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ABSTRACT

Using the Burke, Hsiang, and Miguel (2015) framework, we examine the nonlinear response effect of
economic growth to historic temperature and precipitation fluctuations. We confirm that aside from
the significant effect of rising temperature on agricultural production, industrial production and
investment endeavors also serve as other potential channels through which temperature significantly
affects overall economic productivity. We find the overall economic productivity of developing Asia to
be at least 10% lower by 2100 relative to business as usual. We also empirically analyze policy
measures and factors that could help countries mitigate consumption volatility driven by climate
change-related events. Consistent with several microlevel findings, financial inclusiveness helps
households mitigate consumption volatility amid temperature change. Likewise, government plays a
critical role in moderating the negative impact of rising temperature in both output and consumption.

Keywords: climate change, consumption volatility, developing Asia, global warming

JEL codes: 130, Q54, Q58



l. INTRODUCTION

At the 2Tst Session of the Conference of the Parties to the United Nations Framework Convention on
Climate Change (COP21 or Paris Climate Conference) in December 2015, 195 countries adopted the
universal, legally binding global climate deal that sets out a global action plan of keeping the increase in
global average temperature to “well below 2°C above pre-industrial levels,” while “pursuing efforts to
limit the temperature increase to 1.5°C” (United Nations 2015). To provide consistent estimates for
efforts in keeping global warming below agreed-upon thresholds, Climate Central (2016) estimated
the global average temperature anomaly and found that the first 3 months of 2016 reached the 1.5°C
warming threshold from preindustrial levels, even pointing out February 2016 as the warmest month
with the increase reaching 1.55°C. Many scientists have explained that the limit of 2°C should not be
surpassed because exceeding it will result in most severe effects of global warming such as floods,
droughts, and rising sea levels.

The recent National Aeronautics and Space Administration (NASA) data show that the
increases in mean global temperature have occurred at greater rates. Starting 1980, the temperature
rises and over the last 20 years, it warmed by an additional 0.4°C in 2000 and increased further to
0.9°Cin 2015 (Figure 1).

Figure 1: Global Mean Temperature Anomaly
(base period: 1951-1980)
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Note: Data for 1880-2015 are December average temperature.
Source: National Aeronautics and Space Administration (NASA). GISS Surface
Temperature Analysis (GISTEMP). http://data.giss.nasa.gov/gistemp/ (accessed 11
October 2016).

How can a 1°C temperature anomaly adversely affect the planet? The Climate Stabilization
Targets report identified and quantified the physical climate changes per degree of warming (United
States National Research Council 2011). A 1°C temperature anomaly can increase or decrease the level
of precipitation by 5%-10% across many regions and the amount of rain falling during the heaviest
precipitation events increases by 3%-10%. Moreover, per degree of warming, the annual average Arctic
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sea ice extent will be reduced by about 15%. Meanwhile, oceans continue to become more acidic, the
risk of “very hot” summers will increase,' and the global mean sea level will rise by 0.5-1 meter by 2100.

Climate change is not only an environmental problem but also a socioeconomic one. Too
much heat or cold can influence human behavior and efficiency, and, worst of all, even mortality.?
Furthermore, there are a number of well-documented microeconometric studies that provide
evidence that extreme weather has adverse effects on agricultural yields and on workers’ productivity.
These have consequences on household welfare that may translate into increased poverty incidence.

The relationship between temperature and aggregate economic activity has traditionally been
quantified by examining the historical relationship between fluctuations in a country’s temperature
and variations in its economic performance in cross-sections of countries. Nordhaus (2006) uses
gross domestic product (GDP) per grid cell level and finds a relationship between average annual
temperature and output (per grid cell) that is robust and single peaked. Beyond investigating the
magnitude and locus of any effects, Dell, Jones, and Olken (2012) use the panel’s distributed lag
structure to inform whether temperature affects aggregate economic activity in developing countries
by influencing the level of outputs or the growth rate of output, for example, by affecting investment or
the institutions that influence productivity growth. They conclude that the increase in temperature
correlates with a slowing of economic growth in developing economies but has no significant
correlation in developed countries. They also document that in poor countries, a 1°C rise in
temperature in a given year reduces economic growth by about 1.3 percentage points in the same year,
with agriculture, industry, and political instability as significant channels. These findings have
implications for long-standing debates about the role of climate in economic development and the
possibility of substantial negative impacts of higher temperatures on poor countries that suggest that
future climate change may substantially widen income gaps between rich and poor countries.

Recently, Burke, Hsiang, and Miguel (2015) presented a new analysis of the relationship
between historical temperature fluctuations and macroeconomic growth arguing that, in contrast to
past studies, aggregate macroeconomic productivity is nonlinear, with productivity peaking at an
annual average temperature of 13°C and declining strongly at higher temperatures.? They considered a
model (hereinafter referred to as BHM framework) aggregating the nonlinear micro evidence reflected
in macroeconomic responses over longer periods of time. Their results show that business as usual
emissions throughout the 21st century will reduce per capita GDP by 23% and widen global income
inequality relative to scenarios without climate change.* Countries with an average yearly temperature
greater than 13°C (55°F) will have lower economic growth as temperatures rise. For cooler countries,
warming will be an economic boon. This nonlinear response creates a massive redistribution of future
growth, away from hot regions and toward cool regions. Based on the analysis, rich and poor countries
respond similarly at any temperature, but the impact of warming is nonetheless much greater on poor
countries, because they are mostly in regions that are already warm.

' The National Research Council defined “very hot” in their report as the hottest 5% of summers from the 1971-2000
average.

2 Documented by several researchers, e.g., Curriero et al. (2002); Anttila-Hughes and Hsiang (2013); Kilbourne (1997);
Kovats and Hajat (2008); McMichael et al. (2008); Wendt, van Loon, and van Marken Lichtenbelt (2007).

3 Meta-analyses by Seppéanen, Fisk, and Lei (2006); Hancock, Ross, and Szalma (2007); and Hsiang (2010) support the
nonlinear relationship of temperature and economic growth.

4 The RCP8.5 scenario was used as the business as usual scenario, which reflects no explicit climate policy.
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Following the BHM framework, we examine the nonlinear response effects of economic
growth to historical temperature and precipitation fluctuations of 168 countries over the period 1960-
2014, predicting that the estimated effects of warming by 2100 could lead to huge, global-scale
macroeconomic impacts.> We confirm that temperature change has significant economic impacts on
global and regional agricultural production. Furthermore, our results show that the economic impacts
of temperature change go beyond the agriculture sector, and that there are significant impacts on
industrial production and investments that serve as channels through which temperature significantly
and nonlinearly affects aggregate economic growth. We also estimate the potential economic damage
and benefits under different scenarios.

Recognizing the adverse impacts of temperature change on the economic growth trajectory of
countries across different levels of economic development, we empirically analyze policy measures
and factors that help countries mitigate consumption volatility driven by climate change-related
events. Moreover, we survey several adaptation measures that could potentially help households
against the effects of rising temperature.

The remainder of the paper is structured as follows. Section Il discusses the main features of
the dataset. Section Il presents the framework and the empirical approaches used in the analysis. This
is followed by estimated reductions and gains under future warming scenarios expressed in changes in
per capita GDP in section |V. Section V provides empirical analysis on how to deal with consumption
risks and volatilities as well as household’s adaptive capacity mechanism. Section VI discusses policy
recommendations and section VIl concludes.

. DATA

Climate variables such as temperature and precipitation are updated and sourced from the University
of Delaware reconstruction assembled by Matsuura and Willmott (2015), which contains 0.5-degree
gridded monthly average temperature and total precipitation data for all land areas in 1900-2014, as
interpolated from station data. The annual temperature and precipitation data per country were
derived using the 2000 population data from the Gridded Population of the World series, as weights.
The growth rates of per capita GDP, agriculture gross value added (GVA), industry GVA, and services
GVA, as well as gross fixed capital formation, all expressed at constant 2005 United States (US)
dollars, are from the World Bank’s 2015 World Development Indicators (WDI). As defined in the WDI,
the industry sector comprises the manufacturing, construction, mining, electricity, water, and gas
industries.

