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Abstract
Expanding the coverage and effectiveness of agricultural insurance schemes in low- and middleincome countries has received significant interest over the last decade. This has led to proliferation
of multitudes of initiatives on insurance and climate change through collaborations between
national governments, international organizations, private insurers, and multilateral organizations.
While low coverage and penetration of crop insurance schemes, especially among the poor and
vulnerable population, has remained a concern, recent efforts have increased both in terms of
research to understand different dimensions of the issue and, in practice, with increasing number
of pilot schemes with new product designs and innovations and funding, to address the challenges.
Considering new recent evidence on crop insurance and climate change scenario in Asia, this paper
aims to (i) review existing literature and summarize the projected impact of climate change on
agriculture in the Asia and Pacific region; (ii) present findings from recently collected secondary
data on crop insurance coverage in countries of Asia and the Pacific, trends, status, and types; and
(iii) examine the limitations and advantages of agricultural insurance schemes as a climate change
adaptation strategy, and discuss its policy implication.
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I.

INTRODUCTION

Increasing impacts from climate change, coupled with rising global population and higher food
demand, are already negatively affecting the most vulnerable farming populations of the world
([Intergovernmental Panel on Climate Change] IPCC 2019, 2014). However, as climate change
progresses, impacts are projected to adversely affect Asian countries which account for more than
half of the people on the planet and where about 263 million people were living under extreme
poverty in 2015 (IPCC 2019 and [Asian Development Bank] ADB 2020). Effects of increased
frequency and intensity of extreme events including more extreme heat and precipitation events,
tropical cyclones, higher intensity storms, and extended droughts are further likely to worsen in
the future.
With a large share of population still dependent on agriculture and related activities, developing
countries of the Asia and Pacific region (APR) are likely to face detrimental impacts on agricultural
potential because of climate change, which could undermine the long-term development goals in
the region. For example, recent estimates show that the largest impacts from climate change on
extreme poverty will be realized through higher food prices and, on average, 61 million additional
people could be pushed onto poverty globally because of these higher food prices (Jafino et al
2020). In addition, globally economic losses from production attributed to climate change in the
recent past for three major crops (wheat, maize, and barley) are estimated at about United States
(US) $5 billion per year (Lobell et al 2007). Disasters and extreme weather events in Asia and the
Pacific from 1989 to 2018 have affected more than 5.2 billion people, claimed one million lives,
and caused total direct physical losses of US$843.6 billion. These economic damages could
amplify substantially for countries of Asia and the Pacific at higher global warming. Further, novel,
compounding, and interconnected risks such as coronavirus disease (COVID-19) could dampen
the current efforts to achieve Sustainable Development Goals and climate change adaptation in the
region. COVID-19 could reverse the trend of poverty reduction and economic growth in Asia
(ADB 2020 and World Bank 2020).
Existing evidence suggests that countries with higher dependence on livelihoods derived from
agriculture and natural systems are particularly vulnerable to multiple shocks arising from climate
change stressors (Hallegate et al. 2016, Field et al. 2014, and Easterling et al. 2007). Designing

and implementing effective adaptation response for the agriculture sector has inevitably become
an essential part of managing climate risks. Insurance is increasingly seen as an important
instrument in agricultural climate risks management in the global south and epically in low- and
middle-income countries of the world (Panda et al. 2013, Cole et al. 2013, and Platteau et al. 2017).
The increasing emphasis on use of insurance instruments can be assessed from the fact that
between 2008 and 2017, a total of US$136.15 million of multilateral climate funds has been given
in grants and concessional loans to projects that entail an insurance component (Climate Funds
Update 2018). Further, new initiatives and programs have been launched to deal with financial
impacts of climate-related disasters: the Insu-Resilience Global Partnership for climate and
disaster risk finance and insurance solutions and Global Index Insurance Facility which aims to
increase the number of poor and vulnerable people and smallholder farmers in developing
countries benefiting from direct or indirect insurance.
However, despite many new initiatives and projects and promising potential of agricultural
insurance in helping climate change adaptation, the uptake of agricultural insurance has largely
been unsuccessful in its widespread use and application, especially in the countries of Asia and the
Pacific. Low level of insurance penetration in these countries limits the benefits that insurance
instruments can provide at the micro level for climate change adaptation. For example, recent
evidence on uptake of insurance in 126 developing countries of Asia and Africa shows only
16.30% of sample households being insured with any formal insurance (Panda et al. 2020).
II.

BACKGROUND: AGRICULTURE, CLIMATE RISKS, AND CROP INSURANCE

APR comprise1 of 49 low- to middle- and higher-income countries. The region comprises of 9
high-income countries, 2 low-income countries, 17 upper middle-income countries, and 20 lower
middle-income countries. Demographic features vary between countries, comprising of both
highly populated countries of the People’s Republic of China (PRC) and India with 2019
population of 1.4 billion and 1.34 billion, respectively, to countries of the Pacific with lesspopulated countries such as Niue, the Cook Islands, and Palau. In terms of gross domestic product
(GDP) at constant 2010 US dollar, these 49 countries range from about US11,785 billion in the
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PRC in 2020 to about US$0.187 billion in the Marshall Islands in 2019.
Agriculture continues to be very important in many of the lower middle-income and low-income
countries in the APR although agriculture sector’s relative contribution to overall economy of the
region shrank from 26.6% in 1970 to 7.9% in 2017 (FAO 2019). Combined value added of
agriculture, forestry, and fishery as a share of GDP in 2019 ranges from 28.61% in Kiribati to
0.02% in Singapore. In many countries such as Afghanistan, Nepal, Uzbekistan, and Vanuatu, it
still accounts for nearly one-fourth of GDP. On average, agriculture accounted for 18.08% of total
GDP in 2019 among the low-income and lower middle-income countries and 7.37% of total GDP
for high-income and upper middle-income countries of Asia and the Pacific.
In the APR agriculture continues to hold an extremely important role in poverty reduction, food
security and reducing greenhouse gas (GHG) emissions. In 2019, close to 750 million—or nearly
1 in 10 people in the world—were exposed to severe levels of food insecurity (FAO 2020) and
still a large section of working adults (65%) is making a living through agriculture globally (World
Bank 2020). In the Asia and Pacific countries, on average, 30% of population were employed in
agriculture in 2017 and about 37% of land were agricultural land in 2015 signifying the important
role agriculture still plays in the region. However, climate risks in the region such as droughts,
floods, cyclones, typhoons, and landslides are leading to high crop loss, livelihood, and economic
damages. For example, while island nations such as the Cook Islands, the Federated States of
Micronesia, Kiribati, the Marshall Islands, and Samoa are expected to incur loss on average about
US$26.2 million because of various natural disasters such as tropical cyclones and earthquakes,
flooding in Afghanistan, Armenia, Azerbaijan, Cambodia, and the Kyrgyz Republic is causing
about US$524 million of average annual economic damages. In the PRC, since 2000, 38.86 million
hectares of crop have experienced a yield loss of at least 10% from natural disasters every year.
Climate change is likely to increase the severity and intensity of these events in the future,
jeopardizing the livelihoods of millions of farmers in the region.
Agricultural insurance as an intervention tool has a long history in the APR. Japan introduced the
earliest government-subsidized cooperative crop and livestock insurance program in the region
through the Crop Insurance Act in 1938. Countries such as New Zealand and Australia have a long
history of private commercial crop and livestock insurance program. Since the 1970s, other

countries such as the PRC, India, and the Philippines have started crop and livestock insurance
schemes either though public sector initiatives or public–private partnerships. In recent years, there
has been major changes to crop insurance schemes in the region, including (i) introduction of new
product types such as Weather Index Based Insurance; (ii) increased involvement of private
players in the agricultural insurance market; (iii) increased efforts to mainstream climate change
and disaster risk concerns, while designing new agricultural insurance products; and (iv) greater
involvement of global and regional humanitarian community and donors to expand the reach of
crop insurance to small and marginal farmers in the region.
With likely negative climate change impacts on the agriculture sector in the coming decades,
reducing and managing financial impacts from climate-related disasters and extreme events is
becoming increasingly important in the APR (Surminski et al. 2019 and Panda et al. 2020).
Agricultural insurance can support building resilience to climate change in the region by increasing
financial resilience among the poor and vulnerable. Although insurance market is predominantly
concentrated in the agriculture sector, the penetration and coverage have remained low in many
countries. For example, in Asia, Bangladesh is the country with the least insurance penetration at
0.2% of GDP; in comparison to Japan, where insurance penetration is 2.3% of GDP (Lloyds of
London 2018). The discussion on climate change and insurance is not new. The first assessment
of the IPCC noted that insurance could serve a double function, both providing signals about risks
and offering an ‘effective means of reducing the economic impact of losses’ (IPCC 1990). In the
past decade, initiatives relating to insurance and climate change have rapidly increased, often
through collaborations between national governments, multilateral organizations, nonprofits, and
private insurers.
In the above context, this paper reviews existing literature and summarizes the projected impact
of climate change on agriculture in the APR; presents findings from recently collected secondary
data on crop insurance coverage in countries of APR: trends, status, and types; and examines the
limitations and advantages as a climate change adaptation strategy and discusses policy
implication.

III.

METHODS AND DATA

This paper uses an extensive review of literature method and secondary data collection to
summarize and synthesize the findings for the three major objectives of the paper: (i) review
existing literature and summarize the projected physical and economic impacts of climate change
on agriculture in APR; (ii) present findings from crop insurance coverage in countries of APR—
trends, status, and types; and (iii) examine the role of crop insurance as climate change adaptation
strategy and its advantages and challenges in the APR.
To summarize the projected physical and economic impacts of climate change in the APR, this
paper uses various IPCC reports and selected peer reviewed papers on physical impacts of climate
change in the APR between 2015 and 2020 identified from Web of Science with key words
“climate change impacts and Asia and the Pacific”, “climate extremes and Asia and the Pacific”,
and “agriculture and climate change in the APR”.
To summarize data on crop insurance coverage, trend, and types, this paper uses recent secondary
online sources, annual reports, and government websites update on crop insurance data in all the
49 countries of the APR. As there is no credible and accepted single source of data on status of
crop insurance schemes, this paper relied on google search to visit department of agriculture and
other departmental websites of the governments of these countries, compiled data from earlier
reports, and present the findings. Data gaps were observed for many indicators such as number of
farmers and livestock benefited, country-wise premium subsidy amount, insurance penetration,
and coverage. Data were not available for many countries where crop insurance schemes are new
or many of them are in pilot and preparation phase. The paper excluded data on pilot crop schemes
that have stopped operating. The aim here was to gather data on national or regional level crop and
livestock schemes in the APR.
IV.

