(1991-2020).

20°27' N

5°37' N 86

Climatic conditions in Japan range from subtropical in
the south to subarctic in the north. The northwest wind

brings heavy snow in winter on the Sea of Japan side,
Japan while in summer the Pacific side experiences hot and
humid weather, sometimes along with typhoons.

45°31' N

20°25' N 10

Mean annual temperature is 11.31 °C, and mean
annual rainfall is 1658.05 mm (1991-2020).

South Korea is located within the temperate climate
zone with four distinct seasons. It has dry and cold
winters because of the continental high atmospheric

South Korea

pressure, whereas its summer is hot and humid. The 38°36' N
summer monsoons bring most of the annual rainfall, 33°6' N

1.8

sometimes along with typhoons during late summer.
Mean annual temperature is 11.41 °C, and mean
annual rainfall is 1394.50 mm (1991-2020).

* Share of agriculture in GDP for Japan is 2019 data.

To understand the relationship between climate indicators and rice production, we first
calculate the correlation coefficients of climate indicators (annual mean, annual minimum,
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annual maximum air temperature and annual precipitation) and annual rice yield in
Table 11. In the five selected countries, the annual rice yield positively correlates with
annual mean, annual minimum, and annual maximum temperatures. As for precipitation,
the relationship of annual rice yield and annual precipitation in the selected countries
differs. In low latitude countries (Vietnam, Indonesia, and Thailand), the annual rice yield
weakly positively correlates with annual precipitation, while in high latitude countries
(Japan and South Korea) they correlate with each other negatively.

Table 11. Correlation coefficients of climate indicators (annual mean, annual maximum, annual
minimum air temperature, and annual precipitation) and annual rice yield in Vietnam, Indonesia,
Thailand, Japan, and South Korea. (Source: data retrieved from [4,84]).

Annual Rice Annual Rice Annual Rice Annual Rice
Country Yield—Annual Mean  Yield—Annual Minimum Yield—Annual Maximum Yield—Annual
Temperature Temperature Temperature Precipitation
Vietnam 0.658 * 0.739 * 0.513 * 0.029 *
Indonesia 0.852 * 0.859 * 0.768 * 0.172*
Thailand 0.548 * 0.681 * 0.353 * 0.174 *
Japan 0.677 * 0.677 * 0.658 * —0.221*
South Korea 0.617 * 0.507 * 0.685 * —0.037 *
Note 1: * presents that correlation is statistically significant, p-value < 0.01. Note 2: annual mean, annual maximum,
and annual minimum temperature refer to the annual mean of daily mean, daily maximum, and daily minimum
temperature (°C); annual precipitation refers to the sum of precipitation over a year (mm); and annual rice yield
refers to the rice production per hectare (hg/ha).

When investigating the impacts on rice crop production of climate change, we would
also like know the relationship between area harvested and climate indicators. Area
harvested indicates total area where the rice crop is gathered, and therefore the damaged
area is deducted. The correlation coefficients of climate indicators and area harvested of
rice are presented in Table 12. In Vietnam, Indonesia, and Thailand, temperature related
indicators are positively correlated with annual area harvested of rice. In Japan and South
Korea, they correlated with each other negatively. On the other hand, annual precipitation
is weakly positively correlated with area harvested of rice in Vietnam, Indonesia, and
Thailand. In Japan and South Korea, on the contrary, the values of area harvested of rice
negatively correlate with annual precipitation, while the correlation is very low.

Table 12. Correlation coefficients of climate indicators (annual mean, annual maximum, annual
minimum air temperature, and annual precipitation) and area harvested of rice in Vietnam, Indonesia,
Thailand, Japan, and South Korea. (Source: data retrieved from [4,84]).
Annual Area Annual Area Annual Area Annual Area
Country Harvested—Annual Harvested—Annual Harvested—Annual Harvested—Annual
Mean Temperature Minimum Temperature Maximum Temperature Precipitation
Vietnam 0.663 * 0.746 * 0.516 * 0.048 *
Indonesia 0.822 * 0.842 * 0.719 * 0.228 *
Thailand 0.519 * 0.662 * 0.312* 0.055 *
Japan —0.687 * —0.739 * —0.612 * —0.088 *
South Korea —0.625* —0.660 * —0.548 * —0.010 *

Note 1: * presents that correlation is statistically significant, p-value < 0.01. Note 2: annual mean, annual maximum,
and annual minimum temperature refer to the annual mean of daily mean, daily maximum, and daily minimum
temperature (°C); annual precipitation refer to the sum of precipitation over a year (mm); and area harvested refer
to total area where the rice crop is gathered (ha).

