
of national budget in FY2025. This illustrates the immediate 
welfare consequences for millions of households. 

Across the wider climate vulnerable group, similar dynamics is 
seen. In Mozambique, Cyclone Idai (2019) caused damages of 
about USD 3 billion (Nhundu, et al., 2021), a�ecting 15,01,500 
(EM-DAT, 2025) and erasing years of local development gains. In 
Tonga, the 2022 volcanic eruption and tsunami in�icted 
damages of USD 90 million, equivalent to 18.5 per cent of the 
country’s gross domestic product (GDP), demonstrating how 
small island economies su�er outsized shocks (World Bank, 
2022a). In Pakistan, the 2022 �oods a�ected about 33 million 
people, with estimated 7.9 million displaced from their homes 
and further caused losses and damages exceeding USD 30.1 
billion, pushing millions into poverty (National Disaster 
Management Authority, 2025). Even middle-income 
climate-vulnerable country such as Philippines faces annual 
losses from typhoons equivalent to 1.2 per cent of GDP (World 
Bank, 2022b). Taken together, the 32 CVF countries contribute 
less than 7 per cent of global GHG emissions (Climate Watch, 
2025) but bear disproportionate damages year after year, 
making climate resilience an urgent poverty-reduction agenda.

Against this backdrop, this policy brief aims to quantify the 
long-run relationship between climate stressors and household 
consumption, de�ne the channels through which climate risks 
translate into deeper and more persistent poverty and propose 
evidence-based actionable policy measures. A panel data of 32 
climate-vulnerable countries (1996-2020) have been used to 
estimate how total GHG emissions, environmental stressors 
such as, PM2.5 air pollution, extreme heat, together with 

macroeconomic controls (GDP per capita and unemployment) 
a�ect poverty. This policy brief, based on the �ndings, provides 
recommendations for adaptive social protection, pollution 
control, and heat-health measures to protect household welfare 
now and to steer growth on a cleaner, more inclusive path. 

2. Climate Change and Poverty Landscape 

Climate vulnerable countries collectively account for less than 
7 per cent of global GHG emissions yet su�er 
disproportionately from the impact of climate change. By 
contrast, our calculation showed that the top three emitters - 
China, the United States, and the European Union (27 
countries) account for over 50 per cent of total global 
emissions. To illustrate this divergence, Figure 1 presents total 
GHG emissions (1996–2020) for the 32 selected climate 
vulnerable countries combined, alongside major emitters such 
as China, India, the United States, and the EU27.

Whilst emissions from climate vulnerable countries have 
remained relatively low and gradual, rising from around 2,000 
MtCO2e in 1996 to just over 3,000 MtCO2e in 2020, China’s 
emissions surged more than threefold over the same period, 
exceeding 12,000 MtCO2e by 2020. The United States and EU27 
have seen modest declines since the mid-2000s but still emit at 
levels far above the entire climate vulnerable countries’ block. 
India’s emissions have steadily increased, surpassing both 
climate vulnerable countries and EU27 levels by 2020. Climate 
vulnerable countries, despite contributing minimally to global 
emissions, face severe impact of climate change through �oods, 
droughts, and heat stress that undermine household welfare.
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1. Introduction

Climate change is not an abstract, distant risk for low-income countries. It is an active, 
systemic force that shapes how households earn, spend, and survive. It is already 
reshaping poverty dynamics in many countries specially for climate vulnerable countries. 
(Moyer, et al., 2023) Hence, it is important to examine how climate change exacerbates the 
vulnerabilities and can reverse developmental gains. Global assessments show climate 
impacts represent a major obstacle to sustained poverty reduction (Winsemius, et al., 
2018), and it could increase the number of people in extreme poverty without stronger 
adaptation and mitigation measures (Lankes, et al., 2023). The World Bank’s synthesis work 
on climate and poverty highlights that climate shocks and gradual warming can 
signi�cantly increase poverty exposure and slow down poverty reduction e�orts 
(Bangalore, et al., 2016). 

Moreover, ambient air pollution and its intersection with poverty are acute global 
problems. Recent global mapping estimates that millions of poor people live in areas with 
unsafe PM2.5 concentrations, concentrating health and economic risks among most 
vulnerable. Rentschler and Leonova (2023) demonstrate that 7.3 billion people worldwide 
(80 per cent of whom reside in low- and middle-income nations) are directly exposed to 
dangerous average annual PM2.5 concentrations using the World Health Organization's 
(WHO) 2021 revised �ne particulate matter (PM2.5) criteria.  Furthermore, Rentschler and 
Leonova (2023) also �nds that 716 million of the world's poorest people, those who make 
less than USD 1.90 a day, live in regions with dangerously high air pollution, mostly in 
Sub-Saharan Africa.

It is worth noting that climate vulnerable countries’ contribution to global greenhouse gas 
(GHG) emission is very insigni�cant, yet these countries su�er the most. For instance, 
Bangladesh contributes only 0.52 per cent of total GHG emissions (Climate Watch, 2025), 
but it su�ers the consequence of recurring �oods, cyclones, sea-level rise, and pro-longed 
heat stress. Moreover, Letsch et al. (2023) �nd the number of extreme weather events in 
Bangladesh increased by 46 per cent between 2017 and 2021. In 2024, Bangladesh 
su�ered a total of BDT 14, 421.5 crore damage during the �oods in eastern regions in late 
August and early September of 2024 (Khatun, et al., 2024). This amounted to 1.8 per cent 
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Climate vulnerable countries 
collectively account for less than 7 
per cent of global GHG emissions 
yet su�er disproportionately from 
the impact of climate change.

Environmental stressors such as 
PM2.5 and high temperature have a 
negative impact on household 
consumption expenditure, thus 
exacerbating the poverty in climate 
vulnerable countries.

A comprehensive heat action plan 
will be crucial for climate vulnera-
ble countries in the coming days.

Social Protection Programmes 
should be integrated with Climate 
Adaptation and Mitigation 
strategies

provided by these experiments about the stationary properties 
is reliable.

Thirdly, a simple panel cointegration test developed by 
Westerlund (2005) was also employed. This cointegration test is 
straightforward and does not necessitate adjustments for 
temporal dependencies within the dataset. It allows for 
individual-speci�c short-term dynamics, as well as unique 
intercepts, trend components, and slope coe�cients for each 
entity. The asymptotic distributions of the test statistics are 
derived and demonstrated to be independent of nuisance 
parameters. 

Finally, Panel Dynamic Ordinary Least Square (PDOLS) developed 
by Kao & Chiang (2001) was used to estimate the long-run 
cointegrating factors. The PDOLS test provides a more accurate 
long-run estimate of the variables than conventional panel 
estimators by holding the long-run parameters constant across 
countries while permitting the short-run parameters to vary. 

4. Result Analysis

Firstly, we check for cross-sectional dependency in the data 
using Breusch-Pagan LM, Pesaran scaled LM and Pesaran CD 
tests. Table 2 summarises the results from these tests. The results 
show that cross-sectional dependency exists in the data. 

Since cross-sectional dependency exist, hence we used second 
generational panel unit root tests, such as CADF and CIPS for 
examining the stationarity of the data. The results show that all 
variables are stationary at their �rst-di�erenced form. The 
results are summarised in the Table 3 below.

understanding how climate change determines poverty 
dynamics in climate-vulnerable economies.

3. Data and Methodology 

Based on Novignon et al. (2018), Baloch et al. (2020), Malerba 
(2020), and Açci et al. (2024), the following model has been 
considered in this paper. 

LNHCE=f (LNPM2.5, LNUNEMP, LNGHG, LNGDPP, LNHI35).............(1)

In this study, panel data from 1996 to 2020 of 32 climate 
vulnerable countries have been used. The list of the countries is 
given in the annex table. The description of the variables used in 
equation 1 is summarised in the table 1 below.

Several methodologies were employed to conduct the study. 
Firstly, Pesaran (2004) CD test was used to check the 
cross-sectional dependency among the variables in the model. 
To assure robustness, the study also employed Breusch-Pagan 
LM and Pesaran Scaled LM cross-section dependence.

Secondly, Cross-sectional Augmented Dickey Fuller (CADF) and 
Cross-sectional Im, Pesaran, Shin (CIPS) unit root tests by 
Pesaran (2007) were used to examine the stationarity of the 
variables since cross-sectional dependency were found by 
Pesaran CD test. The CADF and CIPS contain an assumption of 
cross-sectional dependency. Therefore, the information 
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Climate change threatens poverty reduction by acting through 
multiple, reinforcing channels that decrease households’ ability 
to earn, cope with climatic shocks and stresses, and invest. 
Rising temperatures, worsening air quality, and intensi�ed 
hydrometeorological shocks reduce labour productivity and 
increase health expenditures, whilst �oods and droughts 
destroy productive assets and raise the price of staples, all of 
which lower household consumption and increase poverty 
incidence (Rabassa, et al., 2011; Leichenko & Silva, 2014; 
Rozenberg & Hallegatte, 2015). These e�ects are highly 
regressive, low-income households are more exposed and 
possess weaker bu�ers, creating feedback that can trap families 
in persistent poverty (Barbier & Hochard, 2018; Hallegatte, et al., 
2018). It is not only gradual climate change but also volatility in 
temperature and rainfall that deepens poverty vulnerability, 
with disproportionate impacts on the poorest groups (Ahmed, 
et al., 2009). 

Food insecurity is another critical transmission channel through 
which climatic shocks worsen household welfare. In rural 
Bangladesh, climate shocks such as �oods and droughts disrupt 
agricultural production, heightening household vulnerability, 
with disproportionate impacts on women and intra-household 
welfare outcomes (Alston & Akhter, 2016). Household responses 
to these shocks are mixed: evidence from coastal Bangladesh 
shows that climate-smart adaptation in agriculture can reduce 
food insecurity, whereas coping strategies such as borrowing or 
distress asset sales often deepen long-term vulnerability 
(Rahman, et al., 2023). At the food system level, rising 
temperatures, erratic rainfall, sea-level rise, and �ooding 
threaten the stability of food supply chains, driving up prices 
and reinforcing malnutrition risks across climate-vulnerable 
countries like Bangladesh (Rahman, et al., 2024). In Sub-Saharan 
Africa, similar vulnerabilities emerge: Niger and Burkina Faso 
face recurrent droughts that not only devastate harvests but 
also exacerbate child malnutrition (Sultan, et al., 2025), whilst in 
Central America, Guatemala and Nicaragua are caught in the 
‘Dry Corridor’ cycle of erratic rainfall and crop failure, amplifying 
rural poverty and migration pressures (Beveridge, et al., 2019).

Mitigation and adaptation policies in�uence these dynamics. 
Well-designed interventions can deliver bene�ts, such as 
improved air quality and the creation of new green livelihoods. 
Conversely, poorly targeted measures risk worsening 
vulnerability unless accompanied by social protection (Barbier, 
2014; Bangalore, et al., 2014). Thus, climate and poverty policy 
must be seen as mutually reinforcing agendas.

The relationship between climate change, environmental 
degradation, and poverty has become a focal concern in 
achieving sustainable development goals. A growing body of 
literature highlights the multiple channels through which 
environmental stressors exacerbate poverty dynamics, 
particularly in low- and middle-income countries.

Baloch et al. (2020) examine the interplay between poverty, 
inequality, and carbon dioxide emissions across Sub-Saharan 
Africa, �nding that rising poverty contributes to greater 
environmental degradation. This underscores the two-way 
linkage between welfare and emissions: poverty not only makes 
households more vulnerable to climate impacts but also 
perpetuates reliance on polluting activities. Similarly, Rentschler 
& Leonova, (2023) provide global evidence that ambient air 
pollution (PM2.5) disproportionately a�ects low-income groups, 
both through higher exposure and greater vulnerability to 
health shocks, thus reinforcing poverty traps. Considering the 
facts mentioned, air pollution (PM2.5) has been included in the 
present analysis, capturing one of the most direct channels 
through which climate change a�ects human welfare.

Temperature extremes represent another critical pathway. Dang 
et al. (2023) used a global subnational panel to show that a 
one-degree Celsius rise increases poverty by 9.1 per cent and 
inequality by 1.4 per cent, with the strongest e�ects in South 
Asia and Sub-Saharan Africa. These �ndings justify the inclusion 
of the heat index (HI35) as a proxy for climate-induced thermal 
stress, re�ecting how hotter environments reduce labour 
productivity, undermine agricultural output, and erode welfare 
for poor and climate vulnerable households.

At the macroeconomic level, GHGs remain a central driver of 
global warming. Prior studies linking GHGs and welfare such as, 
Baloch, et al., (2020) point to the need to consider aggregate 
emissions alongside household-level impacts. GHG emissions 
thus serve as a structural determinant of long-run climate 
pressure. Meanwhile, GDP per capita is a conventional control 
for economic development, but existing work such as, Dang, et 
al. (2023) shows that income growth alone may not o�set 
climate-driven poverty unless accompanied by adaptation. 

Finally, the literatures emphasise the socioeconomic mediators 
of climate-poverty dynamics. Unemployment has been shown 
to deepen vulnerability, as job loss reduces household coping 
capacity in the face of environmental shocks. In contrast, 
household �nal consumption expenditure per capita (HFCE) is 
widely recognised as a robust proxy for welfare, especially when 
consistent poverty headcount data are unavailable (Wollburg, et 
al., 2023; Pinkovskiy & Sala-i-Martin, 2016). Because poverty is 
fundamentally a matter of inadequate consumption, HFCE 
captures the average welfare level of households and non-pro�t 
institutions serving households (NPISHs), providing a 
comparable measure across countries and over time.

Thus, poverty and welfare cannot be analysed in isolation from 
environmental stressors. Air pollution, temperature extremes, 
and GHG emissions directly shape poverty outcomes, whilst 
macroeconomic conditions and labour market factors 
determine the extent of household vulnerability. By integrating 
these variables into a panel framework, this study contributes to 
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PM2.5 reduces income and labour supply, with stronger e�ects 
for low-skilled workers (He & Ji, 2021; Lin, et al., 2024). 

Besides, heat exposure reduces physical labour capacity and 
increases rest and recovery needs, translating into lower 
productivity and incomes in heat-sensitive sectors (agriculture, 
construction). Meta-analyses and empirical studies document 
meaningful productivity losses at high temperatures. The result 
aligns with the literature on heat-related productivity and 
economic burdens (Borg, et al., 2021; Chavaillaz, et al., 2019).

GDP Per Capita and GHG emissions are found to have positive 
and signi�cant relationships with consumption expenditure. A 1 
per cent increase in per capita GDP and GHG emissions, increase 
household consumption per capita by 0.35 per cent and 1.39 per 
cent respectively. The �ndings are consistent with the expected 
positive e�ect of higher average income on consumption. At the 
macro level, greater GHG emissions are positively correlated 
with higher consumption per capita, re�ecting the fact that 
emissions often rise with economic activity and industrial 
output. However, this positive association hides distributional 
and long-term trade-o�s: whilst emissions move together with 
growth re�ecting short-run welfare gains, they also feedback 
into higher temperatures and other hazards that reduce welfare 
through the channels above (Bangalore, et al., 2016). 

Finally, unemployment is found to have positive but statistically 
insigni�cant impact on household consumption expenditure. The 
statistically signi�cant negative elasticities for PM2.5 and heat index 
indicate that environmental stressors directly reduce household 
welfare, while GDP is associated with higher welfare. This underscores 
the policy objective: protect welfare from environmental damages 
whilst steering growth onto a cleaner trajectory. 

5. Way Forward and Recommendations

From the analysis, it is found that environmental stressors such 
as PM2.5 air pollution and heat signi�cantly reduce household 
consumption, with a 1 per cent increase in PM2.5 lowering 
consumption by 0.32 per cent and a 1 per cent rise in heat index 
reducing it by 0.49 per cent. At the same time, GDP per capita 
and GHG emissions are positively correlated with consumption, 
highlighting the tension between short-term growth and 
long-term climate risks. These �ndings con�rm that 
climate-related hazards, such as prolonged heat stress and air 
pollution, directly impact households, particularly in climate 
vulnerable countries. They reduce household consumption 
expenditure, undermining welfare and exacerbating poverty, 
especially among low-income populations.