IMPACTS OF CLIMATE CHANGE IN THE ASIA AND PACIFIC REGION

This section presents review and discussion of the observed and protected impacts of climate
change in the APR based on the current scientific evidence. To estimate and assess the impacts of
climate change, climate models often make assumptions about the nature and speed of reduction
of GHG emissions at different future time slices represented through various scenarios. Although

climate modeling has evolved over the years (Hausfather et al. 2020), recently climate modeling
community has developed four representative concentration pathways (RCPs), which span a large
range of future global warming scenarios. More generally, RCP 2.6 presents a future with low
emission scenario (compatible with Paris Agreement targets) and RCP 8.5 with a high emission
scenario or business as usual.
The 2015 Paris Agreement on climate change sets a target of limiting average global temperature
increases to 2°C (3.6°F) relative to preindustrial levels. However, global average temperature has
already warmed by about 1°C (1.8°F), above pre-industrial levels, and could exceed the goal of
the Paris Agreement of limiting the increase to 1.5°C (2.7°F) as early as 2030 if emission continues
at the current rate (IPCC 2018). Recent analysis shows that almost 75% of the climate pledges are
partially or totally insufficient to contribute to reducing GHG emissions by 50% by 2030, and
some of these pledges are unlikely to be achieved (UEF 2019). A rapid warming has dramatic
implications on how countries of the APR will adapt to the changing climate and manage financial
risks to agriculture and allied sectors. Even with major mitigation efforts, adaptation to the current
climatic impacts and building resilience to future climatic risks especially among the vulnerable
population of the APR is extremely important. Major projected impacts of climate change in the
APR have been summarized below.
A.

Temperature and Heat Extremes

The global mean annual temperature from 1986 to 2005 had warmed by 0.61°C since the
preindustrial level (IPCC 2013). Regional and local temperature can vary from the global averages.
There has been observed increase in frequency and duration of warm spell lengths in large parts
of Asia and Australia and, at 1.5ºC, it is very likely that there will be global-scale increased
intensity and frequency of hot days and nights, and decreased intensity and frequency of cold days
and nights (IPCC 2018).
Increasing annual mean temperature trends at the country scale in East Asia and South Asia have
been observed during the 20th century. Between 1950 and 2010, western Afghanistan and
southwestern Pakistan have experienced the largest increases in annual average temperatures rising
by 1.0°C–3.0°C (1.8°F–5.4°F). Southeastern India, western Sri Lanka, northern Pakistan, and
eastern Nepal have all experienced increases of 1.0°C–1.5°C (1.8°F–2.7°F) over the same period.

(Mani et al. 2018). Many studies on projections on temperature in the APR show a likely increase
in mean temperature over Asia under the business-as-usual scenarios (ADB 2017, Xu et al. 2017,
Mc Kinsey 2020, and Mani et al. 2018).
Changes in mean and extreme temperature because of climate change is already having impacts
on the trends and patterns of heat waves in many countries and likely to aggravate in the future
with further warming. The global mean annual temperature from 1986 to 2005 had warmed by
0.61°C since the preindustrial level (IPCC 2013). Extreme heat can have potentially negative
impacts for both human health and for crops and agricultural production. High temperatures affect
different crops in different complex ways through photosynthesis, soil moisture, weather
conditions, and canopy properties causing lower grain number and grain weight (Seibert et al.
2014). The impacts of heatwaves and extreme temperature on human health is often defined as
human survivability threshold based on wet bulb temperature. Accordingly, 35°C is considered an
upper limit on human survivability in a natural environment for most people (Sherwood and Huber
2010).
Among many parts of APR, the Southeast Asian countries are particularly projected to be highly
vulnerable to heat waves by many studies (Dosio et al. 2018, Gasparini et al. 2017, Li et al. 2020,
and Russo et al. 2017). While, across Southeast Asia, temperature has been increasing at a rate of
0.14°C–0.20°C per decade since the 1960s (Xu et al. 2017), heat waves are projected to become
more frequent, longer lasting, and more intense (Li et al. 2020). Under 2°C warming, Southeast
Asia is likely to face extreme heat waves at least once every 20 years in 57.6% of land area (Dosio
et al. 2018). In South Asia, large cities in parts of Bangladesh, India, and Pakistan could be among
the first places in the world to experience lethal heat waves that exceed the human survivability
threshold. Under RCP 8.5, by 2050, between 600 million and 1 billion people in Asia will be living
in areas with a nonzero annual probability of lethal heat waves, on average, between $2.8 trillion
and $4.7 trillion of GDP in Asia annually will be at risk from an effective loss of outdoor working
hours because of increased heat and humidity (McKinsey 2020). Similarly, while upward
temperature trends are notable and robust in recent past in West Asia, the number of heat waves
per person is projected to increase in Central Asia (Perkins et al. 2012).
In one of the first studies at the global scale on impacts of extreme heat on crop production Deryng

et al. (2014) projected impacts of extreme heat stress on maize, spring wheat, and soybean yields
for the 21st century. Results indicated maize to face progressively worse impacts under a range of
climate scenarios while spring wheat and soybean will improve globally through to the 2080s
because of carbon dioxide fertilization effects, even though parts of the tropic and subtropic
regions could face substantial yield declines. Gao et al. (2014) projected wheat crop to experience
a greater number of high-temperature episodes during their reproductive period, posing a threat to
crop production. Examining the impacts of extreme weather disasters on crops between 1964 and
2007, estimates show that droughts and extreme heat significantly reduced national cereal
production by 9%–10% across the globe (Lesk et al. 2016). While there is less research and
evidence on agricultural impacts of heat waves in APR, evidence indicates towards negative
impacts of heat waves both on crop production and human health in the region.
B.

Precipitation and Floods

Millions of farming households and many micro, small, and medium-sized enterprises (MSMEs)
directly or indirectly depends on monsoon rainfall in the APR including the Indian monsoon, the
Australian monsoon, and the East Asian monsoon for agriculture-related activities. Changes in the
rainfall and precipitation patterns from climate change impacts could significantly alter the
agricultural productivity, cropping patterns, livelihood outcomes, and resulting economic
consequences in the region. Studies on impacts of climate change on monsoon rainfall predicts a
higher increase in precipitation in 21st century for Indian monsoon, East Asian monsoon, South
Asian monsoon, and Indo-China peninsular monsoon and moderate increase for Australian
monsoon (Wang et al. 2014, Mishra et al. 2020, Moon et al. 2020, and Burke et al. 2017).
Although there is strong regional variability on impact of climate change on flooding globally,
recent projections on flood risk indicates an increased risk in APR under accelerated warming
conditions. While for South Asia, climate models predict an increase in average monsoon
precipitation of 6.4% under the RCP 8.5 by 2050 (Mani et al. 2018), large increase in precipitation
have been projected for foothills of Himalayas, Tibetan Highlands, Myanmar Region, and India.
In general, dry regions are projected to get drier and wet to get wetter with increase in warming in
South Asia (Bhowmick et al. 2019). Similarly, annual precipitation is projected to increase in most
parts Central Asia during 2011–2100 (Huang et al. 2014 and Jie et al. 2020). Climate change is

exacerbating the flood risk situation globally and scientific evidence indicate a likely rise in
extreme flash floods and river floods (Dankers et al. 2014, Arnell et al. 2016, and Alferi et al.
2017). The likelihood of extreme precipitation events and floods could increase in areas of eastern
Japan, central and eastern PRC, parts of the Republic of Korea, Indonesia, South Asia and
Southeast Asia, and Brahmaputra River in Bangladesh (McKinsey 2020, Doll et al. 2018,
Mohammed et al. 2017, and IPCC 2018).
Likely increase in flooding events because of climate change carries a huge economic cost for
many low- and middle-income countries in the APR. Globally, flooding accounts for some 40%
of all loss-related natural catastrophes since 1980, with losses worldwide totaling more than US$1
trillion. For example, floods and landslides in Thailand in 2011 resulted in highest flood losses of
all time totaling US$43 billion (Munich Re 2021). Flood risk and associated human and material
losses are heavily concentrated in India, Bangladesh, and the PRC (IPCC 2014). Flood frequency
and flood-induced mortality are the largest in Asia, specifically in the PRC, India, Indonesia, and
Philippines (Hu et al. 2018). An estimated 73% of the total population exposed to river flooding
are living in Asia, with the largest total value of assets in river flood hazard areas (US$17 trillion)
(Jongman et al. 2012). Recent estimates show that about $1.2 trillion in capital stock in Asia is
expected to be damaged by riverine flooding each year by 2050 (McKinsey 2020). The impacts of
floods also depend on the preexisting socioeconomic and infrastructure conditions that’s
contributes to the outcome of the flood events. Winsemius et al. (2016) estimated that basins in
heavily urbanized regions and emerging economies (for example, Yangtze and Mekong basins)
are projected to face an increase in the economic impacts of river flood.
C.

Sea-Level Rise and Coastal Flooding

Sea-level rise (SLR) and related coastal flooding is one of the well-known impacts of climate
change. Socioeconomic factors such as coastal population, infrastructure, and megacities on the
coast makes these knowledges critical for informing decision-making directions. Many of these
physical and socioeconomic factors make APR vulnerable to the impacts of SLR and coastal
flooding. SLR risk is expected to increase virtually in all low-laying coastal areas of APR over this
century, despite the differences in nature economic and geographic characteristics (IPCC 2019).
Globally, increase in global mean temperature has caused a global mean SLR of about 0.19 meters

(m) during the last century (IPCC 2013). While there is little consensus between the reported
ranges of global mean sea level rise, projections vary in the range of 0.26 m–0.77 m and 0.35 m–
0.93 m for 1.5°C and 2°C respectively (IPCC 2018). Future SLR will depend on the additional
warming caused by GHG emissions and their impact on ice sheet and glacier. Global mean sea
level will rise between 0.43 m (0.29–0.59 m, likely range; RCP 2.6) and 0.84 m (0.61–1.10 m,
likely range; RCP 8.5) by 2100 (medium confidence) relative to 1986–2005 (IPCC 2019).
Regional variations of SLR rise also exist and are because of the land ice loss and variations in
ocean warming and circulation (IPCC 2019). Under RCP8.5 scenario, there will be a likely
increase of 48% of the world’s land area, 52% of the global population, and 46% of global assets
at risk of flooding by 2100. A total of 68% of the global coastal area flooded will be caused by
tide and storm events with 32% because of projected regional SLR (Kirezci et al. 2020). Regionally
in APR, the mean sea level for the Pacific Commonwealth islands for 2080–2100 is expected to
be from 0.4 m to 0.8 m higher compared to 1986–2005. The rate of SLR is expected to increase to
reach values 6 millimeters per year and 12 millimeters per year by 2100 for RCP 8.5. Further,
extreme sea level events are projected to increase in the Pacific region because of impacts of
climate change. For example, an extreme event which currently happens once a century will
become a yearly occurrence by 2050 (Wahl et al. 2017, Viteusek et al. 2017, and IPCC 2014).
For other countries of APR, assuming no coastal protection, under RCP 8.5 in 2100, projections
show that Southeast Asia and East Asia are likely to experience significant increase in coastal
flooding (Kirezci et al. 2020). Many Asian countries such as the PRC, Bangladesh, India, Viet
Nam, Indonesia, Thailand, the Philippines, and Japan are highly vulnerable to SLR and coastal
flooding by the end of the century (Kulp et al. 2019). Without adaptation, risk is expected to
significantly increase in many places such as the river deltas in Asia, which are providing
agricultural services to a large population at the risk of coastal flooding, erosion, and salinization.
D.

