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This study investigates the impacts of long-term climate variability on household 
consumption in Indonesia, a country highly vulnerable to climate change. The analysis 
combines household survey data from nearly 5,998 families with satellite-derived 
weather data from NASA POWER spanning 30 years. We use the long-term variability 
in temperature and precipitation as a proxy for climate change. This study examines 
the impact of climate change which proceeds over the long term, unlike previous 
studies concerning one-off or short-term climate events. In addition, using satellite data 
enhances the accuracy of households’ exposure to climate variability. The analysis 
finds that households in a village with higher temperature and precipitation variability 
significantly consume less food. This implies that households more exposed to climate 
change are at higher risk of malnutrition in developing countries. This study has a 
limitation that it cannot rule out the potential endogeneity of choosing a climate-
vulnerable residential location due to economic poorness. 
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I. Introduction 
 

Climate change has emerged as one of the most significant contemporary challenges. 
According to the Intergovernmental Panel on Climate Change (IPCC), there is a 
consensus on global warming and other climate system changes. These changes 
encompass a global average surface temperature increase of approximately 0.6°C 
since 1861 (IPCC, 2014). However, the principal impacts of climate change are 
expected to manifest not primarily as increased temperatures but rather as alterations 
in the hydrological cycle, affecting processes like evaporation, transpiration, 
condensation, and precipitation. This could lead to more rain in the tropics and less in 
the sub-tropics, causing more extreme floods and droughts. As shown in Figure 1, the 
global average surface temperature has risen at an average rate of 0.17oC per decade 
since 1901. At the same time, as average temperatures at the earth’s surface rise, more 
evaporation occurs, which, in turn, increases overall precipitation. Therefore, a 
warming climate is expected to increase precipitation in many areas. On average, the 
global precipitation has increase 0.04 inches per decade (United States Environmental 
Protection Agency, 2022).  

Indonesia, a developing country, is located in tropical areas with two main seasons, 
namely rainy or wet season (November through March) and hot or dry season (April 
through October). The country experiences an average annual rainfall of 2700 
millimeters (World Bank, 2023) with high variability based on its elevation. Meanwhile, 
the temperature is slightly change from season to season with average monthly 
temperature is ranging between 25oC ~ 26oC. Due to its climate variability, Indonesia 
is highly vulnerable to climate change shocks. Flooding frequently occurs in certain 
area during rainy season where there are heavy rainfall events (Wu et al., 2013). On 
the other hand, droughts are often experienced, especially during the dry season of El 
Niño years. Also, there is a significant and spatially coherent trends of warming in the 
temperature indices over Indonesia, where the frequency of cool days and cool nights 
decrease, while the warm days and warm nights are observed more frequently (Supari 
et al., 2016). According to the Global Climate Risk Index 2021 report, Indonesia ranks 
14th in terms of climate risk and third in terms of fatalities. It also faces vulnerabilities 
to extreme events such as floods, droughts, and long-term changes including sea-level 
rise, shifts in rainfall patterns, and rising temperatures (ADB, 2021). 
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Figure 1. Temperature and Precipitation Worldwide, 1901-2021 

   

Source: United States Environmental Protection Agency (2022). 
 
This study addresses two research questions regarding climate change and welfare 

in Indonesia, a developing country ranking among the top third of nations in terms of 
climate risk. First, to what degree does the climate variability affect the household 
consumption? Second, through which pathways does the climate variability affect the 
household consumptions? We use nationally representative survey data from the 
Household Social Economy Survey 2011, Baseline (World Bank, 2013), which is then 
merged with long-term historical weather data from NASA POWER. We apply the 
civil registry data from the survey to identify the village associated with each 
household and determine the corresponding geographic coordinates (longitude and 
latitude). Subsequently, this information is used to access the historical weather data 
for the period 1981-2010. 

The results of study find that climate variability has a strong and consistent negative 
effect on household consumption. Specifically, among climate change indicators, 
temperature variability reduces household consumption the most consistently and 
significantly. This study also finds that food consumption is more affected than non-
food consumption by climate factors. Importantly, these findings hold strong even 
when alternative climate indicators are considered, such as the deviation of 
temperature and precipitation, as well as total number of hot days. Our further analysis 
also reveals that two underlying pathways are highlighted as potential mechanisms 
leading to a decline in household consumption: one is linked to the deterioration of 
working conditions, and the other is associated with lowered agricultural productivity.  

The rest of the paper is organized as follows: Section II provides a review of the 
literature and a conceptual framework; Section III describes the data and methodology; 
Section IV presents estimation results on the consumption impacts of climate variability; 
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Section V analyses the pathways of climate variability leading to consumption impacts; 
Section VI concludes the study. 

 
II. Literature Review and Research Hypothesis 

 
1. Climate Change and Household Welfare in Developing Countries 
 
The literature on the relationship between climate and welfare in developing 

countries has evolved significantly in recent decades. Previous studies have identified 
two main directions within this literature: the first focuses on the impact of climate 
change at the macro-level (national or regional), while the other its impact at the micro-
level (household). 

In the first strand, Dell et al. (2009) reveal that higher temperatures have a substantial 
negative impact on economic growth in poor countries, while having little effect on 
rich countries. The impact in poor countries extends beyond lowering growth rates; it 
also affects various aspects, including agricultural output, industrial output, aggregate 
investment, and even political stability. Subsequent studies examine the effects of 
climate change on economic growth using extensive panel datasets (Lanzafame, 2014; 
Berlemann and Wenzel, 2018; Henseler and Schumacher, 2019; Donadelli et al., 2022; 
Paglialunga et al., 2022, etc.). Those studies consistently confirm the negative growth 
effect of climate change. 