Climate–poverty nexus requires a multidimensional policy 
response that addresses immediate vulnerabilities whilst 
promoting long-term resilience. Based on these �ndings and the 
broader evidence on climate–poverty linkages, the following 
recommendations are proposed for climate vulnerable 

countries to protect household welfare while promoting 
resilient and inclusive development:

Heat-Health and Urban Resilience strategies should be 
developed and implemented for the growing urban 
demographic

With escalating temperatures, cities and urban areas need 
strong and proactive heat action plans. The study analysis shows 
that a 1 per cent increase in heat index reduces household 
consumption expenditure by 0.49 per cent, highlighting the 
signi�cant welfare impact of thermal stress. Cities across climate 
vulnerable countries should expand shaded public spaces, 
introduce worker protection measures (cooling breaks, 
hydration support), and strengthen hospital preparedness for 
heat-related illnesses. Protecting workers of informal sectors 
from heat stress is vital to sustaining household incomes, 
particularly in regions where livelihoods are heavily outdoor 
based. Dhaka’s initiatives such as, green belts, re�ective roo�ng, 
and urban cooling programmes provide a model to build upon. 

Air Pollution control should be strengthened by transitioning 
into Clean Energy and Green Transportation

Regular exposure to PM2.5 reduces household welfare and must 
be tackled alongside climate goals. The study �nds that a 1 per 
cent increase in PM2.5 reduces household consumption by 0.32 
per cent, re�ecting the direct economic burden of poor air 
quality. Climate vulnerable countries should accelerate the 
transition to clean energy and transportations, drawing on 
successful models such as India’s clean cooking fuel programme 
and Nepal’s household solar schemes. Policies should include 
stricter regulation of industrial emissions, expanded solar home 
systems, and subsidies or microloans for improved cookstoves 
and biogas systems.

Social Protection Programmes should be integrated with 
Climate Adaptation and Mitigation strategies

Climate vulnerable countries should move towards adaptive 
social protection, aligning social safety nets (SSNs) with climate 
adaptation and disaster management. This means prioritising 
poor households in climate-vulnerable regions and linking cash 
transfers with climate-smart inputs (saline-tolerant seeds, 
disaster preparedness training, etc.). Regular reviews of SSNs are 
needed to avoid overlaps, improve targeting, and strengthen 
resilience against recurrent shocks.

Climate-Smart Agriculture should be promoted for Livelihood 
Diversi�cation and Resilience

Scaling up climate-smart agriculture (CSA) is essential to 
stabilise food security and rural incomes. Evidence from coastal 
Bangladesh shows CSA adoption signi�cantly reduces poverty. 
For instance, Islam and Farjana (2024) �nds adoption of 

After stationarity check, a cointegration test was conducted to 
examine the long-run association among the variables in the 
model. The Westerlund Panel Cointegration test con�rms the 
long-run association among the variables. The results are 
presented in Table 4.
 

The results show that all the variables are cointegrated in the 
long run. Now, since the variables have long-run association, we 
estimate the empirical relationship between climate change 
and poverty using Panel Dynamic Ordinary Least Square 
(PDOLS) and the results are given in the table 5 below.

The PDOLS result shows that environmental stressors such as 
PM2.5 and heat index have a negative impact on household 
consumption expenditure. The result shows that a 1 per cent 
increase in PM2.5 decreases the household �nal consumption 
expenditure by 0.32 per cent. Besides, a 1 per cent increase in 

heat index decreases the household �nal consumption 
expenditure by 0.49 per cent. 

The intuition behind the empirical �ndings is that increased air 
pollution (which is measured by PM2.5) reduces health and 
worker productivity, increases medical expenditures, and may 
suppress labour supply or wages for the most vulnerable, all of 
which lower household consumption. This magnitude is 
consistent with recent micro and macro studies showing that 

climate-smart agriculture can reduce multidimensional poverty 
by 41 per cent. Policies should expand access to stress-tolerant 
crop varieties, improved irrigation, agroforestry, and 
conservation farming. Beyond agriculture, investment in green 
jobs (renewable energy, waste management, reforestation) and 
skills training can diversify income sources and reduce 
vulnerability among the a�ected population.

Financial Resilience Mechanisms should be expanded

Vulnerable households need greater access to credit, insurance, 
and savings to withstand climate shocks. The study �ndings 
indicate that climate shocks directly reduce consumption, 
reinforcing the need for �nancial instruments such as 
weather-index insurance, micro�nance guarantees, and digital 
savings platforms. Scaling up these programmes and platforms can 
reduce reliance on harmful coping strategies such as distress asset 
sales after climatic shocks. Pilot projects in Bangladesh and South 
Asia show that climate-linked �nancial tools encourage productive 
investment while strengthening resilience.

Investment in Resilient Infrastructure and Locally Led 
Adaptation should be done

Continued investment in resilient infrastructures—such as 
cyclone shelters, embankments, �ood-proof roads, and safe 

drinking water— remain critical. Bangladesh’s success in 
reducing cyclone fatalities illustrates the payo� of such 
measures. Community-led adaptation initiatives and 
nature-based solutions (NbS) like raised water points, mangrove 
replantation, and elevated housing, should be scaled up across 
climate vulnerable countries, ensuring local ownership and 
strong bene�t-cost returns.

Policy Coordination should be enhanced for Inclusive 
Governance

E�ective climate–poverty policy requires aggregation across 
ministries and levels of government. Establishing a uni�ed 
framework that integrates vulnerability mapping, social 
protection, and climate �nance will improve targeting by 
directing resources to the poorest and most climate-exposed 
areas and enhance e�ciency by aligning budgets and delivery 
systems across programmes. Policies must also prioritise 
women, children, and other marginalised groups 
disproportionately a�ected by climate shocks. Regional 
cooperation within the CVF and South Asia such as, early 
warning systems and seed distribution can further strengthen 
resilience.
 



of national budget in FY2025. This illustrates the immediate 
welfare consequences for millions of households. 

Across the wider climate vulnerable group, similar dynamics is 
seen. In Mozambique, Cyclone Idai (2019) caused damages of 
about USD 3 billion (Nhundu, et al., 2021), a�ecting 15,01,500 
(EM-DAT, 2025) and erasing years of local development gains. In 
Tonga, the 2022 volcanic eruption and tsunami in�icted 
damages of USD 90 million, equivalent to 18.5 per cent of the 
country’s gross domestic product (GDP), demonstrating how 
small island economies su�er outsized shocks (World Bank, 
2022a). In Pakistan, the 2022 �oods a�ected about 33 million 
people, with estimated 7.9 million displaced from their homes 
and further caused losses and damages exceeding USD 30.1 
billion, pushing millions into poverty (National Disaster 
Management Authority, 2025). Even middle-income 
climate-vulnerable country such as Philippines faces annual 
losses from typhoons equivalent to 1.2 per cent of GDP (World 
Bank, 2022b). Taken together, the 32 CVF countries contribute 
less than 7 per cent of global GHG emissions (Climate Watch, 
2025) but bear disproportionate damages year after year, 
making climate resilience an urgent poverty-reduction agenda.

Against this backdrop, this policy brief aims to quantify the 
long-run relationship between climate stressors and household 
consumption, de�ne the channels through which climate risks 
translate into deeper and more persistent poverty and propose 
evidence-based actionable policy measures. A panel data of 32 
climate-vulnerable countries (1996-2020) have been used to 
estimate how total GHG emissions, environmental stressors 
such as, PM2.5 air pollution, extreme heat, together with 

macroeconomic controls (GDP per capita and unemployment) 
a�ect poverty. This policy brief, based on the �ndings, provides 
recommendations for adaptive social protection, pollution 
control, and heat-health measures to protect household welfare 
now and to steer growth on a cleaner, more inclusive path. 

2. Climate Change and Poverty Landscape 

Climate vulnerable countries collectively account for less than 
7 per cent of global GHG emissions yet su�er 
disproportionately from the impact of climate change. By 
contrast, our calculation showed that the top three emitters - 
China, the United States, and the European Union (27 
countries) account for over 50 per cent of total global 
emissions. To illustrate this divergence, Figure 1 presents total 
GHG emissions (1996–2020) for the 32 selected climate 
vulnerable countries combined, alongside major emitters such 
as China, India, the United States, and the EU27.

Whilst emissions from climate vulnerable countries have 
remained relatively low and gradual, rising from around 2,000 
MtCO2e in 1996 to just over 3,000 MtCO2e in 2020, China’s 
emissions surged more than threefold over the same period, 
exceeding 12,000 MtCO2e by 2020. The United States and EU27 
have seen modest declines since the mid-2000s but still emit at 
levels far above the entire climate vulnerable countries’ block. 
India’s emissions have steadily increased, surpassing both 
climate vulnerable countries and EU27 levels by 2020. Climate 
vulnerable countries, despite contributing minimally to global 
emissions, face severe impact of climate change through �oods, 
droughts, and heat stress that undermine household welfare.

1. Introduction

Climate change is not an abstract, distant risk for low-income countries. It is an active, 
systemic force that shapes how households earn, spend, and survive. It is already 
reshaping poverty dynamics in many countries specially for climate vulnerable countries. 
(Moyer, et al., 2023) Hence, it is important to examine how climate change exacerbates the 
vulnerabilities and can reverse developmental gains. Global assessments show climate 
impacts represent a major obstacle to sustained poverty reduction (Winsemius, et al., 
2018), and it could increase the number of people in extreme poverty without stronger 
adaptation and mitigation measures (Lankes, et al., 2023). The World Bank’s synthesis work 
on climate and poverty highlights that climate shocks and gradual warming can 
signi�cantly increase poverty exposure and slow down poverty reduction e�orts 
(Bangalore, et al., 2016). 

Moreover, ambient air pollution and its intersection with poverty are acute global 
problems. Recent global mapping estimates that millions of poor people live in areas with 
unsafe PM2.5 concentrations, concentrating health and economic risks among most 
vulnerable. Rentschler and Leonova (2023) demonstrate that 7.3 billion people worldwide 
(80 per cent of whom reside in low- and middle-income nations) are directly exposed to 
dangerous average annual PM2.5 concentrations using the World Health Organization's 
(WHO) 2021 revised �ne particulate matter (PM2.5) criteria.  Furthermore, Rentschler and 
Leonova (2023) also �nds that 716 million of the world's poorest people, those who make 
less than USD 1.90 a day, live in regions with dangerously high air pollution, mostly in 
Sub-Saharan Africa.

It is worth noting that climate vulnerable countries’ contribution to global greenhouse gas 
(GHG) emission is very insigni�cant, yet these countries su�er the most. For instance, 
Bangladesh contributes only 0.52 per cent of total GHG emissions (Climate Watch, 2025), 
but it su�ers the consequence of recurring �oods, cyclones, sea-level rise, and pro-longed 
heat stress. Moreover, Letsch et al. (2023) �nd the number of extreme weather events in 
Bangladesh increased by 46 per cent between 2017 and 2021. In 2024, Bangladesh 
su�ered a total of BDT 14, 421.5 crore damage during the �oods in eastern regions in late 
August and early September of 2024 (Khatun, et al., 2024). This amounted to 1.8 per cent 
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provided by these experiments about the stationary properties 
is reliable.

Thirdly, a simple panel cointegration test developed by 
Westerlund (2005) was also employed. This cointegration test is 
straightforward and does not necessitate adjustments for 
temporal dependencies within the dataset. It allows for 
individual-speci�c short-term dynamics, as well as unique 
intercepts, trend components, and slope coe�cients for each 
entity. The asymptotic distributions of the test statistics are 
derived and demonstrated to be independent of nuisance 
parameters. 

Finally, Panel Dynamic Ordinary Least Square (PDOLS) developed 
by Kao & Chiang (2001) was used to estimate the long-run 
cointegrating factors. The PDOLS test provides a more accurate 
long-run estimate of the variables than conventional panel 
estimators by holding the long-run parameters constant across 
countries while permitting the short-run parameters to vary. 

4. Result Analysis

Firstly, we check for cross-sectional dependency in the data 
using Breusch-Pagan LM, Pesaran scaled LM and Pesaran CD 
tests. Table 2 summarises the results from these tests. The results 
show that cross-sectional dependency exists in the data. 

Since cross-sectional dependency exist, hence we used second 
generational panel unit root tests, such as CADF and CIPS for 
examining the stationarity of the data. The results show that all 
variables are stationary at their �rst-di�erenced form. The 
results are summarised in the Table 3 below.

understanding how climate change determines poverty 
dynamics in climate-vulnerable economies.

3. Data and Methodology 

Based on Novignon et al. (2018), Baloch et al. (2020), Malerba 
(2020), and Açci et al. (2024), the following model has been 
considered in this paper. 

LNHCE=f (LNPM2.5, LNUNEMP, LNGHG, LNGDPP, LNHI35).............(1)

In this study, panel data from 1996 to 2020 of 32 climate 
vulnerable countries have been used. The list of the countries is 
given in the annex table. The description of the variables used in 
equation 1 is summarised in the table 1 below.

Several methodologies were employed to conduct the study. 
Firstly, Pesaran (2004) CD test was used to check the 
cross-sectional dependency among the variables in the model. 
To assure robustness, the study also employed Breusch-Pagan 
LM and Pesaran Scaled LM cross-section dependence.

Secondly, Cross-sectional Augmented Dickey Fuller (CADF) and 
Cross-sectional Im, Pesaran, Shin (CIPS) unit root tests by 
Pesaran (2007) were used to examine the stationarity of the 
variables since cross-sectional dependency were found by 
Pesaran CD test. The CADF and CIPS contain an assumption of 
cross-sectional dependency. Therefore, the information 

Climate change threatens poverty reduction by acting through 
multiple, reinforcing channels that decrease households’ ability 
to earn, cope with climatic shocks and stresses, and invest. 
Rising temperatures, worsening air quality, and intensi�ed 
hydrometeorological shocks reduce labour productivity and 
increase health expenditures, whilst �oods and droughts 
destroy productive assets and raise the price of staples, all of 
which lower household consumption and increase poverty 
incidence (Rabassa, et al., 2011; Leichenko & Silva, 2014; 
Rozenberg & Hallegatte, 2015). These e�ects are highly 
regressive, low-income households are more exposed and 
possess weaker bu�ers, creating feedback that can trap families 
in persistent poverty (Barbier & Hochard, 2018; Hallegatte, et al., 
2018). It is not only gradual climate change but also volatility in 
temperature and rainfall that deepens poverty vulnerability, 
with disproportionate impacts on the poorest groups (Ahmed, 
et al., 2009). 

Food insecurity is another critical transmission channel through 
which climatic shocks worsen household welfare. In rural 
Bangladesh, climate shocks such as �oods and droughts disrupt 
agricultural production, heightening household vulnerability, 
with disproportionate impacts on women and intra-household 
welfare outcomes (Alston & Akhter, 2016). Household responses 
to these shocks are mixed: evidence from coastal Bangladesh 
shows that climate-smart adaptation in agriculture can reduce 
food insecurity, whereas coping strategies such as borrowing or 
distress asset sales often deepen long-term vulnerability 
(Rahman, et al., 2023). At the food system level, rising 
temperatures, erratic rainfall, sea-level rise, and �ooding 
threaten the stability of food supply chains, driving up prices 
and reinforcing malnutrition risks across climate-vulnerable 
countries like Bangladesh (Rahman, et al., 2024). In Sub-Saharan 
Africa, similar vulnerabilities emerge: Niger and Burkina Faso 
face recurrent droughts that not only devastate harvests but 
also exacerbate child malnutrition (Sultan, et al., 2025), whilst in 
Central America, Guatemala and Nicaragua are caught in the 
‘Dry Corridor’ cycle of erratic rainfall and crop failure, amplifying 
rural poverty and migration pressures (Beveridge, et al., 2019).

Mitigation and adaptation policies in�uence these dynamics. 
Well-designed interventions can deliver bene�ts, such as 
improved air quality and the creation of new green livelihoods. 
Conversely, poorly targeted measures risk worsening 
vulnerability unless accompanied by social protection (Barbier, 
2014; Bangalore, et al., 2014). Thus, climate and poverty policy 
must be seen as mutually reinforcing agendas.