Cyclones and Storms

There has been considerable uncertainty on the question of whether impacts of climate change
have discernible effects on patterns/intensity/frequency of cyclones (Knutson et al. 2010 and
Christensen et al. 2013). Globally, the annual number of global tropical cyclones exhibits no clear
trend and has remained steady at about 86 since 1980 (Murakami et al. 2020). However, studies

have suggested that human-induced GHGs have very likely influenced the nature and patterns of
cyclones and storms (Gillet et al. 2008, Webster et al. 2005, Knutson et al. 2010, and Murakami
et al. 2020). Few studies have found an increase in frequency and percentage of observed
categories 4 and 5 hurricanes during the last part of the 20th century. While Webster et al. (2005)
suggest increase in both the frequency as well as the percentage of observed categories 4 and 5
hurricanes during 1970–2004 with largest increase in northwest Pacific, the Indian Ocean, and the
South Pacific, Klotzback et al. (2015) found insignificant upward trend between 1990 and 2014
for frequency of categories 4 and 5 hurricanes. Kossin et al. (2013) finds increasing trend of
lifetime maximum intensity of tropical cyclones) in North Atlantic and South Pacific and the South
Indian basins. Walsh et al. (2019) found that consensus projections of future tropical cyclone
behavior continue to indicate decreases in tropical cyclone numbers, increases in their maximum
intensities, and increases in tropical cyclone-related rainfall.
APR is particularly vulnerable to storms and tropical cyclones with five existing tropical storm
seasons i.e., Arabian Sea, Bay of Bengal, Northwest Pacific, South Pacific, and Australia.
Murakami et al. (2020) demonstrate an increase in the frequency of extremely severe cyclonic
storms over the Arabian Sea and a decreasing trend of tropical cyclones and severe tropical
cyclones over the Bay of Bengal for 1961–2010. The number of tropical cyclones originating in
central Pacific has increased over the past four decades, while fewer have occurred in the southern
Indian Ocean and western North Pacific. The study projects decrease in total number of tropical
cyclones and more frequent occurrence of most intense (categories 4 and 5) cyclones at higher
warming levels.
Overall, the most recent IPCC review (2019) concluded with medium confidence that the average
intensity of tropical cyclones, the proportion of categories 4 and 5 tropical cyclones and the
associated average precipitation rates are projected to increase for a 2ºC global temperature rise.
Rising mean sea levels will contribute to higher extreme sea levels associated with tropical
cyclones (very high confidence). Coastal hazards will be exacerbated by an increase in the average
intensity, magnitude of storm surge, and precipitation rates of tropical cyclones. There are greater
increases projected under RCP8.5 than under RCP2.6 from around mid-century to 2100 (medium
confidence). There is low confidence in changes in the future frequency of tropical cyclones at the
global scale.

E.

Drought and Water Stress

The extensive impacts of droughts on agriculture are well documented. Globally, 3.2 billion people
live in agricultural areas with high to very high-water shortages or scarcity, of whom 1.2 billion
people—roughly one-sixth of the world’s population—live in severely water-constrained
agricultural areas. About 520 million of such people live in Southern Asia and 460 million live in
Eastern Asia and Southeastern Asia (FAO 2020). Globally, studies have already indicated towards
increased frequency and intensity of droughts and increased water stress in the future because of
impacts of climate change (Sheffield et al. 2012 and Dai et al. 2010) and it is expected that drought
events will become more frequent and more severe in future. Globally, between 1980 and 2008,
area percentages of high and very high agricultural drought hazard zones were about 23.57 % and
27.19% of the total agricultural area and these zones includes east central and southwest PRC,
Southeast Asia, and eastern Australia of APR (Zeng et al. 2016). More recent studies have
projected increased water stress and droughts in APR under accelerated warming condition
(Kraaijenbrink et al. 2017, Liu et al. 2018, Gao et al. 2018, Wang et al. 2014, Naumann et al. 2018,
and Cook et al. 2020).
While projections show likely increase of the global median drought length with increased
warming, a progressive and signiﬁcant increase in frequency of droughts is projected with
warming in West Asia, Southern Asia, and Oceania, where droughts are projected to happen 5–10
times more frequently even under ambitious mitigation targets and current 100-year events could
occur every 2–5 years under 3°C of warming (Naumann et al. 2018). While severe droughtaffected populations are projected to increase in urban areas of East Asia, West Asia, and Southeast
Asia in 1.5°C warmer world compared to 1985–2005 (Liu et al. 2018), less rural population in
South Asia, Tibetan Plateau, and Central Asia for the 1.5° C and 2 °C warmer worlds would be
exposed to severe drought.
Available scientific evidence projects risk of future agricultural drought in mainland Southeast
Asia from 2020 to 2029 under RCP8.5 (Amnuaylojaroen et al. 2019), an increasing drought
frequency and intensity over East Asia, mainly in Southeastern Asia (Zhang et al. 2015), northwest
South Asia (Zhai et al. 2020), dry conditions under the 1.5°C/2.0°C global warming scenarios for
Kazakhstan and Northwest PRC (Miao et al. 2020), increasing drought severity and frequency in

north India (Gupta et al. 2018), and increase in severe and extreme drought durations in western
and central India after 2030s (Shresta et al. 2020).
Along with droughts, water stress is also projected to increase in APR. For example, an estimated
additional 200 million people are under threat of facing at least heavily water-stressed conditions
from climate change and socioeconomic growth mostly in the PRC and India (Gao et al. 2018).
Climate change is projected to increase water shortages in many parts of Indus and Ganges basins
by the end of the century, affecting freshwater availability in the region (Wang et al. 2014).
Similarly, glaciers of high mountains of Asia, which provides water to millions of people in the
region, is warming more rapidly that global average and much of the glaciers ice is projected to
disappear under RCP 8.5 scenario by the end of the century (Kraaijenbrink et al. 2017).
F.

Climate Change and Food Security

Food production and food security in the region is likely to be adversely affected because of the
impacts of climate change. For example, climate change will generally reduce South Asian rice
production in the medium term to 2040. India is likely to be the most negatively affected, losing
up to 5% of its rice output potential from the historical trend. Similarly, Bangladesh, India, and
Pakistan are clearly predicted to be the losers to climate change in the future foregoing 5%–10%
of their wheat output potentials (Cai et al. 2016). Maize yield in eastern India is projected to reduce
in the 21st century in irrigated conditions, while its shows positive yield in rained conditions
(Srivastava et al. 2021).
However, studies have also shown that some regions might get higher output under increased
carbon dioxide concentration in the future. Horie et al. (2019) find that rice yields in the regions
surrounding the equator (Indonesia and Malaysia) will increase under all climate scenarios.
Namely, rice cultures in southeast India, northwest India, Southeast Asia, central PRC and southcentral to southwestern Japan are likely to suffer significant yield reductions by the projected
global warming, mainly through increased spikelet sterility and shortened growth duration.
Central Asia is likely to be severely affected by impact of climate change (Reyer et al. 2017). In
Tajikistan, crop yields could drop by up to 30 % by 2100 because of water stress in some parts of
the country. In Uzbekistan, without implementing adaptation measures and technological progress,

yields for almost all crops are expected to drop by as much as 20%–50 % (in comparison to the
2000–2009 baseline) by 2050 with 2°C warming because of heat and water stress (World Bank
2020). In central Asia, positive income gains is projected for many large-scale commercial farms
in the northern regions of Kazakhstan and negative impact in small-scale farms in arid zones of
Tajikistan (Boboojonov et al. 2014).
In Southeast Asia, agriculture is a major source of livelihood and about 115 million hectares of
land are devoted to the production of rice, maize, palm oil, natural rubber, and coconut (ADB
2009). Rice has been the major crop in the region since a long time. Climate change is likely to
affect food production in Southeast Asia (Raghavan et al. 2019). Recent studies indicate that that
future crop choice could be quite different with more Southeast Asian farmers choosing to grow
rice and oilseeds. Farmers are likely to adapt to future climate change by growing more rice and
oilseed crops, planting more often from November through March, and relying more heavily on
groundwater irrigation for water short seasons (Reed et al. 2017).
V.

CROP INSURANCE IN THE ASIA AND PACIFIC REGION

Agricultural insurance, defined here as crop and livestock insurance, has been an important
economic instrument in many countries to cope with losses from weather and agricultural risks.
Based on product type, insurance can address a wide range of risks arising from climatic and nonclimatic factors and help farmers cope with risks. Traditionally, farmers have been using broadly
formal (market based, i.e., private crop insurance, formal credits, and savings) and informal
(nonmarket, i.e., savings at home, community crop sharing, asset sale) which can be ex-ante
(before the shock) and ex-post (after the shock). For many poor small and marginal farmers of
APR, informal risk management practices had been a norm without access to market based on
public sector agricultural insurance. However, with the recent expansion of agricultural insurance
in APR, the insurance landscape is fast evolving and changing in the last two decades. Earlier
study estimated that, globally, 104 countries had some form of agricultural insurance in 2008, and
that the total premium collected that year was $20 billion (Mahul and Stutley 2010). More recently,
Hess and Hazell (2016) estimated number of farmers covered under index-based agricultural
insurance program and found that globally 198 million farmers were insured in 2014 and from
these about 194.2 million were in Asia—of which 160 million were in the PRC and 33.2 million

in India. The global insurance market for agricultural risks is currently thought to be worth about
US$33 billion and is growing at a rate of about 5% each year (Krauer, 2018).
However, despite the recent increase in focus on agricultural insurance, there remains considerable
gap in terms of insurance coverage, uptake, and demand in APR, which is primarily dominated by
agricultural insurance markets of the PRC, India, Japan, and the Philippines. Earlier assessment of
agricultural insurance in the APR by FAO (2011) shows that, in 2010, agricultural insurance was
present either in a pilot form or a fully mature national-level program in 20 (45%) of the 44
countries, territories and areas in the APR. Based on recently collected secondary data, this paper
assesses the agricultural insurance market in the APR.
A.