While previous studies focused on the impact of climate change at macro-level, 
some scholars insist that this approach is insufficient to identify how climate change 
affects household poverty (Hallegate and Rozenberg, 2017). In a similar vein, Skoufias 
et al. (2011) review the literature estimating the impact of climate change on poverty 
and find that most estimates ignore the effect of aggregate economic growth on poverty 
and household welfare. 

In response, several recent studies examine the impact of climate change on 
household welfare, yielding different results. For instance, Diallo (2023) estimates the 
effect of rainfall shocks on income in Niger by merging climate shock data at the 
communal level with household survey data. Azzarri and Signorelli (2020) find that 
more rainfall is associated with a decrease in total and food consumption and an 
increase in extreme poverty. Nguyen et al. (2020) use a panel dataset of approximately 
4,000 households in Northeast Thailand and Central Vietnam collected over three 
different years. The results show that weather shocks have significant effects on 
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household income, consumption, and poverty. Wineman et al. (2017) estimate the 
effect of weather extremes on different types of household welfare indicators in rural 
Kenya, namely income and calorie intake. Bayudan-Dacuycuy and Baje (2018) 
investigate the poverty effect of rainfall shocks in the Philippines by employing 
household survey data. The results show that rainfall shocks negatively affect 
agricultural and non-agricultural wages.  

Some studies focus on food consumption impacts of weather shocks. Lazzaroni and 
Bedi (2014) examine the impact of climate variations on food consumption in Uganda 
using a panel data for 5 years. The findings report that higher temperatures significantly 
reduce food consumption, while rainfall variations do not substantially. Etwire (2023) 
uses a large dataset in Ghana to observe that temperature has a negative impact on 
income and food consumption because of the lower productivity in a hot condition. 

Since most of these studies were conducted within a single country, variations in 
regional characteristics could account for different outcomes. This study contributes 
to the literature by investigating the relationship between climate variability and 
household consumption in Indonesia. Indonesia, a large archipelagic country with 
more than 17,000 islands over 81,000 km of coastline, enable to consider the regional 
differences in climate conditions within a country. Moreover, this study employs 
micro-level data, which allows for a more detailed analysis of the impact of climate 
change on household welfare compared to previous macro-level studies. To be more 
specific, this study leverages the accessibility of administrative data from surveys to 
capture a household’s long-term weather conditions from a satellite-derived data of 
NASA POWER. This source provides sufficient accuracy and coverage in a region 
where surface measurements are sparse or non-existent. Indonesia has a limited 
number of ground weather stations, approximately 180 stations covering 37 provinces, 
and to be worse, they are unevenly distributed across the country. NASA POWER is 
a useful source to overcome such data gaps or unavailability. 

 
2. Conceptual Framework  
 
Climate change is described as the change in the average condition in a region over 

a long period of time, usually 30 years or more. Scientists found that climate change 
since the industrial revolution intensified the variability or deviation from long-term 
average of weather indicators such as temperature, rainfall, snow, humidity, and wind. 
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Following previous studies, this paper uses the variability of temperature and precipitation 
as proxy of climate change. 

There are many studies to investigate the climate change and household 
consumption nexus (Auffhammer and Aroonruengsawat, 2011; Lazzaroni and 
Bedi, 2014; Bandyopadhyay and Skoufias, 2015; Amare et al., 2018; Aggarwal, 
2020; Azzarri and Signorelli, 2020; Nguyen et al., 2020; Barua and Banerjee, 2020, 
etc.). In light of the existing literature, climate change has the potential to influence 
household consumption through various avenues (Hallegate et al., 2014, etc.). One 
avenue is the price mechanism. When prices fluctuate, it can have adverse effects on 
consumption, primarily driven by shifts in agricultural productivity. Rising 
temperatures, for instance, can disrupt the habitats of agricultural pests, resulting in 
diminished crop yields and subsequent price hikes for agricultural goods (FAO, 2008). 
Additionally, extreme events like droughts can alter irrigation needs due to dwindling 
water availability, primarily stemming from low precipitation. Conversely, floods can 
also lead to decreased food accessibility and distribution due to infrastructure damage, 
such as road networks connecting different regions (Baez et al., 2016). The high 
intensity of shock such as droughts and floods, can result in significant crop losses and 
render extensive areas of arable land unsuitable for cultivation. It, therefore, can impact 
the land’s health and its suitability for growing crops. 

Another pathway involves a decrease in agricultural and non-agricultural 
income (Carpena, 2019). For example, extreme temperatures can result in reduced 
labor productivity due to heat-related stress, lowering earnings (Lee et al., 2018). 
For household who relies on agricultural income, weather anomalies can diminish 
the agricultural production, reduce the quantity for selling in the market, and 
ultimately leading to the reduction of their earnings. Additionally, climate change 
may also lead to various types of adaptation costs, such as increased energy 
consumption, higher health expenditures, and greater infrastructure investments. 
At the household level, this could lead to reduced food consumption due to limited 
budgets and assets. Figure 2 presents the conceptual framework on the link between 
climate change and consumption.  
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Figure 2. Conceptual Framework 

 
Source: Authors’ construction based on the literature. 