According to the results from Tables 11 and 12, we can see the correlation between
the climate indicators and rice production, including the rice yield and the harvested
area. However, these results fail to explain how the scale of climate change affects rice
production. To gain further understanding, we illustrate scatterplots and associated trend
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lines in Figures 10-12 to compare the relationships between changes in climate indicators
and changes in rice production in the five selected countries.

Figure 10 illustrates the relationship between changes in temperature related indicators
(annual mean, annual maximum, and annual minimum temperature) and changes in annual
rice yield. We also provide trend lines in Figure 10 to help illustrating the results. We can see
there is a weak negative linear relationship between changes in annual air temperature and
changes in annual rice yield in low latitude countries, especially Vietnam. However, there
is a moderate positive relationship between the temperature related indicator and changes
in annual rice yield in high latitude countries (Japan and South Korea). It is noteworthy that
the linear relationship between annual rice yield change and annual temperature change
is stronger in high latitude countries than in low latitude countries. The degree to which
these variables correlated with each other varies between different countries.

One should note that the negative relationship shown in Figure 10a—c does not nec-
essarily mean that the increase in temperature has negative impacts on rice production.
However, when the change in annual air temperature exceeds a certain level, it may harm
the rice production. Take Vietnam as an example. The trend lines in Figure 10a indicates
that when the increase in annual mean temperature in Vietnam is smaller than 2%, the
corresponding change in rice yield is still positive. However, when the increase in annual
mean temperature exceeds 2%, the corresponding change in rice yield (along the trend
line) may fall into the negative area. The figures illustrating the relationship between the
maximum temperature change, minimum temperature change, and the rice production in
Vietnam have similar findings.
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Figure 10. Cont.
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Figure 10. Relationship between change in air temperatures (annual mean, annual maximum,
annual minimum air temperature), and change in annual rice yield in (a) Vietnam, (b) Indonesia,
(c) Thailand, (d) Japan, and (e) South Korea. These data range from 1961 to 2020. The X-axis represents
the temperature change (%), and the Y-axis represents the yield change (%). (Source: data retrieved
from [4,84]).

In addition to air temperature, water supply is another important factor that deter-
mines rice crop growing. In varying degrees different rice ecosystems are affected by
precipitation. Figure 11 compares the relationship between changes in annual precipitation
and changes in rice yield in the 1961-2020 period. In Vietnam, Indonesia, and South Korea,
there is no clear positive or negative relationship between these two variables. If closely
looking into Figure 11a,b, we can see that the trend line is nearly parallel to the X-axis
horizontal line. By contrast, Figure 11c,d show different stories in Japan and Thailand. In
Japan, these two variables are negatively correlated, whereas in Thailand, annual precip-
itation change and rice yield change are positively correlated. It is worth noting that, in
Japan, when the annual precipitation increases, the annual rice yield decreases based on
the results in Table 11. Figure 11d further points out that the larger extent in precipitation
increases in Japan, the greater decrease in rice yield exists.
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Figure 11. Relationship between changes in annual precipitation and changes in annual rice yield
in (a) Vietnam, (b) Indonesia, (c¢) Thailand, (d) Japan, and (e) South Korea. These data range from
1961 to 2020. The X-axis represents the precipitation change (%), and the Y-axis represents the yield
change (%). (Source: data retrieved from [4,84]).

We would also like know the relationship between area harvested and climate in-
dicators. However, as changes in temperature related indicators (annual mean, annual
minimum, and annual maximum air temperature) and changes in area harvested of rice
do not show a clear positive or negative relationship in the scatter plots, the relationship
of temperature change and area harvested change will not be discussed here. Figure 12
compares the relationship between changes in annual precipitation and changes in annual
area harvested of rice in the 1961-2020 period. In the scatter plots of Thailand, Japan
and South Korea, the data dots are widely spread, so that we cannot see a clear linear
relationship between the changes in annual precipitation and changes in annual area har-
vested of rice. In Indonesia, on the contrary, there is a positive relationship between annual
precipitation change and area harvested change of rice, meaning that the larger increase in
annual precipitation, the greater increase in area harvested of rice.
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Figure 12. Relationship between changes in annual precipitation, and changes in annual area
harvested of rice in (a) Vietnam, (b) Indonesia, (c) Thailand, (d) Japan, and (e) South Korea. These
data range from 1961 to 2020. The X-axis represents the precipitation change (%), and the Y-axis
represents the area harvested change (%). (Source: data retrieved from [4,84]).

