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Executive Summary
This study empirically investigates the dynamic effects of climate change on
within-country income inequality. Using panel data of 17 APEC member economies,
I estimate impulse responses via the local projection method. Temperature and
precipitation shocks, defined as deviations of temperature and precipitation from
their historical norms, are also exploited to measure country-specific climate change.
The empirical results reveal the following. First, temperature and precipitation shocks
deteriorate income inequality measured by the Gini index; these effects are longlasting. Moreover, asymmetric effects exist: heatwaves and droughts more
significantly increase income inequality than coldwaves and floods. Lastly, current
redistribution policies do not seem to effectively mitigate those adverse effects. I also
discuss implications of carbon pricing/tax and environmental taxes related to
income inequality.
Keywords: Climate Change, Income Inequality, Local Projection, Temperature,
Precipitation, Regressivity
JEL Classification: Q54, C33
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The Effects of Climate Change on
Income Inequality: Evidence from APEC
Member Economies

Wongi Kim*

I. Introduction
Climate change has become a substantial and critical global issue. According to
the Intergovernmental Panel on Climate Change’s (IPCC) fifth report, the average
global temperature has increased by 0.85°C over the past 130 years. Moreover, the
Asian Development Bank stated that the sea level has also increased by 74.8 mm in
the past 20 years due to high temperature (Asuncion and Lee 2017). The Asia-Pacific
Economic Cooperation (APEC) has launched APEC climate centers and tried
shedding light on the cause and consequence of climate changes. Simultaneously,
understanding the within-country income distribution is another recent crucial issue.
It is closely related to recent policy agenda, namely the pursuit of inclusive growth.
To achieve policy goals for the inclusive growth, we must understand the underlying
determinants of income distribution. This study connects these two important issues.
The study also aims to investigate the dynamic effects of climate change on
within-country income inequality and discuss policy implications, particularly for
APEC member economies. Several studies have focused on uneven economic effects
of global climate changes across countries and industries, but only a few studies have
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wgkim@sungshin.ac.kr.
Ⅰ. Introduction 9

focused on the effects of climate changes on within-country income distribution.
Khan et al. (2019) and Acevedo et al. (2020) show that the effects of climate changes
are uneven across countries. Economic damage caused by hot temperature is more
costly in low-income countries. They also show that climate change unevenly affects
industries. In particular, agriculture and related sectors are severely affected by climate
change. These results indicate worse global-level income inequality across countries
due to climate change.
Moreover, climate changes can affect the within-country income distribution, at
least theoretically. For example, Islam and Winkel (2017) discussed some theoretical
channels related to this issue, which are summarized as follows:
Likelihood of exposure. The disadvantaged groups are more likely to be exposed to
the adverse effects of climate change.
Susceptibility. The susceptibility to damage caused by climate change is increased
in the disadvantaged group.
Low ability to cope. The disadvantage groups exhibit low ability to cope with the
damages.
Furthermore, this adverse effect occurs dynamically because of several real and
nominal rigidities in the economy. However, related empirical studies are scant. To
the best of my knowledge, the literature has not yet explored the dynamic effects of
climate change on the within-country income distribution using country-level panel
data. Therefore, this study attempts to fill this research gap and contribute to this
important issue.
This study empirically investigates dynamic effects of climate change captured by
fluctuations of temperature and precipitation on within-country income inequality
measured by disposable income Gini index. I use unbalanced panel data for 17
APEC member economies. To investigate the dynamic effects of climate change on
income inequality, I employ the local projection method developed by Jorda (2005)
to estimate impulse responses. Dell et al. (2014) claim that panel data are more suitable
for investigating the economic effects of climate change by exploiting exogenous
variations within a geographical unit. Furthermore, the local projection utilizes a
simple single equation approach to estimate impulse responses and is flexible; hence,
it is suitable for estimating dynamic consequences of climate change and for
investigating possible nonlinear effects of climate change. Moreover, the local
projection does not require any specific structures so that data mainly drive results.
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Climate change is captured by temperature and precipitation shocks – deviations of
those from the historical average. Temperature and precipitation are popular in
related literature.
Several empirical findings are emerged. First, temperature and precipitation
shocks deteriorate income inequality and these effects are long lasting. Second,
asymmetric effects exist. The results reveal that heatwaves (a positive shock on
temperature) and droughts (a negative shock on precipitation) more significantly
increase income inequality than coldwaves (a negative temperature shock) and floods
(a positive precipitation shock). I also investigate the role of current redistribution
policies by comparing the response of market income Gini index and disposable
income Gini index. The former is computed based on pre-tax and pre-transfer
income, whereas the latter is computed based on post-tax and post-transfer income.
Therefore, the difference of the two indexes can capture the role of redistribution
policies. The results imply that the existing redistribution policies are not effective for
mitigating the adverse effects. Several robustness checks confirm the conclusions.
Then, I discuss income inequality-related implications of carbon pricing/tax and
other environmental taxes. The empirical results indicate that the existing
redistribution policies seem to be regressive, so I focus on distribution effects of
carbon pricing/tax and environmental related fiscal policies. Several members of
APEC have already adopted or have an official plan to introduce carbon pricing/tax
and other fiscal counter-measures to CO2 emission. Much literature suggests that
these kinds of fiscal policies are regressive; therefore, re-designing by considering the
distribution effects of such fiscal measures is suggested.
The remainder of this study is organized as follows: Section Ⅱ introduces some
related literature. Section Ⅲ explains the data and the empirical model. Section Ⅳ
presents the results of the estimation. Section Ⅴ discusses policy implications.
Finally, Section Ⅵ concludes and explains some limitations of this study.
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Ⅱ. Related Literature
Climate change has been the subject of huge attention recently because of its
importance for sustainable growth. Thus, economists and policy makers have
discussed the effects of climate change and several policy tools to adopt and mitigate
negative consequences of climate change. This study is in line with these arguments
and attempts to contribute to the discussion. In particular, this study is related to two
strands of literature on climate change.
One strand of literature discusses impacts of climate change on economic
variables, particularly economic growth and development. Using country panel data,
Dell et al. (2012) demonstrate that higher temperature negatively affects the level of
output and growth rate and lowers agriculture output and political stability. Recent
work by Acevedo et al. (2020), using panel data for more than 180 countries, finds
that higher temperature reduces economic growth by decreasing investments and
agricultural outputs and depressing labor productivity dynamically. Khan et al. (2019)
also find that temperature and precipitation shocks, defined by deviations from
historical norms, negatively affect economic growth, labor productivity, and
employment in the long-run using country panel data and panel data for 48 US states.
Among them, some studies shed light on uneven effects of climate change on
economic growth across countries. For example, Diffenbaugh and Burke (2019)
claim that global warming exacerbates global inequality. They find that global
warming significantly decreases the economic output in poor and hot countries, while
increasing the economic output in rich and cool countries. I investigate the effects of
within-country income inequality, a crucial economic variable that is closely related
to this strand of literature. However, most existing literature sheds light on climate
change and economic growth and development, not income inequality. Although a
few studies have discussed the uneven effects of climate change on economic growth
across countries, they only focus on global-level income inequality, whereas this
research focuses on within-country income inequality.
As discussed by Islam and Winkel (2017), climate change affects within-country
inequality. They suggested three different theoretical channels for transmitting
negative effects of climate change to within-country social inequality. The first
channel is the different likelihood of exposure to climate hazards across social groups.