To derive the expected economic damage or loss (measured as the fractional loss in annual
economic output relative to an economy without climate policy) arising from higher temperature, we
use the country-level projected temperature rise from selected Representative Concentration
Pathway (RCP) scenarios. RCPs provide time-dependent projections of atmospheric greenhouse gas
(GHG) concentrations, energy use, population, air pollutants and land use, and the consequent
radiative forcing and temperature anomalies. Likewise, for comparison, we also applied temperature
projections used in one of the existing integrated assessment models, the WITCH (or the World
Induced Technical Change Hybrid) model. The counterfactual overall economic situation to which we

5 We updated the dataset prepared by Burke, Hsiang, and Miguel (2015) in their recent study of the global nonlinear effect
of temperature on economic production.
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will evaluate all climate scenarios will come from the per capita GDP growth trajectory of Shared
Socioeconomic Pathways (SSPs) developed by the research team from the Organisation for Economic
and Co-operation and Development (OECD). The WITCH model also used SSP growth scenario to
represent their counterfactual (Reis et al., forthcoming). The details on the selection and application of
growth and temperature projections are discussed in section I11.

The indicators for selected mechanisms to mitigate consumption volatility were gathered from
the following sources:

(i)  share of total capital flows to GDP, which measures the degree of financial openness of
countries, is sourced from the WDI;

(i) financial inclusion variables are derived from the Financial Inclusion (Global Findex)
database, which is a new set of indicators that measure how adults in 148 economies
save, borrow, make payments, and manage risks (Demirglic-Kunt and Klapper 2012);

(iii) governance readiness index, which captures the institutional factors that enhance
application of investment for adaptation against climate change, is reported by the Notre
Dame Global Adaptation Index;®

(iv) total trade (exports plus imports) ratio to GDP is available from the WDI to reflect trade
openness; and, lastly,

(v) level of financial development of countries, measured as the ratio of private credit to
GDP, is also available from the WDI.

1. FRAMEWORK AND EMPIRICAL APPROACH

We follow the same framework applied by Burke, Hsiang, and Miguel (2015) to arrive at a global
nonlinear response function of economic production on temperature:

Y(T) = % Y(T) = X[ fiu(T) - g,(T — T)dT M

It predicts a smooth concave function reflecting gradual but increasing losses on total
economic output Y (T) as the average temperature T rises and a country warms on average. Crops and
labor respond to momentary temperature in a highly nonlinear fashion and is well approximated by a
piecewise-linear function. The productivity of basic units in the economy is either flat or slightly
increasing at lower temperatures, and then declines steeply with temperatures above a critical
temperature threshold (Burke, Hsiang, and Miguel 2015).

This framework enables macrolevel data to mimic the response on temperature observed in
high-frequency microlevel data such as crop yields, among others. Likewise, it is also important to note
that, using the above framework, the absence of a strong response of output to temperature from rich
countries in a macrolevel analysis is set aside, which makes climate change an issue for all countries
regardless of the level of economic development.

6  The ND-GAIN Country Index, a project of the University of Notre Dame Global Adaptation Index (ND-GAIN),
summarizes a country's vulnerability to climate change and other global challenges in combination with its readiness to
improve resilience. It aims to help businesses and the public sector better prioritize investments for a more efficient
response to the immediate global challenges ahead (ND-GAIN website).
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We apply the same empirical approach of the BHM framework to equation (1) to get
AYye = h(Tie) + WPy + LPi + 1 +ve + 0it + 0t” + &y, @

where AY;; refers to the change in the natural log of GDP per capita of country i at time t, Tj; is the
annual average temperature (in °C) of country i at time t, P;; is the annual total precipitation
(expressed in millimeters) in country i at time t. y; + v, + 0;t + 0;,t% are country, year, and quadratic
country-time trend fixed effects.

The global nonlinear response function is constructed from the individual response functions
of selected countries at different points in the global temperature distribution. This approach then
assumes a global function h(.) on which all individual countries lie. This assumption is tested by Burke,
Hsiang, and Miguel (2015) by closely examining if h(.) is different across different subsamples (i.e., by
income groups, time, and dependence on agriculture).

A. Projected Damage or Loss from Warming

We use the historical response function to estimate the potential economic damage of higher
temperature (under selected warming scenarios). Per capita income under different warming scenarios
is computed as

scenario

GDP per capita; = GDP per capita$f% « (1+ 0 + 8;1), ©)

where n;; refers to the baseline growth rate that represents the counterfactual. We follow the growth
trajectory described as the middle-of-the-road scenario of the SSPs, also known as SSP2. O’Neill et al.
(2015) defined SSPs as reference pathways describing plausible alternative trends in the evolution of
society and ecosystems over a century timescale. Under SSP2, the world follows a path in which social,
economic, and technological trends do not shift markedly from the historical pattern (O’Neill et al.
2015). The projected country-level per capita GDP growth rates are available at 5-year intervals.”

;¢ refers to the predicted growth loss/gain resulting from higher temperature in year t. It is derived
from the following equation applying the pooled historical response function h(T):

;e = h(T;1) — h(T)), @

where T; is the average temperature in country i from 1980 to 2014 and Tj is the projected
temperature for the years 2015 up to 2100. We use projections simulated by the fifth phase of the
Coupled Model Intercomparison Project (CMIP5) driven by the concentration or emission scenarios,
consistent with the different RCPs.® RCPs provide time-dependent projections of atmospheric GHG
concentrations (Wayne 2013). It is built upon different assumptions on emissions trajectories and
concentrations, energy use, population, air pollutants and land use, and the consequent radiative

7 Linear interpolation is done to calculate the annual projected growth rates.

8 CMIP5 promotes a standard set of model simulations in order to evaluate how realistic the models are in simulating the
recent past, provides projections of future climate change on two time scales, near term (out to about 2035) and long
term (out to 2100 and beyond), and quantifies some key feedbacks such as those involving clouds and the carbon cycle
(Taylor, Stouffer, and Meehl 2012).
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forcing and temperature anomalies. Our choice of warming scenarios is anchored on the adoption of
the universal and legally binding global climate deal set out at COP21 in December 2015. The
agreement aims to significantly reduce the risks associated with climate change. In line with this, we
chose RCP2.6 which depicts meeting the COP21 target and RCP8.5 which depicts the extreme
projected temperature rise should the world fail to meet the target.

van Vuuren et al. (2007) explain that “the emissions pathway under RCP2.6 leads to very low
GHG concentration levels. It is a so-called ‘peak’ scenario: its radiative forcing level first reaches a
value around 3.1W/m? midcentury, returning to 2.6W/m? by 2100. In order to reach such radiative
forcing levels, GHG emissions (and indirectly emissions of air pollutants) are reduced substantially
over time.” Using the original baseline, i.e.,, 1986-2005, countries are expected to experience a
moderate rise in temperature ranging from 0.6°C to 1.6°C. Meanwhile, Riahi et al. (2011) describes
RCP8.5 as the baseline scenario with no explicit climate policy, characterizing the highest GHG
emissions among four RCP scenarios. It combines assumptions of high population and relatively slow
income growth with modest rates of technological change and energy improvements that lead to high
energy demand in the long term. Country-level temperature change under this scenario is projected to
range from 2.7°C to 5.8°C.

We also run our simulation using the temperature projections used in the WITCH model (Reis
et al,, forthcoming), which is computed using the climate model, MAGICC (Model for the Assessment
of Greenhouse-Gas Induced Climate Change) that determines changes in, among others, global mean
surface air temperature resulting from anthropogenic emissions.” The scenarios were based on the
pledges of each country, known as intended nationally determined contributions (INDCs), under the
Paris Agreement to reduce its GHG emission. Through the INDCs, the international community is
informed on the countries’ climate change efforts to determine whether the world can achieve the
long-term goals of the Paris Agreement. The INDC scenario assumes perfect implementation of the
Cancun (until 2020) and INDC (until 2030) emission pledges. We use the four scenarios for
temperature projections: (i) Business as usual, (i) INDC, (iii) INDC to 2°C, and (iv) Optimal 2°C. The
business as usual scenario is the baseline or reference scenario. The INDC to 2°C scenario assumes a
global carbon tax after 2030, consistent with attaining the 2°C climate goal. Lastly, the Optimal 2°C
scenario allows more stringent emissions reductions prior to 2030 (Reis et al., forthcoming).

Meanwhile, Burke, Hsiang, and Miguel (2015) defines T; as the average temperature in country
iin the base period, 1980-2010 in their case. To partially address the inherent stationarity assumption
of the h() function in equation (2), we consider a case in which optimizing economic agents have
strong incentives to use all available current information in forming their best possible expectations of
the future temperature following the rational expectations approach (Lucas and Sargent 1981).
Considering this, we adjust §;; in equation (4) by changing T; in such a way that is expected to change
as new information (i.e., temperature data) becomes available. We replace T; with the medium term
(i.e., 6 years) rolling average that incorporates projected annual temperature. This method will tend to
reduce the level of sensitivity of aggregate economic growth with temperature rise.