The relationship between climate change, environmental 
degradation, and poverty has become a focal concern in 
achieving sustainable development goals. A growing body of 
literature highlights the multiple channels through which 
environmental stressors exacerbate poverty dynamics, 
particularly in low- and middle-income countries.

Baloch et al. (2020) examine the interplay between poverty, 
inequality, and carbon dioxide emissions across Sub-Saharan 
Africa, �nding that rising poverty contributes to greater 
environmental degradation. This underscores the two-way 
linkage between welfare and emissions: poverty not only makes 
households more vulnerable to climate impacts but also 
perpetuates reliance on polluting activities. Similarly, Rentschler 
& Leonova, (2023) provide global evidence that ambient air 
pollution (PM2.5) disproportionately a�ects low-income groups, 
both through higher exposure and greater vulnerability to 
health shocks, thus reinforcing poverty traps. Considering the 
facts mentioned, air pollution (PM2.5) has been included in the 
present analysis, capturing one of the most direct channels 
through which climate change a�ects human welfare.

Temperature extremes represent another critical pathway. Dang 
et al. (2023) used a global subnational panel to show that a 
one-degree Celsius rise increases poverty by 9.1 per cent and 
inequality by 1.4 per cent, with the strongest e�ects in South 
Asia and Sub-Saharan Africa. These �ndings justify the inclusion 
of the heat index (HI35) as a proxy for climate-induced thermal 
stress, re�ecting how hotter environments reduce labour 
productivity, undermine agricultural output, and erode welfare 
for poor and climate vulnerable households.

At the macroeconomic level, GHGs remain a central driver of 
global warming. Prior studies linking GHGs and welfare such as, 
Baloch, et al., (2020) point to the need to consider aggregate 
emissions alongside household-level impacts. GHG emissions 
thus serve as a structural determinant of long-run climate 
pressure. Meanwhile, GDP per capita is a conventional control 
for economic development, but existing work such as, Dang, et 
al. (2023) shows that income growth alone may not o�set 
climate-driven poverty unless accompanied by adaptation. 

Finally, the literatures emphasise the socioeconomic mediators 
of climate-poverty dynamics. Unemployment has been shown 
to deepen vulnerability, as job loss reduces household coping 
capacity in the face of environmental shocks. In contrast, 
household �nal consumption expenditure per capita (HFCE) is 
widely recognised as a robust proxy for welfare, especially when 
consistent poverty headcount data are unavailable (Wollburg, et 
al., 2023; Pinkovskiy & Sala-i-Martin, 2016). Because poverty is 
fundamentally a matter of inadequate consumption, HFCE 
captures the average welfare level of households and non-pro�t 
institutions serving households (NPISHs), providing a 
comparable measure across countries and over time.

Thus, poverty and welfare cannot be analysed in isolation from 
environmental stressors. Air pollution, temperature extremes, 
and GHG emissions directly shape poverty outcomes, whilst 
macroeconomic conditions and labour market factors 
determine the extent of household vulnerability. By integrating 
these variables into a panel framework, this study contributes to 

PM2.5 reduces income and labour supply, with stronger e�ects 
for low-skilled workers (He & Ji, 2021; Lin, et al., 2024). 

Besides, heat exposure reduces physical labour capacity and 
increases rest and recovery needs, translating into lower 
productivity and incomes in heat-sensitive sectors (agriculture, 
construction). Meta-analyses and empirical studies document 
meaningful productivity losses at high temperatures. The result 
aligns with the literature on heat-related productivity and 
economic burdens (Borg, et al., 2021; Chavaillaz, et al., 2019).

GDP Per Capita and GHG emissions are found to have positive 
and signi�cant relationships with consumption expenditure. A 1 
per cent increase in per capita GDP and GHG emissions, increase 
household consumption per capita by 0.35 per cent and 1.39 per 
cent respectively. The �ndings are consistent with the expected 
positive e�ect of higher average income on consumption. At the 
macro level, greater GHG emissions are positively correlated 
with higher consumption per capita, re�ecting the fact that 
emissions often rise with economic activity and industrial 
output. However, this positive association hides distributional 
and long-term trade-o�s: whilst emissions move together with 
growth re�ecting short-run welfare gains, they also feedback 
into higher temperatures and other hazards that reduce welfare 
through the channels above (Bangalore, et al., 2016). 

Finally, unemployment is found to have positive but statistically 
insigni�cant impact on household consumption expenditure. The 
statistically signi�cant negative elasticities for PM2.5 and heat index 
indicate that environmental stressors directly reduce household 
welfare, while GDP is associated with higher welfare. This underscores 
the policy objective: protect welfare from environmental damages 
whilst steering growth onto a cleaner trajectory. 

5. Way Forward and Recommendations

From the analysis, it is found that environmental stressors such 
as PM2.5 air pollution and heat signi�cantly reduce household 
consumption, with a 1 per cent increase in PM2.5 lowering 
consumption by 0.32 per cent and a 1 per cent rise in heat index 
reducing it by 0.49 per cent. At the same time, GDP per capita 
and GHG emissions are positively correlated with consumption, 
highlighting the tension between short-term growth and 
long-term climate risks. These �ndings con�rm that 
climate-related hazards, such as prolonged heat stress and air 
pollution, directly impact households, particularly in climate 
vulnerable countries. They reduce household consumption 
expenditure, undermining welfare and exacerbating poverty, 
especially among low-income populations.

Climate–poverty nexus requires a multidimensional policy 
response that addresses immediate vulnerabilities whilst 
promoting long-term resilience. Based on these �ndings and the 
broader evidence on climate–poverty linkages, the following 
recommendations are proposed for climate vulnerable 

countries to protect household welfare while promoting 
resilient and inclusive development:

Heat-Health and Urban Resilience strategies should be 
developed and implemented for the growing urban 
demographic

With escalating temperatures, cities and urban areas need 
strong and proactive heat action plans. The study analysis shows 
that a 1 per cent increase in heat index reduces household 
consumption expenditure by 0.49 per cent, highlighting the 
signi�cant welfare impact of thermal stress. Cities across climate 
vulnerable countries should expand shaded public spaces, 
introduce worker protection measures (cooling breaks, 
hydration support), and strengthen hospital preparedness for 
heat-related illnesses. Protecting workers of informal sectors 
from heat stress is vital to sustaining household incomes, 
particularly in regions where livelihoods are heavily outdoor 
based. Dhaka’s initiatives such as, green belts, re�ective roo�ng, 
and urban cooling programmes provide a model to build upon. 

Air Pollution control should be strengthened by transitioning 
into Clean Energy and Green Transportation

Regular exposure to PM2.5 reduces household welfare and must 
be tackled alongside climate goals. The study �nds that a 1 per 
cent increase in PM2.5 reduces household consumption by 0.32 
per cent, re�ecting the direct economic burden of poor air 
quality. Climate vulnerable countries should accelerate the 
transition to clean energy and transportations, drawing on 
successful models such as India’s clean cooking fuel programme 
and Nepal’s household solar schemes. Policies should include 
stricter regulation of industrial emissions, expanded solar home 
systems, and subsidies or microloans for improved cookstoves 
and biogas systems.

Social Protection Programmes should be integrated with 
Climate Adaptation and Mitigation strategies

Climate vulnerable countries should move towards adaptive 
social protection, aligning social safety nets (SSNs) with climate 
adaptation and disaster management. This means prioritising 
poor households in climate-vulnerable regions and linking cash 
transfers with climate-smart inputs (saline-tolerant seeds, 
disaster preparedness training, etc.). Regular reviews of SSNs are 
needed to avoid overlaps, improve targeting, and strengthen 
resilience against recurrent shocks.

Climate-Smart Agriculture should be promoted for Livelihood 
Diversi�cation and Resilience

Scaling up climate-smart agriculture (CSA) is essential to 
stabilise food security and rural incomes. Evidence from coastal 
Bangladesh shows CSA adoption signi�cantly reduces poverty. 
For instance, Islam and Farjana (2024) �nds adoption of 

After stationarity check, a cointegration test was conducted to 
examine the long-run association among the variables in the 
model. The Westerlund Panel Cointegration test con�rms the 
long-run association among the variables. The results are 
presented in Table 4.
 

The results show that all the variables are cointegrated in the 
long run. Now, since the variables have long-run association, we 
estimate the empirical relationship between climate change 
and poverty using Panel Dynamic Ordinary Least Square 
(PDOLS) and the results are given in the table 5 below.

The PDOLS result shows that environmental stressors such as 
PM2.5 and heat index have a negative impact on household 
consumption expenditure. The result shows that a 1 per cent 
increase in PM2.5 decreases the household �nal consumption 
expenditure by 0.32 per cent. Besides, a 1 per cent increase in 

heat index decreases the household �nal consumption 
expenditure by 0.49 per cent. 

The intuition behind the empirical �ndings is that increased air 
pollution (which is measured by PM2.5) reduces health and 
worker productivity, increases medical expenditures, and may 
suppress labour supply or wages for the most vulnerable, all of 
which lower household consumption. This magnitude is 
consistent with recent micro and macro studies showing that 

Figure 1: Total GHG emissions of climate vulnerable countries vs major emitters (1996–2020)

Source: Software generated result compiled by authors using data from the Climate Watch 2025.
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climate-smart agriculture can reduce multidimensional poverty 
by 41 per cent. Policies should expand access to stress-tolerant 
crop varieties, improved irrigation, agroforestry, and 
conservation farming. Beyond agriculture, investment in green 
jobs (renewable energy, waste management, reforestation) and 
skills training can diversify income sources and reduce 
vulnerability among the a�ected population.

Financial Resilience Mechanisms should be expanded

Vulnerable households need greater access to credit, insurance, 
and savings to withstand climate shocks. The study �ndings 
indicate that climate shocks directly reduce consumption, 
reinforcing the need for �nancial instruments such as 
weather-index insurance, micro�nance guarantees, and digital 
savings platforms. Scaling up these programmes and platforms can 
reduce reliance on harmful coping strategies such as distress asset 
sales after climatic shocks. Pilot projects in Bangladesh and South 
Asia show that climate-linked �nancial tools encourage productive 
investment while strengthening resilience.

Investment in Resilient Infrastructure and Locally Led 
Adaptation should be done

Continued investment in resilient infrastructures—such as 
cyclone shelters, embankments, �ood-proof roads, and safe 

drinking water— remain critical. Bangladesh’s success in 
reducing cyclone fatalities illustrates the payo� of such 
measures. Community-led adaptation initiatives and 
nature-based solutions (NbS) like raised water points, mangrove 
replantation, and elevated housing, should be scaled up across 
climate vulnerable countries, ensuring local ownership and 
strong bene�t-cost returns.

Policy Coordination should be enhanced for Inclusive 
Governance

E�ective climate–poverty policy requires aggregation across 
ministries and levels of government. Establishing a uni�ed 
framework that integrates vulnerability mapping, social 
protection, and climate �nance will improve targeting by 
directing resources to the poorest and most climate-exposed 
areas and enhance e�ciency by aligning budgets and delivery 
systems across programmes. Policies must also prioritise 
women, children, and other marginalised groups 
disproportionately a�ected by climate shocks. Regional 
cooperation within the CVF and South Asia such as, early 
warning systems and seed distribution can further strengthen 
resilience.
 



of national budget in FY2025. This illustrates the immediate 
welfare consequences for millions of households. 

Across the wider climate vulnerable group, similar dynamics is 
seen. In Mozambique, Cyclone Idai (2019) caused damages of 
about USD 3 billion (Nhundu, et al., 2021), a�ecting 15,01,500 
(EM-DAT, 2025) and erasing years of local development gains. In 
Tonga, the 2022 volcanic eruption and tsunami in�icted 
damages of USD 90 million, equivalent to 18.5 per cent of the 
country’s gross domestic product (GDP), demonstrating how 
small island economies su�er outsized shocks (World Bank, 
2022a). In Pakistan, the 2022 �oods a�ected about 33 million 
people, with estimated 7.9 million displaced from their homes 
and further caused losses and damages exceeding USD 30.1 
billion, pushing millions into poverty (National Disaster 
Management Authority, 2025). Even middle-income 
climate-vulnerable country such as Philippines faces annual 
losses from typhoons equivalent to 1.2 per cent of GDP (World 
Bank, 2022b). Taken together, the 32 CVF countries contribute 
less than 7 per cent of global GHG emissions (Climate Watch, 
2025) but bear disproportionate damages year after year, 
making climate resilience an urgent poverty-reduction agenda.

Against this backdrop, this policy brief aims to quantify the 
long-run relationship between climate stressors and household 
consumption, de�ne the channels through which climate risks 
translate into deeper and more persistent poverty and propose 
evidence-based actionable policy measures. A panel data of 32 
climate-vulnerable countries (1996-2020) have been used to 
estimate how total GHG emissions, environmental stressors 
such as, PM2.5 air pollution, extreme heat, together with 

macroeconomic controls (GDP per capita and unemployment) 
a�ect poverty. This policy brief, based on the �ndings, provides 
recommendations for adaptive social protection, pollution 
control, and heat-health measures to protect household welfare 
now and to steer growth on a cleaner, more inclusive path. 

2. Climate Change and Poverty Landscape 

Climate vulnerable countries collectively account for less than 
7 per cent of global GHG emissions yet su�er 
disproportionately from the impact of climate change. By 
contrast, our calculation showed that the top three emitters - 
China, the United States, and the European Union (27 
countries) account for over 50 per cent of total global 
emissions. To illustrate this divergence, Figure 1 presents total 
GHG emissions (1996–2020) for the 32 selected climate 
vulnerable countries combined, alongside major emitters such 
as China, India, the United States, and the EU27.

Whilst emissions from climate vulnerable countries have 
remained relatively low and gradual, rising from around 2,000 
MtCO2e in 1996 to just over 3,000 MtCO2e in 2020, China’s 
emissions surged more than threefold over the same period, 
exceeding 12,000 MtCO2e by 2020. The United States and EU27 
have seen modest declines since the mid-2000s but still emit at 
levels far above the entire climate vulnerable countries’ block. 
India’s emissions have steadily increased, surpassing both 
climate vulnerable countries and EU27 levels by 2020. Climate 
vulnerable countries, despite contributing minimally to global 
emissions, face severe impact of climate change through �oods, 
droughts, and heat stress that undermine household welfare.

CPD POLICY BRIEF

1. Introduction

Climate change is not an abstract, distant risk for low-income countries. It is an active, 
systemic force that shapes how households earn, spend, and survive. It is already 
reshaping poverty dynamics in many countries specially for climate vulnerable countries. 
(Moyer, et al., 2023) Hence, it is important to examine how climate change exacerbates the 
vulnerabilities and can reverse developmental gains. Global assessments show climate 
impacts represent a major obstacle to sustained poverty reduction (Winsemius, et al., 
2018), and it could increase the number of people in extreme poverty without stronger 
adaptation and mitigation measures (Lankes, et al., 2023). The World Bank’s synthesis work 
on climate and poverty highlights that climate shocks and gradual warming can 
signi�cantly increase poverty exposure and slow down poverty reduction e�orts 
(Bangalore, et al., 2016). 

Moreover, ambient air pollution and its intersection with poverty are acute global 
problems. Recent global mapping estimates that millions of poor people live in areas with 
unsafe PM2.5 concentrations, concentrating health and economic risks among most 
vulnerable. Rentschler and Leonova (2023) demonstrate that 7.3 billion people worldwide 
(80 per cent of whom reside in low- and middle-income nations) are directly exposed to 
dangerous average annual PM2.5 concentrations using the World Health Organization's 
(WHO) 2021 revised �ne particulate matter (PM2.5) criteria.  Furthermore, Rentschler and 
Leonova (2023) also �nds that 716 million of the world's poorest people, those who make 
less than USD 1.90 a day, live in regions with dangerously high air pollution, mostly in 
Sub-Saharan Africa.