12 The Effects of Climate Change on Income Inequality: Evidence from APEC Member Economies

The disadvantaged group is more likely to be exposed to negative consequences of
climate change, such as droughts and heatwaves. The second channel is the different
susceptibility across social groups. In general, the disadvantaged group is more
susceptible to the damage caused by climate change, given the same level of exposure.
The third channel is the different ability across different social groups to recover
from the damage. Indeed, the disadvantaged group does not have enough resources
to cope with the negative consequences of climate change. Furthermore, dynamic
effects of climate change can exist because of nominal and real rigidities and other
factors (e.g., Avecado et al. 2020). Although they provide an important theoretical
discussion, relevant empirical works are scant. This is the first empirical study on
dynamic effects of climate change on within-country income inequality to the best
of my knowledge.
Another strand of literature argues the optimal design for adoption and
mitigation policies for climate change. To adopt and mitigate negative effects of
climate change, governments have implemented several policy tools. Krogstrup and
Oman (2019) provide a literature review on macroeconomic and financial policies to
mitigate climate change. Among these several policies, carbon pricing/tax and
environmental taxes are popular mechanisms to combat climate change. For example,
the EU recently announced a plan for introducing carbon border tax on imports.
Much literature has discussed the economic consequences of carbon pricing/tax and
optimal design for carbon pricing/tax and environmental taxes. For instance, Farid et
al. (2016) claim that appropriately designed carbon pricing/tax can play a central role
in reducing greenhouse gas emissions. Aghion et al. (2016) claim that carbon taxes
should be designed to allow the clean technologies (which are more favorable to
reduce CO2 emission) to outstrip the dirty technologies. Some literature (see Parry et
al. 2005 for a review of literature) discuss distributional effects of carbon tax. Carbon
tax is an efficient way to reduce CO2 emissions, but its regressivity has been criticized.
Using Swedish carbon tax data, Andersson and Atkinson (2021) recently
demonstrated that the regressivity of carbon tax has shown an increasing trend in
the past 20 years. One of the empirical findings in this paper is closely related to the
regressivity of climate change-related fiscal policies. To provide some policy
implications, I discuss the distributional effects of carbon pricing/tax in Section Ⅴ.
Therefore, this research is closely related to the literature on policy designs of
environmental-related fiscal policies.
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Ⅲ. Econometrics and Data
The aim of this paper is to investigate dynamic quantitative effects of climate
change on income inequality. To this end, I employ the local projection method
developed by Jorda (2005) using panel data for APEC member economies. In this
section, I provide a detailed description of the local projection method. Then, I
explain the identification strategy to identify exogenous climate shocks. Lastly, I
describe the data that I exploit.

1. Local Projections
Impulse response is a useful tool to study dynamic effects and is often estimated
via (panel) vector autoregression models, implying that some specific structures for
estimating impulse response are needed. The local projection method developed by
Jorda (2005) does not require these specific underlying structures, making it flexible
and easy to estimate using a simple single regression technique. Thus, local projection
has recently become popular for investigating dynamic effects. For example, Mian et
al. (2017) employ the local projection method to study household debt and economic
recovery during the financial crisis. Dessaint and Matray (2017) use firm-level data
and the local projection method to study managers’ sensitivity to risk. Auerbach and
Gorodnichenko (2012) use the local projection method to estimate nonlinear
impulse response function to fiscal shocks using OECD panel data. In particular,
Acevedo et al. (2020) use the local projection to estimate impulse responses of
economic variables to climate shocks, which is similar to this research.
The definition of impulse response function for a variable of interest 𝑦 at
horizon ℎ to identified shocks 𝑠 can be represented as follows:
𝐼𝑅(𝑦, ℎ, 𝑠, Ω

) = 𝐸(𝑦

|𝑠ℎ𝑜𝑐𝑘 = 𝑠, Ω

) − 𝐸(𝑦

|𝑠ℎ𝑜𝑐𝑘 = 0, Ω

) (1)

where IR is impulse response function, 𝑡 is time, Ω is a set of information at
𝑡, and 𝑠 is an identified shock. In my case, 𝑦 represents the within-country income
inequality measure, such as income Gini index, and 𝑠 represents an exogenous
climate change. An exogenous shock of climate change indicates changes in the
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proxy of climate conditions, which is not related to income inequality. This definition
is useful to investigate dynamic changes of income inequality in response to an
identified climate shock.
Based on the definition of the impulse response function, the average responses
of income inequality across APEC member economies to climate shocks can be
captured by estimating the following set of equations1:
𝑦

=𝑐+

𝛽𝑦

+ 𝛾 𝑐𝑙𝑖𝑚𝑎𝑡𝑒 +

+𝑦𝑒𝑎𝑟 + 𝜀

𝛿 ′𝑍

, ℎ = 0,1, ⋯ , 𝐻

+ 𝑐𝑜𝑢𝑛𝑡𝑟𝑦

(2)

where subscript i denotes a member economy, t denotes time, and h is the horizon
for impulse responses; y is the variable of interest, i.e. an income inequality measure
such as Gini index. c is a usual constant term and 𝑦
is the lag of the dependent
variable. Including the lags of the dependent variable is useful for controlling the
effects of past shocks. 𝑐𝑙𝑖𝑚𝑎𝑡𝑒 denotes a proxy of climate change. In this research,
I consider two different measures of climate condition: temperature and
precipitation. Temperature and precipitation are widely used in literature on climate
change. Z is a set of additional control variables. For the baseline estimation, I include
lags of the log of real gross domestic product (GDP) and log of per capita real GDP.
To check robustness, I additionally include the share of government spending to
GDP as a proxy of government size and trade openness measured by the sum of
exports and imports divided by GDP. I discuss the meaning of those controls in the
next subsection. 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 denotes member fixed effects, whereas 𝑦𝑒𝑎𝑟 denotes
year fixed effects. These two variables capture the effects of time invariant country
characteristic and time trend. Particularly, the inclusion of time fixed effects can help
capture the effects of global events, such as global financial crisis on income
inequality. 𝜀
is the forecasting error that can be serially correlated. This serial
correlation can be a source of bias for estimating confidence bands. I use panel

1

This non-linear specification is widely adopted in literature. For example, Born et al. (2021) use
this for estimating effects of positive and negative shocks of government spending.
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heteroskedasticity-autocorrelation consistent errors suggested by Driscoll and Kraay
(1998) to correct this potential bias. I set H=10 and p=r=4 for the baseline model.2
According to Jorda (2005), 𝛾 can directly be interpreted as an average response of
income inequality to climate shocks at horizon h if climate shocks are appropriately
identified. For example, if I use Gini index as a variable of interest and estimate 𝛾
as 0.03, it can be interpreted that Gini index across APEC member economies
increases by 0.03, on average, after 3 years following changes in a proxy of climate
condition.
Some studies argue nonlinear effects of climate change. For example, Khan et al.
(2019) demonstrate potential nonlinear effects, that is, positive changes and negative
changes in temperature, on economic growth. The local projection has several
advantages, one of which is its flexibility. The local projection utilizes a simple single
equation approach; therefore, it can be easily extended to nonlinear specifications. In
this research, I also attempt to capture nonlinear effects of climate change using the
following set of equations:
𝑦

=𝑐+∑

𝛽𝑦

+𝛾

,

𝑐𝑙𝑖𝑚𝑎𝑡𝑒 + 𝛾

+𝑐𝑜𝑢𝑛𝑡𝑟𝑦 + 𝑦𝑒𝑎𝑟 + 𝜀

,

𝑐𝑙𝑖𝑚𝑎𝑡𝑒 + ∑

, ℎ = 0,1, ⋯ , 𝐻

𝛿 ′𝑍
(3)

where 𝑐𝑙𝑖𝑚𝑎𝑡𝑒 and 𝑐𝑙𝑖𝑚𝑎𝑡𝑒 are positive and negative changes in a proxy of
climate conditions, respectively. Thus, 𝑐𝑙𝑖𝑚𝑎𝑡𝑒 means an increase in temperature
(that I call heatwaves) or an increase in precipitation (that I call floods). Similarly,
𝑐𝑙𝑖𝑚𝑎𝑡𝑒 means a decrease in temperature (that I call coldwaves) or a decrease in
precipitation (that I call droughts). Using this specification, I can estimate different
consequences of the positive and negative shocks. In this specification, 𝛾 , means
the response of income inequality to heatwaves or floods and 𝛾 , means the
response of income inequality to coldwaves or droughts.
Equations (2) and (3) are estimated using the panel fixed-effect method, following
Arezki et al. (2017). Noteworthily, Equations (2) and (3) include the lagged dependent