 
 

III. Data and Estimation Model 
  

1. Survey Data and Weather Data 
 
This study utilizes an exclusive dataset that integrates socioeconomic details at the 

household level with climate-related factors. It draws on data from the Microdata 
Library of the World Bank titled “Survei Sosial Ekonomi Rumah Tangga 2011, 
Baseline”. The survey was conducted for the World Bank to provide technical 
assistance. As shown in Figure 3, the survey was undertaken in three provinces in 
Indonesia, namely South Sumatra, Lampung, and Central Java, with a total of 5,998 
households across 600 villages.1  

For weather, NASA POWER Data provides long-term climatologically averaged 
estimates of meteorological variables with a resolution of 0.5°(latitude) x 0.625° 
(longitude) grid. Using annual temperature and precipitation data from 1980 to 2010, 
we compute their variabilities and other climate indicators. Figure 4 depicts the 
temperature and precipitation anomalies, deviations from 30-year averages, in three 

 
1 The enumerated villages were predetermined and then the SLS or small enumeration areas were 

selected based on population size. Then, the survey continued with selecting 10 households 
randomly for interview. The selected households must meet several criteria such as having children 
aged 0-6 years, children aged under 15 years in school, or having a pregnant woman. 



280 Pratiwi Ira Eka and Bokyeong Park 

ⓒ Korea Institute for International Economic Policy 

selected villages in the study are. The figures indicate that, in addition to a rising 
tendency in temperature, villages experienced severe droughts or extreme floods. 

 
Figure 3. Study Area 

 
Source: Authors’ Modification. 

 
Figure 4. Temperature and Precipitation Anomalies in Three Selected Villages 

  

(1) (2) 
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Figure 4. Continued 

  
(3) (4) 

  
(5) (6) 

Notes: The anomalies of temperature and precipitation in Wonogiri Village, Central Java Province: (1) & 
(2), Kali Balau Kencana Village, Lampung Province: (3) & (4), and Terate Village, South Sumatra 
Province: (5) & (6).  

Source: Authors’ calculation. 
 

2. Estimation Strategy 
 
This study uses cross-sectional approach at household level in estimating the 

welfare impact of climate variability. The household surveys utilized in this paper are 
conducted at a single point in time, rendering panel analysis unfeasible. The authors 
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acknowledge that this cross-sectional analysis cannot fully address endogeneity, 
wherein households may choose to reside in climate-vulnerable areas due to economic 
constraints. Therefore, caution is required in interpreting the results of this study. The 
regression outcomes show the consumption characteristics of households living in 
climate-vulnerable areas, rather than causal effects of climate variability on consumption. 
However, it is notable that the household cross-section analysis has an advantage in 
flexibility to allow for observing the overall outcomes and understanding the 
relationship between climate and the economy without a priori assumption specific 
mechanisms. Also, it yields estimates of the long relationship between climate and 
aggregate output taking into account historical adaptation (Skoufias et al., 2011).  

 
The estimation model is as follows: 
 𝑙𝑛𝐶௜,௝ =  ଴ + ଵ𝑇𝑉௝ + ଶ𝑃𝑉௝ + ଷ𝑎𝑣_𝑡௝ + ସ𝑎𝑣_𝑝௝ + ହ𝐸𝑁𝑆𝑂௜,௝ +  

଺𝑆ℎ𝑜𝑐𝑘𝑠௜,௝ + ଻𝑠𝑎𝑣𝑖𝑛𝑔𝑠௜,௝ + ଼𝑝𝑟𝑜𝑣𝑖𝑛𝑐𝑒௜ +  𝑋௜,௝ + ௜,௝ 
(1) 

 
where 𝑙𝑛𝐶௜,௝  is current consumption expenditure of household i in village j. It is 
measured as natural logarithm of the expenditure incurred on a range of food and non-
food items, as well as total consumption. 𝑇𝑉௝ is the measure of temperature variability 
in village j during the period of 30 years. 𝑃𝑉௝  is the measure of precipitation 
variability in village j during the period of 30 years. av_tj and av_pj is the long-term 
mean of annual average temperature and precipitation, respectively. 𝐸𝑁𝑆𝑂௜,௝  is a 
dummy variable representing the indicator of El Niño occurrence, indicating whether 
the households head of household was born in a year affected by El Niño. 𝑆ℎ𝑜𝑐𝑘𝑠௜,௝ 
is the dummy variable of the proxy of other shocks experienced by households. There 
are three indicators of other shocks, namely death of household head (HH), sickness 
of HH, and job loss or business failure. 𝑠𝑎𝑣𝑖𝑛𝑔𝑠௜,௝ is the total amount of savings 
owned by a household. We use a saving size as proxy of household income because 
the survey has no information on income. 𝑝𝑟𝑜𝑣𝑖𝑛𝑐𝑒௜ is a regional dummy for each 
province to control for province specific characteristics. 𝑋௜,௝ is the set of characteristics 
of a household or its head, including gender, age, education level, occupation type, 
marital status, and farmland ownership. 
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3. Variable Definitions and Measurement 
 
This study uses current consumption expenditure as the dependent variable. This 

consumption consists of food consumption, non-food consumption, and total 
consumption. Food consumption comprises a household’s expenditure on food items. 
Initially, the consumption over the past seven days prior to the interview is recorded 
and then extrapolated to represent a month. Non-food consumption includes expenses 
for electricity, telephone bills, toiletries, clothing, education, transportation, taxes, and 
feasts. In the regression, all consumptions are the natural logarithm of the monthly 
consumption expenditure per person in a household. 