9  See MAGICC/SCENGEN. http://www.cgd.ucar.edu/cas/wigley/magicc/ for details.
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Estimated loss (in percent) is thus derived from the following equation:

i GDP per capita§fenario
Lossjfenaro = [( o —1{ *100 )
t PN ) 1
L GDP per Capltaitusmess as usua
B. Estimated Benefits of Climate Actions

We also explore to determine the potential benefits of climate actions, particularly the adoption of the
Paris Agreement to limit the global average temperature rise to well below 2°C above preindustrial
levels and, if possible, to as low as 1.5°C. By 2050, carbon emissions from developing Asia are expected
to be 50% lower (relative to a no climate policy scenario) resulting from the progressive
implementation of INDCs. We use the loss estimates in equation (5) arising from individual
temperature rise projections. The climate action benefit is derived from the difference between
estimated loss under extreme temperature rise projections (RCP8.5) and the projections that indicate
successfully meeting the COP21 target (RCP2.6), i.e.,

Climate action benefit;; = LossR¢F 8> — LossRCP 26, (6)

We also estimate the climate action benefit using WITCH temperature projections. We
computed the difference in loss estimates from no climate policy (business as usual) scenario with
scenarios depicting climate actions, i.e., implementation of the INDCs and increasing mitigation at a
constant rate after 2030 (INDC scenario), moving from the INDCs to emissions pathways that limit
warming to 2°C (INDC to 2°C) and the optimal path of early action that would achieve the 2°C target
(Optimal 2°C).

IV. RESULTS: POTENTIAL LOSS AND BENEFITS

The nonlinear effect of temperature on economic growth is similarly evidenced from the historical data
that cover up to 2014 (Table T and Figure 2). Robustness checks can be found in Appendix 1, Table Al.
The coefficients of the quadratic temperature variables are statistically significant at all conventional
levels.

Table 1: Regression Results of 168 Countries, 1960-2014
(Dependent variable: per capita GDP growth)

Variable Coefficient Robust Std. Error t P>t
Temperature 0.0136*** 0.0037 3.66 0.000
Temperature? -0.0005*** 0.0001 -4.34 0.000
Precipitation 0.0124 0.0886 1.4 0.165
Precipitation? -0.0041** 0.0021 -2.01 0.046
Statistic
Observations 7,224
R2 0.2588
Optimum temperature level 14.24

GDP = gross domestic product.
Note: ** p<0.01, " p<0.05, * p<0.1.
Source: Authors’ estimates.
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Time-invariant factors (e.g., history, culture, or topography), year fixed effects such as abrupt
global events, as well as the quadratic country-specific time trends are incorporated in the model to
produce more robust results. Precipitation variables are likewise included noting their correlation to
temperature that may bias empirical estimates. As Auffhammer et al. (2013) suggested, other climatic
variables aside from precipitation such as relative humidity, solar radiation, and wind speed must be
added to avoid the classic omitted variables problem.

Figure 2: Nonlinear Effects of Annual Average
Temperature on Economic Production

0.1 —
0.0 —
= o
] 14.p°C
E
[e)
)
g -0.1—
Q.
]
9]
Q.
a
] -0.2
Global distribution of temperature observations .
-0.3
T T T T T T T
o 5 10 15 20 25 30

Annual average temperature (°C)

GDP = gross domestic product.

Notes: The gray area indicates the 90% confidence interval, clustered by
country. The histogram shows the global distribution of temperature
exposure (black). *Multiply by 100 to derive values in percent .

Source: Authors’ estimates.

Overall economic productivity, as Figure 2 shows, is estimated to decline when temperatures
climb above an optimal average annual temperature of 14.2°C. Of the 31 developing Asian countries
included in this study, two-thirds lie beyond the estimated critical temperature threshold (see
Figure 3). This reflects the general vulnerability of the region in temperature variations.

A. Channels: Agriculture, Industry, and Investments

Our application of the panel methodology to major economic sectors and investments will explore the
extent to which temperature change affects overall economic growth. These other dimensions, if
found significantly affected by temperature change, have important policy implications. Table 2
provides evidence of the significant effect of temperature change on the agriculture sector. We also
note the significant nonlinear relationship of the sector’s growth with average precipitation levels
consistent with the findings of Schlenker and Roberts (2008) on an inverted U-shaped relationship
between precipitation and specific crop yields in the US.
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Figure 3: Average Temperature of Developing Asian
Economies Relative to Estimated Critical Temperature
Threshold
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Lao PDR = Lao People’s Democratic Republic, PRC = People’s Republic of
China.

Source: Temperature data are from University of Delaware reconstruction
assembled by Matsuura and Willmott, and authors’ estimates.

Table 2: Regression Results: Major Economic Sectors and Investments

Agriculture Industry Services Investments

Temperature 0.0157* 0.0240** 0.0042 0.0260**
(0.0082) (0.0109) (0.0077) (0.0131)

Temperature? -0.0007** -0.0007** -0.0001 -0.0008*
(0.0002) (0.0003) (0.0002) (0.0005)

Precipitation 0.0886™** -0.0105 -0.0101 -0.0341
(0.0245) (0.0197) (0.0145) (0.0305)

Precipitation? -0.01948** 0.00247 0.00100 0.00338
(0.00598) (0.00475) (0.00302) (0.00669)

Constant -2.18855%** -0.27898* -0.05056 -0.64157**
(0.15136) (0.14694) (0.09087) (0.25075)

Observations 5,373 5,315 5,147 4760
R? 0.104 0.232 0.209 0.173

Note: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Source: Authors’ estimates.
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Further, the earlier results show that the growth impacts of temperature change go beyond the
agriculture sector. Industrial production and investments are found to be potential channels through
which temperature change affects aggregate economic growth. The effect of temperature change on
the industry sector could be either a first-order or a second-order effect. The former is in response to
potential labor productivity losses arising from a warmer climate. The construction and mining sector,
in particular, involves outdoor activities. Graff Zivin and Neidell (2010 and 2014) document a decline
in labor supply during hot days in US industries heavily exposed to weather. We also note the second-
order effect, i.e,, through the initial effect on agriculture that causes sensitivity of the industry sector to
temperature.

It is important to note that investments growth displays a significant nonlinear relationship
with temperature change. It is critical as investment is one of the major drivers of economic growth.
Meanwhile, we did not find a significant response of the service sector to temperature change.
Intuitively, the service sector is not directly exposed to weather as opposed to both the agriculture and
industry sectors.

B. Estimated Losses in Aggregate Economic Productivity
Applying the estimated nonlinear response function of temperature and output, Table 3 presents the
estimated reductions and gains under future warming scenarios as a percentage of the baseline per

capita GDP.

Table 3: Estimated Loss from a Warmer Climate (RCP Scenarios), 2100
(% of baseline per capita GDP)

Region/Scenarios RCP8.5 RCP2.6
World -4.4 -0.6
Developing Asia -11.0 -2.4
of which:
Central Asia 2.5 1.0
East Asia -29 -0.1
South Asia -15.5 -34
Southeast Asia -13.0 -34
The Pacific -9.6 -2.2

GDP = gross domestic product, RCP = Representative Concentration Pathways.
Source: Authors’ estimates.

Relative to the business as usual growth scenario under SSP2, an increase in temperature
under RCP8.5 is projected to reduce the average global per capita income level by 4.4% and average
developing Asia per capita income by 11% in 2100 (Table 3). The world under the SSP2 scenario
“follows a path in which social, economic, and technological trends do not shift markedly from
historical patterns” (O’Neill et al. 2015). Within the developing Asian region, the subregions are
likewise affected differently depending on differences in average temperature. Central Asia is
projected to fall in a positive growth territory after accounting for future warming, i.e., per capita
income is projected to be higher by 2.5% in 2100. East Asia is expected to have the least loss from
higher temperature, with a lower per capita income by around 2.9% in 2100. South Asia, Southeast
Asia, and the Pacific are projected to experience higher income losses arising from higher temperature.
Under a scenario of a relatively lower temperature increase (RCP2.6), average global per capita income
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is expected to be 0.6% lower than the baseline in 2100. Developing Asia will experience lower
economic loss by around 2.4% of the baseline per capita GDP in 2100.

Table 4 presents estimated losses associated from temperature projections of four scenarios
of the WITCH model. The no climate policy scenario (business as usual) leads to 3.9°C of mean global
warming by 2100, which is slightly less than RCP8.5. It leads to losses as high as 10% of per capita
income for developing Asia by 2100. In contrast, the 2°C scenarios (INDC to 2°C and Optimal 2°C)
will keep losses around 2% by 2100. The INDC scenario leads to losses about half way in between the
no climate policy and the 2°C scenarios (Figure 4).