2

This means that I compute impulse responses of 10 years after shocks take place and control 4
lags of the dependent variable and the control variables.
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variable in the right-hand side. In this case, the fixed-effect model delivers
inconsistent estimators because of the so-called Nickel bias. However, this bias is
greatly diminished when time dimensions become larger. I use data for up to 30 years
so that the bias is negligible.3

2. Identification Strategy
Identifying exogenous climate change is crucial for investigating the causal effects
of climate change on income inequality. To identify shocks, I consider deviations of
a proxy of climate condition, temperature and precipitation in this research, from its
past 30 years’ average in each member economy, which is similar to Khan et al. (2019).
For example, temperature shocks in 1980 in the US are defined by the deviation of
temperature in 1980 from the average of temperature from 1950 to 1979 in the US.
Also, the deviation is positive and consists of 𝑐𝑙𝑖𝑚𝑎𝑡𝑒 ; otherwise, it is 𝑐𝑙𝑖𝑚𝑎𝑡𝑒
in equation (3). The deviation is a simple but useful and efficient way to measure
shocks induced by climate change.
The usual reverse causality, which is a source of endogeneity bias, can matter. For
example, Ravallion et al. (2000) demonstrate that countries with higher income
inequality are likely to be associated with lower CO2 emissions. Typically, the dataset
contains large economies (e.g., the US, China, and Russia); this channel can potentially
be the source of the bias. However, climate change is more likely caused by the
history of CO2 emission, not emission in the current period. In this sense, to include
sufficiently long lagged income inequality in the right-hand side is useful for
controlling this reverse causality.
A potential source of bias – that is, the omitted variable bias – still exists. The
phase of economic development and the size of the economy can affect CO2
emission and climate change. For example, advanced countries are likely to emit
carbon dioxide, which is a potential source of climate change. Also, large countries
such as China can emit more carbon dioxide than small countries. Furthermore,
economic development and the size of countries are closely related to income
inequality. If I do not control those effects appropriately, the results can be biased.

3

Auerbach and Gorodnichenko (2012) also use the panel fixed effect method in similar data
structures.
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Thus, the level of economic development and the country size must be controlled.
To control those, I include logs of real GDP and real GDP per capita. The log of
real GDP can be a good proxy of size of economy and log of real GDP per capita
can be a good proxy of the phase of economic development. Furthermore, I include
country-fixed effects and time-fixed effects in the equations (2) and (3) to efficiently
control unobserved country and time characteristics that are potentially related to the
omitted variable bias.4
Another important factor is redistribution policies. The government
redistribution policy is an important factor to determine income inequality and
should be controlled for the estimation. To control for the effects of redistribution
policies, I use disposable income Gini index to measure income inequality.
Disposable income Gini index is calculated on the basis of post-tax and post-transfer
income, and therefore, the government’s redistribution policy is essentially accounted
for. Using disposable income Gini is a simple and efficient way to control the effects
of the redistribution policies.
Additionally, I include the share of government spending to GDP, which is a
proxy of the size of government. The size of government is related to redistribution
policies. To mitigate income inequality, the government adjusts transfer payments.
Consequently, the government likely cares about income inequality more, and the
size of government becomes larger. Also, I include trade openness measured by the
share of sum of exports and imports to GDP. Arguably, globalization, which can be
captured by the large trade openness, can affect income inequality so that I include
the share of exports and imports to GDP as a control variable in the equation (2)
and (3).

3. Data
Dell et al. (2014) argue that panel data are more suitable for investigating economic
effects of climate change. This is because panel data are more efficient and credible

4

With this specification, the identified shocks are similar to the shocks identified using (panel)
vector autoregression model and Cholesky decomposition of ordering the climate variable first.
Also, I include global temperature as a control variable, but the results are not significantly
changed.
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for identifying exogenous climate change by exploiting exogenous variations over
time in a given cross-sectional unit. Following their argument, I use panel data for 17
APEC member economies. The member economies are Australia, Canada, Chile,
China, Indonesia, Japan, South Korea, Malaysia, Mexico, New Zealand, Peru,
Philippines, Russia, Singapore, Thailand, the United States, and Vietnam. The choice
of the member economies is dictated by data availability.
Data are obtained from various sources. Real GDP and real GDP per capita come
from Penn World Table 9.1.5 I take the logarithm for these two variables for the
estimation. To construct the size of government and trade openness, I use
government spending and exports and imports obtained from the Penn World Table.
I normalize these using GDP. All these data are annual data. I use disposable income
Gini index as a measure of within-country income inequality. Gini index is obtained
from the SWIID database by Solt (2020). One advantage for using the SWIID
database is that it provides both market income Gini index and disposable income
Gini index. The former is Gini index based on pre-tax and pre-transfer income so
that effects of redistribution policies are not accounted for. The latter is Gini index
based on post-tax and post-transfer payment income so that effects of redistribution
are controlled. In this research, disposable income Gini index is selected as a main
income inequality measure. To investigate effects of climate change on income
inequality, we must control for the effects of other important factors, such as
government redistribution policy. Using disposable income Gini is a direct way to
control those factors. Furthermore, I can discuss the role of redistribution policy by
comparing the response of market income Gini index and disposable income Gini
index to the shocks. Other data sources for income inequality, such as the World
Inequality Database (WID), 6 only provide inequality measures based on market
income; hence, it is not easy to control the effects of redistribution policies.
Temperature and precipitation data come from the World Bank Climate Change
Knowledge Portal.7 It provides historical records of temperature and precipitation
in several countries from 1901 onward, based on a dataset constructed by the

5
6

7

https://www.rug.nl/ggdc/productivity/pwt/pwt-releases/pwt9.1?lang=en.
https://wid.world/. I also use the inverted Pareto index constructed by Blanchet et al. (2017) and
provided by WID. The results of the estimation are more erratic (not reported).
https://climateknowledgeportal.worldbank.org/download-data.
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Climate Research Unit (CRU) at the University of East Anglia. Basically, the
average temperature and precipitation of a member is computed by using the
population-weighted average method. CRU data measure weather conditions by the
station level and provide weather information by the grid-cell unit – 0.5 × 0.5
degree resolution. Using the grid-cell unit information, the population weighted
average of member is computed. This method enables us to account for effects of
population density within countries. Moreover, I take the average of these to
transform annual data because the data are provided monthly. This is because the
income Gini index is only available at annual frequency. I construct unbalanced panel
data because data availability is different across members. For example, the start year
for the US is 1961, whereas that for Russia is 1990. Table 1 shows the start year and
end year for each member. Most advanced economies start in early 1960, whereas
emerging economies start in 1970 or 1980.

Table 1. List of the members and sample periods
Member

Start

End

Australia

1967

2016

Canada

1969

2016

Chile

1968

2016

China

1978

2016

Indonesia

1965

2016

Japan

1961

2015

South Korea

1965

2016

Malaysia

1970

2016

Mexico

1963

2016

New Zealand

1982

2016

Peru

1972

2016

Philippines

1961

2015

Russia

1990

2016

Singapore

1973

2016

Thailand

1962

2016

The United States

1961

2016

Vietnam

1992

2016

Source: Author’s calculations.
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Table 2 presents the summary statistics of the member economy. Disposable
income Gini index varies across the members. The index tends to be high in
emerging markets. For example, the historical mean of the index is 46.55 in Chile,
42.55 in Indonesia, and 51.26 in Peru. In advanced economies, the historical mean
of the index is 34.11 in the US, 29.59 in Australia, and 27.94 in Japan. Singapore has
the highest trade openness and Russia has the largest government size.