To estimate the climate variability, we use coefficient of variation of temperature 
and precipitation as the ratio of its standard deviation and mean, following previous 
studies (Alem and Colmer, 2013, 2022; Bandyopadhy and Skoufias, 2015). The 
formula is as follows: 

 𝑇𝑉௜,௝,௥ = ೅೔,ೕ,ೝ
೅೔,ೕ,ೝ    (2) 

 
where, 𝑇𝑉௜,௝,௥ is the long-term temperature variability observed for household i, in 
village j, province r, ்௜,௝,௥ and ்௜,௝,௥ are the historical standard deviation and the 
historical average of temperature (T) in 1981-2010, respectively. A corresponding 
formula is also applied for calculating precipitation variability (PV). In addition, long-
term average temperature and long-term average precipitation are also considered as 
climate indicator. A strong El Niño event in Indonesia alters rainfall patterns over its 
region and thus, leading to drought condition in certain areas of Indonesia (NASA, 
2016). Prior studies have also demonstrated that exposure to El Niño can lead to 
household income losses and reductions in total expenditure, particularly for rural 
households relying on agricultural income. This study uses a dummy for El Niño years 
to investigate the influence of early-life shocks on current welfare.2 

This study controls for other shocks that a household experienced. These include 
the death of household head or primary income earner, the occurrence of a severe 

 
2 In Indonesia, the years characterized by low-level El Niño events occurred in 1951, 1963, 1968, 

1969, 1976, 1977, 2004, and 2006, while moderate-level events were recorded in 1986, 1987, 1994, 
and 2002. High-level El Niño events were observed in 1965, 1972, 1982, 1991, 1997, and 2009. 
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illness for the household head or primary breadwinners, and job loss or business failure 
in the preceding 12 months. Table 1 lists the description of all variables used in this 
study. 

 
Table 1. Description of Variables 

No Variable Name Variable Descriptions 
Dependent Variables  

1. Food consumption Food consumption is a household's expenditure on food stuff 
such as rice, corn, tuber, fish, meat, eggs, milk, vegetables, 
fruits, oil, beverages, noodles, and finished food. In the regression 
analysis, the natural logarithm is taken. 

2. Non-food consumption  Non-food consumption includes expenses for electricity, 
telephone bills, toiletries, clothing, education, transportation, 
taxes, and feasts in a month. In the regression analysis, the 
natural logarithm is taken. 

3. Total consumption Total consumption is the summation of food consumption and 
non-food consumption. In the regression analysis, the natural 
logarithm is taken. 

Explanatory Variables  
4. Temperature variability The long-term historical temperature variability. It is measured 

as coefficient of variation, which is derived as the ratio of long-
term historical standard deviation of temperature and long-term 
historical mean of temperature. 

5. Precipitation variability The long-term historical precipitation variability. It is measured 
as coefficient of variation, which is derived as the ratio of long-
term historical standard deviation of precipitation and long-
term historical mean of precipitation. 

6. Long-term average 
Temperature 

Long-term historical mean of average temperature (oC). 

7. Long-term average 
Precipitation 

Long-term historical mean of precipitation (mm/day). 

8. ENSO Binary variable, 1 = if the household head born in the year on 
El-Niño attack in Indonesia, 0 = otherwise. 

9. Dead of breadwinner Binary variable, 1 = if the household has experienced a 
breadwinner who died in the last 12 months, 0 = otherwise. 

10. Sickness of breadwinner Binary variable, 1 = if the household has experienced a serious 
illness suffered by breadwinner that need medical treatment 
periodically in the last 12 months, 0 = otherwise. 

11. Job loss or business failure Binary variable, 1 = if the household has experienced any job 
losses or business failure in the last 12 months, 0 = otherwise. 
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Table 1. Continued 

No Variable Name Variable Descriptions 
12. Gender of household head Gender of household head.  

Binary variable, 1 = Male; 0 = Female 
13. Age of household head Age of household head. Continuous variable. 
14. Education level of 

household head 
Education level of household head. It is a categorical variable. 
0 = No schooling, 1 = elementary school, 2 = junior high 
school, 3 = senior high school, 4 = associate degree (diploma), 
5 = bachelor’s degree, 6 = master/doctoral degree. 

15. Marital status of 
household head 

Marital status of household head. Categorical variable, 1 = Not 
Married, 2 = Divorce, 3 = Widowed, 4 = Married, 5 = Separate. 

16. Occupation type of 
household head 

Employment status of household head. Categorical variable, 1 
= not working, 2 = unpaid worker, 3 = has business without 
employee, 4 = has business with informal worker, 5 = has 
business with formal worker, 6 = private company employee, 7 
= government officer, 8 = freelancer in agricultural sector, 9 = 
freelancer in non-agricultural sector. 

17. Farmland ownership The continuous variable representing the size of the farm 
owned by a household is measured in square meters. 

18. Savings The continuous variable representing the total amount of 
savings owned by households at the interview period. In the 
regression, the natural logarithm form is used. 