Table 4: Estimated Loss from a Warmer Climate (WITCH Model Projections), 2100
(% of baseline per capita GDP)

Business as Optimal

Region/Scenarios usual INDC INDC to 2°C 2°C

World -6.0 -3.2 -11 -1
Developing Asia -10.3 -5.8 -23 =21
People’s Republic of China -2.9 -1.2 -03 -0.3
India -15.4 -9.0 -3.6 -34
Indonesia -13.1 -7.8 -32 -3.1

Rest of South Asia -10.0 -5.6 =21 -1.9

Rest of Southeast Asia and the Pacific -14.8 -87 -35 -33

GDP = gross domestic product, INDC = intended nationally determined contribution, WITCH = World Induced Technical Change
Hybrid.
Source: Authors’ estimates.

Figure 4: Economic Losses from Higher Temperature
in Developing Asia
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GDP = gross domestic product, INDC = intended nationally determined contribution.
Source: Authors’ estimates.
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C. Estimated Benefits from Climate Action

The successful implementation of the universal and legally binding global climate deal at COP21 where
individual economies agreed to meet future commitments to limit global warming to well below 2°C
will pose huge benefits for all. Risks associated with climate change will be reduced; expected losses
will turn to be benefits. The developing Asian region, noting the substantial losses it might face from
warming, has much to gain from acting against climate change. There will be 3.7% gain on global
average income by 2100 if concerted global efforts capped temperature rise to 1.5°C relative to the
preindustrial period. For the developing Asian region, Figure 5 shows that there will be 2.5% gain by
2050 and bigger benefits will accrue by 2100, i.e., almost 10% of per capita GDP. South Asia (12%),
followed by Southeast Asia (9.6%) and the Pacific (7.5%), will have huge benefits from climate actions.

Figure 5: Potential Benefits from Climate Action, 2050
and 2100 (RCP scenarios)
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RCP = Representative Concentration Pathways.
Source: Authors’ estimates.

Meanwhile, Figure 6 presents the gains from climate policy using the WITCH model
temperature projections. Potential benefits are estimated to reach 8% of per capita GDP in the 2°C
scenarios (INDC to 2°C and Optimal 2°C) by 2100 and 4% of per capita GDP in the INDC scenario.
The gains from reduced climate change accrue to the greatest extent in India, Indonesia, and the rest
of Southeast Asia, and to a slightly lower degree in the rest of South Asia. The pattern of expected
gains deviates from the patterns of INDC ambition, in that India, the rest of Southeast Asia, and South
Asia have goals that are similar to the case without climate policy, even though their economies will be
highly affected by whether mitigation is ambitious. This suggests that it may be in the economic
interests of those regions to help contribute to a higher level of global emissions reduction.
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Figure 6: Potential Benefits from Climate Action, 2100
(WITCH model projections)
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INDC = intended nationally determined contribution, WITCH = World Induced
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Source: Authors’ estimates.

V. TEMPERATURE AND WELFARE: DEALING WITH RISKS AND VOLATILITIES

The increasing weather volatility associated with climate change leaves households’ output or income
more volatile. Output volatilities evident from climate change, particularly from temperature rise, will
unnecessarily translate into adverse welfare impacts. Aside from widely acknowledged effects such as
increased heat stress, sea level rise, and lower agricultural productivity, Hof (2015) claimed that the
impact of climate change extends to the welfare of populations across the world. Empirical evidence
on the effect of temperature shocks on economic growth (e.g., Fankhauser and Tol 2005; Dell, Jones,
and Olken 2012; IPCC 2014; Burke, Hsiang, and Miguel 2015)—and not only on contemporary
output—suggests negative welfare effects, which are estimated to be higher than expected.

To demonstrate the pass-through of risks and volatilities to household welfare, we performed
both fixed effects and instrumental variable regressions of per capita GDP and per capita household
final consumption expenditure (measured in both growth and volatility). Household consumption is
one of the many measures of welfare, and the availability of the data over a long period of time serves
our purpose. Table 5 shows how output volatility translates into volatility in household consumption.

The results confirm the significant association between consumption and output. It is worth
noting, however, that when output is instrumented with the nonlinear function of temperature, the
estimated coefficient turns out larger, which implies that changes in output resulting from temperature
variations are translated into changes in consumption at a pass-through rate of 87%. In a similar vein,
Colacito et al. (2015) evaluate the dynamic impact of shocks relative to the volatility across countries
and find that the pass-through of relative output shocks onto relative consumption volatility is
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significant, especially in smaller countries. Suffice it to say, via its effect on output and growth, the
welfare of the population is negatively affected through a more volatile consumption pattern. It is then
crucial to determine ways of how to reduce, if not eliminate, the volatility of consumption resulting
from climate-driven output variations.

Table 5: Output and Consumption

Variable Coefficient Standard Error t P>t
Growth
(a) Fixed effects regression

per capita GDP growth 0.72*** 0.0207 34.74 0.000
(b) Instrumental variable regression

per capita GDP growth 0.87*** 0.0341 25.41 0.000

Volatility (5-year moving standard deviation)
(c) Fixed effects regression

output growth volatility 0.73* 0.0233 3143 0.000
(d) Instrumental variable regression
output growth volatility 117+ 0.0375 3116 0.000

Instruments: temperature, temperature?, precipitation, precipitation?, year, country, and country-time trends
p p precip precip 4 Y, Y

GDP = gross domestic product.
Note: ** p<0.01, ** p<0.05, * p<0.1.
Source: Authors’ estimates.

A Consumption Risks and Volatilities

One of the main objectives of this paper is to explore mechanisms or measures that could potentially
moderate the effects of warming. More specifically, we focus on the effect of temperature on
household consumption as the primary measure of welfare. Figure 7 illustrates the various pathways
through which climate change threatens earth assets, and, consequently, general welfare through
household consumption. Explicitly, consumption can only be affected by temperature variations
indirectly through its effect on output or income. Nkegbe and Kuunibe (2014) find that climate
variability affects consumption of rural livelihoods through its impact on agricultural production and
income, since farm yields are directly affected by weather elements. A recent study by Schlenker and
Roberts (2008) found that there are threshold temperatures during summer for corn, soybeans, and
wheat, that, when exceeded, will cause yields to fall sharply. This output or income shock is translated
into welfare impacts in the process of reallocation of resources by households.

1. Indirect Link of Temperature with Welfare through Output

Following Figure 7, we empirically determine which mechanisms could possibly moderate the negative
impact of temperature shocks on output growth, and consequently on household consumption by
adjusting equation (2):

AY; = h(Ty) + L Py+APh + O{[Tie + T + Py + PA] X I} + i +ve + 0t + 0pt% + &4, @

where [;; refers to several coping measures identified in the existing literature which are deemed
essential to reduce, to varying degrees, the adverse effect of temperature shocks on output growth.
The coefficient @ of the interaction terms will reflect how the identified factors will likely reduce the
response of output growth to temperature shocks. We generate dummy variables classifying countries
in the dataset relative to the global average of the following selected mechanisms:
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Figure 7: Conceptual Flow of How to Insulate Consumption from Climate-Driven Output
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Financial inclusion. It is basically measured in terms of access to banks in general and
credit availability in particular. Burgess et al. (2014) find that credit availability facilitates
consumption smoothing against weather shocks on income and output. Combes and
Ebeke (2013) find that remittances significantly reduce household consumption
instability and the insurance role played by remittances is confirmed; remittances
dampen the effect of various sources of consumption instability in developing countries
(natural disasters, agricultural shocks, and discretionary fiscal policy). According to
Mohapatra, Joseph, and Ratha (2009), remittances rise when a recipient economy
suffers natural disasters.

Financial openness. The increased capital mobility resulting from financial integration
enables vulnerable countries to have more access to external capital markets for
borrowings (Nandwa and Younas 2010). However, studies emphasize the role of the
level of financial development for financial openness to become beneficial. Eozenou
(2008) finds that financial integration can only smoothen out consumption volatility if
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(iii)

(V)

)

the level of domestic financial development lies beyond a certain threshold value,
estimated around 60%-70% of GDP.