Table 2. Descriptive statistics by member economy
Variable
Gini
AUS

CAN

CHL

CHN

IDN

Obs

Mean

Std. Dev.

Min

Max

50

29.59

2.32

25.20

32.70

Log RGDP

50

13.23

0.47

12.40

13.98

Log RGDP per capita

50

10.39

0.27

9.91

10.80

Trade openness

50

0.37

0.12

0.21

0.67

Government size

50

0.14

0.02

0.10

0.16

Gini

48

29.73

1.47

27.20

31.70

Log RGDP

48

13.73

0.38

13.01

14.28

Log RGDP per capita

48

10.39

0.22

9.96

10.69

Trade openness

48

0.63

0.14

0.43

0.86

Government size

48

0.16

0.02

0.13

0.19

Gini

49

46.55

1.53

43.90

48.50

Log RGDP

49

11.87

0.64

11.00

12.88

Log RGDP per capita

49

9.28

0.44

8.66

10.00

Trade openness

49

0.35

0.16

0.09

0.69

Government size

49

0.18

0.05

0.09

0.27

Gini

39

35.87

5.76

27.40

42.90

Log RGDP

39

15.34

0.82

14.05

16.72

Log RGDP per capita

39

8.23

0.72

7.17

9.47

Trade openness

39

0.18

0.13

0.03

0.39

Government size

39

0.21

0.04

0.13

0.26

Gini

52

42.55

1.85

41.00

47.20

Log RGDP

52

13.52

0.85

12.04

14.85

Log RGDP per capita

52

8.35

0.58

7.39

9.28

Trade openness

52

0.23

0.05

0.15

0.38

Government size

52

0.14

0.04

0.06

0.21
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Table 2. Continued

JPN

KOR

MYS

VNM

MEX

NZL

PER

Gini

55

27.94

2.83

24.60

32.10

Log RGDP

55

14.83

0.57

13.43

15.40

Log RGDP per capita

55

10.06

0.48

8.87

10.55

Trade openness

55

0.27

0.07

0.16

0.44

Government size

55

0.16

0.02

0.12

0.20

Gini

52

30.59

0.74

28.80

32.30

Log RGDP

52

12.96

1.12

10.84

14.42

Log RGDP per capita

52

9.23

0.95

7.48

10.49

Trade openness

52

0.54

0.24

0.11

1.10

Government size

52

0.13

0.01

0.11

0.15

Gini

47

44.31

2.17

40.90

47.30

Log RGDP

47

12.24

0.84

10.59

13.51

Log RGDP per capita

47

9.30

0.51

8.21

10.07

Trade openness

47

0.85

0.24

0.45

1.23

Government size

47

0.17

0.02

0.13

0.20

Gini

25

34.40

0.56

33.50

35.20

Log RGDP

25

12.50

0.48

11.66

13.25

Log RGDP per capita

25

8.08

0.40

7.39

8.70

Trade openness

25

0.49

0.27

0.12

1.14

Government size

25

0.14

0.03

0.11

0.19

Gini

54

47.51

2.67

42.10

52.20

Log RGDP

54

13.82

0.54

12.60

14.57

Log RGDP per capita

54

9.43

0.22

8.86

9.72

Trade openness

54

0.25

0.19

0.06

0.55

Government size

54

0.11

0.04

0.05

0.19

Gini

35

31.24

2.26

26.60

33.10

Log RGDP

35

11.55

0.28

11.15

12.02

Log RGDP per capita

35

10.20

0.16

9.99

10.48

Trade openness

35

0.57

0.09

0.44

0.73

Government size

35

0.18

0.02

0.15

0.21

Gini

45

51.26

2.96

44.30

53.40

Log RGDP

45

11.99

0.39

11.44

12.82

Log RGDP per capita

45

8.87

0.22

8.52

9.36

Trade openness

45

0.23

0.08

0.12

0.39

Government size

45

0.18

0.05

0.10

0.25
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Table 2. Continued

PHL

RUS

SGP

THA

USA

Gini

55

42.40

0.53

41.20

43.20

Log RGDP

55

12.37

0.59

11.27

13.47

Log RGDP per capita

55

8.34

0.21

7.97

8.85

Trade openness

55

0.25

0.09

0.15

0.45

Government size

55

0.16

0.04

0.09

0.23

Gini

27

34.20

3.88

24.70

37.10

Log RGDP

27

14.83

0.25

14.42

15.15

Log RGDP per capita

27

9.85

0.27

9.42

10.18

Trade openness

27

0.30

0.08

0.20

0.53

Government size

27

0.25

0.04

0.19

0.34

Gini

44

38.11

1.03

36.70

39.50

Log RGDP

44

11.60

0.85

10.10

12.85

Log RGDP per capita

44

10.36

0.55

9.31

11.12

Trade openness

44

3.32

0.90

2.17

6.02

Government size

44

0.13

0.02

0.10

0.20

Gini

55

42.97

1.35

39.80

44.80

Log RGDP

55

12.51

1.03

10.50

13.87

Log RGDP per capita

55

8.57

0.77

7.13

9.64

Trade openness

55

0.38

0.18

0.16

0.70

Government size

55

0.18

0.04

0.11

0.27

Gini

56

34.11

2.53

30.80

38.10

Log RGDP

56

15.95

0.49

15.00

16.67

Log RGDP per capita

56

10.43

0.33

9.77

10.89

Trade openness

56

0.19

0.07

0.09

0.30

Government size

56

0.11

0.01

0.09

0.14

Source: Author’s calculations.

Figure 1 shows the time series plot of disposable income Gini index for each
member. The trends of the index differ across the economies. For example, Chile,
Thailand, and Peru show an inverted U-shape, whereas Australia, Canada, Japan, and
the United States show U-shape trends. The index in China and Russia largely surges
at some points. These wide variations are relevant for investigating income inequality
empirically.
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Figure 1. Gini index for APEC member economies

Source: Author’s calculation based on the SWIID database.

Figures 2 and 3 illustrate the temperature and precipitation shocks defined by
deviations from the past 30 years’ average. For temperature shocks, Canada, Japan,
Korea, Russia, Thailand, and the United States show large and volatile movements,
whereas Chile, Indonesia, and Malaysia show relatively stable and small variations.
For precipitation shocks, Australia, Chile, Indonesia, Japan, Korea, Philippines, and
Singapore show volatile and large swings, whereas Canada and Russia show stable
and small swings. The patterns of temperature and precipitation shocks are
somewhat different across members; thus, investigating the different aspects of
climate change and checking the empirical results’ robustness is useful.
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Figure 2. Temperature shocks by member economy

Note: Y-asixs means Celsius degree.
Source: Author’s calculation based on the data.

Figure 3. Precipitation shocks by member economy

Note: Y-axis means a percentage change.
Source: Author’s calculation based on the data.
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Ⅳ. Empirical Results
In this section, the estimated impulse responses are shown. First, I show the
results in the linear model (the results using the equation (2)). After that, I report the
nonlinear effects using the equation (3). The results for robustness checks are also
reported.

1. Results in the Linear Model
In this subsection, I show the results in the linear model. Figure 4 shows the
impulse responses of disposable income Gini index to temperature and precipitation
shocks. The left panel shows the impulse response to temperature shocks and the
right panel shows the impulse response to precipitation shocks. The solid-red line
indicates the mean response and the shaded area indicates the associated 90%
confidence bands. X-axis means years after shocks take place and Y-axis indicates
changes in Gini index. The size of shocks is defined by a 0.1°C increase in
temperature and a 1% increase in precipitation.
For temperature shocks, the figure clearly reveals that an increase in temperature
deteriorates income inequality. Disposable income Gini index increases in response
to an increase in temperature. Furthermore, the adverse effects are persistent. Figure
4 shows that the responses of Gini index revert to the trend after 9 years and the
responses of Gini index are statistically significant for the first three years. The peak
is about 0.07 at 1 year after shocks take place.
Obviously, the results can be explained by multiple channels; however,
heterogeneous effects of climate change on the industry can be important. Acevedo
et al. (2020) reveal that climate change unevenly affects industry output. Their results
show that climate change affects agriculture production more significantly than other
industries, such as manufacturing sectors and services sectors. Also, overall income
in the agriculture industry is likely lower than that in other sectors. Table 3 shows
relative earning in the agriculture sectors to other industries in selected APEC
member economies.8 Numbers less than 1 mean that the earning in the associated

8

Earning in this table means the mean nominal monthly earnings of employees.
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sector is less than that in the agriculture sector. The table clearly shows that the
average earning in the agriculture sector is lower than that in the other sectors. This
implies that people who are engaged in the agriculture sector are likely to be in the
low income group. Climate change affects the agriculture sector severely and thus
aggravates income inequality.