19. Province The dummy variable for province where a household is located. 
 
Table 2 presents descriptive statistics for the variables. The average food consumption 

was $131.13 USD per month, while the average non-food consumption was $139.78 
USD with larger variations among households. Panel B of Table 2 provides insights 
into climate indicators for 30 years. The long-term historical means of average 
temperature and precipitation were 25.8oC and 5.5 mm/day, and precipitation had 
greater variability than temperature. Approximately 10% of household heads were 
born in the year of El Niño. It is notable that 55% of household heads completed only 
elementary school, the sampled households were evenly distributed among provinces, 
and 64% of the village were categorized as rural area. The frequency of the categorical 
variables is in the Table A1 of the Appendix. 
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Table 2. Summary Statistics for All Variables Used in the Statistical Models 

Variable Name Mean Std. Dev Min Max 

Panel A: Consumption Indicators     

Food consumption (USD/month) 131.1 75.3 13.9 1052.8 
Non-food consumption (USD/month)  139.7 687.0 3.7 13013.0 
Total consumption (USD/month) 270.9 697.3 24.9 13124.2 

Panel B: Climate Indicators     

Temperature variability 0.01 0.00 0.00 0.01 
Precipitation variability 0.21 0.02 0.18 0.25 
Average temperature (oC)  25.8 0.5 23.9 27.2 
Average precipitation (mm/day) 5.5 0.4 4.9 6.3 
ENSO (Born in El Niño years %) 0.1 0.3 0 1 

Panel C: Other shocks indicators     

Death of breadwinner 0.00 0.07 0 1 
Sickness of breadwinner 0.05 0.23 0 1 
Job loss or business failure 0.09 0.28 0 1 

Panel D: Household characteristics     

Gender of household head (male %) 0.94 0.20 0 1 
Age of household head (in years) 44 11.4 17 95 
Education level of household head (%) 1.70 1.12 0 6 
Marital status of household head (%) 3.9 0.33 1 5 
Occupation type of household head (%) 4.8 2.14 1 9 
Farmland ownership (sqm, in thousand) 3.9 12.5 0 330 
Savings (USD) 130.8 1100.3 0 46713.3 
Province (%) 2.00 0.81 1 3 

Panel E: Village characteristics     

Type of village (rural %) 0.64 0.47 0 1 
Harvested area (in hectares) 210.6 295.7 0 2596 
Total rice production (in tonnes) 2718.4 6206.9 0 29915 
Rice productivity (tonnes /ha) 8.84 17.63 0 69.78 

Source: Authors’ calculation.  
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IV. Climate Variability and Household Consumption 
 

1. Basic Results 
 
The main results for household total, food, and non-food consumptions are 

presented in Table 3. The findings reveal that temperature variability negatively 
associated with household total consumption. Specifically, a one unit increase in 
temperature variability is associated with a decrease in total consumption by 31.7 %.  
These results remain robust when other shocks variables are included in the model, 
confirming that temperature variability is likely to disrupt the regular pattern of 
household total consumption. These results are also consistent with previous studies 
(Baez et al., 2016; Amare et al., 2018; Azzarri and Signorelli, 2020; Nguyen et al., 
2020; Boansi et al., 2021; Khalili et al., 2021). However, the result shows that there is  

 
Table 3. Long-term Impacts on Household Consumption 

Independent Variables 

Dependent variable 
Total Consumption  

(ln) 
Food Consumption  

(ln) 
Non-Food 

Consumption (ln) 
(1) (2) (3) (4) (5) (6) 

Temperature variability -31.747*** 
[4.54] 

-31.110*** 
[4.45] 

-17.976*** 
[3.25] 

-17.542*** 
[3.17] 

-53.494*** 
[5.31] 

-52.730*** 
[5.23] 

Precipitation variability -0.542 
[0.51] 

-0.466 
[0.44] 

-3.230*** 
[3.81] 

-3.180*** 
[3.75] 

2.728* 
[1.77] 

2.823* 
[1.83] 

Long-term average 
temperature  

0.017 
[0.51] 

0.019 
[0.58] 

-0.076*** 
[2.85] 

-0.075*** 
[2.80] 

0.127*** 
[2.60] 

0.130** 
[2.66] 

Long-term average 
precipitation 

-0.021 
[0.46] 

-0.020 
[0.45] 

-0.002 
[0.06] 

-0.002 
[0.06] 

-0.033 
[0.51] 

-0.033 
[0.51] 

ENSO -0.013 
[0.57] 

-0.013 
[0.56] 

-0.015 
[0.85] 

-0.015 
[0.84] 

-0.017 
[0.51] 

-0.07 
[0.50] 

Other Shocks Not 
Included 

 
Included 

Not 
Included 

 
Included 

Not 
Included 

 
Included 

Household characteristics Included Included Included Included Included Included 
Savings Included Included Included Included Included Included 
Province Included Included Included Included Included Included 
R-Square 0.190 0.186 0.171 0.172 0.199 0.199 
Observations 5,974 5,974 5,974 5,974 5,974 5,974 
Note: t-statistics are in parentheses. Significance level is shown as *** p < 0.01, ** p < 0.05, * p < 0.1.  
Source: Authors’ calculation.  
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no significant relationship between long-term average temperature and precipitation 
on total consumption. In similar vein, the birth in El Niño years does not correlate with 
total household consumption. 

The results suggest that both temperature and precipitation variability have a 
negative and significant effect on household consumption for food items. A one unit 
increase in temperature variability is linked to a decrease in food consumption by 
17.9%, and a one unit increase in precipitation variability is associated to a reduction 
by 3.2%. Still, the results are consistent when including other shock variables. While 
these results confirm the findings from some previous literature (Carpena, 2019; 
Aggarwal, 2020). Furthermore, long-term average temperature is significantly link to the 
reduction of food consumption. A 1oC increase of average temperature is associated to a 
0.07 percent reduction of household consumption in food items. However, there is no 
evidence regarding the significant impact of long-term average precipitation on food 
consumption. El Niño has no significant impact on food expenditure. 