It is worth noting that climate vulnerable countries’ contribution to global greenhouse gas 
(GHG) emission is very insigni�cant, yet these countries su�er the most. For instance, 
Bangladesh contributes only 0.52 per cent of total GHG emissions (Climate Watch, 2025), 
but it su�ers the consequence of recurring �oods, cyclones, sea-level rise, and pro-longed 
heat stress. Moreover, Letsch et al. (2023) �nd the number of extreme weather events in 
Bangladesh increased by 46 per cent between 2017 and 2021. In 2024, Bangladesh 
su�ered a total of BDT 14, 421.5 crore damage during the �oods in eastern regions in late 
August and early September of 2024 (Khatun, et al., 2024). This amounted to 1.8 per cent 
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provided by these experiments about the stationary properties 
is reliable.

Thirdly, a simple panel cointegration test developed by 
Westerlund (2005) was also employed. This cointegration test is 
straightforward and does not necessitate adjustments for 
temporal dependencies within the dataset. It allows for 
individual-speci�c short-term dynamics, as well as unique 
intercepts, trend components, and slope coe�cients for each 
entity. The asymptotic distributions of the test statistics are 
derived and demonstrated to be independent of nuisance 
parameters. 

Finally, Panel Dynamic Ordinary Least Square (PDOLS) developed 
by Kao & Chiang (2001) was used to estimate the long-run 
cointegrating factors. The PDOLS test provides a more accurate 
long-run estimate of the variables than conventional panel 
estimators by holding the long-run parameters constant across 
countries while permitting the short-run parameters to vary. 

4. Result Analysis

Firstly, we check for cross-sectional dependency in the data 
using Breusch-Pagan LM, Pesaran scaled LM and Pesaran CD 
tests. Table 2 summarises the results from these tests. The results 
show that cross-sectional dependency exists in the data. 

Since cross-sectional dependency exist, hence we used second 
generational panel unit root tests, such as CADF and CIPS for 
examining the stationarity of the data. The results show that all 
variables are stationary at their �rst-di�erenced form. The 
results are summarised in the Table 3 below.

understanding how climate change determines poverty 
dynamics in climate-vulnerable economies.

3. Data and Methodology 

Based on Novignon et al. (2018), Baloch et al. (2020), Malerba 
(2020), and Açci et al. (2024), the following model has been 
considered in this paper. 

LNHCE=f (LNPM2.5, LNUNEMP, LNGHG, LNGDPP, LNHI35).............(1)

In this study, panel data from 1996 to 2020 of 32 climate 
vulnerable countries have been used. The list of the countries is 
given in the annex table. The description of the variables used in 
equation 1 is summarised in the table 1 below.

Several methodologies were employed to conduct the study. 
Firstly, Pesaran (2004) CD test was used to check the 
cross-sectional dependency among the variables in the model. 
To assure robustness, the study also employed Breusch-Pagan 
LM and Pesaran Scaled LM cross-section dependence.

Secondly, Cross-sectional Augmented Dickey Fuller (CADF) and 
Cross-sectional Im, Pesaran, Shin (CIPS) unit root tests by 
Pesaran (2007) were used to examine the stationarity of the 
variables since cross-sectional dependency were found by 
Pesaran CD test. The CADF and CIPS contain an assumption of 
cross-sectional dependency. Therefore, the information 

Climate change threatens poverty reduction by acting through 
multiple, reinforcing channels that decrease households’ ability 
to earn, cope with climatic shocks and stresses, and invest. 
Rising temperatures, worsening air quality, and intensi�ed 
hydrometeorological shocks reduce labour productivity and 
increase health expenditures, whilst �oods and droughts 
destroy productive assets and raise the price of staples, all of 
which lower household consumption and increase poverty 
incidence (Rabassa, et al., 2011; Leichenko & Silva, 2014; 
Rozenberg & Hallegatte, 2015). These e�ects are highly 
regressive, low-income households are more exposed and 
possess weaker bu�ers, creating feedback that can trap families 
in persistent poverty (Barbier & Hochard, 2018; Hallegatte, et al., 
2018). It is not only gradual climate change but also volatility in 
temperature and rainfall that deepens poverty vulnerability, 
with disproportionate impacts on the poorest groups (Ahmed, 
et al., 2009). 

Food insecurity is another critical transmission channel through 
which climatic shocks worsen household welfare. In rural 
Bangladesh, climate shocks such as �oods and droughts disrupt 
agricultural production, heightening household vulnerability, 
with disproportionate impacts on women and intra-household 
welfare outcomes (Alston & Akhter, 2016). Household responses 
to these shocks are mixed: evidence from coastal Bangladesh 
shows that climate-smart adaptation in agriculture can reduce 
food insecurity, whereas coping strategies such as borrowing or 
distress asset sales often deepen long-term vulnerability 
(Rahman, et al., 2023). At the food system level, rising 
temperatures, erratic rainfall, sea-level rise, and �ooding 
threaten the stability of food supply chains, driving up prices 
and reinforcing malnutrition risks across climate-vulnerable 
countries like Bangladesh (Rahman, et al., 2024). In Sub-Saharan 
Africa, similar vulnerabilities emerge: Niger and Burkina Faso 
face recurrent droughts that not only devastate harvests but 
also exacerbate child malnutrition (Sultan, et al., 2025), whilst in 
Central America, Guatemala and Nicaragua are caught in the 
‘Dry Corridor’ cycle of erratic rainfall and crop failure, amplifying 
rural poverty and migration pressures (Beveridge, et al., 2019).

Mitigation and adaptation policies in�uence these dynamics. 
Well-designed interventions can deliver bene�ts, such as 
improved air quality and the creation of new green livelihoods. 
Conversely, poorly targeted measures risk worsening 
vulnerability unless accompanied by social protection (Barbier, 
2014; Bangalore, et al., 2014). Thus, climate and poverty policy 
must be seen as mutually reinforcing agendas.

The relationship between climate change, environmental 
degradation, and poverty has become a focal concern in 
achieving sustainable development goals. A growing body of 
literature highlights the multiple channels through which 
environmental stressors exacerbate poverty dynamics, 
particularly in low- and middle-income countries.

Baloch et al. (2020) examine the interplay between poverty, 
inequality, and carbon dioxide emissions across Sub-Saharan 
Africa, �nding that rising poverty contributes to greater 
environmental degradation. This underscores the two-way 
linkage between welfare and emissions: poverty not only makes 
households more vulnerable to climate impacts but also 
perpetuates reliance on polluting activities. Similarly, Rentschler 
& Leonova, (2023) provide global evidence that ambient air 
pollution (PM2.5) disproportionately a�ects low-income groups, 
both through higher exposure and greater vulnerability to 
health shocks, thus reinforcing poverty traps. Considering the 
facts mentioned, air pollution (PM2.5) has been included in the 
present analysis, capturing one of the most direct channels 
through which climate change a�ects human welfare.

Temperature extremes represent another critical pathway. Dang 
et al. (2023) used a global subnational panel to show that a 
one-degree Celsius rise increases poverty by 9.1 per cent and 
inequality by 1.4 per cent, with the strongest e�ects in South 
Asia and Sub-Saharan Africa. These �ndings justify the inclusion 
of the heat index (HI35) as a proxy for climate-induced thermal 
stress, re�ecting how hotter environments reduce labour 
productivity, undermine agricultural output, and erode welfare 
for poor and climate vulnerable households.

At the macroeconomic level, GHGs remain a central driver of 
global warming. Prior studies linking GHGs and welfare such as, 
Baloch, et al., (2020) point to the need to consider aggregate 
emissions alongside household-level impacts. GHG emissions 
thus serve as a structural determinant of long-run climate 
pressure. Meanwhile, GDP per capita is a conventional control 
for economic development, but existing work such as, Dang, et 
al. (2023) shows that income growth alone may not o�set 
climate-driven poverty unless accompanied by adaptation. 

Finally, the literatures emphasise the socioeconomic mediators 
of climate-poverty dynamics. Unemployment has been shown 
to deepen vulnerability, as job loss reduces household coping 
capacity in the face of environmental shocks. In contrast, 
household �nal consumption expenditure per capita (HFCE) is 
widely recognised as a robust proxy for welfare, especially when 
consistent poverty headcount data are unavailable (Wollburg, et 
al., 2023; Pinkovskiy & Sala-i-Martin, 2016). Because poverty is 
fundamentally a matter of inadequate consumption, HFCE 
captures the average welfare level of households and non-pro�t 
institutions serving households (NPISHs), providing a 
comparable measure across countries and over time.

Thus, poverty and welfare cannot be analysed in isolation from 
environmental stressors. Air pollution, temperature extremes, 
and GHG emissions directly shape poverty outcomes, whilst 
macroeconomic conditions and labour market factors 
determine the extent of household vulnerability. By integrating 
these variables into a panel framework, this study contributes to 

PM2.5 reduces income and labour supply, with stronger e�ects 
for low-skilled workers (He & Ji, 2021; Lin, et al., 2024). 

Besides, heat exposure reduces physical labour capacity and 
increases rest and recovery needs, translating into lower 
productivity and incomes in heat-sensitive sectors (agriculture, 
construction). Meta-analyses and empirical studies document 
meaningful productivity losses at high temperatures. The result 
aligns with the literature on heat-related productivity and 
economic burdens (Borg, et al., 2021; Chavaillaz, et al., 2019).

GDP Per Capita and GHG emissions are found to have positive 
and signi�cant relationships with consumption expenditure. A 1 
per cent increase in per capita GDP and GHG emissions, increase 
household consumption per capita by 0.35 per cent and 1.39 per 
cent respectively. The �ndings are consistent with the expected 
positive e�ect of higher average income on consumption. At the 
macro level, greater GHG emissions are positively correlated 
with higher consumption per capita, re�ecting the fact that 
emissions often rise with economic activity and industrial 
output. However, this positive association hides distributional 
and long-term trade-o�s: whilst emissions move together with 
growth re�ecting short-run welfare gains, they also feedback 
into higher temperatures and other hazards that reduce welfare 
through the channels above (Bangalore, et al., 2016). 

Finally, unemployment is found to have positive but statistically 
insigni�cant impact on household consumption expenditure. The 
statistically signi�cant negative elasticities for PM2.5 and heat index 
indicate that environmental stressors directly reduce household 
welfare, while GDP is associated with higher welfare. This underscores 
the policy objective: protect welfare from environmental damages 
whilst steering growth onto a cleaner trajectory. 

5. Way Forward and Recommendations

From the analysis, it is found that environmental stressors such 
as PM2.5 air pollution and heat signi�cantly reduce household 
consumption, with a 1 per cent increase in PM2.5 lowering 
consumption by 0.32 per cent and a 1 per cent rise in heat index 
reducing it by 0.49 per cent. At the same time, GDP per capita 
and GHG emissions are positively correlated with consumption, 
highlighting the tension between short-term growth and 
long-term climate risks. These �ndings con�rm that 
climate-related hazards, such as prolonged heat stress and air 
pollution, directly impact households, particularly in climate 
vulnerable countries. They reduce household consumption 
expenditure, undermining welfare and exacerbating poverty, 
especially among low-income populations.

Climate–poverty nexus requires a multidimensional policy 
response that addresses immediate vulnerabilities whilst 
promoting long-term resilience. Based on these �ndings and the 
broader evidence on climate–poverty linkages, the following 
recommendations are proposed for climate vulnerable 

countries to protect household welfare while promoting 
resilient and inclusive development:

Heat-Health and Urban Resilience strategies should be 
developed and implemented for the growing urban 
demographic

With escalating temperatures, cities and urban areas need 
strong and proactive heat action plans. The study analysis shows 
that a 1 per cent increase in heat index reduces household 
consumption expenditure by 0.49 per cent, highlighting the 
signi�cant welfare impact of thermal stress. Cities across climate 
vulnerable countries should expand shaded public spaces, 
introduce worker protection measures (cooling breaks, 
hydration support), and strengthen hospital preparedness for 
heat-related illnesses. Protecting workers of informal sectors 
from heat stress is vital to sustaining household incomes, 
particularly in regions where livelihoods are heavily outdoor 
based. Dhaka’s initiatives such as, green belts, re�ective roo�ng, 
and urban cooling programmes provide a model to build upon. 

Air Pollution control should be strengthened by transitioning 
into Clean Energy and Green Transportation

Regular exposure to PM2.5 reduces household welfare and must 
be tackled alongside climate goals. The study �nds that a 1 per 
cent increase in PM2.5 reduces household consumption by 0.32 
per cent, re�ecting the direct economic burden of poor air 
quality. Climate vulnerable countries should accelerate the 
transition to clean energy and transportations, drawing on 
successful models such as India’s clean cooking fuel programme 
and Nepal’s household solar schemes. Policies should include 
stricter regulation of industrial emissions, expanded solar home 
systems, and subsidies or microloans for improved cookstoves 
and biogas systems.

Social Protection Programmes should be integrated with 
Climate Adaptation and Mitigation strategies

Climate vulnerable countries should move towards adaptive 
social protection, aligning social safety nets (SSNs) with climate 
adaptation and disaster management. This means prioritising 
poor households in climate-vulnerable regions and linking cash 
transfers with climate-smart inputs (saline-tolerant seeds, 
disaster preparedness training, etc.). Regular reviews of SSNs are 
needed to avoid overlaps, improve targeting, and strengthen 
resilience against recurrent shocks.

Climate-Smart Agriculture should be promoted for Livelihood 
Diversi�cation and Resilience

Scaling up climate-smart agriculture (CSA) is essential to 
stabilise food security and rural incomes. Evidence from coastal 
Bangladesh shows CSA adoption signi�cantly reduces poverty. 
For instance, Islam and Farjana (2024) �nds adoption of 

After stationarity check, a cointegration test was conducted to 
examine the long-run association among the variables in the 
model. The Westerlund Panel Cointegration test con�rms the 
long-run association among the variables. The results are 
presented in Table 4.
 

The results show that all the variables are cointegrated in the 
long run. Now, since the variables have long-run association, we 
estimate the empirical relationship between climate change 
and poverty using Panel Dynamic Ordinary Least Square 
(PDOLS) and the results are given in the table 5 below.

The PDOLS result shows that environmental stressors such as 
PM2.5 and heat index have a negative impact on household 
consumption expenditure. The result shows that a 1 per cent 
increase in PM2.5 decreases the household �nal consumption 
expenditure by 0.32 per cent. Besides, a 1 per cent increase in 

heat index decreases the household �nal consumption 
expenditure by 0.49 per cent. 

The intuition behind the empirical �ndings is that increased air 
pollution (which is measured by PM2.5) reduces health and 
worker productivity, increases medical expenditures, and may 
suppress labour supply or wages for the most vulnerable, all of 
which lower household consumption. This magnitude is 
consistent with recent micro and macro studies showing that 

climate-smart agriculture can reduce multidimensional poverty 
by 41 per cent. Policies should expand access to stress-tolerant 
crop varieties, improved irrigation, agroforestry, and 
conservation farming. Beyond agriculture, investment in green 
jobs (renewable energy, waste management, reforestation) and 
skills training can diversify income sources and reduce 
vulnerability among the a�ected population.

Financial Resilience Mechanisms should be expanded

Vulnerable households need greater access to credit, insurance, 
and savings to withstand climate shocks. The study �ndings 
indicate that climate shocks directly reduce consumption, 
reinforcing the need for �nancial instruments such as 
weather-index insurance, micro�nance guarantees, and digital 
savings platforms. Scaling up these programmes and platforms can 
reduce reliance on harmful coping strategies such as distress asset 
sales after climatic shocks. Pilot projects in Bangladesh and South 
Asia show that climate-linked �nancial tools encourage productive 
investment while strengthening resilience.

Investment in Resilient Infrastructure and Locally Led 
Adaptation should be done

Continued investment in resilient infrastructures—such as 
cyclone shelters, embankments, �ood-proof roads, and safe 

drinking water— remain critical. Bangladesh’s success in 
reducing cyclone fatalities illustrates the payo� of such 
measures. Community-led adaptation initiatives and 
nature-based solutions (NbS) like raised water points, mangrove 
replantation, and elevated housing, should be scaled up across 
climate vulnerable countries, ensuring local ownership and 
strong bene�t-cost returns.