Agricultural Insurance in the Asia and Pacific Region: Status and Trends

To review the status of crop insurance, the APR is defined as 49 member countries of the Asian
Development Bank (ADB) within Asia and the Pacific. However, for analysis, 46 countries of the
APR were included as mentioned in table below. Lack of publicly available data constraints the
analysis on insurance coverage and penetration in all countries of APR. The paper finds publicly
available data for only 14 countries of APR on area and farmers covered under agricultural
insurance. There are only few earlier estimates on different indicators of agricultural insurance.
While Mahul and Stutley (2010) provided and estimation on different aspects of premium, subsidy,
type of products, etc., the latest estimates by Hess and Hazell (2016) provide estimation on number
of farmers covered under different index insurance. However, Hess and Hazell (2016) provided
data from eight countries of Asia and with a time span from 1999 to 2013. This study provides and
updated estimates based on data from recent years from 14 countries. The findings of the analysis
are presented below.
In 2017–2018, it is estimated that agricultural insurance was being implemented either on a pilot
basis or under a fully operational program in 24 countries (52% of total of the 46 countries) in the
APR. However, after removing countries in PPP (pilots/planning/preparation) phase only 17 (or
36%) have fully operational agricultural insurance schemes. Out of the 46 countries, in 7 countries
are in PPP stage. These countries are namely Azerbaijan, Armenia, Bangladesh, Cambodia,
Myanmar, Malaysia, and Viet Nam. The paper did not find any existing agricultural insurance
schemes in any of the 14 Pacific countries in APR.

In South Asia except Afghanistan and the Maldives, all the countries have some form of
agricultural insurance. In Southeast Asia, four countries have no form of agricultural insurance
namely Brunei Darussalam, the Lao People’s Democratic Republic, Singapore, and Timor-Leste.
However, Cambodia, Viet Nam, Myanmar, and Malaysia are under PPP phase to launch
agricultural schemes soon.
In 2017–2018, it is estimated that about 251 million farmers and 228 million hectares of land were
under any form of agricultural insurance in the APR.
Very few countries in APR today have only one form of insurance model. There has been a major
expansion of PPP in recent years in APR for agricultural insurance. With increased focus,
investments and initiatives related to agricultural insurance in almost all countries, in some form
for private players, are operating in the insurance sector. Our estimations show that, in 2017–2018,
in about 34% of countries in APR there were PPPs, while the public sector operated in four
countries. Further, the paper finds that agricultural insurance is largely subsidized in many
countries of SAR (32%) and, in 19% of the countries, agricultural insurance is voluntary.
Recently few countries have shifted back to voluntary insurance as opposed to earlier mandatory
insurance schemes such as India which recently approved the revamping of Pradhan Mantri Fasal
Bima Yojana and Restructured Weather Based Crop Insurance Scheme, making enrollment under
both schemes voluntary. Similarly, Kazakhstan is planning to make agricultural issuance voluntary
B.

Agricultural Insurance: Demand and Uptake in the Asia and Pacific Region

The uptake and coverage of agricultural insurance globally has remained unequal and low,
especially among the low- and middle-income countries (Panda et al. 2020 and Surminski et al.
2019). In APR, the status is not very different with agricultural insurance being available in 24
countries and the distribution of number of farmers covered, livestock covered, and area covered
under agricultural insurance is concentrated in few countries such as the PRC, India, the
Philippines, and Sri Lanka. Many countries still largely lack any available schemes and a
widespread coverage and demand for agricultural insurance products. Extreme weather,
catastrophe losses amplified by climate change and chronic climate risks have significant potential
to undermine the current efforts to increase the uptake of agricultural insurance among poor and

vulnerable farmers in the region.
Understanding barriers and challenges to operation of insurance market has been a major topic of
research in microeconomics. Seminal works have identified the adverse selection and moral hazard
as endemic to insurance arrangements under conditions of asymmetric information (Rothschild
and Stiglitz 1978). Spatially correlated risk, moral hazard, adverse selection, and high
administrative costs are important barriers for agricultural insurance market to function properly.
(Hess et al. 2005). Much of the agricultural risk management approach in developed countries are
not suitable in low- and middle-income countries because of limited fiscal capacities and limited
access to global reinsurance market. This has led to introduction of various improved insurance
products over the years to boost demand in developing countries, including increased focus on
parametric agricultural insurance. Index-based agricultural insurance program has seen expansion
in many countries of APR, for its potential to overcome difficulties of adverse selection and moral
hazard with traditional insurance and potential for increasing inclusion of private sector in
managing agricultural risks (Hess and Hazzel 2016 and Clarke and Dercon 2016).
However, although index insurance theoretically has many benefits, its expansion and uptake has
remained minimal in many countries of APR. Studies examining the demand for index-based
insurance in developing countries through household surveys, randomized control trials, and
choice experiments have made an important contribution to this debate (Cole et al. 2013, Giné
Townsend and Vickery 2008, Dercon et al. 2018, and Bjerge and Trifkovic 2018). These studies
have highlighted various factors for low uptake of demand for insurance such as high premium
prices, low income, trust in the insurer, previous experience with insurance, level of education,
financial literacy, liquidity constraints, and the effect of past shocks. The prevailing low demand
for micro-insurance services has also been analyzed from supply-side perspectives by examining
the role of basis risk, price, transaction costs, contract design, and quality of services (Karlan et al.
2013, Jansen et al 2016, Norton et al. 2014,). Few studies have also investigated the interconnected
nature of the demand for formal savings, credits, and insurance among households in developing
countries (Bendig et al. 2009) and found that, in developing countries, poor are less likely to
participate in formal financial services as compared to their better-off counterparts.
In the case of India, Matsuda et al. (2019) investigated the demand for temperature and rainfall

index insurance in India and found that price has a strong impact on the insurance quantity
demanded, and farmers respond less to the price of a rainfall insurance scheme in the monsoon
season after a temperature insurance scheme in the previous dry season. Gaurav et al. (2020)
suggest basis risk significantly reduces farmers’ willingness to buy index insurance products.
Similarly, Ghosh et al. (2021) find that farmers value the assurances that they will receive timely
payouts when they incur losses and may not have a strong preference for the method with which
losses are assessed. Jin et al (2016) in the PRC find that subsidy provided by the government is
the major reason for farmers to participate in insurance program and shows that farmers’ risk
aversion significantly increases the probability of their decision to buy weather index-based crop
insurance. Liu et al (2021) find that demand for livestock insurance increases when the price
premium decreases or the expected payout increases. While the study by Fadhliani et al. (2019) in
Indonesia find that incomplete coverage with relatively low premium subsidies is the best policy
to minimize the impact on yield, Dewi et al (2018) examine the farmers willingness to pay for
Asuransi Usaha Tani Padi crop insurance and finds that significant factors influencing farmer's
decision to participate in the crop insurance program were farm size, land status, and farmer's
income.
While index-based agricultural insurance in the APR has received increasing attention, at best it
has remained a work in progress and overall uptake has remained low. In APR, only India and the
PRC have achieved some scale in area yield index insurance and weather index insurance, largely
based on heavily subsidized schemes. Most low- and meddle-income countries in the region have
hardly achieved any scale in implementing index-based agricultural insurance schemes. Research
has focused on various problems related to low uptake of index-based schemes such as lack of
demand because of availability of other low-cost risk management systems in place compared to
insurance, prevalence of basis risk, lack of liquidity to pay premiums among poorer farmers, high
transaction costs, degree of risk aversion, lack of understanding of insurance products, lack of trust
with the insurers, low correlation between index, and agricultural risks because of lack of weather
data in many countries (Hess and Hazell 2016).
Based on the current evidence, we summarize the major challenges for expansion of agricultural
insurance in the APR.

(i)

One of the major challenges in the wider uptake of agricultural insurance coverage
in APR is the lack of affordability. Public subsidies have been often used to achieve
the objective of stimulating demand as evident from India and the PRC in achieving
some scale in area yield index insurance and weather index insurance, largely based
on heavily subsidized schemes. Although insurance demand is price-sensitive, it is
likely to be difficult to achieve universal coverage through subsidies alone.

(ii)

There is a need to decide between targeted and universal subsidies and how
premium subsidies will be more effective at increasing coverage among lowincome populations. The question of inclusiveness of agricultural insurance is
important to avoid mistargeting in APR. Poorly designed insurance schemes might
lead to moral hazard and maladaptation.

(iii)

Low correlation between index and agricultural risks because of lack of weather
data in many countries of APR needs to be addressed by developing better
availability of weather data.

(iv)

A good monitoring and evaluation (M&E) system that tracks the performance
agricultural insurance schemes is paramount for the success of these schemes.

(v)

Agricultural risk insurance schemes should be embedded in the comprehensive risk
management strategy rather than a stand-alone product.

(vi)

Agricultural insurance for MSMEs are largely missing in the region. There is a need
to promote insurance of MSMEs in the region.

While index-based agricultural insurance in the APR has received increasing attention, at best it
has remained a work in progress and overall uptake has remain low. Overall, despite many
promising pilots and projects in the region by initiatives such as Global Index Insurance Facility
and Insuresilience global partnerships and other private players, the scale of the uptake is very
small. Whether the current projects and pilots will lead to successful outcomes remains to be seen.
Lastly, one of the major problems in assessing the effectiveness of pilots and initiatives has been
the lack of M&E of these projects and with a lack of consensus on what indicators to use and what
information to collect. A particular challenge is how to measure performance and impact (Panda
et al. 2020 and Hess et al. 2016).
In recent years, there has been increasing efforts from development organizations to introduce new
kinds of products and strengthen crop insurance for smallholder farmers in APR. For example, the
International Water Management Institute, with private and government players, is testing the use
of satellite technology to bring index-based flood insurance to farmers in India and Bangladesh.
Similarly, the International Food Policy Research Institute is testing the use of smartphone camera

data to strengthen insurance products in India. More recently, pilots on block chain climate risk
crop insurance aim to increase the resilience of farmers by providing more accessible inside
insurance products. In this system, each insurance policy is plugged into smart contracts on a
blockchain and indexed to local weather. During an extreme weather event, the policies are
automatically triggered on the technology platform, which facilitates timely and fair payouts
(Micale et al. 2019). Further, initiatives such as the rice crop monitoring initiative—Remote
Sensing-based Information and Insurance for Crops in Emerging Economies—has been helping
governments and farmers in Southeast Asia and India to better forecast harvests in the face of an
increasing number of extreme weather events. The initiative has been collecting satellite-based
data for land under rice cultivation in Cambodia, India, the Philippines, Thailand, and Viet Nam.
The data collected is also used by insurance systems to make crop insurance more efficient and
payouts more transparent.
C.