Meanwhile, temperature variability is observed to have a negative effect on non-
food expenditure as well. A one unit increase in temperature variability is associated 
to a 53 percent reduction in non-food consumption. However, it is remarkable that 
precipitation variability has positive relationship with non-food consumption, 
indicating that its one unit increase leads to approximately 2.8 percent rise in non-food 
expenditure. There is no evidence of correlation between average precipitation and 
non-food consumption, whereas average temperature is positively correlated with non-
food consumption. 

Previous studies suggest some possible explanations about the consumption effects 
of climate variability. The negative impact on total consumption is commonly explained 
by the deterioration of working conditions and the consequent income loss. The 
negative impact on food consumption is often attributed to the reduction of agricultural 
output, leading to food shortages and rising food prices. Meanwhile, the increasing 
effect of precipitation variability on non-food consumption can be explained by the 
adjustment cost. This cost encompasses more energy consumption for cooling, 
potential increases in health expenditure due to the proliferation of diseases, or the 
recovery cost after extreme events such as flooding.3 The pathways from climate 
change to consumption is further discussed and tested in Section V. 

 
3 The adaptation cost hypothesis is supported by empirical studies (Larsen et al., 2009; Auffhammer 

and Aroonruengsawat, 2011; Egbendewe-Mondzozo et al., 2011). 
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2. Robustness Test 
 
In this section, we provide the robustness check of our empirical results by employing 

alternative climate indicators and shortening the time span of climate variability. In Table 
4, we use deviation of temperature and precipitation or the total number of days with 
maximum temperature exceeding 32oC for 30 years, instead of the coefficients of 
variation.4 The results confirm our findings in Table 3 that there is a significant negative  

 
Table 4. Robustness Check with Alternative Climate Indicators 

Independent Variables 

Dependent variable 

Total Consumption 
(ln) 

Food Consumption 
(ln) 

Non-Food 
Consumption (ln) 

(1) (2) (3) (4) (5) (6) 

Temperature deviation -1.200*** 
[4.49] 

 -0.673*** 
[3.18] 

 -2.034*** 
[5.27] 

 

Precipitation deviation -0.069 
[0.36] 

 -0.570*** 
[3.70] 

 0.536* 
[1.91] 

 

Maximum temperature > 32oC  -0.000*** 
[5.64] 

 -0.000*** 
[5.17] 

 -0.000*** 
[5.70] 

Long-term average  
temperature  

0.035 
[1.07] 

0.034 
[1.08] 

-0.062*** 
[2.38] 

-0.026 
[1.04] 

-0.151*** 
[3.18] 

0.107** 
[2.34] 

Long-term average  
precipitation 

-0.001 
[0.04] 

0.045 
[1.29] 

0.131*** 
[4.43] 

0.129*** 
[4.65] 

-0.152*** 
[2.81] 

-0.039 
[0.78] 

ENSO -0.013 
[0.56] 

-0.013 
[0.55] 

-0.015 
[0.84] 

-0.016 
[0.85] 

-0.017 
[0.50] 

-0.016 
[0.49] 

Other Shocks Included Included Included Included Included Included 

Savings Included Included Included Included Included Included 

Province Included Included Included Included Included Included 

Household characteristics Included Included Included Included Included Included 

R-Square 0.191 0.186 0.172 0.169 0.200 0.200 

Observations 5,974 5,974 5,974 5,974 5,974 5,974 

Note: t-statistics are in parentheses. Significance level is shown as *** p < 0.01, ** p < 0.05, * p < 0.1. 

 
4 Previous studies also utilized these climate indicators (Aggarwal, 2020; Hu and Li, 2019; Fitz and 

League, 2020). 
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relationship between temperature deviation and household consumption. The results are 
still robust when we employ the number of hot days. In addition, the results find that 
while precipitation deviation significantly reduce household food consumption, it has a 
positive impact on non-food consumption. Again, it indicates that food consumption is 
more affected to climate change than non-food consumption. 

For further robustness check, we employ 10-year climate variability, instead of 30-
year one, acknowledging that current consumptions may be associated with a more 
recent climate dynamic. Table 5 reports the results using recent 10-year climate data, 
which are similar to the basic results. There is significant and negative relationship 
between climate variability and household consumption. Temperature variability 
reaffirms the strongest impact on non-food consumption. The coefficient for 
precipitation shocks has negative and significant effect on food consumption but has 
positive and significant effect on non-food consumption. The main difference appears 
in the results for food consumption which does not attain statistical significance when 
using temperature variability in 10 years. 

 
Table 5. Robustness Check with 10-year Climate Data 

Independent Variables 
Dependent variable 

Total Consumption 
(ln) 

Food Consumption 
(ln) 

Non-Food 
Consumption (ln) 

Temperature variability (10 years) -24.503*** 
[3.48] 

-8.466 
[1.51] 

-47.711*** 
[4.70] 

Precipitation variability (10 years) -0.018 
[0.02] 

-2.553*** 
[2.81] 

2.835* 
[1.72] 

Average temperature (10 years)  0.079** 
[2.03] 

0.059* 
[1.92] 

0.093* 
[1.67] 

Average precipitation (10 years) -0.048 
[1.35] 

-0.003 
[0.11] 

-0.084 
[1.65] 

ENSO -0.012 
[0.52] 

-0.014 
[0.77] 

-0.016 
[0.47] 

Other Shocks Included Included Included 
Savings Included Included Included 
Province Included Included Included 
Household characteristics Included Included Included 
R-Square 0.191 0.167 0.199 
Observations 5,984 5,984 5,984 
Note: t-statistics are in parentheses. Significance level is shown as *** p < 0.01, ** p < 0.05, * p < 0.1. 
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V. Pathways of Climate Variability 
 
As mentioned above, the literature suggests several possible pathways through 

which climate variability affects household consumption. In this section, we test two 
of those pathways using data available in the Indonesia’s household survey: the 
working condition pathway and the agricultural productivity pathway. 