Policy Coordination should be enhanced for Inclusive 
Governance

E�ective climate–poverty policy requires aggregation across 
ministries and levels of government. Establishing a uni�ed 
framework that integrates vulnerability mapping, social 
protection, and climate �nance will improve targeting by 
directing resources to the poorest and most climate-exposed 
areas and enhance e�ciency by aligning budgets and delivery 
systems across programmes. Policies must also prioritise 
women, children, and other marginalised groups 
disproportionately a�ected by climate shocks. Regional 
cooperation within the CVF and South Asia such as, early 
warning systems and seed distribution can further strengthen 
resilience.
 



of national budget in FY2025. This illustrates the immediate 
welfare consequences for millions of households. 

Across the wider climate vulnerable group, similar dynamics is 
seen. In Mozambique, Cyclone Idai (2019) caused damages of 
about USD 3 billion (Nhundu, et al., 2021), a�ecting 15,01,500 
(EM-DAT, 2025) and erasing years of local development gains. In 
Tonga, the 2022 volcanic eruption and tsunami in�icted 
damages of USD 90 million, equivalent to 18.5 per cent of the 
country’s gross domestic product (GDP), demonstrating how 
small island economies su�er outsized shocks (World Bank, 
2022a). In Pakistan, the 2022 �oods a�ected about 33 million 
people, with estimated 7.9 million displaced from their homes 
and further caused losses and damages exceeding USD 30.1 
billion, pushing millions into poverty (National Disaster 
Management Authority, 2025). Even middle-income 
climate-vulnerable country such as Philippines faces annual 
losses from typhoons equivalent to 1.2 per cent of GDP (World 
Bank, 2022b). Taken together, the 32 CVF countries contribute 
less than 7 per cent of global GHG emissions (Climate Watch, 
2025) but bear disproportionate damages year after year, 
making climate resilience an urgent poverty-reduction agenda.

Against this backdrop, this policy brief aims to quantify the 
long-run relationship between climate stressors and household 
consumption, de�ne the channels through which climate risks 
translate into deeper and more persistent poverty and propose 
evidence-based actionable policy measures. A panel data of 32 
climate-vulnerable countries (1996-2020) have been used to 
estimate how total GHG emissions, environmental stressors 
such as, PM2.5 air pollution, extreme heat, together with 

macroeconomic controls (GDP per capita and unemployment) 
a�ect poverty. This policy brief, based on the �ndings, provides 
recommendations for adaptive social protection, pollution 
control, and heat-health measures to protect household welfare 
now and to steer growth on a cleaner, more inclusive path. 

2. Climate Change and Poverty Landscape 

Climate vulnerable countries collectively account for less than 
7 per cent of global GHG emissions yet su�er 
disproportionately from the impact of climate change. By 
contrast, our calculation showed that the top three emitters - 
China, the United States, and the European Union (27 
countries) account for over 50 per cent of total global 
emissions. To illustrate this divergence, Figure 1 presents total 
GHG emissions (1996–2020) for the 32 selected climate 
vulnerable countries combined, alongside major emitters such 
as China, India, the United States, and the EU27.

Whilst emissions from climate vulnerable countries have 
remained relatively low and gradual, rising from around 2,000 
MtCO2e in 1996 to just over 3,000 MtCO2e in 2020, China’s 
emissions surged more than threefold over the same period, 
exceeding 12,000 MtCO2e by 2020. The United States and EU27 
have seen modest declines since the mid-2000s but still emit at 
levels far above the entire climate vulnerable countries’ block. 
India’s emissions have steadily increased, surpassing both 
climate vulnerable countries and EU27 levels by 2020. Climate 
vulnerable countries, despite contributing minimally to global 
emissions, face severe impact of climate change through �oods, 
droughts, and heat stress that undermine household welfare.

1. Introduction

Climate change is not an abstract, distant risk for low-income countries. It is an active, 
systemic force that shapes how households earn, spend, and survive. It is already 
reshaping poverty dynamics in many countries specially for climate vulnerable countries. 
(Moyer, et al., 2023) Hence, it is important to examine how climate change exacerbates the 
vulnerabilities and can reverse developmental gains. Global assessments show climate 
impacts represent a major obstacle to sustained poverty reduction (Winsemius, et al., 
2018), and it could increase the number of people in extreme poverty without stronger 
adaptation and mitigation measures (Lankes, et al., 2023). The World Bank’s synthesis work 
on climate and poverty highlights that climate shocks and gradual warming can 
signi�cantly increase poverty exposure and slow down poverty reduction e�orts 
(Bangalore, et al., 2016). 

Moreover, ambient air pollution and its intersection with poverty are acute global 
problems. Recent global mapping estimates that millions of poor people live in areas with 
unsafe PM2.5 concentrations, concentrating health and economic risks among most 
vulnerable. Rentschler and Leonova (2023) demonstrate that 7.3 billion people worldwide 
(80 per cent of whom reside in low- and middle-income nations) are directly exposed to 
dangerous average annual PM2.5 concentrations using the World Health Organization's 
(WHO) 2021 revised �ne particulate matter (PM2.5) criteria.  Furthermore, Rentschler and 
Leonova (2023) also �nds that 716 million of the world's poorest people, those who make 
less than USD 1.90 a day, live in regions with dangerously high air pollution, mostly in 
Sub-Saharan Africa.

It is worth noting that climate vulnerable countries’ contribution to global greenhouse gas 
(GHG) emission is very insigni�cant, yet these countries su�er the most. For instance, 
Bangladesh contributes only 0.52 per cent of total GHG emissions (Climate Watch, 2025), 
but it su�ers the consequence of recurring �oods, cyclones, sea-level rise, and pro-longed 
heat stress. Moreover, Letsch et al. (2023) �nd the number of extreme weather events in 
Bangladesh increased by 46 per cent between 2017 and 2021. In 2024, Bangladesh 
su�ered a total of BDT 14, 421.5 crore damage during the �oods in eastern regions in late 
August and early September of 2024 (Khatun, et al., 2024). This amounted to 1.8 per cent 
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provided by these experiments about the stationary properties 
is reliable.

Thirdly, a simple panel cointegration test developed by 
Westerlund (2005) was also employed. This cointegration test is 
straightforward and does not necessitate adjustments for 
temporal dependencies within the dataset. It allows for 
individual-speci�c short-term dynamics, as well as unique 
intercepts, trend components, and slope coe�cients for each 
entity. The asymptotic distributions of the test statistics are 
derived and demonstrated to be independent of nuisance 
parameters. 

Finally, Panel Dynamic Ordinary Least Square (PDOLS) developed 
by Kao & Chiang (2001) was used to estimate the long-run 
cointegrating factors. The PDOLS test provides a more accurate 
long-run estimate of the variables than conventional panel 
estimators by holding the long-run parameters constant across 
countries while permitting the short-run parameters to vary. 

4. Result Analysis

Firstly, we check for cross-sectional dependency in the data 
using Breusch-Pagan LM, Pesaran scaled LM and Pesaran CD 
tests. Table 2 summarises the results from these tests. The results 
show that cross-sectional dependency exists in the data. 

Since cross-sectional dependency exist, hence we used second 
generational panel unit root tests, such as CADF and CIPS for 
examining the stationarity of the data. The results show that all 
variables are stationary at their �rst-di�erenced form. The 
results are summarised in the Table 3 below.

understanding how climate change determines poverty 
dynamics in climate-vulnerable economies.

3. Data and Methodology 

Based on Novignon et al. (2018), Baloch et al. (2020), Malerba 
(2020), and Açci et al. (2024), the following model has been 
considered in this paper. 

LNHCE=f (LNPM2.5, LNUNEMP, LNGHG, LNGDPP, LNHI35).............(1)

In this study, panel data from 1996 to 2020 of 32 climate 
vulnerable countries have been used. The list of the countries is 
given in the annex table. The description of the variables used in 
equation 1 is summarised in the table 1 below.

Several methodologies were employed to conduct the study. 
Firstly, Pesaran (2004) CD test was used to check the 
cross-sectional dependency among the variables in the model. 
To assure robustness, the study also employed Breusch-Pagan 
LM and Pesaran Scaled LM cross-section dependence.

Secondly, Cross-sectional Augmented Dickey Fuller (CADF) and 
Cross-sectional Im, Pesaran, Shin (CIPS) unit root tests by 
Pesaran (2007) were used to examine the stationarity of the 
variables since cross-sectional dependency were found by 
Pesaran CD test. The CADF and CIPS contain an assumption of 
cross-sectional dependency. Therefore, the information 

Climate change threatens poverty reduction by acting through 
multiple, reinforcing channels that decrease households’ ability 
to earn, cope with climatic shocks and stresses, and invest. 
Rising temperatures, worsening air quality, and intensi�ed 
hydrometeorological shocks reduce labour productivity and 
increase health expenditures, whilst �oods and droughts 
destroy productive assets and raise the price of staples, all of 
which lower household consumption and increase poverty 
incidence (Rabassa, et al., 2011; Leichenko & Silva, 2014; 
Rozenberg & Hallegatte, 2015). These e�ects are highly 
regressive, low-income households are more exposed and 
possess weaker bu�ers, creating feedback that can trap families 
in persistent poverty (Barbier & Hochard, 2018; Hallegatte, et al., 
2018). It is not only gradual climate change but also volatility in 
temperature and rainfall that deepens poverty vulnerability, 
with disproportionate impacts on the poorest groups (Ahmed, 
et al., 2009). 

Food insecurity is another critical transmission channel through 
which climatic shocks worsen household welfare. In rural 
Bangladesh, climate shocks such as �oods and droughts disrupt 
agricultural production, heightening household vulnerability, 
with disproportionate impacts on women and intra-household 
welfare outcomes (Alston & Akhter, 2016). Household responses 
to these shocks are mixed: evidence from coastal Bangladesh 
shows that climate-smart adaptation in agriculture can reduce 
food insecurity, whereas coping strategies such as borrowing or 
distress asset sales often deepen long-term vulnerability 
(Rahman, et al., 2023). At the food system level, rising 
temperatures, erratic rainfall, sea-level rise, and �ooding 
threaten the stability of food supply chains, driving up prices 
and reinforcing malnutrition risks across climate-vulnerable 
countries like Bangladesh (Rahman, et al., 2024). In Sub-Saharan 
Africa, similar vulnerabilities emerge: Niger and Burkina Faso 
face recurrent droughts that not only devastate harvests but 
also exacerbate child malnutrition (Sultan, et al., 2025), whilst in 
Central America, Guatemala and Nicaragua are caught in the 
‘Dry Corridor’ cycle of erratic rainfall and crop failure, amplifying 
rural poverty and migration pressures (Beveridge, et al., 2019).

Mitigation and adaptation policies in�uence these dynamics. 
Well-designed interventions can deliver bene�ts, such as 
improved air quality and the creation of new green livelihoods. 
Conversely, poorly targeted measures risk worsening 
vulnerability unless accompanied by social protection (Barbier, 
2014; Bangalore, et al., 2014). Thus, climate and poverty policy 
must be seen as mutually reinforcing agendas.

The relationship between climate change, environmental 
degradation, and poverty has become a focal concern in 
achieving sustainable development goals. A growing body of 
literature highlights the multiple channels through which 
environmental stressors exacerbate poverty dynamics, 
particularly in low- and middle-income countries.

Baloch et al. (2020) examine the interplay between poverty, 
inequality, and carbon dioxide emissions across Sub-Saharan 
Africa, �nding that rising poverty contributes to greater 
environmental degradation. This underscores the two-way 
linkage between welfare and emissions: poverty not only makes 
households more vulnerable to climate impacts but also 
perpetuates reliance on polluting activities. Similarly, Rentschler 
& Leonova, (2023) provide global evidence that ambient air 
pollution (PM2.5) disproportionately a�ects low-income groups, 
both through higher exposure and greater vulnerability to 
health shocks, thus reinforcing poverty traps. Considering the 
facts mentioned, air pollution (PM2.5) has been included in the 
present analysis, capturing one of the most direct channels 
through which climate change a�ects human welfare.

Temperature extremes represent another critical pathway. Dang 
et al. (2023) used a global subnational panel to show that a 
one-degree Celsius rise increases poverty by 9.1 per cent and 
inequality by 1.4 per cent, with the strongest e�ects in South 
Asia and Sub-Saharan Africa. These �ndings justify the inclusion 
of the heat index (HI35) as a proxy for climate-induced thermal 
stress, re�ecting how hotter environments reduce labour 
productivity, undermine agricultural output, and erode welfare 
for poor and climate vulnerable households.

At the macroeconomic level, GHGs remain a central driver of 
global warming. Prior studies linking GHGs and welfare such as, 
Baloch, et al., (2020) point to the need to consider aggregate 
emissions alongside household-level impacts. GHG emissions 
thus serve as a structural determinant of long-run climate 
pressure. Meanwhile, GDP per capita is a conventional control 
for economic development, but existing work such as, Dang, et 
al. (2023) shows that income growth alone may not o�set 
climate-driven poverty unless accompanied by adaptation. 

Finally, the literatures emphasise the socioeconomic mediators 
of climate-poverty dynamics. Unemployment has been shown 
to deepen vulnerability, as job loss reduces household coping 
capacity in the face of environmental shocks. In contrast, 
household �nal consumption expenditure per capita (HFCE) is 
widely recognised as a robust proxy for welfare, especially when 
consistent poverty headcount data are unavailable (Wollburg, et 
al., 2023; Pinkovskiy & Sala-i-Martin, 2016). Because poverty is 
fundamentally a matter of inadequate consumption, HFCE 
captures the average welfare level of households and non-pro�t 
institutions serving households (NPISHs), providing a 
comparable measure across countries and over time.

Thus, poverty and welfare cannot be analysed in isolation from 
environmental stressors. Air pollution, temperature extremes, 
and GHG emissions directly shape poverty outcomes, whilst 
macroeconomic conditions and labour market factors 
determine the extent of household vulnerability. By integrating 
these variables into a panel framework, this study contributes to 

PM2.5 reduces income and labour supply, with stronger e�ects 
for low-skilled workers (He & Ji, 2021; Lin, et al., 2024). 

Besides, heat exposure reduces physical labour capacity and 
increases rest and recovery needs, translating into lower 
productivity and incomes in heat-sensitive sectors (agriculture, 
construction). Meta-analyses and empirical studies document 
meaningful productivity losses at high temperatures. The result 
aligns with the literature on heat-related productivity and 
economic burdens (Borg, et al., 2021; Chavaillaz, et al., 2019).

GDP Per Capita and GHG emissions are found to have positive 
and signi�cant relationships with consumption expenditure. A 1 
per cent increase in per capita GDP and GHG emissions, increase 
household consumption per capita by 0.35 per cent and 1.39 per 
cent respectively. The �ndings are consistent with the expected 
positive e�ect of higher average income on consumption. At the 
macro level, greater GHG emissions are positively correlated 
with higher consumption per capita, re�ecting the fact that 
emissions often rise with economic activity and industrial 
output. However, this positive association hides distributional 
and long-term trade-o�s: whilst emissions move together with 
growth re�ecting short-run welfare gains, they also feedback 
into higher temperatures and other hazards that reduce welfare 
through the channels above (Bangalore, et al., 2016). 

Finally, unemployment is found to have positive but statistically 
insigni�cant impact on household consumption expenditure. The 
statistically signi�cant negative elasticities for PM2.5 and heat index 
indicate that environmental stressors directly reduce household 
welfare, while GDP is associated with higher welfare. This underscores 
the policy objective: protect welfare from environmental damages 
whilst steering growth onto a cleaner trajectory. 

5. Way Forward and Recommendations

From the analysis, it is found that environmental stressors such 
as PM2.5 air pollution and heat signi�cantly reduce household 
consumption, with a 1 per cent increase in PM2.5 lowering 
consumption by 0.32 per cent and a 1 per cent rise in heat index 
reducing it by 0.49 per cent. At the same time, GDP per capita 
and GHG emissions are positively correlated with consumption, 
highlighting the tension between short-term growth and 
long-term climate risks. These �ndings con�rm that 
climate-related hazards, such as prolonged heat stress and air 
pollution, directly impact households, particularly in climate 
vulnerable countries. They reduce household consumption 
expenditure, undermining welfare and exacerbating poverty, 
especially among low-income populations.