In summary, regarding the increase in annual air temperature, it has a negative rela-
tionship with changes in annual rice yield in low latitude countries, particularly Vietnam,
and in contrast a positive relationship in high latitude countries in East and Southeast Asia.
This result indicates the variability of air temperature in high latitude countries, such as
Japan and South Korea, has a positive impact on rice yield in these countries. This can
echo the findings we mentioned in Section 3.1, which the favourable geographic conditions
for crop production may shift due to climate variability. Growing seasons in cold regions
might extend because of increasing temperatures. Despite the benefits warming tempera-
ture brings, however, it is projected that the rising surface temperature will lead to land
degradation, frequent wildfire, lower crop yield in low latitude regions, decline in water
availability, and low food stability.

Figure 13 demonstrates anomalies of annual mean temperature in the selected five
countries during the 19612020 period. The mean temperature anomalies refer to the
difference between mean temperature for each calendar year and the average mean annual
temperature from 1961 to 2020. According to Figure 13, the increasing trend of annual
mean temperature in these countries becomes clear from the 1990s, when the annual mean
temperature is above the long-term average. Besides, according to our calculation on
the 10-year average of annual mean temperature based on the 1961-2020 data, in low
latitude countries (Vietnam, Indonesia, and Thailand), the variations between each decade
range from 0.1% to 1.2%, whereas in high latitude countries (Japan and South Korea), the
variations between each decade are much higher, ranging from 0.4% to 5.5% (Table 13). If



Climate 2022, 10, 40

the increasing trend of annual mean temperature continues, even in the first place crop
yields in temperate regions can gain advantages from warming temperatures, in the long
run crops production in these regions will be faced with the risks from increasing frequency
of extreme events or the variability in ecosystems such as thawing of permafrost [89].
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Figure 13. Average annual mean temperature anomalies in (a) Vietnam, (b) Indonesia, (¢) Thai-
land, (d) Japan, and (e) South Korea. These data range from 1961 to 2020. (Source: data retrieved

from [4,84]).
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Table 13. The 10-year average of annual mean temperature and variations between each decade in
Vietnam, Indonesia, Thailand, Japan, and South Korea from 1961 to 2020. (Source: data retrieved
from [4,84]).

Vietnam Indonesia Thailand Japan South Korea
Year
Q) Variation  (°C) Variation Q) Variation Q) Variation Q) Variation
1961-1970 241 - 25.6 - 26.3 - 10.4 - 10.5 -
1971-1980 242 0.2% 25.7 0.2% 26.3 0.3% 104 0.4% 106 0.9%
1981-1990 24.3 0.6% 259 0.7% 26.4 0.2% 10.5 0.9% 10.7 1.3%
19912000 246 1.0% 26.0 0.7% 26.7 1.2% 11.1 5.5% 113 4.9%
2001-2010 24.6 0.2% 26.1 0.3% 26.7 0.1% 11.3 1.8% 11.4 1.2%
2011-2020 24.8 0.8% 26.3 0.6% 27.0 1.2% 11.5 1.8% 11.6 1.9%
Figure 14 demonstrates average annual precipitation anomalies in the selected coun-
tries. No clear increasing or decreasing trend of annual precipitation can be seen from these
data. In Vietnam, these values of anomalies are more evenly distributed, where the highest
positive value is +190.6 mm and the lowest negative value is —167.7 mm. On the other
hand, the distributions of the anomalies in Indonesia, Thailand, Japan, and South Korea
give a hint about greater variations in annual precipitation. For example, in Indonesia,
there is one positive anomaly value over 500 mm (+541.7 mm) while other positive values
are all below +400 mm. There are two negative anomaly values below —500 mm and
one below —400 mm, whereas other negative values are less than —400 mm. In South
Korea, the extreme positive value is more than +600 mm while other positive values are
less than +500 mm. When closely looking into the 10-year average of annual precipitation
and variations data in Table 14, a better understanding of these data can be obtained. For
example, in South Korea, the variation between 1991-2000 and 2001-2010 is 8.3%, and the
variation becomes negative (—8.0%) in the 2001-2010 and 2011-2020 interval. In Vietnam,
on the contrary, the variations between each decade are all below 2%, which is relatively
low. According to Table 14, the variations between each decade are higher in high latitude
countries (Japan and South Korea), ranging from —8.0% to 8.3%, than in low latitude
countries (Vietnam, Indonesia, and Thailand), ranging from —4.6% to 4.8%.
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Figure 14. Average annual precipitation anomalies in (a) Vietnam, (b) Indonesia, (c¢) Thailand,
(d) Japan, and (e) South Korea. These data range from 1961 to 2020. (Source: data retrieved
from [4,84]).
Table 14. The 10-year average of annual precipitation and variations between each decade in Vietnam,
Indonesia, Thailand, Japan, and South Korea from 1961 to 2020. (Source: data retrieved from [4,84]).
Year Vietnam Indonesia Thailand Japan South Korea
(mm)  Variation (mm) Variation (mm) Variation (mm) Variation (mm) Variation
1961-1970 1827.0 - 2766.5 - 1598.4 - 1644.4 - 1374.7 -
1971-1980 1857.1 1.7% 2832.1 2.4% 1525.6 —4.6% 1640.6 —0.2% 1309.6 —4.7%
1981-1990 1832.7 —1.3% 2820.7 —0.4% 1499.1 —1.7% 1592.5 —2.9% 1360.1 3.9%
1991-2000 1837.2 0.3% 2776.0 —1.6% 1515.5 1.1% 1624.0 2.0% 1358.8 —0.1%
2001-2010 1836.4 0.0% 2909.3 4.8% 1567.2 3.4% 1623.3 0.0% 1471.5 8.3%
2011-2020 1857.7 1.2% 2885.7 —0.8% 1566.9 0.0% 1726.9 6.4% 1353.2 —8.0%