Availability of weather index-based insurance. This is particularly crucial among
countries heavily dependent on the agriculture sector, which is most directly affected by
temperature shocks. Growth of the agriculture sector likely responds significantly to
temperature variations. Greatrex et al. (2015) provide case studies of countries with
insurance schemes managing risks from weather shocks. They observe the viability of
scaling up index-based insurance especially for vulnerable smallholder farmers in the
developing world such as in India, Ethiopia, Kenya, Rwanda, Tanzania, Senegal, and
Mongolia. Magina (2010) suggests that the government should increase the accessibility
of financial products and services to farmers to promote agricultural development.

Access to foreign markets. While there has been intense debate on the link between
international trade and the emerging global environmental concern, the former is
another potential mechanism through which the world as a whole will be able to
moderate the welfare effects of higher temperature. Multilateral liberalization of
renewable energy sources including the removal of fossil fuel subsidies is among the
good examples of how trade negotiation efforts complement environmental objectives.
The World Trade Organization negotiations on environmental goods and services could
be used as a vehicle for broadening trade in cleaner technology options and thereby help
developing countries reduce their GHG emissions and adapt to climate change (World
Bank 2007). Food security is one of the many areas that are deemed vulnerable to
climate change, as well as one of the areas where international trade can be of significant
use. Countries need to ensure access to important commodities to prevent shortage of
supplies of relevant commodities and the consequences thereof. Likewise, international
trade allows comparative advantages to be more fully exploited, especially when
temperature shocks already change agricultural productivity. Restrictions on trade will
worsen the effects of climate change by reducing the ability of producers and consumers
to adjust (Nelson et al. 2009).

Implementation of relevant policies and programs. Governments should design
programs that will potentially address volatilities in household consumption arising from
climate-induced output volatilities such as social protection and cash transfers. Vicarelli
(2010) finds that cash transfers partially smooth food consumption among rural
households in Mexico after severe rainfall events. According to Baez, Kronick, and
Mason (2013), safety nets are another important component of a risk management
strategy that enhances households’ ability to adapt to both shocks and shifts.

A particular mechanism tends to moderate the negative impact of rising temperature if the
coefficients before the interaction terms have the opposite signs of the temperature and precipitation
variables. Negating signs attached to temperature and precipitation would lead to a smaller elasticity of
output growth from temperature variations. This shows some signs of the potential of that particular
measure to reduce the effect of temperature shocks on output growth. The following are our findings
(see Appendix 2, Table A2.1 for full regression results):

Financially inclusive countries are more able to mitigate the effects of a warmer climate.
As shown in Appendix 2, Table A2.1 under columns 2-6, the coefficients of the financial inclusion
variables and their interaction terms reduce the coefficients of the nonlinear temperature and



Effects of Temperature Shocks on Economic Growth and Welfare in Asia | 17

precipitation. We used indicators derived from the Financial Inclusion (Global Findex) Database,
which is a new set of indicators that measure how adults in 148 economies save, borrow, make
payments, and manage risk (Demirglic-Kunt and Klapper 2012). The results seem to concur with the
observations in Burgess et al. (2014) of the role of credit availability in facilitating consumption
smoothing in rural India. Likewise, access to financial tools (e.g., bank accounts and emergency funds)
help households and firms adapt to climate change, prepare for natural shocks, and recover when
affected (Hallegatte et al. 2016). Households are more able to cope with income losses associated
with climate change and maintain consumption (e.g., food as well as human capital expenditures) if
they have protected savings and have ease of access on borrowings.

The ability of households to come up with emergency funds tends to reduce the negative
impact of a hotter environment. Relatedly, another mechanism that is equally effective in
moderating the effects of temperature shocks on the welfare of households is their ability to raise
emergency funds. Using indicators also from Demirglic-Kunt and Klapper (2012), emergency funds
will potentially mitigate output volatility arising from temperature shocks. Like the other financial
inclusion variables, emergency funds will enable households to prepare as well as recover from damage
associated with temperature rise effects.

Moderating the effect of temperature on output volatility through agricultural insurance
is less evident in macroscale analysis. Appendix 2, Table A2.1 column 7 shows the insignificant
negating effects of agricultural insurance against weather shocks on output. While several pilot studies
on agricultural insurance suggest improved farmers’ behavior toward farming investment decisions in
countries like India and Ghana, Ramm and Steinmann (2014), however, observe the effect of
insurance on the total value of farm outputs to be lacking. They primarily attribute that observation to
the inability of countries to expand agricultural insurance programs beyond pilot testing as well as to
encourage the uptake of as many smallholder farmers, which is undermined by the following: (i)
farmers underestimate the severity and frequency of risk, (ii) farmers’ limited consumer education, iii)
farmers’ lack of trust in insurance providers, and (iv) farmers’ overreliance on traditional coping
mechanisms such as selling assets or borrowing from relatives after a shock (Ramm and Steinmann
2014).

Governments play a critical role to moderate the negative impact of rising temperature
on output. Appendix 2, Table A2.1, columns 9 and 10 show how important quality institutions are in
abating the economic impact of rising temperature. Good governance enables countries to improve
the application of investments to adaptation (Notre Dame Global Adaptation Index). Meanwhile,
transfers from the government are able to reduce the negative effects of temperature shocks. The
availability of funds of affected households would facilitate their income and consumption smoothing
(Vicarelli 2010).

No evidence that greater openness helps economies to reduce volatilities arising from
temperature shocks. While we do not find significant results for trade (see Appendix 2, Table A2.1,
column 11) and financial openness (see Table 6), these elements are equally critical to ensure the
availability of food supplies, among other necessary human staples; access to external capital markets
for borrowings (Nandwa and Younas 2010); and access to foreign aid that could supplement
beneficiary countries’ ability to cope with weather-induced volatilities.
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Table 6: Reducing Volatility: Financial Openness

Variables Financial Openness
Temperature 0.0054
(0.0034)
Temperature? -0.0003**
(0.0001)
Precipitation 0.0000
(0.0000)
Precipitation? -5.44e-09*
(3.17e-09)
Financial openness (Fin. dev’td < 8) 0.0036
(0.0195)
Financial openness (Fin. dev’td > 8) 0.0380*
(0.0222)
Temperature X Mechanism
Fin open (Fin. dev’td < 8) 0.0022
(0.0028)
Fin open (Fin. dev’td > 8) -0.0032
(0.0032)
Temperature? X Mechanism
Fin open (Fin. dev’td < 6) -0.0001
(0.0001)
Fin open (Fin. dev’td > 6) 0.0001
(0.0001)
Precipitation X Mechanism
Fin open (Fin. dev’td < 6) 8.63e-07
(0.0000)
Fin open (Fin. dev’td > 6) -0.0000
(0.0001)
PrecipitationZ X Mechanism
Fin open (Fin. dev’td < ) 5.48e-10
(4.70e-09)
Fin open (Fin. dev’td > 6) 5.54e-09
(5.56e-09)

Note: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Source: Authors’ estimates.

2. Direct Link of Temperature with Welfare

Aside from the output-consumption link through which temperature variations will affect welfare
(emphasized in Figure 7 and preceding results), we also performed a separate empirical analysis that
associates directly consumption and temperature:

0 = a+ BiTj; + BoPie + Balie + Ba(Tiy X Iip) + i +ve + 0it + Oppt? + &, ¢)

where af refers to per capita consumption growth volatility (5-year moving standard deviation), T;; is
the temperature anomaly in country i at year t. The temperature anomaly is computed as the
difference between the annual temperature observations and the reference period (we used the
average temperature during 1960-1980). P;; is the precipitation level in country i at year t. Similar with
the above exercises, I;; refers to several coping measures identified in the existing literature that are
deemed essential to reduce, to varying degrees, the adverse effects of temperature shocks on output
growth. We expect a positive sign for B;, which means that as the temperature observed in country ii at
year t gets further away from the reference average temperature, the more volatile per capita
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consumption growth will become. Meanwhile, our coefficient of interest, 84, will help us determine
whether the selected mechanism will potentially insulate household consumption from temperature
shocks. In addition, we also run separate regressions for countries in developing Asia and OECD.

Appendix 2, Tables A2.2.1 to A2.2.3 show that, for the full sample, identified mechanisms are
found statistically significant to reduce general consumption volatility, particularly the financial
inclusion variables. Intuitively, as households have access to financial institutions to borrow, save, and
put up emergency funds, they are more capable of smoothing their consumption as possible risks may
arise. While the majority of the interaction terms S, displayed negative coefficient, which indicates
that the mechanism identified has the potential to reduce consumption volatility arising from
temperature rise, we did not find them statistically significant. Similar observations are found in both
the developing Asia and OECD samples.