Climate–poverty nexus requires a multidimensional policy 
response that addresses immediate vulnerabilities whilst 
promoting long-term resilience. Based on these �ndings and the 
broader evidence on climate–poverty linkages, the following 
recommendations are proposed for climate vulnerable 

countries to protect household welfare while promoting 
resilient and inclusive development:

Heat-Health and Urban Resilience strategies should be 
developed and implemented for the growing urban 
demographic

With escalating temperatures, cities and urban areas need 
strong and proactive heat action plans. The study analysis shows 
that a 1 per cent increase in heat index reduces household 
consumption expenditure by 0.49 per cent, highlighting the 
signi�cant welfare impact of thermal stress. Cities across climate 
vulnerable countries should expand shaded public spaces, 
introduce worker protection measures (cooling breaks, 
hydration support), and strengthen hospital preparedness for 
heat-related illnesses. Protecting workers of informal sectors 
from heat stress is vital to sustaining household incomes, 
particularly in regions where livelihoods are heavily outdoor 
based. Dhaka’s initiatives such as, green belts, re�ective roo�ng, 
and urban cooling programmes provide a model to build upon. 

Air Pollution control should be strengthened by transitioning 
into Clean Energy and Green Transportation

Regular exposure to PM2.5 reduces household welfare and must 
be tackled alongside climate goals. The study �nds that a 1 per 
cent increase in PM2.5 reduces household consumption by 0.32 
per cent, re�ecting the direct economic burden of poor air 
quality. Climate vulnerable countries should accelerate the 
transition to clean energy and transportations, drawing on 
successful models such as India’s clean cooking fuel programme 
and Nepal’s household solar schemes. Policies should include 
stricter regulation of industrial emissions, expanded solar home 
systems, and subsidies or microloans for improved cookstoves 
and biogas systems.

Social Protection Programmes should be integrated with 
Climate Adaptation and Mitigation strategies

Climate vulnerable countries should move towards adaptive 
social protection, aligning social safety nets (SSNs) with climate 
adaptation and disaster management. This means prioritising 
poor households in climate-vulnerable regions and linking cash 
transfers with climate-smart inputs (saline-tolerant seeds, 
disaster preparedness training, etc.). Regular reviews of SSNs are 
needed to avoid overlaps, improve targeting, and strengthen 
resilience against recurrent shocks.

Climate-Smart Agriculture should be promoted for Livelihood 
Diversi�cation and Resilience

Scaling up climate-smart agriculture (CSA) is essential to 
stabilise food security and rural incomes. Evidence from coastal 
Bangladesh shows CSA adoption signi�cantly reduces poverty. 
For instance, Islam and Farjana (2024) �nds adoption of 

After stationarity check, a cointegration test was conducted to 
examine the long-run association among the variables in the 
model. The Westerlund Panel Cointegration test con�rms the 
long-run association among the variables. The results are 
presented in Table 4.
 

The results show that all the variables are cointegrated in the 
long run. Now, since the variables have long-run association, we 
estimate the empirical relationship between climate change 
and poverty using Panel Dynamic Ordinary Least Square 
(PDOLS) and the results are given in the table 5 below.

The PDOLS result shows that environmental stressors such as 
PM2.5 and heat index have a negative impact on household 
consumption expenditure. The result shows that a 1 per cent 
increase in PM2.5 decreases the household �nal consumption 
expenditure by 0.32 per cent. Besides, a 1 per cent increase in 

heat index decreases the household �nal consumption 
expenditure by 0.49 per cent. 

The intuition behind the empirical �ndings is that increased air 
pollution (which is measured by PM2.5) reduces health and 
worker productivity, increases medical expenditures, and may 
suppress labour supply or wages for the most vulnerable, all of 
which lower household consumption. This magnitude is 
consistent with recent micro and macro studies showing that 

Table 2: Results from Cross Sectional Dependency Tests

Tests Test Static

Source: Software generated result compiled by authors.
Note: *** and ** refers signi�cance level at 99 and 95 per cent. Null hypothesis for 
these tests is that there is no cross-section dependence in residuals against the 
alternative hypothesis of cross section dependence in residuals.

Breusch-Pagan LM 3554.44***

Pesaran scaled LM      73.41***

Pesaran CD              35.06***

Table 1: Description and Source of Data Used in the Analysis

Variable

Source: Compiled by authors. 
Note: All variables were transformed to logarithmic form before analysis.

SourceDescription

LNHCE

LNPM2.5

LNUNEMP

LNGHG

LNGDPP

LNHI35

WDI, WB

WDI, WB

WDI, WB

Climate
Watch

WDI, WB

ESG, WB

Households and NPISHs Final consumption
expenditure per capita (constant 2015 USD) 

PM2.5 air pollution, mean annual exposure
(micrograms per cubic meter

Unemployment, total (per cent of total 
labour force) (modelled ILO estimate)

Total GHG emissions by sector (MtCO2e) - 
Total including LUCF

GDP per capita (constant 2015 USD)

Heat Index 35

climate-smart agriculture can reduce multidimensional poverty 
by 41 per cent. Policies should expand access to stress-tolerant 
crop varieties, improved irrigation, agroforestry, and 
conservation farming. Beyond agriculture, investment in green 
jobs (renewable energy, waste management, reforestation) and 
skills training can diversify income sources and reduce 
vulnerability among the a�ected population.

Financial Resilience Mechanisms should be expanded

Vulnerable households need greater access to credit, insurance, 
and savings to withstand climate shocks. The study �ndings 
indicate that climate shocks directly reduce consumption, 
reinforcing the need for �nancial instruments such as 
weather-index insurance, micro�nance guarantees, and digital 
savings platforms. Scaling up these programmes and platforms can 
reduce reliance on harmful coping strategies such as distress asset 
sales after climatic shocks. Pilot projects in Bangladesh and South 
Asia show that climate-linked �nancial tools encourage productive 
investment while strengthening resilience.

Investment in Resilient Infrastructure and Locally Led 
Adaptation should be done

Continued investment in resilient infrastructures—such as 
cyclone shelters, embankments, �ood-proof roads, and safe 

drinking water— remain critical. Bangladesh’s success in 
reducing cyclone fatalities illustrates the payo� of such 
measures. Community-led adaptation initiatives and 
nature-based solutions (NbS) like raised water points, mangrove 
replantation, and elevated housing, should be scaled up across 
climate vulnerable countries, ensuring local ownership and 
strong bene�t-cost returns.

Policy Coordination should be enhanced for Inclusive 
Governance

E�ective climate–poverty policy requires aggregation across 
ministries and levels of government. Establishing a uni�ed 
framework that integrates vulnerability mapping, social 
protection, and climate �nance will improve targeting by 
directing resources to the poorest and most climate-exposed 
areas and enhance e�ciency by aligning budgets and delivery 
systems across programmes. Policies must also prioritise 
women, children, and other marginalised groups 
disproportionately a�ected by climate shocks. Regional 
cooperation within the CVF and South Asia such as, early 
warning systems and seed distribution can further strengthen 
resilience.
 



of national budget in FY2025. This illustrates the immediate 
welfare consequences for millions of households. 

Across the wider climate vulnerable group, similar dynamics is 
seen. In Mozambique, Cyclone Idai (2019) caused damages of 
about USD 3 billion (Nhundu, et al., 2021), a�ecting 15,01,500 
(EM-DAT, 2025) and erasing years of local development gains. In 
Tonga, the 2022 volcanic eruption and tsunami in�icted 
damages of USD 90 million, equivalent to 18.5 per cent of the 
country’s gross domestic product (GDP), demonstrating how 
small island economies su�er outsized shocks (World Bank, 
2022a). In Pakistan, the 2022 �oods a�ected about 33 million 
people, with estimated 7.9 million displaced from their homes 
and further caused losses and damages exceeding USD 30.1 
billion, pushing millions into poverty (National Disaster 
Management Authority, 2025). Even middle-income 
climate-vulnerable country such as Philippines faces annual 
losses from typhoons equivalent to 1.2 per cent of GDP (World 
Bank, 2022b). Taken together, the 32 CVF countries contribute 
less than 7 per cent of global GHG emissions (Climate Watch, 
2025) but bear disproportionate damages year after year, 
making climate resilience an urgent poverty-reduction agenda.

Against this backdrop, this policy brief aims to quantify the 
long-run relationship between climate stressors and household 
consumption, de�ne the channels through which climate risks 
translate into deeper and more persistent poverty and propose 
evidence-based actionable policy measures. A panel data of 32 
climate-vulnerable countries (1996-2020) have been used to 
estimate how total GHG emissions, environmental stressors 
such as, PM2.5 air pollution, extreme heat, together with 

macroeconomic controls (GDP per capita and unemployment) 
a�ect poverty. This policy brief, based on the �ndings, provides 
recommendations for adaptive social protection, pollution 
control, and heat-health measures to protect household welfare 
now and to steer growth on a cleaner, more inclusive path. 

2. Climate Change and Poverty Landscape 

Climate vulnerable countries collectively account for less than 
7 per cent of global GHG emissions yet su�er 
disproportionately from the impact of climate change. By 
contrast, our calculation showed that the top three emitters - 
China, the United States, and the European Union (27 
countries) account for over 50 per cent of total global 
emissions. To illustrate this divergence, Figure 1 presents total 
GHG emissions (1996–2020) for the 32 selected climate 
vulnerable countries combined, alongside major emitters such 
as China, India, the United States, and the EU27.

Whilst emissions from climate vulnerable countries have 
remained relatively low and gradual, rising from around 2,000 
MtCO2e in 1996 to just over 3,000 MtCO2e in 2020, China’s 
emissions surged more than threefold over the same period, 
exceeding 12,000 MtCO2e by 2020. The United States and EU27 
have seen modest declines since the mid-2000s but still emit at 
levels far above the entire climate vulnerable countries’ block. 
India’s emissions have steadily increased, surpassing both 
climate vulnerable countries and EU27 levels by 2020. Climate 
vulnerable countries, despite contributing minimally to global 
emissions, face severe impact of climate change through �oods, 
droughts, and heat stress that undermine household welfare.

1. Introduction

Climate change is not an abstract, distant risk for low-income countries. It is an active, 
systemic force that shapes how households earn, spend, and survive. It is already 
reshaping poverty dynamics in many countries specially for climate vulnerable countries. 
(Moyer, et al., 2023) Hence, it is important to examine how climate change exacerbates the 
vulnerabilities and can reverse developmental gains. Global assessments show climate 
impacts represent a major obstacle to sustained poverty reduction (Winsemius, et al., 
2018), and it could increase the number of people in extreme poverty without stronger 
adaptation and mitigation measures (Lankes, et al., 2023). The World Bank’s synthesis work 
on climate and poverty highlights that climate shocks and gradual warming can 
signi�cantly increase poverty exposure and slow down poverty reduction e�orts 
(Bangalore, et al., 2016). 

Moreover, ambient air pollution and its intersection with poverty are acute global 
problems. Recent global mapping estimates that millions of poor people live in areas with 
unsafe PM2.5 concentrations, concentrating health and economic risks among most 
vulnerable. Rentschler and Leonova (2023) demonstrate that 7.3 billion people worldwide 
(80 per cent of whom reside in low- and middle-income nations) are directly exposed to 
dangerous average annual PM2.5 concentrations using the World Health Organization's 
(WHO) 2021 revised �ne particulate matter (PM2.5) criteria.  Furthermore, Rentschler and 
Leonova (2023) also �nds that 716 million of the world's poorest people, those who make 
less than USD 1.90 a day, live in regions with dangerously high air pollution, mostly in 
Sub-Saharan Africa.

It is worth noting that climate vulnerable countries’ contribution to global greenhouse gas 
(GHG) emission is very insigni�cant, yet these countries su�er the most. For instance, 
Bangladesh contributes only 0.52 per cent of total GHG emissions (Climate Watch, 2025), 
but it su�ers the consequence of recurring �oods, cyclones, sea-level rise, and pro-longed 
heat stress. Moreover, Letsch et al. (2023) �nd the number of extreme weather events in 
Bangladesh increased by 46 per cent between 2017 and 2021. In 2024, Bangladesh 
su�ered a total of BDT 14, 421.5 crore damage during the �oods in eastern regions in late 
August and early September of 2024 (Khatun, et al., 2024). This amounted to 1.8 per cent 
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provided by these experiments about the stationary properties 
is reliable.

Thirdly, a simple panel cointegration test developed by 
Westerlund (2005) was also employed. This cointegration test is 
straightforward and does not necessitate adjustments for 
temporal dependencies within the dataset. It allows for 
individual-speci�c short-term dynamics, as well as unique 
intercepts, trend components, and slope coe�cients for each 
entity. The asymptotic distributions of the test statistics are 
derived and demonstrated to be independent of nuisance 
parameters. 

Finally, Panel Dynamic Ordinary Least Square (PDOLS) developed 
by Kao & Chiang (2001) was used to estimate the long-run 
cointegrating factors. The PDOLS test provides a more accurate 
long-run estimate of the variables than conventional panel 
estimators by holding the long-run parameters constant across 
countries while permitting the short-run parameters to vary. 

4. Result Analysis

Firstly, we check for cross-sectional dependency in the data 
using Breusch-Pagan LM, Pesaran scaled LM and Pesaran CD 
tests. Table 2 summarises the results from these tests. The results 
show that cross-sectional dependency exists in the data. 

Since cross-sectional dependency exist, hence we used second 
generational panel unit root tests, such as CADF and CIPS for 
examining the stationarity of the data. The results show that all 
variables are stationary at their �rst-di�erenced form. The 
results are summarised in the Table 3 below.

understanding how climate change determines poverty 
dynamics in climate-vulnerable economies.

3. Data and Methodology 

Based on Novignon et al. (2018), Baloch et al. (2020), Malerba 
(2020), and Açci et al. (2024), the following model has been 
considered in this paper. 

LNHCE=f (LNPM2.5, LNUNEMP, LNGHG, LNGDPP, LNHI35).............(1)

In this study, panel data from 1996 to 2020 of 32 climate 
vulnerable countries have been used. The list of the countries is 
given in the annex table. The description of the variables used in 
equation 1 is summarised in the table 1 below.

Several methodologies were employed to conduct the study. 
Firstly, Pesaran (2004) CD test was used to check the 
cross-sectional dependency among the variables in the model. 
To assure robustness, the study also employed Breusch-Pagan 
LM and Pesaran Scaled LM cross-section dependence.

Secondly, Cross-sectional Augmented Dickey Fuller (CADF) and 
Cross-sectional Im, Pesaran, Shin (CIPS) unit root tests by 
Pesaran (2007) were used to examine the stationarity of the 
variables since cross-sectional dependency were found by 
Pesaran CD test. The CADF and CIPS contain an assumption of 
cross-sectional dependency. Therefore, the information 

Climate change threatens poverty reduction by acting through 
multiple, reinforcing channels that decrease households’ ability 
to earn, cope with climatic shocks and stresses, and invest. 
Rising temperatures, worsening air quality, and intensi�ed 
hydrometeorological shocks reduce labour productivity and 
increase health expenditures, whilst �oods and droughts 
destroy productive assets and raise the price of staples, all of 
which lower household consumption and increase poverty 
incidence (Rabassa, et al., 2011; Leichenko & Silva, 2014; 
Rozenberg & Hallegatte, 2015). These e�ects are highly 
regressive, low-income households are more exposed and 
possess weaker bu�ers, creating feedback that can trap families 
in persistent poverty (Barbier & Hochard, 2018; Hallegatte, et al., 
2018). It is not only gradual climate change but also volatility in 
temperature and rainfall that deepens poverty vulnerability, 
with disproportionate impacts on the poorest groups (Ahmed, 
et al., 2009). 