Agriculture and Disaster Risk Insurance in the Asia and Pacific Region

Despite a decade of experimentation with index-based insurance, the challenges of low demand,
high basis risk, moral hazard, adverse selection, and other institutional and governance issues have
recently led to change in programming of the schemes and to shift responsibilities to higher
organizational levels. There has been an increasing focus towards ‘meso’ and ‘macro’ scales in
terms of implementing agricultural insurance in the context of climate change. This is reflected in
the recent interest in macro level or sovereign level disaster insurance schemes.
Climate change is likely to increase the intensity and frequency of extreme weather events in the
future and countries of APR need to address their limited capacity to finance climate change and
disaster risks. While agricultural insurance serves as one way of protecting the millions of farmers
in the region from climate change risks at the micro and meso levels, there is an urgent need to
supplement these efforts by incorporating climate and disaster risk insurance (CDRI) and other
risk financing instruments at national and regional level.
Insurance has been widely recognized as an important tool for climate change adaptation. While
the costs of adaptation in developing countries could range from US$140 billion to US$300 billion
per year by 2030 (UNEP 2020), every US$1 invested in adaptation could result in US$2–US$10
in net economic benefits (GCA 2019). With increasing evidence that countries with widespread

market-based insurance coverage recover faster from the financial impacts of extreme events
(Golnarghi 2018), governments are increasingly recognizing the role of market-based insurance
for adaptation. One important example is the growing number of disaster insurance schemes in
developing countries as a climate risk management tool. A recent study identifies 25 intervention
that qualify as CDRI in the Asia and Oceania region covering directly or indirectly more than 212
million people (GIZ 2020). Recently, many countries of the APR are moving towards proactive
and alternative planning for financing disaster risks. Although it is still in its initial stages, this is
evident from increasing participation of countries in sovereign risk transfer pools and catastrophe
risk insurance pool in APR. In sovereign catastrophe risk pools, countries can pool risks in a
diversified portfolio, retain some of the risks through joint reserves and capital, and transfer excess
risk to the reinsurance and capital markets. (World Bank 2020). Currently, there are two sovereign
risk transfer /catastrophe risk pools arrangements in APR: (1) Southeast Asia Disaster Risk
Insurance Facility involving the Lao People’s Democratic Republic, Myanmar, and Cambodia.
Southeast Asia Disaster Risk Insurance Facility is a regional platform that that strengthens
financial resilience against disasters through rapid and predictable disaster relief funding and
access to international reinsurance and capital market through regional risk pooling. (2) Pacific
Catastrophe Risk Assessment and Financing Initiative aims to provide the Pacific Island countries
with risk modeling and assessment tools to enhance disaster risk reduction and provide disaster
risk management and financial solutions to help build resilience in the Pacific islands. The current
members include the Cook Islands, the Marshall Islands, Samoa, Tonga, and Vanuatu. However,
despite the increasing number of macro level schemes, a recent study finds that even though 68
countries participate in these four regional risk pools, only about a third (32%) purchased insurance
coverage in 2019, with almost half (46%) of the eligible countries not deploying any disaster risk
finance instruments at all (Act Alliance 2020).
In addition to sovereign risk pools, there are also few examples of new national risk pooling such
as The Philippine City Disaster Insurance Pool, which aims to address the need for rapid access to
early recovery financing for cities in the Philippines that typically face particularly high disaster
risk. The Philippine City Disaster Insurance Pool will offer parametric insurance cover against
typhoons and earthquakes in its first phase. In addition, there are also existing examples of use of
catastrophe bonds in the case of the Philippines and Catastrophe Deferred Drawdown Option in
the case of the Maldives. In addition, there are few other recent regional initiatives such as the

Asia–Pacific Climate Finance Fund established in 2017. The Asia–Pacific Climate Finance Fund
identifies and pilots innovative, scalable, and commercially viable financial risk management
products alongside development projects that support climate change mitigation and adaptation in
ADB’s developing member countries. Overall, CDRI in APR is still in its infancy, and it is
essential to put greater emphasis on how CDRI supports resilience to climate change. CDRI and
broader risk financing does not automatically reduce risk, but it can help to finance and manage it,
thus reducing vulnerability to climate change impacts. However, CDRI is only sustainable in the
medium term and long run if it is underpinned by strong disaster risk reduction and resilience
actions.
VI.

DISCUSSION

Climate change is likely to increase the severity and intensity of extreme natural disasters events
in the future jeopardizing the livelihoods of millions of farmers and MSMEs dependent on
agriculture. Extreme weather exposures and losses amplified by climate change risks have the
potential to reverse economic gains of past decades and increase poverty levels, especially in the
APR. Our analysis of climate change and crop insurance in the region reveals some important
observations and suggestions. First, both supply and demand bottlenecks need to address to close
the protection gap in agricultural insurance in the APR. While much focus has been on solving
demand side problems of uptake of insurance, there has been little attention on solving supply side
bottlenecks in improving affordability of agricultural insurance schemes. Many of the low- and
middle-income countries of APR micro-insurance remains as the prime focus. However, with
increasing systemic risks from climate change, there is need to increasingly support scaling up
from micro to meso and sovereign level agricultural insurance schemes. Second, agricultural
insurance in APR is largely in few countries only. For example, many countries of Central Asia
and Southeast Asia lack any kind of large-scale agricultural insurance schemes. Third, there is an
increasing need to focus on insurance for MSMEs in the agriculture sector. So far, most of the
focus has been on designing insurance products at the micro level in the APR. Fourth, sovereign
disaster risk insurance has significant potential in the region to reduce macroeconomic costs of
disasters arising from climate change and supplementing agricultural insurance schemes by
pooling risks. However, so far, these are concentrated in a few countries of the Pacific region.
Fifth, while there are many ongoing pilot and fully operational insurance schemes in the region,

lack of M&E and publicly available data on agricultural insurance schemes remains a concern for
analysis. There is a need to promote institutional arrangements to create data platforms for public
use and sharing. Finally, agricultural insurance will only be sustainable in the medium term and
long run if it is underpinned by strong disaster risk reduction and resilience actions. Currently,
most agricultural insurance schemes lack strong disaster risk reduction component in product
designs.

REFERENCES
Act Alliance. 2020. Climate risk insurance and risk financing in the context of climate justice :a
manual for development and humanitarian aid practitioners. https://actalliance.org/wpcontent/uploads/2020/10/Climate-Risk-Insurance-Manual_English.pdf.
ADB. 2020. Key indicators for the Asia and the Pacific. Asian Development Bank.
_____. 2017. A Region at risk: The human dimensions of climate change in Asia and the Pacific.
Asian Development Bank. doi:http://dx.doi.org/10.22617/TCS178839-2.
_____. 2009. The economics of climate change in Southeast Asia: A regional review. Manila.
Amnuaylojaroen, T. and P. Chanvichit. 2019. Projection of near-future climate change and
agricultural drought in Mainland Southeast Asia under RCP8.5. Climate Change 155: 175–
193. doi: 10.1007/s10584-019-02442-5.
Arnell, N. W. and S. N. Gosling. 2016. The impacts of climate change on river flood risk at the
global scale. Climatic Change 134, 387–401. https://doi.org/10.1007/s10584-014-1084-5.
Bendig, Mirko, Lena Giesbert, and Susan Steiner. 2009. Savings, credit and insurance: Household
demand for formal financial services in rural Ghana. GIGA Working Paper Series No. 94.
Hamburg: German Institute of Global and Area Studies.
Bjerge, B. and Neda Trifkovic. 2018. Extreme weather and demand for index insurance in rural
India. European Review of Agricultural Economics 45(3): 397–431.
Bobojonov, Ihtiyor and Aden Aw-Hassan. 2014. Impacts of climate change on farm income
security in Central Asia: An integrated modeling approach. Agriculture and Environment
and Agro-Ecosystem 188: 245-255.
Burke, C. and P. Stott. 2017. Impact of anthropogenic climate change on the east Asian summer
monsoon. Journal of Climate 30(14): 5205-5220.
Christensen, J. H. et al. 2013. Climate phenomena and their relevance for future regional climate
change. In Stocker, T. F. et al. eds. 2013. Climate change 2013: The physical science basis.
Cambridge University Press, 1217–1308.
Clarke, D. and S. Dercon. 2016. Dull disasters? How planning ahead will make a difference.
Oxford, United Kingdom: Oxford University Press.
Climate Funds Update, 2018. Data dashboard. https://climatefundsupdate.org/data-dashboard/.
Cole, S., X. Giné, J. Tobacman, P. Topalova, R. Townsend, and J. Vickery. 2013. Barriers to
household risk management: Evidence from India. American Economic Journal: Applied
Economics.
Cook, B. I., Mankin, J. S., Marvel, K., Williams, A. P., Smerdon, J. E., and Anchukaitis, K. J.

2020. Twenty-first century drought projections in the CMIP6 forcing scenarios. Earth's
Future 8, e2019EF001461.
Dai, A. 2010. Drought under global warming: A review. Wiley Interdisciplinary Reviews Climate
Change 2: 45–65.
Dewi, N. et al. 2018 IOP Conf. Ser.: Earth Environ. Sci. 200 012059.
Dankers, R. et al. 2014. First look at changes in flood hazard in the Inter-Sectoral Impact Model
Intercomparison Project Ensemble. Proceedings of the National Academy of Science of the
United States of America 111: 3257–3261.
Deryng, D., N. Conway, J. Price Ramankutty, and R. Warren. 2014. Global crop yield response to
extreme heat stress under multiple climate change futures, Environmental Research Letters
9, Article 034011, 10.1088/1748-9326/9/3/034011.
Döll P., T. Trautmann, D. Gerten, H. H. Schmied, S. Ostberg, F. Saaed, and C.-F.Schleussner.
2018. Risks for the global freshwater system at 1.5°C and 2°C global warming.
Environmental Research Letters 13(4), 44038. doi:10.1088/1748-9326/aab792.
Dosio, L., E.M. Fischer Mentaschi, and K. Wyser. 2018. Extreme heat waves under 1.5°C and 2°C
global warming, Environmental Research Letters, 13(2018) Article 054006,
10.1088/1748-9326/aab827.
Easterling W., O. Aggarwal, P. Batima, K. Brander, L. Erda, S. Howden, et al. 2007. Food, fibre
and forest products. Climate Change 2007. In Parry, M.L et al 2007. Climate change 2007:
impacts, adaptation and vulnerability. Contribution of Working Group II to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge:
Cambridge University Press.
Fadhliani, Z., J. Luckstead, and E.J. Wailes. 2019. The impacts of multiperil crop insurance on
Indonesian rice farmers and production. Agricultural Economics 50: 15-26.
https://doi.org/10.1111/agec.12462
FAO.