Figure 4. Impulse response of disposable income Gini index to climate
change shocks: Baseline

Figure 4.1. Temperature shocks

Figure 4.2. Precipitation shocks

Notes: The left panel shows the impulse response to temperature shocks and the right panel shows the impulse
response to precipitation shocks. The solid-red line indicates the mean response and the shaded area
indicates the associated 90% confidence bands. X-axis means years after shocks take place and Y-axis
indicates changes in Gini index. The size of shocks are normalized by a 0.1 Celsius degree increase in
temperature and a one percentage increase in precipitation.
Source: Author’s calculation.
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Table 3. Relative earning of the agriculture sector: Selected APEC economies
CHN

IND

KOR

NZL

PHL

USA

VNM

2016

2015

2016

2016

2016

2016

2016

1

1

1

1

1

1

1

Manufacturing

1.77

1.73

1.10

1.49

1.83

1.49

1.74

Wholesale and retail trade

1.94

1.65

0.94

1.15

1.58

1.04

1.69

Financial and insurance activities

3.49

3.33

1.67

2.22

3.24

1.78

2.69

Public administration and defence

2.11

3.25

N/A

1.83

2.91

1.56

1.87

Industry/Year
Agriculture; forestry and fishing

Notes: Data are obtained from International Labor Organization (https://ilostat.ilo.org/data/). The number
represents the relative wage of each industry to Agriculture; forestry and fishing sector. The value less
than 1 means the average wage in the industry is smaller than that in the agriculture sector. N/A means
that data is not available.

For precipitation shocks, the initial responses of Gini index are negative but turn
positive after 3 years. Although the negative responses are statistically significant in
the baseline specification, this disappears in the robustness checks (Figure 5).
Additionally, the baseline model's positive responses are barely significant, but the
statistical significances are improved in the robustness checks. Furthermore, Figure
5 shows the dynamic effects. The responses of Gini index revert to the trend after 6
to 7 years and the peak response of Gini index to precipitation shocks is 0.3 at 4
years after shocks. Overall, the results reveal that (1) climate change measured by
temperature and precipitation shocks deteriorates within-country income inequality;
(2) the effects of climate change on income inequality are persistent.
Figure 5 depicts the robustness check results. The results confirm the implications
of the baseline model. Climate change measured by two alternative proxies
deteriorates within-country income inequality dynamically.
Similar to the results of the baseline, disposable income Gini index increases in
response to temperature shocks (the left panel) in the robustness checks. Also, the
size of the responses and the peak are similar to those in the results of the baseline,
whereas statistical significances are improved. Furthermore, income inequality is
worsened by precipitation shocks (the right panel). As described, income inequality's
initial negative responses are statistically insignificant, whereas the positive responses
after 3 years are statistically significant. Additionally, the size of the responses
becomes slightly larger. For example, the peak response of income inequality is about
0.4 in the robustness checks, which is larger than that in the baseline result (about
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0.3). In sum, the robustness results reveal that the baseline results are not sensitive to
including additional control variables in the equation and confirm that the adverse
and dynamic effects of climate change on income inequality exist.

Figure 5. Impulse response of disposable income Gini index to climate
change shocks: Robustness

Figure 5.1. Temperature shocks

Figure 5.2. Precipitation shocks

Notes: The left panel shows the impulse response to temperature shocks and the right panel shows the impulse
response to precipitation shocks. The solid-red line indicates the mean response and the shaded area
indicates the associated 90% confidence bands. X-axis means years after shocks take place and Y-axis
indicates changes in Gini index. The size of shocks are normalized by a 0.1 Celsius degree increase in
temperature and a one percentage increase in precipitation.
Source: Author’s calculation.

2. Results in the Non-linear Model
In this subsection, I show the results in the nonlinear model (equation (3)). Figure
6 shows the impulse responses of disposable income Gini index to temperature
Ⅳ. Empirical Results 29

shocks in the nonlinear model. Similar to the previous subsection, the solid-red line
indicates the mean response and the shaded area indicates the associated 90%
confidence bands. X-axis means years after shocks, and Y-axis indicates changes in
Gini index. The size of shocks is defined by a 0.1°C increase in temperature for the
positive shocks and a 0.1°C decrease in temperature for the negative shocks. The left
and right panels show the response of Gini index to the positive and negative shocks,
respectively.

Figure 6. Asymmetric impulse response of disposable income Gini index:
temperature

Notes: The left panel shows the response of Gini index to a positive shock, and the right panel shows the
response of Gini index to a negative shock. The solid-red line indicates the mean response and the
shaded area indicates the associated 90% confidence bands. X-axis means year after shocks take place
and Y-axis indicates changes in Gini index. The size of shocks is defined by a 0.1 Celsius degree increase
in temperature for the positive shocks and a one Celsius degree decrease in temperature for the negative
shocks.
Source: Author’s calculation.
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Figure 6 reveals that asymmetric effects exist. Positive shocks in temperature
(heatwaves) deteriorate income inequality and these effects are statistically significant
for the first 3 years. The peak is reached 1 year after shocks and the size of the peak
is about 0.17. After the peak, the response starts to decrease and turns negative at 6
years, but the negative responses of income inequality are not statistically significant.
In contrast to the case of the positive shocks, the initial responses of income Gini
index to the negative shocks (coldwaves) are negative and turn positive after 3 years
after shocks take place. The peak is about 0.2 at 7 years, but all the responses are
statistically insignificant. The response reverts back to the trend after the peak.
Overall, the results reveal that heatwaves significantly deteriorate income inequality,
but coldwaves do not.
Possible explanations for the results are motivated from Khan et al. (2019) and
show heatwaves reduce the level of output more significantly than coldwaves. This
means that heatwaves trigger more severe recessions than coldwaves. At the same
time, several studies, such as Jenkins et al. (2012), have revealed that recessions
deteriorate income inequality. The vulnerable groups are greatly affected by the
adverse effects of recessions and these can deteriorate income inequality. This
implies that more severe recessions induced by heatwaves can raise income inequality
significantly.
Figure 7 shows the impulse responses of disposable income Gini index to
precipitation shocks in the nonlinear model. Although the positive precipitation
shocks (floods) deteriorate income inequality, the effects are short-lived and are
statistically insignificant. The peak is 0.05 at 1 year, but is not statistically significant.
Opposite to floods, the negative precipitation shocks (droughts) significantly raise
income inequality. In particular, the effects are long-lasting. The responses do not
revert back to the trend even after 10 years. The peak is about 0.32 at 9 years after
the shocks. The responses of the initial 3 years and the last 2 years are statistically
significant. Overall, the empirical results support that significant asymmetric effects
exist. In particular, heatwaves and droughts have much more significant adverse
effects than coldwaves and floods.
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Figure 7. Asymmetric impulse response of disposable income Gini index:
precipitation

Notes: The left panel shows the response of Gini index to a positive shock, and the right panel shows the
response of Gini index to a negative shock. The solid-red line indicates the mean response and the shaded
area indicates the associated 90% confidence bands. X-axis means year after shocks take place and Yaxis indicates changes in Gini index. The size of shocks is defined by a one percentage increase in
precipitation for the positive shocks and a one percentage decrease in precipitation for the negative
shocks.
Source: Author’s calculation.