Food insecurity is another critical transmission channel through 
which climatic shocks worsen household welfare. In rural 
Bangladesh, climate shocks such as �oods and droughts disrupt 
agricultural production, heightening household vulnerability, 
with disproportionate impacts on women and intra-household 
welfare outcomes (Alston & Akhter, 2016). Household responses 
to these shocks are mixed: evidence from coastal Bangladesh 
shows that climate-smart adaptation in agriculture can reduce 
food insecurity, whereas coping strategies such as borrowing or 
distress asset sales often deepen long-term vulnerability 
(Rahman, et al., 2023). At the food system level, rising 
temperatures, erratic rainfall, sea-level rise, and �ooding 
threaten the stability of food supply chains, driving up prices 
and reinforcing malnutrition risks across climate-vulnerable 
countries like Bangladesh (Rahman, et al., 2024). In Sub-Saharan 
Africa, similar vulnerabilities emerge: Niger and Burkina Faso 
face recurrent droughts that not only devastate harvests but 
also exacerbate child malnutrition (Sultan, et al., 2025), whilst in 
Central America, Guatemala and Nicaragua are caught in the 
‘Dry Corridor’ cycle of erratic rainfall and crop failure, amplifying 
rural poverty and migration pressures (Beveridge, et al., 2019).

Mitigation and adaptation policies in�uence these dynamics. 
Well-designed interventions can deliver bene�ts, such as 
improved air quality and the creation of new green livelihoods. 
Conversely, poorly targeted measures risk worsening 
vulnerability unless accompanied by social protection (Barbier, 
2014; Bangalore, et al., 2014). Thus, climate and poverty policy 
must be seen as mutually reinforcing agendas.

The relationship between climate change, environmental 
degradation, and poverty has become a focal concern in 
achieving sustainable development goals. A growing body of 
literature highlights the multiple channels through which 
environmental stressors exacerbate poverty dynamics, 
particularly in low- and middle-income countries.

Baloch et al. (2020) examine the interplay between poverty, 
inequality, and carbon dioxide emissions across Sub-Saharan 
Africa, �nding that rising poverty contributes to greater 
environmental degradation. This underscores the two-way 
linkage between welfare and emissions: poverty not only makes 
households more vulnerable to climate impacts but also 
perpetuates reliance on polluting activities. Similarly, Rentschler 
& Leonova, (2023) provide global evidence that ambient air 
pollution (PM2.5) disproportionately a�ects low-income groups, 
both through higher exposure and greater vulnerability to 
health shocks, thus reinforcing poverty traps. Considering the 
facts mentioned, air pollution (PM2.5) has been included in the 
present analysis, capturing one of the most direct channels 
through which climate change a�ects human welfare.

Temperature extremes represent another critical pathway. Dang 
et al. (2023) used a global subnational panel to show that a 
one-degree Celsius rise increases poverty by 9.1 per cent and 
inequality by 1.4 per cent, with the strongest e�ects in South 
Asia and Sub-Saharan Africa. These �ndings justify the inclusion 
of the heat index (HI35) as a proxy for climate-induced thermal 
stress, re�ecting how hotter environments reduce labour 
productivity, undermine agricultural output, and erode welfare 
for poor and climate vulnerable households.

At the macroeconomic level, GHGs remain a central driver of 
global warming. Prior studies linking GHGs and welfare such as, 
Baloch, et al., (2020) point to the need to consider aggregate 
emissions alongside household-level impacts. GHG emissions 
thus serve as a structural determinant of long-run climate 
pressure. Meanwhile, GDP per capita is a conventional control 
for economic development, but existing work such as, Dang, et 
al. (2023) shows that income growth alone may not o�set 
climate-driven poverty unless accompanied by adaptation. 

Finally, the literatures emphasise the socioeconomic mediators 
of climate-poverty dynamics. Unemployment has been shown 
to deepen vulnerability, as job loss reduces household coping 
capacity in the face of environmental shocks. In contrast, 
household �nal consumption expenditure per capita (HFCE) is 
widely recognised as a robust proxy for welfare, especially when 
consistent poverty headcount data are unavailable (Wollburg, et 
al., 2023; Pinkovskiy & Sala-i-Martin, 2016). Because poverty is 
fundamentally a matter of inadequate consumption, HFCE 
captures the average welfare level of households and non-pro�t 
institutions serving households (NPISHs), providing a 
comparable measure across countries and over time.

Thus, poverty and welfare cannot be analysed in isolation from 
environmental stressors. Air pollution, temperature extremes, 
and GHG emissions directly shape poverty outcomes, whilst 
macroeconomic conditions and labour market factors 
determine the extent of household vulnerability. By integrating 
these variables into a panel framework, this study contributes to 

PM2.5 reduces income and labour supply, with stronger e�ects 
for low-skilled workers (He & Ji, 2021; Lin, et al., 2024). 

Besides, heat exposure reduces physical labour capacity and 
increases rest and recovery needs, translating into lower 
productivity and incomes in heat-sensitive sectors (agriculture, 
construction). Meta-analyses and empirical studies document 
meaningful productivity losses at high temperatures. The result 
aligns with the literature on heat-related productivity and 
economic burdens (Borg, et al., 2021; Chavaillaz, et al., 2019).

GDP Per Capita and GHG emissions are found to have positive 
and signi�cant relationships with consumption expenditure. A 1 
per cent increase in per capita GDP and GHG emissions, increase 
household consumption per capita by 0.35 per cent and 1.39 per 
cent respectively. The �ndings are consistent with the expected 
positive e�ect of higher average income on consumption. At the 
macro level, greater GHG emissions are positively correlated 
with higher consumption per capita, re�ecting the fact that 
emissions often rise with economic activity and industrial 
output. However, this positive association hides distributional 
and long-term trade-o�s: whilst emissions move together with 
growth re�ecting short-run welfare gains, they also feedback 
into higher temperatures and other hazards that reduce welfare 
through the channels above (Bangalore, et al., 2016). 

Finally, unemployment is found to have positive but statistically 
insigni�cant impact on household consumption expenditure. The 
statistically signi�cant negative elasticities for PM2.5 and heat index 
indicate that environmental stressors directly reduce household 
welfare, while GDP is associated with higher welfare. This underscores 
the policy objective: protect welfare from environmental damages 
whilst steering growth onto a cleaner trajectory. 

5. Way Forward and Recommendations

From the analysis, it is found that environmental stressors such 
as PM2.5 air pollution and heat signi�cantly reduce household 
consumption, with a 1 per cent increase in PM2.5 lowering 
consumption by 0.32 per cent and a 1 per cent rise in heat index 
reducing it by 0.49 per cent. At the same time, GDP per capita 
and GHG emissions are positively correlated with consumption, 
highlighting the tension between short-term growth and 
long-term climate risks. These �ndings con�rm that 
climate-related hazards, such as prolonged heat stress and air 
pollution, directly impact households, particularly in climate 
vulnerable countries. They reduce household consumption 
expenditure, undermining welfare and exacerbating poverty, 
especially among low-income populations.

Climate–poverty nexus requires a multidimensional policy 
response that addresses immediate vulnerabilities whilst 
promoting long-term resilience. Based on these �ndings and the 
broader evidence on climate–poverty linkages, the following 
recommendations are proposed for climate vulnerable 

countries to protect household welfare while promoting 
resilient and inclusive development:

Heat-Health and Urban Resilience strategies should be 
developed and implemented for the growing urban 
demographic

With escalating temperatures, cities and urban areas need 
strong and proactive heat action plans. The study analysis shows 
that a 1 per cent increase in heat index reduces household 
consumption expenditure by 0.49 per cent, highlighting the 
signi�cant welfare impact of thermal stress. Cities across climate 
vulnerable countries should expand shaded public spaces, 
introduce worker protection measures (cooling breaks, 
hydration support), and strengthen hospital preparedness for 
heat-related illnesses. Protecting workers of informal sectors 
from heat stress is vital to sustaining household incomes, 
particularly in regions where livelihoods are heavily outdoor 
based. Dhaka’s initiatives such as, green belts, re�ective roo�ng, 
and urban cooling programmes provide a model to build upon. 

Air Pollution control should be strengthened by transitioning 
into Clean Energy and Green Transportation

Regular exposure to PM2.5 reduces household welfare and must 
be tackled alongside climate goals. The study �nds that a 1 per 
cent increase in PM2.5 reduces household consumption by 0.32 
per cent, re�ecting the direct economic burden of poor air 
quality. Climate vulnerable countries should accelerate the 
transition to clean energy and transportations, drawing on 
successful models such as India’s clean cooking fuel programme 
and Nepal’s household solar schemes. Policies should include 
stricter regulation of industrial emissions, expanded solar home 
systems, and subsidies or microloans for improved cookstoves 
and biogas systems.

Social Protection Programmes should be integrated with 
Climate Adaptation and Mitigation strategies

Climate vulnerable countries should move towards adaptive 
social protection, aligning social safety nets (SSNs) with climate 
adaptation and disaster management. This means prioritising 
poor households in climate-vulnerable regions and linking cash 
transfers with climate-smart inputs (saline-tolerant seeds, 
disaster preparedness training, etc.). Regular reviews of SSNs are 
needed to avoid overlaps, improve targeting, and strengthen 
resilience against recurrent shocks.

Climate-Smart Agriculture should be promoted for Livelihood 
Diversi�cation and Resilience

Scaling up climate-smart agriculture (CSA) is essential to 
stabilise food security and rural incomes. Evidence from coastal 
Bangladesh shows CSA adoption signi�cantly reduces poverty. 
For instance, Islam and Farjana (2024) �nds adoption of 

After stationarity check, a cointegration test was conducted to 
examine the long-run association among the variables in the 
model. The Westerlund Panel Cointegration test con�rms the 
long-run association among the variables. The results are 
presented in Table 4.
 

The results show that all the variables are cointegrated in the 
long run. Now, since the variables have long-run association, we 
estimate the empirical relationship between climate change 
and poverty using Panel Dynamic Ordinary Least Square 
(PDOLS) and the results are given in the table 5 below.

The PDOLS result shows that environmental stressors such as 
PM2.5 and heat index have a negative impact on household 
consumption expenditure. The result shows that a 1 per cent 
increase in PM2.5 decreases the household �nal consumption 
expenditure by 0.32 per cent. Besides, a 1 per cent increase in 

heat index decreases the household �nal consumption 
expenditure by 0.49 per cent. 

The intuition behind the empirical �ndings is that increased air 
pollution (which is measured by PM2.5) reduces health and 
worker productivity, increases medical expenditures, and may 
suppress labour supply or wages for the most vulnerable, all of 
which lower household consumption. This magnitude is 
consistent with recent micro and macro studies showing that 

Table 5: Estimation of Cointegrating Factors

Variables PDOLS Estimation 

Source: Software generated result compiled by authors.
Note: ***, ** and * refer signi�cance level at 99, 95 and 90 per cent respectively.

LNPM2.5 -0.32**
 (0.12)

LNUNEMP 0.11
 (0.09)

LNGHG 1.39***
 (0.13)

LNGDPP 0.35***
 (0.13)

LNHI35 -0.49***
 (0.07)

Table 4: Results from Westerlund Panel Cointegration Test

Model Speci�cation Test Statistics

Source: Software generated result compiled by authors.
Note: ***, ** and * refer signi�cance level at 99, 95 and 90 per cent respectively.

No Trend 2.12**

With Trend 12.29***

Table 3: Results from Panel Unit Root Tests

Source: Software generated result compiled by authors.
Note: ***, ** and * refer signi�cance level at 99, 95 and 90 per cent respectively. Critical values are not reported for the sake of brevity, however, can be delivered on request.

CIPS

Level First Di�erence

CADF

Level First Di�erenceVariable

 Intercept Intercept and Trend Intercept Intercept and Trend

LNHCE -1.82 -1.54 -2.76*** -2.82***

LNPM2.5 -1.58 -1.94 -3.15*** -3.24***

LNUNEMP -1.35 -2.35 -3.06*** -3.11***

LNGHG -1.87 -2.23 -3.17*** -3.24***

LNGDPP -1.01 -1.34 -2.10** -2.34

LNHI35 -1.28 -1.62 -4.08*** -4.23***

Variable

 Intercept Intercept and Trend Intercept Intercept and Trend

LNHCE -1.90 -2.21 -4.47*** -4.53***

LNPM2.5 -1.89 -2.35 -4.84*** -4.89***

LNUNEMP -1.17 -1.10 -3.81*** -3.46***

LNGHG -1.90 -2.21 -4.47*** -4.43***

LNGDPP -0.98 -1.29 -2.97*** -3.18***

LNHI35 -1.63 -1.93 -4.65*** -4.93*** 

climate-smart agriculture can reduce multidimensional poverty 
by 41 per cent. Policies should expand access to stress-tolerant 
crop varieties, improved irrigation, agroforestry, and 
conservation farming. Beyond agriculture, investment in green 
jobs (renewable energy, waste management, reforestation) and 
skills training can diversify income sources and reduce 
vulnerability among the a�ected population.

Financial Resilience Mechanisms should be expanded

Vulnerable households need greater access to credit, insurance, 
and savings to withstand climate shocks. The study �ndings 
indicate that climate shocks directly reduce consumption, 
reinforcing the need for �nancial instruments such as 
weather-index insurance, micro�nance guarantees, and digital 
savings platforms. Scaling up these programmes and platforms can 
reduce reliance on harmful coping strategies such as distress asset 
sales after climatic shocks. Pilot projects in Bangladesh and South 
Asia show that climate-linked �nancial tools encourage productive 
investment while strengthening resilience.

Investment in Resilient Infrastructure and Locally Led 
Adaptation should be done

Continued investment in resilient infrastructures—such as 
cyclone shelters, embankments, �ood-proof roads, and safe 

drinking water— remain critical. Bangladesh’s success in 
reducing cyclone fatalities illustrates the payo� of such 
measures. Community-led adaptation initiatives and 
nature-based solutions (NbS) like raised water points, mangrove 
replantation, and elevated housing, should be scaled up across 
climate vulnerable countries, ensuring local ownership and 
strong bene�t-cost returns.

Policy Coordination should be enhanced for Inclusive 
Governance

E�ective climate–poverty policy requires aggregation across 
ministries and levels of government. Establishing a uni�ed 
framework that integrates vulnerability mapping, social 
protection, and climate �nance will improve targeting by 
directing resources to the poorest and most climate-exposed 
areas and enhance e�ciency by aligning budgets and delivery 
systems across programmes. Policies must also prioritise 
women, children, and other marginalised groups 
disproportionately a�ected by climate shocks. Regional 
cooperation within the CVF and South Asia such as, early 
warning systems and seed distribution can further strengthen 
resilience.
 



of national budget in FY2025. This illustrates the immediate 
welfare consequences for millions of households. 

Across the wider climate vulnerable group, similar dynamics is 
seen. In Mozambique, Cyclone Idai (2019) caused damages of 
about USD 3 billion (Nhundu, et al., 2021), a�ecting 15,01,500 
(EM-DAT, 2025) and erasing years of local development gains. In 
Tonga, the 2022 volcanic eruption and tsunami in�icted 
damages of USD 90 million, equivalent to 18.5 per cent of the 
country’s gross domestic product (GDP), demonstrating how 
small island economies su�er outsized shocks (World Bank, 
2022a). In Pakistan, the 2022 �oods a�ected about 33 million 
people, with estimated 7.9 million displaced from their homes 
and further caused losses and damages exceeding USD 30.1 
billion, pushing millions into poverty (National Disaster 
Management Authority, 2025). Even middle-income 
climate-vulnerable country such as Philippines faces annual 
losses from typhoons equivalent to 1.2 per cent of GDP (World 
Bank, 2022b). Taken together, the 32 CVF countries contribute 
less than 7 per cent of global GHG emissions (Climate Watch, 
2025) but bear disproportionate damages year after year, 
making climate resilience an urgent poverty-reduction agenda.

Against this backdrop, this policy brief aims to quantify the 
long-run relationship between climate stressors and household 
consumption, de�ne the channels through which climate risks 
translate into deeper and more persistent poverty and propose 
evidence-based actionable policy measures. A panel data of 32 
climate-vulnerable countries (1996-2020) have been used to 
estimate how total GHG emissions, environmental stressors 
such as, PM2.5 air pollution, extreme heat, together with 

macroeconomic controls (GDP per capita and unemployment) 
a�ect poverty. This policy brief, based on the �ndings, provides 
recommendations for adaptive social protection, pollution 
control, and heat-health measures to protect household welfare 
now and to steer growth on a cleaner, more inclusive path. 