Food
and
Agriculture
Statistics.
http://www.fao.org/economic/ess/esseconomic/gdpagriculture/en/ (accessed 30 June 2021).

_____.

2020. The state of food security and nutrition
http://www.fao.org/3/ca9692en/online/ca9692en.html#chapter-1_1.

in

the

world.

Field, C.B., V.R. Barros, D. J. Dokken, K. J. Mach, M. D. Mastrandrea, T. R. Bilir, et al. 2014.
Climate Change 2014. Impacts, Adaptation, and Vulnerability. Summary for policymakers.
Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge and New York: Cambridge University Press.
Gao, Y, X., J. Zhu, G. R. Yu, N. P. He, Q. F. Wang, and J. Tian. 2014. Water use efficiency
threshold for terrestrial ecosystem carbon sequestration under afforestation in China.
Agricultural
Meteorological
Administration,
195–196,
pp.
32–37,

10.1016/j.agrormet.2014.04.010
Gao X, A. Schlosser, C. Fant, and K. Strzepek. 2018. The impact of climate change policy on the
risk of water stress in southern and eastern Asia. Environmental Research Letters
13:064039. https://doi.org/10.1088/1748-9326/aaca9e.
Gaurav, S. and V. Chaudhary. 2020. Do farmers care about basis risk? Evidence from a field
experiment in India. Climate Risk Management 27: 100201.
GCA. 2019. Adapt now: A global call for leadership on climate resilience. Washington, DC:
Global Commission on Adaptation.
Ghosh R, K. G. Shweta, and S. Vartika. 2021. Demand for crop insurance in developing countries:
New evidence from India. Journal of Agricultural Economics 72: 293–320.
Gillett, N. P., P. A. Stott, and B. D. Santer. 2008. Attribution of cyclogenesis region sea surface
temperature change to anthropogenic influence. Geophysical Research Letters 35:
L09707.
GIZ. 2020. The landscape of climate and disaster risk insurance (CDRI) in south and southeast
Asia and Oceania. Deutsche Gesellschaft für Internationale Zusammenarbeit.
Golnarghi et al. 2018. Managing physical climate risk: Leveraging innovations in catastrophe risk
modelling. The Geneva Association.
Hausfather, Z., H. F. Drake, T. Abbott, and G. A. Schmidt. 2020. Evaluating the performance of
past climate model projections. Geophysical Research Letters 47: e2019GL085378.
https://doi.org/10.1029/2019GL085378.
Hess U. and P. Hazell. 2016. Innovations and emerging trends in agricultural insurance. Deutsche
Gesellschaft für Internationale Zusammenarbeit. https://www.giz.de/en/downloads/giz2016-en-innovations_and_emerging_trends-agricultural_insurance.pdf
Horie T. 2019. Global warming and rice production in Asia: Modeling, impact prediction and
adaptation. Proceedings of the Japan Academy. Series B, Physical and biological sciences
95(6): 211–245. https://doi.org/10.2183/pjab.95.016.
Hu, P., Q. Zhang, P. Shi, B. Chen, and J. Fang. 2018. Flood-induced mortality across the globe:
Spatiotemporal pattern and influencing factors. Science of the Total Environment
643: 171–182.
IPCC. 2019. Cassotta, S., Derkesen, C., Ekaykin, A., Hollowed, A., Kofinas, G., Mackintosh, A.,
Melbourne-Thomas, J., Muelbert, M.M.C., Ottersen, G., Pritchard, H., and Schuur, E.A.G.
Chapter 3: Polar regions. In Pörtner, H.-O., D.C. Roberts, V. Masson-Delmotte, P. Zhai,
M. Tignor, E. Poloczanska, K. Mintenbeck, M. Nicolai, A. Okem, J. Petzold, B. Rama, and
N. Weyer, eds.. IPCC Special Report on the Ocean and Cryosphere in a Changing
Climate. In press.

_____. 2019. Summary for policymakers. In: IPCC Special Report on the Ocean and Cryosphere
in a Changing Climate. Pörtner, H.-O., D.C. Roberts, V. Masson-Delmotte, P. Zhai, M.
Tignor, E. Poloczanska, K. Mintenbeck, A. Alegría, M. Nicolai, A. Okem, J. Petzold, B.
Rama, and N.M. Weyer, eds.
_____. 2018. Global Warming of 1.5°C. An IPCC special report on the impacts of global
warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission
pathways, in the context of strengthening the global response to the threat of climate
change, sustainable development, and efforts to eradicate poverty. Masson-Delmotte, V.,
P. Zhai, H.-O. Pörtner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia,
C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E.
Lonnoy, T. Maycock, M. Tignor, and T. Waterfield, eds..
_____. 2013. Climate Change 2013: The physical science basis. Contribution of Working Group
I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge.
_____. 1990. Climate change:The IPCC scientific assessment. Cambridge University Press.
Jafino, B. A., B. Walsh, J. Rozenberg, and A. Hallegatte. 2020. Revised estimates of the impact of
climate change on extreme poverty by 2030. Policy Research Working Paper No. 9417.
Washington, D.C.: The World Bank.
Jensen N., A. Mude, C. Barrett. 2016. How Basis Risk and Spatiotemporal Adverse Selection
Influence Demand for Index Insurance: Evidence from Northern Kenya. MPRA Paper No
72484. Munich Personal RePEc Archive.
Jie, J., Z. Tianjun, C. Xiaolong, and Z. Lixia. 2020. Future changes in precipitation over Central
Asia based on CMIP6 projections. Environmental Research Letters, 15, 054009.
Jin, J., W. Wang, and X. Wang. 2016. farmers’ risk preferences and agricultural weather index
insurance uptake in rural China. International Journal of Disaster Risk Science 7: 366–373.
https://doi.org/10.1007/s13753-016-0108-3.
Jongman, B., P.J. Ward, and J.C.J.H. 2012. Aerts Global exposure to river and coastal flooding:
Long term trends and changes. Global Enviromental Change 22: 823–835.
Karlan, Dean, Robert Darko Osei, Isaac Osei-Akoto, and Christopher Udry. 2013. Agricultural
decisions after relaxing credit and risk constraints. NBER Working Paper 18463.
Cambridge, MA: National Bureau of Economic Research.
Kirezci, E. et al. 2020. Projections of global-scale extreme sea levels and resulting episodic coastal
flooding over the 21st Century. Scientific Reports 10: 11629.
Klotzbach, P. J. and C. W. Landsea. 2015. Extremely intense hurricanes: Revisiting Webster et al.
after 10 Years. Journal of Climate 28(19): 7621–7629.
Knutson, T., J. McBride, J. Chan, et al. 2010. Tropical cyclones and climate change. Nature

Geosci 3: 157–163. https://doi.org/10.1038/ngeo779.
Kossin, J.P., T. L. Olander, and K. R. Knapp. 2013. Trend analysis with a new global record of
tropical cyclone intensity. Journal of Climate 26:9960–9976.
Kraaijenbrink, P. et al. 2017. Impact of a global temperature rise of 1.5 degrees celsius on Asia’s
glaciers. Nature 549: 257–260. https://doi.org/10.1038/nature23878.
Krauer B, 2019. Agricultural insurance: Happiness in the field. https://axaxl.com/fast-fastforward/articles/agricultural-insurance-happiness-is-in-the-field.
Kulp, S. and B. Strauss. 2019. New elevation data triple estimates of global vulnerability to sealevel rise and coastal flooding. https://www.nature.com/articles/s41467-019-12808-z
(access 27 November 2019).
Lesk, C., P. Rowhani, and N. Ramankutty. 2016. Influence of extreme weather disasters on global
crop production. Nature 529: 84–87. https://doi.org/10.1038/nature16467.
Li, X.X. 2020. Heat wave trends in Southeast Asia during 1979–2018: The impact of humidity.
Science of the Total Environment 721: 137664.
Liu, P., L. Hou, D. Li, S. Min, and Y. Mu. 2021. Determinants of livestock insurance demand:
experimental evidence from Chinese herders. Journal of Agricultural Economics 72: 430451. https://doi.org/10.1111/1477-9552.12402
Liu, W., et al. 2018. Global drought and severe drought-affected populations in 1.5 and 2 °C
warmer worlds. Earth System Dynamics 9: 267–283.
Lloyds of London. 2018. A world at risk: Closing the insurance protection gap.
https://www.lloyds.com/~/media/files/news-and-insight/riskinsight/2018/underinsurance/lloyds_underinsurance-report_final.pdf.
Lobell, B.D and C. B. Field. 2007. Global scale climate–crop yield relationships and the impacts
of recent warming. Environmental Research Letters 2: 014002.
Mahul, Olivier and Charles Stutles. 2010. Government support to agricultural insurance
challenges and opportunities for developing countries. World Bank. Accessed from:
https://openknowledge.worldbank.org/handle/10986/2432.
Mani, M, Sushenjit Bandyopadhyay, Shun Chonabayashi, Anil Markandya, and Thomas Mosier.
2018. South Asia’s hotspots: The impact of temperature and precipitation changes on living
standards. South Asia Development Matters. Washington, DC: World Bank.
doi:10.1596/978-1-4648-1155-5.
Matsuda A. and T. Kurosaki. 2019. Demand for temperature and rainfall index insurance in India.
Agricultural Economics 50 (3): 353–366.
Micale A. 2019. Blockchain-based insurance. GW Law School Public Law and Legal Theory

Paper No. 2019-12; GW Legal Studies Research
https://www.readcube.com/articles/10.2139%2Fssrn.3366603

Paper

No.

2019-12.