B. Other Climate Adaptation Measures

There are other measures available for households to reduce, if not eliminate, the effects of higher
temperature. Exposure of households to climate variability incentivizes them to devise adaptive
strategies to minimize welfare loss (e.g., Morton 2007; Howden et al. 2007). Rational households will
choose to allocate their time and scarce income to maximize their well-being (Kahn 2016). Albouy et
al. (2010) find that, on the margin, American households are willing to pay more to reduce extreme
heat than to reduce extreme cold. In the face of scarcity in income and resources, a warmer climate
holds the poor as well as rural households more vulnerable as they rely heavily on climate-sensitive
resources (Hunter 2007).

Diversify household income and resources. Agriculture is essential to food security and a
source of income and employment for poor countries, especially in rural areas (Cattaneo and Peri
2015). As evident in our previous results as well as in earlier studies, it is likely the most affected sector
as temperatures further rise. Excessive heat, reduced precipitation and higher evapotranspiration will
decrease soil moisture and increase aridity, which will affect the overall agricultural yield of crops
(Bates et al. 2008, Evans 1996, and Solh and van Ginkel 2014). Noting such threats to the sector, a
number of measures were suggested to reduce the warming impact on the sector, e.g., improving
livestock and fishery breeding system, changing cropping patterns, altering application of fertilizers and
pesticides, introducing higher yielding and earlier maturing crop varieties to increase resistance to
climatic shocks, and improving irrigation systems and their efficiency.

However, agriculture-dependent households would still be at risk if income only comes from a
single source. As an environment faces greater climate risk such as rising temperature, diversification
becomes more essential. While diversification may yield lower average welfare outcomes as was found
by Bandyopadhyay and Skoufias (2015) in rural Bangladesh, it nevertheless is a mechanism able to
improve income security during extreme events associated with rising temperature.

Aside from cropland diversification noted earlier, other diversification strategies available to
households include labor and income diversification. Labor diversification involves farmers allocating
labor to nonfarm activities, including both wage labor and self-employment in household enterprises.
This requires working off-farm in the manufacturing or service sector which can offer much higher
returns than farming (Lobell and Burke 2010). Income diversification, on the other hand, refers to
deriving income from other possible sources such as off-farm activities (Asfaw et al. 2015).
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Migration could be an option for people to cope with rising temperature. Several studies
(Martin 2010; Bohra-Mishra, Oppenheimer, and Hsiang 2014) argue that of all environmental factors,
temperature would have the most significant effect on migration decisions. In response to climatic
changes affecting their living conditions, “environmental” migrants generally decide to leave their
residence, on a gradual and long-term basis. Bohra-Mishra et al. (2014) observe that climatic variation
is the main reason for permanent migration, whereas climate shocks or disasters tend to have much
smaller or no impact on such migration. Particularly, they find that temperature has a nonlinear effect
on migration such that above 25°C, a further rise in temperature is related to an increase in
outmigration, as warmer climates affect economic conditions.

Cattaneo and Peri (2015) also find that higher temperatures increase emigration rates from
rural to urban areas and to other countries in middle-income economies. In 2014 alone, there were
estimated 7 million people internally displaced due to sudden onset climate-related events, e.g., storms
and floods, in Asia (IDMC website).

Given the magnitude of climate-induced migration, especially in Asia, the 2012 Asian
Development Bank report on climate change and migration has laid out several policy
recommendations that aim to address issues of migration. These include framing climate-induced
migration in the development agenda with emphasis on uplifting human rights protection among
migrants, exposing migration opportunities for the poor, improving knowledge base or research
capacities, and international cooperation and bilateral agreements. The report notes that “If properly
managed, and efforts made to protect the rights of migrants, migration can provide substantial benefits
to both origin and destination areas, as well as to the migrants themselves” (ADB 2012, p. viii).

Government plays an important role to improve adaptive capacity. Diversification and
migration are basically household responses against climate-induced risks including extreme heat. The
inability of households to adopt such feedback necessitates the role of government. Government
actions to enhance the adaptive capacity or the ability to adapt to new or changing conditions are
necessary. Baez, Kronick, and Mason (2013) argue the importance of public policy to strengthen the
ability of households to adapt to a changing climate. Governments should strengthen resilience of at-
risk communities; intensify social protection measures, livelihoods development, basic infrastructure
development, and disaster risk management; and improve households’ access to physical assets,
financial capital, and markets.

Glantz, Gommes, and Ramasamy (2009) urge governments to decide how they want to
systematically think about and then undertake adaptation and mitigation activities. Likewise,
government responses should consider the dynamic nature of the impacts of climate change. Doing so
requires governments to analyze all available information, knowledge, and experience from historical
accounts as well as scenarios derived from global and regional modeling activities.

VL. POLICY RECOMMENDATION

Temperature change will amplify existing risks and dampen future economic growth. Risks and
potential damages are unevenly distributed and are generally greater for developing countries. These
risks, associated with further warming, are expected to continue for centuries. In response, an effective
multilateral level of decision making to limit temperature rise to well below 2°C above preindustrial
levels should be planned and executed and at the same time carefully evaluated.
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The inherent uncertainty of the impact and the magnitude of potential economic damage of
rising temperature evident in our results beg immediate action. Our findings suggest that financial
inclusion enables countries to mitigate the economic impact of a warmer climate. Households are
more able to cope with income losses and maintain consumption (e.g., food as well as human capital
expenditures) if they have protected savings and have ease of access to borrowings. Governments
should steer and advance financial inclusion by, among others, making available a knowledge platform
for financial inclusion and improving access to financial capital and markets. At the same time,
financial literacy must be improved along with ensuring consumer protection.

Our findings also point to the critical role of every government in abating the possible damage
arising from extreme temperatures. It is essential to promote good governance to ensure delivery of
appropriate and quality services. Equally important is to formulate adaptive capacity programs that are
not fragmented but well coordinated. Integrated climate change policies would ensure proper
operationalization and sustainability of such programs. Furthermore, information dissemination on
available adaptation measures can be strengthened by mainstreaming climate awareness into the basic
education curriculum. Governments are likewise expected to provide social protection measures that
respond to the dynamic nature of the impact of climate change including rising temperature.

In connection with financial inclusion, though we did not find significant results, the availability
of agricultural insurance has the potential to reduce the welfare effect of weather shocks on
agricultural output. Efforts are needed to improve the insurance uptake of agriculture-dependent
households. Greater openness to trade and finance are other areas that need to be improved,
especially after occurrence of unnecessary events arising from warmer climate. Access to foreign
markets would ensure availability of food supplies, among other necessary human staples. Vulnerable
countries should have more access to external capital markets for borrowings. Likewise, the ease of
access to foreign aid will notably supplement beneficiary countries’ ability to cope with weather-
induced volatilities.

To reduce the economic impact of higher temperatures on households, efforts are needed to
allow households to resort to several diversification strategies. Alongside cropland diversification,
agriculture-dependent households in particular may choose to allocate their labor to nonfarm
activities, including both wage labor and self-employment in household enterprises as well as deriving
much of their income from off-farm activities. This mechanism would enable households to improve
income security during extreme events associated with rising temperature.

We also note that migration can be a coping mechanism of people affected by extreme heat. It
is thus necessary to incorporate migration—climate-induced migration in particular—in the
development agenda with a special focus on uplifting human rights protection among migrants.

VII.  CONCLUSION

Our findings reflect the alarmingly high cost of inaction against rising temperature. Following the
nonlinear response framework of economic productivity to the historical temperatures of 168
countries over the period 1960-2014, we predict that the estimated impacts of 21st century warming
could lead to huge, global-scale macroeconomic impacts extending beyond the agriculture sector, that
is, it also affects off-farm sectors such as industrial activities and investments.
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The projected higher temperature (worst scenario under RCP8.5) is estimated to reduce the
average global per capita income level by 4.4% and average developing Asia per capita income by at least
10% by 2100 relative to business as usual growth. Developing Asian subregions will be affected differently
based on differences in average temperature. Future warming in Central Asia will be favorable as its per
capita income is projected to be 2.5% higher by 2100. The rest of the subregions will experience lower
average per capita income due to temperature rise. East Asia’s per capita income is projected to be
around 2.9% lower by 2100. South Asia, Southeast Asia, and the Pacific are projected to experience
higher income losses arising from a higher temperature of 15.5%, 13%, and 9.6%, respectively.

Noting substantial income losses that the region might face from future warming, there is
much to gain from acting against climate change. We estimate a 3.7% gain on global average income by
2100 if concerted global efforts capped temperature rise to 1.5°C relative to the preindustrial period.
Huge potential economic benefit from climate action is expected in developing Asia. Climate action is
poised to benefit the region, with gains reaching almost 10% of per capita GDP by 2100. South Asia
(12%), Southeast Asia (9.6%), and the Pacific (7.5%) will enjoy higher economic benefits from climate
actions.