Combining the results from our analysis of the relationship between climate indicators
and rice production as well as the long-term trend in annual temperature and precipitation
in five selected countries, we can see some implications regarding climate change and food
security—in terms of rice production.

In Table 11 we can see that annual rice yield and annual precipitation are negatively
correlated in Japan while Figure 11 also reveals that its annual precipitation change is
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negatively correlated with annual yield change of rice. This indicates that in Japan, when
the annual precipitation increases, the annual rice yield decreases, and that the larger extent
in precipitation increases, the greater decrease in rice yield exists. Japan is usually hit by
typhoons during the rice growing season. Though the heavy rainfall brought by typhoons
can provide sufficient water for rice production, it can also be destructive to rice paddies.
The intensity of typhoon storms is projected to increase by 2-11% on average globally by
2100 because of climate change [90]. While the Japanese rice growing season, especially the
most critical yet vulnerable heading stage, is related to the typhoon season, the damage on
rice production due to typhoons will increase [91]. Apart from the decrease in yields, the
quality of rice might decline due to effects of the saltwater intrusion, low photosynthetic
capacity, and so on [92].

As we can also learn from Table 11 and Figure 11, the annual rice yield and annual pre-
cipitation are positively correlated in Thailand and Indonesia, and the annual precipitation
change is positively correlated with annual yield change of rice in Thailand. In addition,
Table 12 and Figure 12 also shows a similar trend in both Indonesia and Thailand, that the
annual precipitation has a positive relationship with annual area harvested of rice, and the
change of precipitation is positively correlated with area harvested change of rice as well.
This indicates that the lack of sufficient rainfall or water supply will harm rice production,
and the negative impacts will increase as the satiation of reduced rainfall becomes more
severe. Rainfed lowland rice production systems, especially in Northeast Thailand, account
for over 80% of rice production in Thailand. One of the characteristics of the rainfed rice
production system is low yield, which can be attributed to unstable water supply from
rainfall and lack of irrigation water, rendering it vulnerable to extreme weather events such
as drought or flood [40]. Some studies [93,94] have pointed out that rice growth is affected
by rainfall spatio-temporal distribution and magnitude, on which climate change can have
great impacts. For example, the change of rainfall patterns can lead to shift in planting
date and fertilizer application date, which may reduce rice yield in rainfed production
system. On the other hand, in Indonesia, 84% of rice production area relies on irrigation
and the remaining area are rainfed. However, rice production is adversely affected by
low rainfall during growing season because of El Nifio. Both rainfed and irrigated rice
relies on the water supplement from rainfall during wet season, while rainfed rice is more
vulnerable to the insufficient and unstable water supply from the precipitation. Therefore,
the deficiency in precipitation results in the reduction in rice harvesting area, especially the
rainfed rice planting area. As a result, the yield is high due to the decline in lower-yield
growing area and most of the rice crop harvested coming from higher-yield irrigated rice
growing area [95,96].