 
1. Working Condition Pathway 
 
Higher variability of temperature may lead to more frequent extreme temperature 

such as hot days and nights. Extreme heat can substantially worsen the workplace 
environment, which affects workers’ concentration and their ability to sustain work 
and, thus, diminish the quality and quantity of their work output. Moreover, rising 
temperatures can lead to worker illness, resulting in shortened working hours and 
frequent absenteeism. Climate change can also affect the risk of unemployment. These 
explanations are supported by previous empirical studies (Yildirim et al., 2009; Zivin 
and Neidell, 2014; Carpena, 2019; Garg et al., 2020; Boansi et al., 2021; Liu and Lin, 
2023). 

This section tests the working condition pathway for the Indonesian household 
sample. We use daily working hours as the proxy for working conditions. The 
estimation model is as follows, 

 𝑙𝑛𝐼௜,௝ = ଴ + ଵ𝑇𝑉௝ + ଶ𝑃𝑉௝ + ଷ𝑎𝑣_𝑡௝ + ସ𝑎𝑣_𝑝௝ + ହ𝐸𝑁𝑆𝑂௜,௝ +           ଺𝑆ℎ𝑜𝑐𝑘𝑠௜,௝ + ଻𝑠𝑎𝑣𝑖𝑛𝑔𝑠௜,௝ + ଼𝑝𝑟𝑜𝑣𝑖𝑛𝑐𝑒௜ + 𝑋௜,௝ + ௜,௝ 
 (3) 

 
where, 𝐼௜,௝ is the natural logarithm of daily working hours for household i in village 
j. The explanatory variables in Eq (3) are the same as in Eq (1).  

Table 6 shows the results for daily working hours. We find that temperature 
variability significantly shortens working hours, while precipitation variability has no 
significant impact on it. Furthermore, the results also reveal long-term average 
temperature and long-term average precipitation do not significantly contribute to the 
reduction of daily working hours. These findings are consistent with the results on total 
consumption, implying that deteriorated working conditions and resulting income loss 
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is a channel through which long-term temperature variability are associated with 
reduced total consumption.5 

 
Table 6. Long-term Impacts on Daily Working Hours 

Independent Variables 
Dependent variable 

Daily Working Hours (ln) 
(1) (2) (3) (4) 

Temperature variability -25.851*** 
[10.90] 

-37.272*** 
[10.73] 

-38.549*** 
[7.84] 

-38.300*** 
[7.80] 

Precipitation variability -0.333 
[1.15] 

-0.541 
[0.91] 

0.665 
[0.89] 

0.723 
[0.97] 

Long-term average 
temperature  

 0.004 
[0.22]  

0.007 
[0.31] 

0.007 
[0.32] 

Long-term average 
precipitation 

 -0.081*** 
[4.22] 

-0.014 
[0.45] 

-0.013 
[0.42] 

ENSO   -0.001 
[0.10] 

-0.000 
[0.04] 

Other Shocks Not Included Not Included Not Included Included 
Savings Not Included Not Included Included Included 
Province Not Included Not Included Included Included 
Household characteristics Not Included Not Included Included Included 
R-Square 0.026 0.028 0.090 0.092 
Observations 5,653 5,653 5,632 5,632 
Note: t-statistics are in parentheses. Significance level is shown as *** p < 0.01, ** p < 0.05, * p < 0.1. 

 
2. Agricultural Productivity Pathway 
 
A rise in climate variability can exert a negative influence on agricultural productivity 

in various ways. Disrupted harvest timing or extreme heat encourage pests and hinder 
crop growth, causing a decline in overall agricultural production. Insufficient rainfall 
or prolonged droughts can limit water availability, necessitating changes in agricultural 
irrigation practices and affecting crop yields. Many studies support this agricultural 
productivity channel (Lambert, 2014; Bannayan et al., 2011; Amare et al., 2018; Verón 
et al., 2015; Manuel et al., 2021). 

 
5 Recently, Morrissey et al. (2021) also find that extreme heat diminishes workers’ productivity and 

income. 
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Lower agricultural productivity renders households faced with food shortages and 
rising food prices, which consequently lead to reduction in food consumption.6 To test 
this pathway, we estimate the impact of climate variability on agricultural productivity 
at village level. Agricultural productivity in a village is measured as rice productivity, 
that is, the total rice production (tonnes) per hectare from the survey data. The 
estimation equation is as follows,  

 
ln𝑃௝ = ଴ + ଵ𝑇𝑉௝ + ଶ𝑃𝑉௝ + ଷ𝑎𝑣_𝑡௝ + ସ𝑎𝑣_𝑝௝ + ହ𝑋௝ + ௝          (4) 

 
where 𝑃௝  is the rice productivity (tonnes/ha) in village j.  𝑋௝  is the set of control 
variables of village characteristics including the dummy variable of village type 
(rural=1), harvested area and total rice production. 