Mishra, V. et al. 2020. Future exacerbation of hot and dry summer monsoon extremes in India. npj
Climate and Atmospheric Science 3: 10.
Mohammed, K. et al. 2017. Extreme flows and water availability of the Brahmaputra River under
1.5° and 2°C global warming scenarios. Climatic Change, 145 (1–2): 159–175.
Moon, S. and K. J. Ha. 2020. Future changes in monsoon duration and precipitation using
CMIP6. npj Climate and Atmospheric Science 3: 45. https://doi.org/10.1038/s41612-02000151-w.
Murakami, H., Thomas L. Delworth, William F. Cooke, Ming Zhao, Baoqiang Xiang, PangChi Hsu. 2020. Detected climatic change in global distribution of tropical cyclones
Proceedings of the National Academy of Sciences. May, 117 (20) 10706–
10714; DOI: 10.1073/pnas.1922500117.
Naumann G. et al. 2018. Global changes in drought conditions under different levels of 630
warming. Geophysical Research Letters 45: 3285–3296.
Norton, M. et al. 2014. Evidence of demand for index insurance: Experimental games and
commercial transactions in Ethiopia. Journal of Development Studies 50 (5): 630–648.
Panda, A., P. Lambert, and S. Surminski. 2020. Insurance and financial services across developing
countries: An empirical study of coverage and demand. Centre for Climate Change
Economics and Policy Working Paper 367 & Grantham Research Institute on Climate
Change and the Environment Working Paper 336. London School of Economics and
Political Science.
Panda, A, U. Sharma, K. Ninan, and A. Patt, 2013. Adaptive capacity contributing to improved
agricultural productivity at the household level: Empirical findings highlighting the
importance of crop insurance. Global Environmental Change 782–790
Perkins, S., E, L.V. Alexander, and J.R. Nairn. 2012. Increasing frequency, intensity and duration
of observed global heatwaves and warm spells. Geophysical Research Letters
39 (20): L20714
Platteau, J.P., O. De Bock, and W. Gelade. 2017. The demand for microinsurance: A literature
review. World Development 94: 139–156.
Russo, S., J. Sillmann, and A. Sterl. 2017. Humid heat waves at different warming levels. Scientific
Reports 7: 7477. https://doi.org/10.1038/s41598-017-07536-7.
Raghavan, S. et al. 2019. ASEAN food security under the 2°C-4°C global warming climate change
scenarios. In Anbumozhi, V., M. Breiling, and V. Reddy. eds. Towards a resilient ASEAN
Volume 1: Disasters, climate change, and food security: Supporting ASEAN resilience.
Jakarta: Economic Research Institute for ASEAN and East Asia.

Reed, B., R. Mendelsohn, and B.O. Abidoye. 2017. The economics of crop adaptation to climate
change in south-east Asia. Climate Change Economics 08: 1740002.
Reyer, C. et al. 2017. Climate change impacts in Central Asia and their implications for
development.
Regional
Environmental
Change
17:
1639–1650.
https://doi.org/10.1007/s10113-015-0893-z
Sheffield, J., E. F. Wood, and M. L. Roderick. 2012. Little change in global drought over the past
60 years. Nature 491: pp. 435-438. 10.1038/nature11575.
Sherwood, S. C. and M. Huber. 2010. An adaptability limit to climate change due to heat stress.
Proceedings of the National Academy of Sciences of the United Stats of America 107:
9552–9555.
Siebert, S. et al. 2014. Impact of heat stress on crop yield—on the importance of considering
canopy temperature. Environmental Research Letters 9: 044012.
Srivastava, R. K., R. K. Panda, and A. Chakraborty. 2021. Assessment of climate change impact
on maize yield and yield attributes under different climate change scenarios in eastern
India. Ecological Indicators 120: 106881. https://doi.org/10.1016/j.ecolind.2020.106881.
UEF. 2019. Universal Ecological Fund: The Truth About Climate Change. The Universal
Ecological Fund (Fundación Ecológica Universal FEU-US),
UNEP. 2020. The adaptation gap report, 2020. https://www.unep.org/resources/adaptation-gapreport-2020.
Wahl, T., I. D. Haigh, R. J. Nicholls, A. Arns, S. Dangendorf, J. Hinkel, and A. B. A. Slangen
2017, Understanding extreme sea levels for broad-scale coastal impact and adaptation
analysis, Nature Commununications 8: 16075 EP-.
Walsh, K.J.E, S.J. Camargo, T.R. Knutson, J. Kossin, T.-C. Lee, H. Murakami, and C. Patricola.
2019. Tropical cyclones and climate change. Tropical Cyclone Research and Review 8 (4).
Wang, B., S. Y. Yim, J. Y., Lee, J. Liu, and K. J. Ha. 2014. Future change of Asian-Australian
monsoon under RCP 4.5 anthropogenic warming scenario. Climate Dynamics 42: 83–100.
Webster, P. J., G. J. Holland, J. A. Curry, and H.-R. Chang. 2005. Changes in tropical cyclone
number, duration, and intensity in a warming environment. Science 309: 1844–6.
_____. 2005. Changes in tropical cyclone number, duration, and intensity in a warming
environment. Science 309: 1844–6.
Winsemius, H., J. et al. 2016. Global drivers of future river flood risk. Nature Climate Change 6:
381–385. https://doi.org/10.1038/nclimate2893.
World Bank. 2020. The Potential Impact of COVID-19 on GDP and Trade: A Preliminary
Assessment. Policy Research Working Paper No. 9211. Washington, DC: The World

Bank.
Xu, Y, Bo-Tao Zhou, Jie Wu, Zhen-Yu Han, Yong-Xiang Zhang, and Jia Wu. 2017 Asian climate
change under 1.5–4 °C warming targets. Advances in Climate Change Research 8 (2).
Zhang, L. and T. Zhou. 2015. Drought over east Asia: A review. Journal of Climate 28 (8): 3375–
3399.
https://journals.ametsoc.org/view/journals/clim/28/8/jcli-d-14-00259.1.xml
(accessed 6 February 2021).

East Asia

Central Asia

Region

√
√

Hong Kong,
China

Mongolia

√

Uzbekistan

√

Kyrgyz
Republic

√

√

Kazakhstan

Turkmenistan

√

Georgia

☓

⚩

Azerbaijan

Tajikistan

⚩

Yes/No

Armenia

Countries

Index based

Indemnity
based

NA

Indemnity
based

Indemnity
based

Indemnity
based

Indemnity
based

Indemnity
based

Indemnity
Based/Index
Based

PPP

Public

PPP

PPP

PPP

PPP

PPP

PPP

Type of
Market
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Voluntary

Voluntary

Voluntary

Voluntary

Mandatory

Mandatory

NA

NA

Mode of
Inclusion

No

No

No

Yes

Yes

Yes

NA

NA

Premium
Subsidy
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0.028

0.049

Farmers
Insured
(million)

7.1

Livestock
Insured
(million)

1.22

0.714

Area Insured
(million
hectare)

Southeast
Asia

South Asia

Region

√
☓
√
√
√

India

Maldives

Nepal

Pakistan

Sri Lanka
☓

☓

Bhutan

Brunei
Darussalam

⚩

Bangladesh

√

Taipei,China
☓

√

Republic of
Korea

Afghanistan

√

Yes/No

People's
Republic of
China

Countries

Both

Both

Indemnity
based

Both

Both

Indemnity
based

Indemnity
based

Both

Indemnity
Based/Index
Based

Public

PPP

Public

PPP

Private

PPP

PPP

PPP

Type of
Market

Mandatory

Mandatory

Voluntary

Voluntary

Voluntary

Voluntary

Voluntary

Voluntary

Mode of
Inclusion

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Premium
Subsidy

1.5

1.13

0.0014

47.32

0.0196

0.047

0.9

195

Farmers
Insured
(million)

0.258

0.068

0.74

21480

Livestock
Insured
(million)

1.06

0.23

51.93

0.078

166.23

Area Insured
(million
hectare)

Others

Total

Region

⚩
√
☓
√
☓
⚩

Myanmar

Philippines

Singapore

Thailand

Timor-Leste

Viet Nam

Yes=17
No=22
PPP=7

⚩

Malaysia

☓

√

Indonesia

Lao People’s
Democratic
Republic

⚩

Yes/No

Cambodia

Countries

Both

Indemnity
based

Both

Index based

Both

NA

Indemnity
Based/Index
Based

PPP

PPP

Public

PPP

PPP

NA

Type of
Market

Voluntary

Mandatory

Voluntary

Voluntary

Voluntary

NA

Mode of
Inclusion

Yes

Yes

Yes

No

No

Yes

No

Premium
Subsidy

1.9

2.27

1

251.16

Farmers
Insured
(million)

21488.16

Livestock
Insured
(million)

4.51

1.84

0.806

228.61

Area Insured
(million
hectare)

√
√
√

New Zealand

Japan

Yes/No

Australia

Countries

Both

Both

Both

Indemnity
Based/Index
Based

Sources: Author’s estimates.

NA = not applicable, PPP = public–private partnership.

Total

Region

PPP

Private

Private

Type of
Market

Both

Voluntary

Voluntary

Mode of
Inclusion

Premium
Subsidy

1.54
252.7

Farmers
Insured
(million)

21499.02

10.86

Livestock
Insured
(million)

1.75
230.36

Area Insured
(million
hectare)

Table A2: Studies on Projected Changes in Monsoon in the Asia and Pacific Region
Monsoon
Indian Monsoon

Projected Changes

Studies

Indian summer monsoon (5.0 %/°C) under RCP 4.5

Wang et al 2014

The frequency of extreme dry (SPEI ≤ −1) monsoon seasons are
projected to increase over the coming century, especially after the
2030s. Extreme hot monsoon seasons are likely to become normal
after the 2040s

Mishra et al 2020

The percentage change in precipitation per one-degree Celsius
warming in the long term SSP5-8.5 scenario is +3.6 %

Moon et al 2020

Indo-China Peninsula
Monsoon

The percentage change in precipitation per one-degree Celsius
warming in the long term SSP5-8.5 scenario is +6 %

Moon et al 2020

East Asian Monsoon

East Asian summer monsoon (6.4 %/°C) rainfall under RCP 4.5

Wang et al 2014

Future monsoon projections from the CMIP6 models show an
Moon et al 2020
increase in precipitation in the East Asian monsoon (EA) (SSP 8.5)

Burke et al 2017
Under anthropogenic forcings, the model predicts that in the
People’s Republic of China, there is, on average, a decrease in the
total monsoon rainfall, an increase in the number of dry days. This
gives a picture of a generally drier monsoon. (People’s Republic of
China)

Australian Monsoon

South Asian Monsoon

Source: Author.

Australian summer monsoon rainfall will increase moderately by
2.6 %/°C under RCP 4.5

Wang et al 2014

Australian monsoon (AU) precipitation will slightly increase by
about 2% °C in the long term with high confidence

Moon et al 2020

South Asian monsoon will carry 5% more rainfall under the RCP
4.5 warming scenario.

Wang et al 2014

Table A3: Impacts of Natural Disasters in Selected Countries of the Asia and Pacific Region

Country

Frequent
Disasters

Examples of Economic Impacts of Disasters

Afghanistan

F, D, LS, EQ

Flooding causing average annual damage of $54 million

Armenia

EQ, F

Australia

HA, F, CY, FF

Azerbaijan

EQ, F

Bangladesh

C, F, SS, D, SLR

Cambodia

F, S, D

Cook Islands*

TC, E

Micronesia,
Federated States of

TC, TY, SLR,

Fiji

C, F, EQ, TSU

Georgia

EQ, F, LS, D,
AV

India

F, D, EQ, CY, D

Indonesia

F,D,LS,TS, EQ

Kazakhstan

F, EQ

The annual avenge GDP affected by floods about $3 billion.