In our effort to provide empirical evidence of which mechanisms potentially moderate the
negative impact of rising temperature, we adjusted our main specification to include interaction terms
of selected mechanisms. Using the indirect link of temperature and private consumption via per capita
GDP growth, we find financial inclusion to be an essential element by which economies will be able to
reduce the economic impact of warming. Households are more able to cope with income losses
associated with climate change and maintain consumption (e.g.,, food as well as human capital
expenditures) if they have protected savings and ease of access to borrowings. The same could be said
for households with the ability to come up with emergency funds.

We also emphasize the vital role governments will play before, during, and after extreme
events that rising temperature may cause. Alongside improving the adaptive capacity or the ability to
adapt to new or changing conditions, governments are expected to strengthen resilience of at-risk
communities; intensify social protection measures, livelihoods development, basic infrastructure
development, and disaster risk management; and improve households’ access to physical assets,
financial capital, and markets. Further, good governance enables countries to improve the application
of investments to adaptation to moderate the negative impacts of rising temperature on output.

While we did not find significant results for trade and financial openness, these elements are
equally critical to ensure access to external capital markets for borrowings as well as access to foreign
aid that could supplement beneficiary countries’ ability to cope with weather-induced volatilities.
Likewise, the absence of significant results in our macroscale analysis does not discredit the role of
agricultural insurance to abate income losses from temperature shocks. We also note other adaptation
measures that should be made available to households greatly affected by rising temperature.
Households should be assisted in several diversification strategies. Alongside cropland diversification,
agriculture-dependent households in particular may choose to allocate their labor to nonfarm
activities, including both wage labor and self-employment in household enterprises as well as deriving
much of their income from off-farm activities. This mechanism would enable households to improve
income security during extreme events associated with rising temperature. Likewise, migration can also
be another effective coping mechanism against extreme heat. ADB (2012) noted that migration can
provide substantial benefits to both origin and destination areas, as well as to the migrants themselves.
To maximize benefits from migration, it must be mainstreamed in the development agenda with a
special focus on uplifting human rights protection among migrants.
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Table Al: Regression Results, Robustness Checking
(Dependent variable: per capita consumption growth)

M ©)) 3 Q) (5) ©) @ ©)) ®
Country Continent by
Country Obs. Obs. Continent Year FE w/o Linear Time

Model Baseline > 30yrs > 20yrs by Year FE Time Trend W/o Year FE Trend 1lag 3 lags
Temperature 0.0136*** 0.0099*** 0.0137*** 0.0143*** 0.0112%** 0.0117** 0.0129*** 0.0095** 0.0066*

(0.0037) (0.0033) (0.0038) (0.0035) (0.0032) (0.0039) (0.0041) (0.0038) (0.0036)
Temperature? -0.0005** -0.0004*** -0.0005*** -0.0005*** -0.0004*** -0.0004*** -0.0005** -0.0003** -0.0003**

(0.0007) (0.0001) (0.0001) (0.0007) (0.00071) (0.00071) (0.0001) (0.00071) (0.0007)
Precipitation 0.0124 0.0155% 0.0136 0.0104 0.0067 0.0146 0.0088 0.0145* 0.0166*

(0.0089) (0.0091) (0.0089) (0.0093) (0.0094) (0.0095) (0.0094) (0.0087) (0.0090)
Precipitation? -0.0000* -0.0000* -0.0000** -0.0000* -0.0000 -0.0000* -0.0000 -0.0000* -0.0000*

(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
Constant -1.6368*** -0.0462 -0.0999** -0.0366 -0.0571% -1.5197*** -0.0773* -2.0899*** -2.7075**

(0.0728) (0.0414) (0.0467) (0.0351) (0.0336) (0.0261) (0.0395) (0.0979) (0.1404)
Observations 7,224 6,666 7,181 7,224 7,224 7,224 7,224 7,056 6,720
R2 0.259 0.226 0.272 0.341 0.247 0.215 0.193 0.245 0.244
Optimum 14.24 11.83 14.33 15.32 15.24 14.75 13.65 13.77 11.65

FE = fixed effects.

Note: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Source: Authors’ estimates.
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APPENDIX 2: REDUCING CONSUMPTION VOLATILITY: SELECTED MECHANISMS

Table A2.1: Indirect Approach through Output/Income

Trade
Financial Inclusion Government Openness
Coming up Purchased Received
Borrowed with Agricultural Domestic Received
Account at a Bank froma Emergency Saved ata Insurance Remittances Government
Financial branches per Financial Funds: Very Financial (% working in in the Past Transfers in

Institution 100,000 Institution Possible Institution agriculture, Year the Past Year Governance Trade
(% age 15+) Adults (% age 15+) (% age 15+) (% age 15+) age 15+) (% age 15+) (% age 15+) Readiness (% of GDP)
Temperature 0.0449*+* 0.0129* 0.0244* 0.0196* 0.0281** 0.0446* 0.0227* 0.0334** 0.0221* 0.0116*
(0.0156) (0.00658) (0.0129) (0.0109) (0.0120) (0.0246) (0.0108) (0.0161) (0.0123) (0.00688)
Temperature? -0.00119***  -0.000533*** -0.000779*** -0.000662**  -0.000797*** -0.00131** -0.000579** -0.000931*  -0.000704** -0.000423**
(0.000356) (0.000178) (0.000297) (0.000259) (0.000285) (0.000563) (0.000286) (0.000366) (0.000272) (0.000202)
Precipitation 2.09e-05 -1.50e-06 2.87e-05** 7.19e-06 3.02e-05** -1.61e-05 6.39e-06 1.33e-05 2.18e-05 7.44e-06
(1.50e-05) (1.13e-05) (1.33e-05) (1.03e-05) (1.53e-05) (2.14e-05) (1.52e-05) (1.43e-05) (1.33e-05) (1.12e-05)
Precipitation? -7.28e-09* -4.62e-10 -8.07e-09** -2.22e-09 -9.74e-09** 3.98e-09 -3.00e-09 -5.21e-09 -5.67e-09* -4.46e-10
(4.38e-09) (2.70e-09) (3.66e-09) (2.60e-09) (4.37e-09) (4.97e-09) (317e-09) (3.56e-09) (3.41e-09) (2.38e-09)
Mechanism 1.871%* 1.464** 1.666** 1.674%* 1.748%* -1.423* 1.770%* 1.822%* 1.651%* 1.699*
(0.144) 0.M2) (0.122) (0.119) (0.125) (0.508) (0.163) (0.136) (0.124) (0.113)
Temperature x Mechanism -0.0398** -0.00312 -0.0164 -0.0124 -0.0216* 0.0125 -0.0127 -0.0254 -0.0136 0.00772
(0.0159) (0.00788) (0.0133) (0.0111) (0.0127) (0.0606) (0.0131) (0.0162) (0.0129) (0.00870)
Temperature? x Mechanism 0.000953** 0.000384* 0.000559* 0.000567* 0.000505 -0.000192 3.91e-06 0.000642 0.000445 -0.000281
(0.000391) (0.000221) (0.000319) (0.000309) (0.000323) (0.00126) (0.000313) (0.000406) (0.000318) (0.000261)
Precipitation x Mechanism -2.62e-05 3.11e-05 -4.43e-05** -3.49e-06 -4.60e-05** 7.46e-05* 4.26e-06 -2.63e-05 -2.29e-05 -2.07e-06
(1.81e-05) (1.99e-05) (1.75e-05) (2.64e-05) (1.81e-05) (3.85e-05) (2.80e-05) (1.90e-05) (1.84e-05) (1.98e-05)
Precipitation2 x Mechanism 9.26e-09* -7.32e-09 1.16e-08** 1.06e-09 1.41e-08"* | -2.35e-08** 1.75e-09 1.23e-08** 3.36e-09 -2.68e-09
(4.97e-09) (4.58e-09) (4.70e-09) (1.08e-08) (5.19e-09) (9.27e-09) (7.98e-09) (5.34e-09) (4.28e-09) (4.51e-09)
Constant -1.909** -1.664** -1.743** -1.760** -1.784*** -0.406 -1.700** -1.866*** -1.738"** -1.782***
(0.152) (0.0944) (0.127) (0.109) (0.133) (0.325) (0.115) (0.140) (0.129) (0.0893)
Observations 6,088 6,697 6,410 5,845 6,410 2,208 4,531 5,845 7,048 5,456
R2 0.271 0.270 0.270 0.298 0.271 0.246 0.290 0.300 0.257 0.299