As shown in Table 7, precipitation variability statistically has a negative and 
significant impact on rice productivity. These results remain robust as we introduce 
control variables into the specification model or use precipitation deviation instead of 
its variability in the column (3) and (4) of Table 7. It is, however, notable that 
temperature variability has no significant impact on rice productivity. The negative 
impact of precipitation variability can be attributed to the critical role of precipitation 
in irrigation system. The irrigation system consistently provides a natural and adequate 
water to rice fields, ensuring that the soil remains suitably moist for optimal growth of 
rice plant. However, higher variability of precipitation could lead to a greater 
irregularity of rainfall and shortage of the water source for rice fields (Shortridge, 
2019). In contrast, temperature conditions are less critical to rice growth and have 
lower variability than precipitation in Indonesia. Just, too high temperature reduces 
rice production as the result indicates.7 These results imply that rice productivity can 
be one of pathways through which precipitation variability negatively affects food 
consumption in Indonesian rural households, but it cannot explain the negative impact 
of temperature variability on food consumption.  

 

 
6 Another channel to less food consumption is the disruption of food distribution due to climate 

shocks. For example, fluvial flooding can contribute to food price increases because the damage 
of infrastructure such as roads may hinder food distribution (Baez et al., 2016). 

7 Similarly, previous studies report that an increase in high temperature may reduce rice productivity 
(Krishnan et al., 2011; Abbas and Mayo, 2021; Xu et al., 2021). 
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Table 7. Long-term Impacts on Agricultural Productivity 

Independent Variables 
Dependent variable: 

Rice Productivity (ln) 
(1) (2) (3) (4) 

Temperature variability -43.708 
[1.31] 

-53.681 
[1.34] 

  

Precipitation variability -32.881*** 
[-5.06] 

-25.183*** 
[3.82] 

  

Long-term average temperature  -1.608*** 
[7.04] 

-1.163*** 
[4.58] 

-1.569*** 
[7.03] 

-1.146*** 
[4.52] 

Long-term average precipitation 0.609* 
[1.96] 

-0.789 
[1.65] 

2.069*** 
[5.33] 

0.376 
[0.65] 

Temperature Deviation   -1.454 
[1.14] 

-1.784 
[1.16] 

Precipitation Deviation   -6.206*** 
[5.27] 

-4.832*** 
[4.03] 

Type of village  -0.076 
[0.41] 

 -0.097 
[0.53] 

Harvested Area  -0.000 
[1.37] 

 -0.000 
[1.37] 

Total Production  0.000*** 
[4.30] 

 0.000*** 
[4.25] 

R-Square 0.292 0.347 0.298 0.352 
Observations 228 228 228 228 
Note: t-statistics are in parentheses. Significance level is shown as *** p < 0.01, ** p < 0.05, * p < 0.1. 

 
Ⅵ. Conclusion 

 
This paper investigates how in Indonesia a region’s climate variability, likely 

intensified by climate change over long time, affects the food and non-consumption of 
households in the region. For the analysis, we combined a large household dataset with 
satellite-derived weather data of 30 years.  

The study finds that temperature variability significantly reduces all categories of 
consumption, total, food, and non-food. In contrast, precipitation variability has a 
negative and significant impact only on food consumption, but a positive impact on 
non-food consumption. Most of these results hold robust even after controlling for 
other factors and substituting indicators of climate variation. When we rely on the 
voluminous literature, deteriorated working conditions and income loss due to heat or 
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heavy rain can explain a part of the negative effect on total consumption. As well, the 
reduction in food consumption caused by temperature and precipitation variability can 
be explained by agricultural productivity mechanism and be aggravated by the 
adaptation cost to precipitation shocks. Therefore, this study concludes that, among 
total household consumption, food consumption is particularly vulnerable to climate 
variability in developing countries. 

Furthermore, this study tests two possible pathways, that is, working condition and 
agricultural productivity, finds that temperature variability affects via the working 
condition channel, while precipitation variability does via agricultural productivity 
channel could be potential pathways through which climate change affects household 
consumption. These findings are mostly consistent with our basic results and previous 
empirical studies for different developing economies.  

Finally, we need to note that this study has a limitation. While this study attempts to 
capture the long-term impact of climate change on current household consumption, it 
is constrained by a cross-section specification, instead of panel analysis, due to data 
availability. Therefore, we cannot rule out possible endogeneity, for example, due to 
the effect of economic constraint in choosing a residential location and possible 
missing of regional characteristics. Therefore, the caution is required in the interpretation 
of this study’s results. Nevertheless, this paper contributes to the literature by 
observing that households residing at a place with great climate vulnerability are at a 
higher risk of less food consumption or malnutrition in Indonesia.  
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APPENDIX 
 

Table A1. The Frequency of Education Level, Marital Status, Occupation Type,  
and Province 

Variable Name Frequency 
Education level of household head (%)  

 No schooling 3.33 
 Elementary school 55.20 
 Junior high school 18.01 
 Senior high school 17.42 
 Associate degree (diploma) 1.63 
 Bachelor’s degree 4.08 
 Master/Doctoral degree 0.32 

Marital status of household head (%)  
 Not Married 0.23 
 Divorce 1.13 
 Widowed 4.73 
 Married 93.66 
 Separate 0.23 

Occupation type of household head (%)  
 Not working 6.95 
 Unpaid worker 0.88 
 Business without employee 22.07 
 Business with informal worker 24.94 
 Business with formal worker 2.70 
 Private company employee 23.09 
 Government officer 4.67 
 Freelancer in agricultural sector 6.65 
 Freelancer in non-agricultural sector 8.04 

Province (%)  
 Central Java 32.68 
 Lampung 33.84 
 South Sumatra 33.49 

 