Kiribati

TC, EQ

Kiribati is expected to incur, on average, about US$0.3 million per
year in losses because of earthquakes and tropical cyclones.

Kyrgyz Republic

EQ, F

The annual avenge affected GDP by flooding is about $70 million.

Lao People's
Democratic Republic

F, D

Malaysia

F, LS

Marshall Islands

TC, EQ

Mongolia

Dzuds, F, WF

Myanmar

F, LS, C, D

Nepal

F, D, LS

Pakistan

F, ST, HW, D

Papua New Guinea

EQ, F, LS,

Annual average flooding loss to gross domestic product (GDP) about
$100 million.
Cost of natural disasters in Australia over the 10 years to 2016
averaged $18.2 billion per year.
The annual average affected GDP by flooding is about $300 million.
Tropical cyclone in Bangladesh since 1900 have resulted in US$4.7
billion–US$$9.0 billion in damages.
Annual flooding is causing estimated losses of US$100–US$170
million
It is expected to incur, on average, about US$4.9 million of losses per
year because of tropical cyclones.
It is expected to incur, on average, US$8 million per year in losses
because of earthquakes and tropical cyclones.
Between 1980 and 2016, annual economic damages caused by
disasters have been estimated at about to US$16.3 million.
Between 1995 and 2013, loses from natural disasters is estimated at
GEL2.7 billion.
India suffered US$79.5 billion economic loss because of climaterelated disasters in the last 20 years.
Total costs in 2050 by climate change in these three areas of
agriculture, health, and gradual sea level rise are estimated at Rp132
trillion. The greatest financial impact of climate change will be
because of decreased agricultural output, which accounts for 53% of
this cost.

Annual expected losses for the Lao People’s Democratic Republic
from flood events range between 2.8% and 3.6% of GDP
9% of the total land area under flood risk, potentially affecting 2.7
million people.
The Marshall Islands is expected to incur, on average over the long
term, annual losses of US$3 million because of earthquakes and
tropical cyclones.
Disasters in the last 10 years have caused a total economic loss of
about US$321.3 million.
Myanmar faces average costs of US$9 million for just emergency
response to floods alone.
The estimated direct cost of these events is equivalent to 1.5%–2% of
current GDP/year (about US$270 million–US$360 million/year in
2013 prices).
The climate-only disaster losses are measured at 1% of GDP for the
period 2005–2013.
It has been estimated that an average of US$85 million annual losses
occur as a result

of earthquakes and tropical cyclones in Papua New Guinea,
People's Republic of
China

F, D, C, EQ

Philippines

TY, F

Korea, Republic of

TY, F, LS, EQ

Samoa

CY, TSU, EQ

Sri Lanka

F,CY, D, LS

Tajikistan

F, EQ

Thailand

F, LS, ST, D

Turkmenistan

EQ, F

Uzbekistan

F, EQ

Viet Nam

TY, F, SS

Between 1989 and 2018, natural hazards caused direct physical
losses valued at about US$1,698 billion (in 2018 values) Since 2000,
38.86 million hectares of crop have experienced a yield loss of at
least 10 percent from natural disasters every year,
Between 2000 and 2016 natural disasters caused average annual
damages of $1.2 billion.
The maximum annual damage costs from natural disasters through
2060 are estimated to be US$20.9 billion, which would be 1.03% of
future GDP.
Samoa is expected to incur, on average over the long term, about
US$10 million per year in losses because of earthquakes and tropical
cyclones.
Precipitation flooding causes Sri Lankan households to have US$78
million per year in asset losses and US$119 million per year in
wellbeing losses. recorded damages of nearly U$ 7 billion between
1990 and 2018.
The annual average affected GDP about $300 million because of
earthquakes.
Flood disasters in Thailand between 1989 and 2018 have caused
more than US$5.1 billion in damage.
The annual average affected GDP about $2 billion because of
earthquakes.
The annual average population affected by flooding in Uzbekistan is
about 400,000 and the annual average affected GDP about $800
million.
Natural shocks cause private and public asset losses worth an average
of US$8.1 billion in power purchasing parityterms each year; that is
US$2.7 billion in real terms

F = flood, D = drought, TY = typhoon, LS = landslide, EQ: = earthquake, CY = cyclone, TS = tsunami, TC = tropical cyclone.
Source: Author.

Figure A1: Number of Studies Attributing Increase in Natural Disasters Because of Anthropogenic Climate
Change, 2001–2019.

Source: Author’s estimates using Carbon Attribution Database.

Figure A2: Estimated Average Annual Flood Damage in million US$

Sources: Author’s estimates based on various studies.

Table A4: Examples of Past Climate Extreme Events in Asia and Projections
Extreme Event

Year

Asia "anomalously warm"
seasonal temperatures,
1961–2008

Trend

Republic of Korea summer
heatwave, 2013

2013

Japan heatwave, 2013

Country

Event

Future Projections

Heat

More severe or more
likely to occur

Republic of Korea

Heat

More severe or more
likely to occur

2013

Japan

Heat

More severe or more
likely to occur

Central eastern PRC hot
summer, 2013

2013

PRC 24°–33°N, 102.5°–
122.5°E

Heat

More severe or more
likely to occur

Eastern PRC record hot
summer, 2013

2013

Eastern PRC

Heat

More severe or more
likely to occur

Republic of Korea record
hot spring, 2014

2014

Republic of Korea

Heat

More severe or more
likely to occur

Northern PRC hot spring,
2014

2014

Northern PRC 30°–55°N, 105°–
135°E

Heat

More severe or more
likely to occur

Record warmth in India,
2015

2015

Southern India and Sri Lanka

Heat

More severe or more
likely to occur

Deadly heat & humidity in
India & Pakistan, summer
2015

2015

India and Pakistan

Heat

More severe or more
likely to occur

Northwest PRC record
heat, July 2015

2015

Northwest PRC, Xinjiang
Autonomous Region

Heat

More severe or more
likely to occur

Western PRC extreme high
temperatures, 2015

2015

Western PRC, West of 105°E

Heat

More severe or more
likely to occur

Japan heatwave, August
2015

2015

Japan

Heat

More severe or more
likely to occur

Republic of Korea earliest
summer onset, 2017

2017

Republic of Korea

Heat

More severe or more
likely to occur

Northeast PRC hot and dry
spring/summer, 2017

2017

Northeast PRC (80°–120°E and
40°–70°N)

Heat

More severe or more
likely to occur

Central eastern PRC
heatwave, July 2017

2017

Central eastern PRC

Heat

More severe or more
likely to occur

Yangtze river delta
summer heatwave, 2017

2017

Yangtze river basin

Heat

More severe or more
likely to occur

Extreme Event

Year

Country

Event

Future Projections

Asian heat extremes, 2016

2016

10°S–90°N, 55°E–170°W

Heat

More severe or more
likely to occur

Thailand hot and dry April,
2016

2016

Thailand

Heat

More severe or more
likely to occur

China heatwave, July 2017

2017

Central Eastern PRC

Heat

More severe or more
likely to occur

Japan high temperature
event, July 2018

2018

Japan

Heat

More severe or more
likely to occur

Northeast PRC summer
extreme heat, 2018

2018

Northeast PRC (110°E-130°E,
35°N-50°N)

Heat

More severe or more
likely to occur

Northeast Asia summer
heatwave, 2018

2018

Northeast Asia (34°–40°N,
120°–143°E)

Heat

More severe or more
likely to occur

Northeast PRC nighttime
heatwave, summer 2018

2018

Northeast PRC (34°–55°N,
105°–135°E)

Heat

More severe or more
likely to occur

Republic of Korea
"summer longest
heatwave", 2018

2018

Republic of Korea

Heat

More severe or more
likely to occur

Japan record low sunshine,
August 2017

2017

Japan

Sunshine

Decrease, less severe or
less likely to occur

Tibetan Plateau severe
drought, autumn 2009

2009

Tibetan Plateau

Drought

More severe or more
likely to occur

South PRC late spring
drought, 2018

2018

South PRC (22°–29°N, 105°–
120°E)

Drought

More severe or more
likely to occur

Record-breaking
consecutive dry days in
Beijing, winter 2017-18

2017-18

Beijing

Drought

More severe or more
likely to occur

Northern India severe
rainfall, June 2013

2013

Northern India

Rain and
flooding

More severe or more
likely to occur

Southeast PRC extreme
rainfall, May 2015

2015

PRC

Rain and
flooding

More severe or more
likely to occur

Northeast Bangladesh
extreme pre-monsoon
rainfall, 2017

2017

Northeast Bangladesh (90.5°–
92.5°E, 24°–25.5°N)

Rain and
flooding

More severe or more
likely to occur

Southeast PRC record June
rainfall, 2017

2017

Southeast PRC ( 24°–32°N,
107°–124°E)

Rain and
flooding

More severe or more
likely to occur

Extreme rainfall in
Yangtze-Huai, PRC, JuneJuly 2016

2016

PRC, Yangtze–Huai region
(27.5°–35°N, 107.5°–123°E)

Rain and
flooding

More severe or more
likely to occur

Extreme Event

Year

Country

Event

Future Projections

Wuhan extreme rainfall,
July 2016

2016

PRC, Wuhan City

Rain and
flooding

More severe or more
likely to occur

Yangtze river extreme
rainfall, summer 2016

2016

PRC, Yangtze River

Rain and
flooding

More severe or more
likely to occur

Central western PRC daily
rainfall extremes, summer
2018

2018

Central Western PRC (30°–
38°N, 100°–110°E)

Rain and
flooding

More severe or more
likely to occur

Japan heavy rainfall event,
July 2018

2018

Japan

Rain and
flooding

More severe or more
likely to occur

Central western PRC
persistent heavy rainfall,
summer 2018

2018

Central Western PRC (30°–
38°N, 100°–110°E)

Rain and
flooding

Decrease, less severe or
less likely to occur

Upper Yellow river basin
extreme floods, 2018

2018

Upper Yellow River basin in
the PRC

Rain and
flooding

Decrease, less severe or
less likely to occur

Eastern PRC recod cold
event, January 2016

2016

Eastern PRC

Eastern PRC "super cold
surge", 2016

2016

Eastern PRC

Himalayan snowstorm,
2014

2014

Nepal

Storm

More severe or more
likely to occur

Extreme accumulated
cyclone energy in western
North Pacific, 2015

2015

Western North Pacific

Storm

More severe or more
likely to occur

PRC = People’s Republic of China.
Source: Adapted and modified from Carbon Brief Attribution Database 2020.

Cold,
snow,
and ice
Cold,
snow,
and ice

Decrease, less severe or
less likely to occur
Decrease, less severe or
less likely to occur