4. Conclusions

This review attempts to draw a picture of current food security situation in the East
and Southeast Asian region, based on the food security framework composed of four
pillars—food availability, access to food, the stability of food supplies, and food utilization.
In the food availability dimension, food production and food trade issues are discussed.
Rice is the major cereal crop produced and exported in this region. As for animal-based
commodities, poultry production is increasing in recent decades as consumption in this
region is growing. In the access to food dimension, the share of food expenditure in
GDP varies across countries and is closely related to the degree of national economic
development. Besides, there has also been a significant surge in food prices in some Asian
countries since 2016. In the dimension of stability of food supplies, we can see some
Southeast Asian countries, such as Vietnam and Thailand, experienced larger variations
due to several internal and external factors such as extreme climate events. We can see a
roughly positive relationship between the percentage of arable land equipped for irrigation
and the average rice yield, due to stable water supplies from irrigation. In the dimension
of food utilization, we found that most developed countries have almost 100% of basic
drinking water and sanitation services, while many developing countries are lacking in
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these services. Besides, there is a roughly negative relationship between the percentage of
population using at least basic drinking water and the prevalence of undernourishment,
indicating that the construction of basic infrastructures, including water infrastructure, is
negatively correlated with hunger.

In addition, since agricultural industry in this region is vulnerable to climate change,
we have investigated the potential impacts on food production systems, agricultural liveli-
hoods, nutrition, and policy making, which can be linked to the four pillars in the food
security framework. Low agricultural productivity caused by changing climate negatively
affects food production, which means food availability and access to food will be under-
mined. Consequently, consumers must pay more for food, which further limiting their
access to food. Food price is an outcome of balance between supply and demand. Thus,
food price surge reflects low productivity and resource scarcity from the supply side, and
growing population from the demand side. Increasing food prices usually exacerbate
poverty in rural farming communities as most of their incomes rely on agricultural activ-
ities and their incomes are reduced due to low productivity. Extreme climate events in
recent years are found to affect food quality and safety, and eventually give rise to poor
nutritional status. For instance, lower protein, micronutrient, and vitamin B content are
found in major rice cultivars in Southeast Asia because of high CO, concentration.

As food production is central to securing food availability, it is imperative to under-
stand the possible connection between climate factors and food production. We would
like to investigate the relationship between food production and several climate indicators,
including air temperature related variables and annual precipitation. We take rice—one of
the most important crops in this region—as an example. Based on the historical climate
data, the temperature increasing trend of annual mean temperature in the selected countries
become clear from the 1990s, which the annual mean temperature is above the long-term
average. Besides, in Japan and South Korea particularly, the annual mean temperature
variations between each decade are much higher than other Southeast Asian countries.
This may give us some hints on the varying degrees to which rice production are affected
by climate change in different countries. The results from our analysis show that in low
latitude countries, annual mean temperature is positively correlated with annual rice yield.
However, when the increase in annual mean temperature exceeds a certain level, it may
harm the rice production. While in high latitude countries, annual mean temperature
has positive correlation with annual rice yield, and the positive impact is greater as the
change in annual mean temperature increases. As some research suggest, the favourable
geographic conditions for crop production may shift due to climate variability, especially
clear in the high latitude regions. On the other hand, as for precipitation, both annual rice
yield and area harvested are positively correlated with annual precipitation in low latitude
countries, including Indonesia and Thailand. The precipitation change has a moderate
positive relationship with rice yield change in Thailand, where rainfed rice production
systems dominate the country. This also indicates that the lack of sufficient rainfall or water
supply will harm rice production, and the negative impacts will increase as the satiation
of reduced rainfall becomes more severe. This low yield rainfed rice production system is
particularly vulnerable to extreme weather events such as drought and flood, explaining the
results. In Indonesia, because of the El Nifio occurrence, low rainfall during growing season
leads to a reduction in rice harvesting area, especially in rainfed rice systems. Therefore,
the larger decrease in annual precipitation, the greater loss in area harvested will be. As
for Japan, the annual precipitation is negatively correlated with the annual rice yield, and
additionally, the larger extent in annual precipitation increases, the greater decrease in
annual rice yield exists. While the Japanese rice growing season is related to the typhoon
season, the climatic damage on rice production will increase as the intensity of typhoon
storms is projected to increase because of climate change.

As we have mentioned earlier, food security is still a critical issue for some East and
Southeast Asian countries. When facing with short-term economic or climate shocks, gov-
ernments usually adopt production subsidies or export restrictions to secure domestic
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food supply. However, these policy measures can only solve short-term problems. The
governments need to keep investing in agricultural infrastructure and Research and Devel-
opment, together with governance changing towards food system transformation, so that
the agricultural sector can strengthen its capacity to respond to short-term shocks as well
as to adapt to long-term climate change.
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