Figures 8 and 9 show the robustness check results for the nonlinear model. In
particular, Figures 8 and 9 depict the robustness checks for asymmetric effects of
temperature and precipitation shocks, respectively. The left panel in Figure 8 depicts
the results of heatwaves, and the right panel the results of coldwaves. The left panel
in Figure 9 reveals the results of floods, and the right panel depicts the results of
droughts. Figures 8 and 9 show that the baseline results in Figures 6 and 7 are not
affected by the additional control variables. The qualitative and quantitative results
are not changed. The results confirm the asymmetric effects of climate change on
income inequality.
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Figure 8. Asymmetric impulse response of disposable income Gini index:
temperature, robust

Notes: The left panel shows the response of Gini index to a positive shock, and the right panel shows the
response of Gini index to a negative shock. The solid-red line indicates the mean response and the shaded
area indicates the associated 90% confidence bands. X-axis means year after shocks take place and Yaxis indicates changes in Gini index. The size of shocks is defined by a 0.1 Celsius degree increase in
temperature for the positive shocks and a one Celsius degree decrease in temperature for the negative
shocks.
Source: Author’s calculation.
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Figure 9. Asymmetric impulse response of disposable income Gini index:
precipitation, robust

Notes: The left panel shows the response of Gini index to a positive shock, and the right panel shows the
response of Gini index to a negative shock. The solid-red line indicates the mean response and the shaded
area indicates the associated 90% confidence bands. X-axis depicts the year after shocks take place and
Y-axis indicates changes in Gini index. The size of shocks is defined by a 0.1 percentage increase in
precipitation for the positive shocks and a one percentage decrease in precipitation for the negative
shocks.
Source: Author’s calculation.

3. The Role of Redistribution Policy
In this subsection, I attempt to examine the role of existing redistribution policies
in this issue. To achieve this goal, I compare the responses of the market income
Gini index and the disposable income Gini index. Market income Gini index is
computed based on pre-tax and pre-transfer income; thus, comparing that with
disposable income Gini index is useful for quantifying the role of the government’s
redistribution policy. The SWIID database provides the gap between market income
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and disposable income Gini indexes, and it is called absolute redistribution.9 I use
this as the variable of interest to investigate the role of redistribution policies. For
the estimation, I use the baseline specification.10

Figure 10. Market income Gini – Disposable income Gini: linear,
temperature, baseline

Notes: The solid-red line indicates the mean response and the shaded area indicates the associated 90%
confidence bands. X-axis means years after shocks take place. The size of shocks is normalized by a 0.1
Celsius degree increase in temperature.
Source: Author’s calculation.

Figures 10 and 11 depict the response of absolute redistribution to temperature
shocks in the linear model and in the nonlinear model, respectively. Figure 10 shows

Relative redistribution is an alternative measure of the redistribution. It is defined by absolute
redistribution/market income Gini index. I use this for the robustness checks and the
implications are the same. The results are available upon request.
10 The implications are not changed in the robustness checks. The results are available upon request.
9
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the negative response of absolute redistribution to a 0.1°C increase in temperature.
The responses of the absolute redistribution are statistically significant for the first 8
years and the effects are persistent. The peak is -0.11 at 2 years after shocks. The
negative response of absolute redistribution means that disposable income Gini
index spikes to a larger extent than market income Gini index. This implies that
redistribution policies, including taxes and government transfer payments, amplify
the adverse effects of climate change (measured by temperature) on the withincountry income distribution, which is apparently not a desired outcome. The aim of
redistribution fiscal policy is mitigating income inequality; it is also expected in the
climate change case. However, the empirical result reveals the opposite, instead
suggesting the necessity to re-design redistribution policies related to climate change
(e.g., environmental taxes and carbon pricing/taxes).

Figure 11. Market income Gini – Disposable income Gini: non-linear,
temperature, baseline

Notes: The left panel shows the response of absolute redistribution to a positive shock, and the right panel
shows the response of that to a negative shock. The solid-red line indicates the mean response and the
shaded area indicates the associated 90% confidence bands. X-axis means years after shocks take place.
The size of shocks is defined by a 0.1 Celsius degree increase in temperature for the positive shocks and
a 0.1 Celsius degree decrease in temperature for the negative shocks.
Source: Author’s calculation.
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Figure 11 shows the response of absolute redistribution in the nonlinear model.
The left panel depicts the results for heatwaves cases, and the right panel shows the
results for coldwaves cases. The results show that in both heatwaves and coldwaves
cases, the response is negative and are statistically significant at least in short-run,
which implies that redistribution policies are not appropriately designed for both
cases. Noteworthily, responses of absolute redistribution in heatwave cases are much
more persistent than those in coldwaves cases. The peak for heatwave cases is about
-0.14 at 8 years after shocks, whereas that for coldwaves cases is about -0.13 at 2 years
after shocks. Overall, redistribution policy that is potentially related to climate change
amplifies the adverse effects, and the linear and nonlinear models confirm the results.

Figure 12. Market income Gini – Disposable income Gini: linear,
precipitation, baseline

Notes: The solid-red line indicates the mean response and the shaded area indicates the associated 90%
confidence bands. X-axis means years after shocks take place. The size of shocks are normalized by a
one percentage increase in precipitation.
Source: Author’s calculation.
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Figure 12 shows the response of absolute redistribution to precipitation shocks
in the linear model. Similar to the case of temperature shocks, an increase in
precipitation lowers absolute redistribution. The responses are statistically significant
except for the first few years and are persistent. The responses never revert back to
the trend even after 10 years. The peak is about 0.37 at 9 years after shocks take place.
The size of the peak in the precipitation case is larger than that in the temperature
case. This result demonstrates that redistribution polices do not mitigate the adverse
effects of climate change measured by precipitation shocks, which is in line with the
implication in the case of temperature shocks.

Figure 13. Market income Gini – Disposable income Gini: non-linear,
precipitation, baseline

Notes: The left panel shows the response of absolute redistribution to a positive shock, and the right panel
shows the response of that to a negative shock. The solid-red line indicates the mean response and the
shaded area indicates the associated 90% confidence bands. X-axis means year after shocks take place.
The size of shocks is defined by a one percentage increase in precipitation for the positive shocks and a
one percentage decrease in precipitation for the negative shocks.
Source: Author’s calculation.

38 The Effects of Climate Change on Income Inequality: Evidence from APEC Member Economies

Figure 13 shows the response of absolute redistribution to precipitation shocks
in the nonlinear model. The left panel shows the response of absolute redistribution
to positive precipitation shocks (floods) and the right panel depicts the response to
negative precipitation shocks (droughts). As shown in Figure 13, floods and droughts
lower absolute redistribution, which is common in the previous cases. The effects are
statistically significant at least in short-run, and the effects of droughts seem more
persistent than those of floods. The peak for the cases of droughts is about -0.13,
whereas that of floods is about -0.1. The responses in the case of floods turn positive,
but those in the case of droughts remain in the negative region in all reported
horizons. The results confirm that redistribution policies fail to deliver the desired
outcomes.
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Ⅴ. Discussion and Policy Implications
The empirical results reveal that (1) climate change as represented by temperature
and precipitation shocks deteriorate within-country income inequality measured by
disposable income Gini index; (2) asymmetric effects exist – the adverse effects of
heatwaves (a positive shock of temperature) and droughts (a negative shock of
precipitation) are much stronger and more persistent than those of coldwaves (a
negative shock of temperature) and floods (a positive shock of precipitation); (3)
existing redistribution policies including taxes and government transfer payments do
not mitigate the adverse effects induced by climate change. In fact, the existing
redistribution policy even amplifies the adverse effects of climate change on income
inequality.
To provide a few policy implications, particularly related to the result (3), I discuss
the regressivity of carbon tax/pricing and environmental taxes. The results imply that
fiscal policies do not have the desired properties; therefore, discussing directions for
re-designing climate change-related fiscal policy is vital. Several fiscal policy tools
combat climate change, but I mainly focus on carbon tax/pricing and environmental
taxes in this section. These are important policy tools to fight the excess CO2
emission and are the most popular tool in several member economies. Furthermore,
this research aims to provide joint implications of climate change and income
inequality so that discussing the regressivity of climate change related fiscal policy is
one of the best way to achieve the research goal.
Figure 14 shows the amount of CO2 emission and the cost of CO2 emission in
APEC member economies. CO2 emission is measured in per capita emission and
shown in metric tons. The cost of CO2 emission is 40$ times total CO2 emission
divided by gross national income (GNI). Gauging the social costs of CO2 emission
in terms of money unit is a popular method. The left panel reveals CO2 emission
and the right panel depicts the cost of CO2 emission. The blue bar in each figure
indicates the average of the variables from 1990 to 1999. The red bar shows the
average from 2010 to 2019. The figure summarizes useful information on CO2
emission in APEC member economies.
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Figure 14. CO2 emission and Cost of CO2/GDP in APEC member economies