GDP = gross domestic product.
Note: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Source: Authors’ estimates.
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Trade
Financial Inclusion Government Openness
Coming up Purchased Received
Borrowed with Agricultural Domestic Received
Account at a Bank from a Emergency Saved ata Insurance Remittances Government
Financial Branches per Financial Funds: Very Financial (% working in in the Past Transfers in
Financial Institution 100,000 Institution Possible Institution agriculture, Year the Past Year Governance Trade
Openness (% age 15+) Adults (% age 15+) (% age 15+) (% age 15+) age15+) (% age 15+) (% age 15+) Readiness (% of GDP)
Temperature anomaly
(base period: 1960-1980) 0.00795 0.00557* 0.00586** 0.00239 0.00525 0.00574 0.0193* 0.00286 0.00342 0.00854* 0.00403*
(0.00512) (0.00311) (0.00297) (0.00256) (0.00374) (0.00355) (0.00747) (0.00370) (0.00310) (0.00470) (0.00239)
Precipitation -1.03e-06 -2.99e-09 -1.28e-06 -5.52e-07 1.04e-07 -1.20e-07 1.52e-06 -3.38e-07 -2.37e-07 -7.74e-07 -2.15e-06
(2.60e-06) (2.48e-06) (2.60e-06) (2.36e-06) (2.59e-06) (2.35e-06) (4.98e-06) (2.72e-06) (2.55e-06) (2.53e-06) (2.74e-06)
Mechanism -0.489*** -0.448* 1.315%* -0.484*** -0.415** -0.453** -0.0320 0.374*** -0.453*** -0.479*** -0.199
(0.0702) (0.0632) (0.395) (0.0687) (0.0382) (0.0626) anz)y (0.0696) (0.0602) (0.0684) (0.546)
Temperature anomaly x
Mechanism -0.00529 -0.00351 -0.00305 0.000535 -0.00374 -0.00489 -0.00594 0.00855 -0.000578 -0.00632 0.00267
(0.00490) (0.00354) (0.00329) (0.00298) (0.00388) (0.00345) (0.00706) (0.00644) (0.00356) (0.00445) (0.00564)
Constant 0.592*** 0.557*** -0.694* 0.601** 0.543** 0.568*** -0.176 0.123 0.564*** 0.588*** 0.610***
(0.0836) (0.0759) (0.378) (0.0811) (0.0790) (0.0765) (1.16) (0.0753) (0.0697) (0.0817) (0.0907)
Observations 3,854 3,642 3,744 3,800 3,542 3,800 1,063 2,600 3,542 3,959 3,413
R2 0.716 0.665 0.712 0.675 0.663 0.676 0.679 0.633 0.663 0.716 0.709

GDP = gross domestic product.
Note: Robust standard errors in parentheses. ** p<0.01, ** p<0.05, * p<0.1.

Source: Authors’ estimates.
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Table A2.2.2: Developing Asia

Trade
Financial Inclusion Government Openness
Coming up Purchased Received
Bank Borrowed with Agricultural Domestic Received
Account ata Branches froma Emergency Saved ata Insurance Remittances | Government
Financial per Financial Funds: Very Financial (% working in in the Past Transfers in
Financial Institution 100,000 Institution Possible Institution agriculture, Year the Past Year ~ Governance Trade
Openness (% age 15+) Adults (% age 15+) (% age 15+) (% age 15+) age 15+) (% age 15+) (% age 15+) Yeadiness (% of GDP)
Temperature anomaly (base
period: 1960-1980) -0.00648 0.0m 0.000270 -0.00859 0.00998 0.0138 0.0173 0.0178 0.00988 -0.00444 -0.01m
(0.00617) (0.0169) (0.00429) (0.00732) (0.0159) (0.0163) (0.0182) (0.0183) (0.0165) (0.00573) (0.00721)
Precipitation -4.73e-06 -1.47e-06 -3.55e-06 -2.74e-06 -1.46e-06 -1.34e-06 -7.40e-07 -6.27e-06 -1.77e-06 -5.12e-06 -4.61e-06
(7.80e-
(7.52e-06) (6.57e-06) 06)  (8.03e-06)  (6.62e-06)  (6.71e-06) (8.12e-06) (719e-06) | (7.44e-06) (7.21e-06) (7.34e-06)
Mechanism -7.375%%* -0.0165*** 0.694 -0m7 -0.114 -0.0159*** -0.0160** -0.0187** -0.0166*** 0.831 0.638
(1.096) (0.00388) (0.597) (0.0772) (0.081) (0.00404) (0.00514) (0.00438) (0.00437) (0.630) (0.509)
Temperature anomaly x
Mechanism 0.0289* -0.00149 0.0369** 0.0251* -0.00286 -0.0103 -0.00729 -0.0147 -0.00224 0.0245** 0.0298**
(0.0109) (0.0133) (0.0135) (0.0123) (0.0139) (0.0136) (0.00852) (0.0147) (0.0136) (0.0112) (0.0M5)
Constant 0.191* 0.154 0.190* 0.184* 0.207* 0.197* 0.150 0.255* 0.212* 0.225* 0.200*
(0.0972) (0.0883) (0.107) (0.0920) (0.0996) (0.101) (0.134) (0.129) (0.115) 0n7) (0.0960)
Observations 489 479 515 489 479 489 324 429 479 515 505
R? 0.759 0.725 0.767 0.757 0.751 0.752 0.761 0.775 0.751 0.765 0.768

GDP = gross domestic product.

Note: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Source: Authors’ estimates.
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Table A2.2.3: OECD Countries

Trade

Financial Inclusion Openness
Coming up
Borrowed with Received
Account ata Bank froma Emergency Saved ata Government
Financial Branches per Financial Funds: Very Financial Transfers in

Financial Institution 100,000 Institution (% Possible Institution the Past Year Governance Trade

Openness (% age 15+) Adults age 15+) (% age 15+) (% age 15+) (% age 15+) Readiness (% of GDP)
Temperature anomaly (base period: 1960-

1980) -0.00103 0.0151** 0.00145 0.000369 0.00184 0.00227 0.000547 0.00324 0.00130
(0.00164) (0.00354) (0.00143) (0.00264) (0.00340) (0.00310) (0.00129) (0.00635) (0.00121)
Precipitation 9.56e-06*** 9.33e-06** 8.86e-06™* 9.47e-06*** 9.48e-06™* 9.61e-06"** 9.48e-06"** 8.80e-06™* 6.58e-06**
(3.24e-06) (3.55e-06) (3.32e-06) (3.27e-06) (3.25e-06) (3.23e-06) (3.27e-06) (3.24e-06) (3.09e-06)
Mechanism -0.0296** -0.0184*** -0.0328"** -0.0109** -0.0320** -0.0327*** -0.0301*** -0.0339*** -0.00109
(0.00903) (0.000884) (0.00992) (0.00307) (0.0104) (0.00988) (0.00894) (0.0106) (0.00299)
Temperature anomaly x Mechanism 0.00147 -0.0153*** -0.00164 7.32e-06 -0.00172 -0.00222 -0.000194 -0.00288 -3.61e-05
(0.00204) (0.00328) (0.00159) (0.00230) (0.00321) (0.00290) (0.0015T) (0.00619) (0.00126)
Constant 0.108** 0.0733* 0.107* 0.0718* 0.0916** 0.0926** 0.0910** 0.109** 0.0866*
(0.0430) (0.0395) (0.0454) (0.0412) (0.0428) (0.0431) (0.0420) (0.0458) (0.0455)
Observations 1,095 1,035 1,095 1ms 1,115 1,115 1,15 1,135 1,010
R2 0.653 0.654 0.655 0.650 0.650 0.650 0.650 0.654 0.659

GDP = gross domestic product, OECD = Organisation for Economic Co-operation and Development.
Note: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Source: Authors’ estimates.
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Effects of Temperature Shocks on Economic Growth and Welfare in Asia

This study finds that overall economic productivity of developing Asia would be at least 10% lower by 2100
relative to a business as usual scenario as it examines the nonlinear response effect of economic growth to
historic temperature and precipitation fluctuations. This paper confirms that aside from the significant effect
of rising temperature on agricultural production, industrial production and investment endeavors also serve
as other potential channels through which temperature significantly affects overall economic productivity.

It empirically analyzes policy measures and factors that could help countries mitigate consumption volatility
driven by climate change-related events. Likewise, government plays a critical role in moderating the negative
impact of rising temperature in both output and consumption.
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