Figure 14.1. CO2 emissions per capita

Figure 14.2 Adjusted Savings: Carbon

(in metric tons)

Dioxide Damage (% of GNI)

Notes: Data are obtained from StatsAPEC (http://statistics.apec.org/). Adjusted savings means 40$ times total
amount of carbon dioxide emissions divided by gross national income. 1990s means the average of the
variables from 1990 to 1999. 2010s means that the average of the variable from 2010 to 2019.
Source: Author's calculation based on the data.

The left panel indicates that the amount of CO2 emission has increased over time
in most members. Exceptions are the United States, Singapore, and Russia. It seems
that most members of APEC have become more industrialized so that the amount
of CO2 has increased. The amount of CO2 emission in total APEC members has
increased. The right panel indicates that changes in social costs of CO2 emission
differ across the members. The social cost has increased in some members (e.g, South
Korea, Mexico, Vietnam, and Malaysia), whereas the cost has decreased in some
members (e.g., the United States, New Zealand, and Indonesia). In particular, the cost
of CO2 emission in China and Russia has significantly decreased. However, this
seems to be caused by a large jump in economic outputs (GNI), not by a decrease in
CO2 emission. The left figure indicates that CO2 emission in China has significantly
increased. CO2 emission in Russia has decreased but the size is small. The social cost
in APEC members has slightly decreased. Overall, APEC member economies have
emitted tons of CO2 and social costs are not negligible, thus APEC members should
care about how to reduce CO2 emission.
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Table 4. Carbon pricing in APEC member economies: Implemented
Country

Type

Jurisdiction Start GHG emissions covered Proportion of global GHG emissions covered

Alberta TIER

CAN

ETS

Subnational 2007

153.88

0.28%

BC GGIRCA

CAN

ETS

Subnational 2016

N/A

N/A

BC carbon tax

CAN

Carbon tax Subnational 2008

46.37

0.09%

Baja California carbon tax

CAN

Carbon tax Subnational 2020

N/A

N/A

Canada federal OBPS

CAN

ETS

National

2019

73.52

0.14%

Canada federal fuel charge

CAN

Carbon tax

National

2019

179.72

0.33%

New Brunswick carbon tax

CAN

Carbon tax Subnational 2020

5.52

0.01%

Newfoundland and Labrador PSS

CAN

Newfoundland and Labrador carbon tax

Name of the initiative

ETS

Subnational 2019

4.59

0.01%

CAN

Carbon tax Subnational 2019

5.01

0.01%

Northwest Territories carbon tax

CAN

Carbon tax Subnational 2019

1.33

0.00%

Nova Scotia CaT

CAN

Prince Edward Island carbon tax

CAN

Quebec CaT

CAN

ETS

Chile carbon tax

CHL

Carbon tax

Beijing pilot ETS

CHN

ETS

China national ETS

CHN

ETS

Chongqing pilot ETS

CHN

ETS

Fujian pilot ETS

CHN

Guangdong pilot ETS
Hubei pilot ETS

Subnational 2019

13.24

0.02%

Carbon tax Subnational 2019

ETS

0.97

0.00%

Subnational 2013
National

2017

Subnational 2013
National

2021

60.90

0.11%

58.10

0.11%

69.65

0.13%

3996.90

7.38%

Subnational 2014

21.20

0.04%

ETS

Subnational 2016

76.01

0.14%

CHN

ETS

Subnational 2013

163.31

0.30%

CHN

ETS

Subnational 2014

138.37

0.26%

Shanghai pilot ETS

CHN

ETS

Subnational 2013

104.20

0.19%

Shenzhen pilot ETS

CHN

ETS

Subnational 2013

24.38

0.05%

Tianjin pilot ETS

CHN

ETS

Subnational 2013

Japan carbon tax

JPN

Carbon tax

National

2012

Subnational 2010

53.76

0.10%

1008.91

1.86%

Tokyo CaT

JPN

ETS

13.18

0.02%

Korea ETS

KOR

ETS

National

2015

513.42

0.95%

Mexico carbon tax

MEX

Carbon tax

National

2014

188.19

0.35%

Mexico pilot ETS

MEX

ETS

National

2020

328.72

0.61%

Tamaulipas carbon tax

MEX

New Zealand ETS

NZL

ETS

Singapore carbon tax

SGP

Carbon tax

California CaT

USA

ETS

Carbon tax Subnational 2021

N/A

N/A

45.25

0.08%

National

2008

National

2019

44.78

0.08%

Subnational 2012

352.64

0.65%

Massachusetts ETS

USA

ETS

Subnational 2018

11.88

0.02%

RGGI

USA

ETS

Subnational 2009

160.26

0.30%

Notes: Data are obtained from World Bank (https://carbonpricingdashboard.worldbank.org/). N/A means
that data is not available. GHG means greenhouse gas. GHG emission covered is measured by metricton. Proportion of global GHG emissions covered is the share of global GHS emissions.
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Several tools have been introduced to combat CO2 emissions efficiently. Among
them, fiscal policy plays a pivotal rule to reduce greenhouse gas emission. Most
APEC member economies have already adopted carbon pricing/tax mechanisms,
such as the emission trading system (hereafter ETS) and carbon taxes at different
levels of the government (i.e., local and national levels). The current situations of
carbon pricing/tax in APEC member economies are summarized in Table 4. The
table shows members who have already adopted carbon pricing/tax systems. Canada,
Chile, China, Japan, South Korea, Mexico, New Zealand, Singapore, and the United
States have introduced carbon-pricing tools. ETS has been implemented widely and
some local and national governments use both ETS and carbon tax. For example,
Mexico and Canada have adopted both ETS and carbon tax instruments.

Table 5. Carbon pricing in APEC member economies: Under consideration
Name of the initiative

Country

Type

Jurisdiction

Manitoba ETS

CAN

ETS

Subnational

Manitoba carbon tax

CAN

Carbon tax

Subnational

New Brunswick ETS

CAN

ETS

Subnational

Chile ETS

CHL

ETS

National

Shenyang pilot ETS

CHN

ETS

Subnational

Indonesia ETS

IDN

ETS

National

Japan carbon pricing mechanism

JPN

ETS

National

Jalisco carbon tax

MEX

Carbon tax

Subnational

Sakhalin ETS

RUS

ETS

Subnational

Thailand ETS

THA

ETS

National

Catalonia carbon tax

USA

Carbon tax

Subnational

Hawaii carbon tax

USA

Carbon tax

Subnational

Oregon ETS

USA

ETS

Subnational

Pennsylvania ETS

USA

ETS

Subnational

Vietnam ETS

VNM

ETS

National

Note: Data are obtained from World Bank (https://carbonpricingdashboard.worldbank.org/).
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In addition to this, several members are considering to adopt carbon pricing in
the near future. Table 5 shows the members with an official plan for introducing
carbon pricing/tax. Indonesia, Chile, Thailand, Russia and Vietnam have newly
established official plans for adopting carbon pricing. Chile, Canada, China, Japan,
Mexico, and the United States have plans to bolster their systems by introducing
additional carbon pricing/tax tools. Some members, such as Australia, the Philippines,
Malaysia, and Peru, are yet to officially introduce carbon pricing/tax or release an
official plan to introduce carbon pricing. However, alternative fiscal tools have been
implemented in these economies. For example, resource tax is levied in Peru. Peru has
introduced resource taxes on consumption of plastic bags. Also, Peru has operated
some tax incentives for installing environmentally favorable equipment.11 Australia
does not have a carbon-pricing system, but fuel excise taxes have been adopted.
OECD (2021) indicates that 22% of carbon emissions from energy use are priced.
Carbon pricing/tax and other fiscal tools can be efficient tools to reduce CO2
emission, but these have several side effects. Among them, much literature (e.g.,
Grainger and Kolstad, 2010; Williams et al., 2015) highlight the regressivity of those
tools. Several potential factors make carbon pricing and environmental related fiscal
policies regressive, but the main reason cited in this literature is the large burden of
energy consumption in the low-income group. For example, Andersson and
Atkinson (2020) demonstrate that carbon tax on transport fuel in Sweden is
regressive because of the burden of energy consumption in the low-income group.
This regressivity has increased over time and is highly correlated with income
inequality. Although the regressivity of carbon pricing is investigated mainly on the
use-side (i.e., changes in the prices of goods and services by carbon pricing), it is also
discussed on the source-side (i.e., changes in income sources, such as wage and capital
rental rates, by carbon pricing), which is more directly related to this research.
Empirical literature, which uses data on an individual member of APEC,
evidenced the source-side regressivity.12 For example, using individual-level data in

11

12

https://cms.law/en/int/expert-guides/cms-expert-guide-to-climate-change-tax-reforms-and-incentives
/peru.
Some literature claims that carbon pricing is regressive in the use-side, but progressive in the
source-side using structural models. For example, Rausch et al. (2011) show that carbon pricing
is regressive in the use-side, but mildly progressive in the source-side using microsimulation
model for the US.
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Canada, Yip (2018) presents that environmental tax reduces jobs, typically jobs for
low-educated workers. This implies that the low-income group is more likely to be
affected by environmental tax. Borenstein and Davis (2016), using US householdlevel data, reveal that high-income groups have benefited more from US clean energy
tax credit. They claim that the bottom three income quintiles have received 10% of
the total tax credit, whereas the top quintile has received 60%. This implies that some
environmental related tax and transfer policies are regressive. Additionally, Wang et al.
(2019), using data on Chinese provinces and a multi-regional input-output model,
demonstrate that carbon pricing affects the poor regions more largely than the rich
regions. Meanwhile, Inoue et al. (2021) show carbon pricing is regressive in Japan.
In fact, the empirical results in this paper indirectly support this regressivity. In
empirical results, existing redistribution polices (taxes and government transfers)
worsen within-country income inequality and some parts of the results can be driven
by the regressivity of carbon pricing and other environmental related fiscal tools.
This regressivity is likely to lower the acceptability of climate change related fiscal
policies by the public because the regressivity is not a desired property (see e.g.,
Baranzini et al. 2000; Tiezzi 2005). This makes it more difficult to introduce carbon
pricing/taxes. Acceptability by the public is important, particularly for some
members who attempt to newly introduce carbon pricing systems. Public support is
important not only for the successful introduction of such a system but also the
successful implementation of the system. Consequently, resolving the regressivity of
environmental-related taxes is important.
Several studies suggest supplementary tools to make carbon pricing/tax and
environmental tax progressive. For example, Fullerton et al. (2011) suggest fullinflation-indexed government transfers. If government transfer payments are fully
indexed and carbon pricing generates inflation by increasing energy price, the indexed
transfers can fully offset the regressivity induced by an increase in energy price.
Goulder et al. (2019) also suggest targeted transfers to vulnerable groups can mitigate
the regressivity of carbon pricing. Williams et al. (2015) compare several different
ways to rebate carbon tax revenue and find that lump-sum rebates using carbon tax
revenue are more progressive than cutting capital taxes. These kinds of supplement
fiscal policies can be useful to mitigate the regressivity. Also, job policies can be
considered. As Yip (2018) showed, environmental taxes can reduce jobs for low
skilled workers. Thus, some programs for this group must be designed, which is likely
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to mitigate income inequality induced by carbon pricing/taxes. Furthermore,
environmental-related tax credits can be regressive (Borenstein and Davis, 2016);
thus, it is better to re-design these programs while making considerations for
distributional effects.
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Ⅵ. Concluding Remarks
This study empirically investigates dynamic effects of climate change captured by
fluctuations of temperature and precipitation on within-country income inequality,
measured by disposable income Gini index using unbalanced panel data for 17
APEC member economies. To study the dynamic effects of climate change on
income inequality, I employ the local projection method developed by Jorda (2005)
to estimate impulse responses.
Several empirical findings are emerged. First, temperature and precipitation
shocks deteriorate income inequality and those effects are long lasting. Second,
asymmetric effects exist. The results reveal that heatwaves (a positive shock on
temperature) and droughts (a negative shock on precipitation) more significantly
increase income inequality than coldwaves (a negative temperature shock) and floods
(a positive precipitation shocks). I also investigate the role of current redistribution
policies by comparing the response of market income Gini index and that of
disposable income Gini index. The results imply that the existing redistribution
policies are not effective for mitigating these adverse effects.
Related to the last empirical results, I discuss income inequality-related
implications of carbon pricing/tax in APEC member economies. The empirical
results indicate that the existing redistribution seems to be regressive, so I focus on
distribution effects of carbon pricing/tax and environmental-related fiscal policies.
Several members of APEC have already adopted or have an official plan to introduce
carbon pricing/tax and other fiscal counter-measures to CO2 emissions. Much
literature has suggested that these kinds of fiscal policies are regressive; hence, it is
better to re-design the fiscal policies by considering the distribution effects.
Although this study sheds light on the distributional effects of climate change
and discusses directions for re-designing environmental related fiscal policies, some
limitations exist. In particular, this research does not show specific transmission
channels of climate change to income distribution. Also, this research is silent on
how specifically to re-design regressive environmental related fiscal policy. Future
research may fill those important gaps.
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국문요약

본 연구에서는 기후변화가 소득불평등에 미치는 동태적인 영향을 알아본다. 이를
위해 본 연구에서는 17개 APEC 회원국의 불균형패널데이터 및 국소투영법(local
projection)을 이용하여 충격반응분석을 추정한다. 국가별 기후 변화를 측정하기
위해 역사적 규범(historical norm)과의 편차로 정의되는 기온충격 및 강수충격을
이용한다. 실증분석 결과는 (1) 기온충격과 강수충격은 지니계수로 측정되는 소득불
평등을 악화시키며, 그 효과는 동태적으로 나타난다. (2) 기후변화가 소득불평등에
미치는 영향은 비대칭적이다. 특히 폭염과 가뭄은 한파와 홍수보다 소득 불평등을
더 크게 증가시키는 것으로 나타났다. (3) 현재 시행되고 있는 조세 및 이전지출을
통한 재분배 정책은 이러한 기후변화로 인해 심화된 소득불평등을 완화하는 데 효
과가 크지 않은 것으로 나타났다. 이러한 재분배 정책과 관련하여 탄소세 및 환경
세의 소득 불평등 관련 영향에 대한 논의를 제공한다.
핵심용어: 기후변화, 소득불평등, 국소투영모형, 기온, 강수, 조세역진성
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