2. Climate Change and Poverty Landscape 

Climate vulnerable countries collectively account for less than 
7 per cent of global GHG emissions yet su�er 
disproportionately from the impact of climate change. By 
contrast, our calculation showed that the top three emitters - 
China, the United States, and the European Union (27 
countries) account for over 50 per cent of total global 
emissions. To illustrate this divergence, Figure 1 presents total 
GHG emissions (1996–2020) for the 32 selected climate 
vulnerable countries combined, alongside major emitters such 
as China, India, the United States, and the EU27.

Whilst emissions from climate vulnerable countries have 
remained relatively low and gradual, rising from around 2,000 
MtCO2e in 1996 to just over 3,000 MtCO2e in 2020, China’s 
emissions surged more than threefold over the same period, 
exceeding 12,000 MtCO2e by 2020. The United States and EU27 
have seen modest declines since the mid-2000s but still emit at 
levels far above the entire climate vulnerable countries’ block. 
India’s emissions have steadily increased, surpassing both 
climate vulnerable countries and EU27 levels by 2020. Climate 
vulnerable countries, despite contributing minimally to global 
emissions, face severe impact of climate change through �oods, 
droughts, and heat stress that undermine household welfare.

1. Introduction

Climate change is not an abstract, distant risk for low-income countries. It is an active, 
systemic force that shapes how households earn, spend, and survive. It is already 
reshaping poverty dynamics in many countries specially for climate vulnerable countries. 
(Moyer, et al., 2023) Hence, it is important to examine how climate change exacerbates the 
vulnerabilities and can reverse developmental gains. Global assessments show climate 
impacts represent a major obstacle to sustained poverty reduction (Winsemius, et al., 
2018), and it could increase the number of people in extreme poverty without stronger 
adaptation and mitigation measures (Lankes, et al., 2023). The World Bank’s synthesis work 
on climate and poverty highlights that climate shocks and gradual warming can 
signi�cantly increase poverty exposure and slow down poverty reduction e�orts 
(Bangalore, et al., 2016). 

Moreover, ambient air pollution and its intersection with poverty are acute global 
problems. Recent global mapping estimates that millions of poor people live in areas with 
unsafe PM2.5 concentrations, concentrating health and economic risks among most 
vulnerable. Rentschler and Leonova (2023) demonstrate that 7.3 billion people worldwide 
(80 per cent of whom reside in low- and middle-income nations) are directly exposed to 
dangerous average annual PM2.5 concentrations using the World Health Organization's 
(WHO) 2021 revised �ne particulate matter (PM2.5) criteria.  Furthermore, Rentschler and 
Leonova (2023) also �nds that 716 million of the world's poorest people, those who make 
less than USD 1.90 a day, live in regions with dangerously high air pollution, mostly in 
Sub-Saharan Africa.

It is worth noting that climate vulnerable countries’ contribution to global greenhouse gas 
(GHG) emission is very insigni�cant, yet these countries su�er the most. For instance, 
Bangladesh contributes only 0.52 per cent of total GHG emissions (Climate Watch, 2025), 
but it su�ers the consequence of recurring �oods, cyclones, sea-level rise, and pro-longed 
heat stress. Moreover, Letsch et al. (2023) �nd the number of extreme weather events in 
Bangladesh increased by 46 per cent between 2017 and 2021. In 2024, Bangladesh 
su�ered a total of BDT 14, 421.5 crore damage during the �oods in eastern regions in late 
August and early September of 2024 (Khatun, et al., 2024). This amounted to 1.8 per cent 
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provided by these experiments about the stationary properties 
is reliable.

Thirdly, a simple panel cointegration test developed by 
Westerlund (2005) was also employed. This cointegration test is 
straightforward and does not necessitate adjustments for 
temporal dependencies within the dataset. It allows for 
individual-speci�c short-term dynamics, as well as unique 
intercepts, trend components, and slope coe�cients for each 
entity. The asymptotic distributions of the test statistics are 
derived and demonstrated to be independent of nuisance 
parameters. 

Finally, Panel Dynamic Ordinary Least Square (PDOLS) developed 
by Kao & Chiang (2001) was used to estimate the long-run 
cointegrating factors. The PDOLS test provides a more accurate 
long-run estimate of the variables than conventional panel 
estimators by holding the long-run parameters constant across 
countries while permitting the short-run parameters to vary. 

4. Result Analysis

Firstly, we check for cross-sectional dependency in the data 
using Breusch-Pagan LM, Pesaran scaled LM and Pesaran CD 
tests. Table 2 summarises the results from these tests. The results 
show that cross-sectional dependency exists in the data. 

Since cross-sectional dependency exist, hence we used second 
generational panel unit root tests, such as CADF and CIPS for 
examining the stationarity of the data. The results show that all 
variables are stationary at their �rst-di�erenced form. The 
results are summarised in the Table 3 below.

understanding how climate change determines poverty 
dynamics in climate-vulnerable economies.

3. Data and Methodology 

Based on Novignon et al. (2018), Baloch et al. (2020), Malerba 
(2020), and Açci et al. (2024), the following model has been 
considered in this paper. 

LNHCE=f (LNPM2.5, LNUNEMP, LNGHG, LNGDPP, LNHI35).............(1)

In this study, panel data from 1996 to 2020 of 32 climate 
vulnerable countries have been used. The list of the countries is 
given in the annex table. The description of the variables used in 
equation 1 is summarised in the table 1 below.

Several methodologies were employed to conduct the study. 
Firstly, Pesaran (2004) CD test was used to check the 
cross-sectional dependency among the variables in the model. 
To assure robustness, the study also employed Breusch-Pagan 
LM and Pesaran Scaled LM cross-section dependence.

Secondly, Cross-sectional Augmented Dickey Fuller (CADF) and 
Cross-sectional Im, Pesaran, Shin (CIPS) unit root tests by 
Pesaran (2007) were used to examine the stationarity of the 
variables since cross-sectional dependency were found by 
Pesaran CD test. The CADF and CIPS contain an assumption of 
cross-sectional dependency. Therefore, the information 

Climate change threatens poverty reduction by acting through 
multiple, reinforcing channels that decrease households’ ability 
to earn, cope with climatic shocks and stresses, and invest. 
Rising temperatures, worsening air quality, and intensi�ed 
hydrometeorological shocks reduce labour productivity and 
increase health expenditures, whilst �oods and droughts 
destroy productive assets and raise the price of staples, all of 
which lower household consumption and increase poverty 
incidence (Rabassa, et al., 2011; Leichenko & Silva, 2014; 
Rozenberg & Hallegatte, 2015). These e�ects are highly 
regressive, low-income households are more exposed and 
possess weaker bu�ers, creating feedback that can trap families 
in persistent poverty (Barbier & Hochard, 2018; Hallegatte, et al., 
2018). It is not only gradual climate change but also volatility in 
temperature and rainfall that deepens poverty vulnerability, 
with disproportionate impacts on the poorest groups (Ahmed, 
et al., 2009). 

Food insecurity is another critical transmission channel through 
which climatic shocks worsen household welfare. In rural 
Bangladesh, climate shocks such as �oods and droughts disrupt 
agricultural production, heightening household vulnerability, 
with disproportionate impacts on women and intra-household 
welfare outcomes (Alston & Akhter, 2016). Household responses 
to these shocks are mixed: evidence from coastal Bangladesh 
shows that climate-smart adaptation in agriculture can reduce 
food insecurity, whereas coping strategies such as borrowing or 
distress asset sales often deepen long-term vulnerability 
(Rahman, et al., 2023). At the food system level, rising 
temperatures, erratic rainfall, sea-level rise, and �ooding 
threaten the stability of food supply chains, driving up prices 
and reinforcing malnutrition risks across climate-vulnerable 
countries like Bangladesh (Rahman, et al., 2024). In Sub-Saharan 
Africa, similar vulnerabilities emerge: Niger and Burkina Faso 
face recurrent droughts that not only devastate harvests but 
also exacerbate child malnutrition (Sultan, et al., 2025), whilst in 
Central America, Guatemala and Nicaragua are caught in the 
‘Dry Corridor’ cycle of erratic rainfall and crop failure, amplifying 
rural poverty and migration pressures (Beveridge, et al., 2019).

Mitigation and adaptation policies in�uence these dynamics. 
Well-designed interventions can deliver bene�ts, such as 
improved air quality and the creation of new green livelihoods. 
Conversely, poorly targeted measures risk worsening 
vulnerability unless accompanied by social protection (Barbier, 
2014; Bangalore, et al., 2014). Thus, climate and poverty policy 
must be seen as mutually reinforcing agendas.

The relationship between climate change, environmental 
degradation, and poverty has become a focal concern in 
achieving sustainable development goals. A growing body of 
literature highlights the multiple channels through which 
environmental stressors exacerbate poverty dynamics, 
particularly in low- and middle-income countries.

Baloch et al. (2020) examine the interplay between poverty, 
inequality, and carbon dioxide emissions across Sub-Saharan 
Africa, �nding that rising poverty contributes to greater 
environmental degradation. This underscores the two-way 
linkage between welfare and emissions: poverty not only makes 
households more vulnerable to climate impacts but also 
perpetuates reliance on polluting activities. Similarly, Rentschler 
& Leonova, (2023) provide global evidence that ambient air 
pollution (PM2.5) disproportionately a�ects low-income groups, 
both through higher exposure and greater vulnerability to 
health shocks, thus reinforcing poverty traps. Considering the 
facts mentioned, air pollution (PM2.5) has been included in the 
present analysis, capturing one of the most direct channels 
through which climate change a�ects human welfare.

Temperature extremes represent another critical pathway. Dang 
et al. (2023) used a global subnational panel to show that a 
one-degree Celsius rise increases poverty by 9.1 per cent and 
inequality by 1.4 per cent, with the strongest e�ects in South 
Asia and Sub-Saharan Africa. These �ndings justify the inclusion 
of the heat index (HI35) as a proxy for climate-induced thermal 
stress, re�ecting how hotter environments reduce labour 
productivity, undermine agricultural output, and erode welfare 
for poor and climate vulnerable households.

At the macroeconomic level, GHGs remain a central driver of 
global warming. Prior studies linking GHGs and welfare such as, 
Baloch, et al., (2020) point to the need to consider aggregate 
emissions alongside household-level impacts. GHG emissions 
thus serve as a structural determinant of long-run climate 
pressure. Meanwhile, GDP per capita is a conventional control 
for economic development, but existing work such as, Dang, et 
al. (2023) shows that income growth alone may not o�set 
climate-driven poverty unless accompanied by adaptation. 

Finally, the literatures emphasise the socioeconomic mediators 
of climate-poverty dynamics. Unemployment has been shown 
to deepen vulnerability, as job loss reduces household coping 
capacity in the face of environmental shocks. In contrast, 
household �nal consumption expenditure per capita (HFCE) is 
widely recognised as a robust proxy for welfare, especially when 
consistent poverty headcount data are unavailable (Wollburg, et 
al., 2023; Pinkovskiy & Sala-i-Martin, 2016). Because poverty is 
fundamentally a matter of inadequate consumption, HFCE 
captures the average welfare level of households and non-pro�t 
institutions serving households (NPISHs), providing a 
comparable measure across countries and over time.

Thus, poverty and welfare cannot be analysed in isolation from 
environmental stressors. Air pollution, temperature extremes, 
and GHG emissions directly shape poverty outcomes, whilst 
macroeconomic conditions and labour market factors 
determine the extent of household vulnerability. By integrating 
these variables into a panel framework, this study contributes to 

PM2.5 reduces income and labour supply, with stronger e�ects 
for low-skilled workers (He & Ji, 2021; Lin, et al., 2024). 

Besides, heat exposure reduces physical labour capacity and 
increases rest and recovery needs, translating into lower 
productivity and incomes in heat-sensitive sectors (agriculture, 
construction). Meta-analyses and empirical studies document 
meaningful productivity losses at high temperatures. The result 
aligns with the literature on heat-related productivity and 
economic burdens (Borg, et al., 2021; Chavaillaz, et al., 2019).

GDP Per Capita and GHG emissions are found to have positive 
and signi�cant relationships with consumption expenditure. A 1 
per cent increase in per capita GDP and GHG emissions, increase 
household consumption per capita by 0.35 per cent and 1.39 per 
cent respectively. The �ndings are consistent with the expected 
positive e�ect of higher average income on consumption. At the 
macro level, greater GHG emissions are positively correlated 
with higher consumption per capita, re�ecting the fact that 
emissions often rise with economic activity and industrial 
output. However, this positive association hides distributional 
and long-term trade-o�s: whilst emissions move together with 
growth re�ecting short-run welfare gains, they also feedback 
into higher temperatures and other hazards that reduce welfare 
through the channels above (Bangalore, et al., 2016). 

Finally, unemployment is found to have positive but statistically 
insigni�cant impact on household consumption expenditure. The 
statistically signi�cant negative elasticities for PM2.5 and heat index 
indicate that environmental stressors directly reduce household 
welfare, while GDP is associated with higher welfare. This underscores 
the policy objective: protect welfare from environmental damages 
whilst steering growth onto a cleaner trajectory. 

5. Way Forward and Recommendations

From the analysis, it is found that environmental stressors such 
as PM2.5 air pollution and heat signi�cantly reduce household 
consumption, with a 1 per cent increase in PM2.5 lowering 
consumption by 0.32 per cent and a 1 per cent rise in heat index 
reducing it by 0.49 per cent. At the same time, GDP per capita 
and GHG emissions are positively correlated with consumption, 
highlighting the tension between short-term growth and 
long-term climate risks. These �ndings con�rm that 
climate-related hazards, such as prolonged heat stress and air 
pollution, directly impact households, particularly in climate 
vulnerable countries. They reduce household consumption 
expenditure, undermining welfare and exacerbating poverty, 
especially among low-income populations.

Climate–poverty nexus requires a multidimensional policy 
response that addresses immediate vulnerabilities whilst 
promoting long-term resilience. Based on these �ndings and the 
broader evidence on climate–poverty linkages, the following 
recommendations are proposed for climate vulnerable 

countries to protect household welfare while promoting 
resilient and inclusive development:

Heat-Health and Urban Resilience strategies should be 
developed and implemented for the growing urban 
demographic

With escalating temperatures, cities and urban areas need 
strong and proactive heat action plans. The study analysis shows 
that a 1 per cent increase in heat index reduces household 
consumption expenditure by 0.49 per cent, highlighting the 
signi�cant welfare impact of thermal stress. Cities across climate 
vulnerable countries should expand shaded public spaces, 
introduce worker protection measures (cooling breaks, 
hydration support), and strengthen hospital preparedness for 
heat-related illnesses. Protecting workers of informal sectors 
from heat stress is vital to sustaining household incomes, 
particularly in regions where livelihoods are heavily outdoor 
based. Dhaka’s initiatives such as, green belts, re�ective roo�ng, 
and urban cooling programmes provide a model to build upon. 

Air Pollution control should be strengthened by transitioning 
into Clean Energy and Green Transportation

Regular exposure to PM2.5 reduces household welfare and must 
be tackled alongside climate goals. The study �nds that a 1 per 
cent increase in PM2.5 reduces household consumption by 0.32 
per cent, re�ecting the direct economic burden of poor air 
quality. Climate vulnerable countries should accelerate the 
transition to clean energy and transportations, drawing on 
successful models such as India’s clean cooking fuel programme 
and Nepal’s household solar schemes. Policies should include 
stricter regulation of industrial emissions, expanded solar home 
systems, and subsidies or microloans for improved cookstoves 
and biogas systems.

Social Protection Programmes should be integrated with 
Climate Adaptation and Mitigation strategies

Climate vulnerable countries should move towards adaptive 
social protection, aligning social safety nets (SSNs) with climate 
adaptation and disaster management. This means prioritising 
poor households in climate-vulnerable regions and linking cash 
transfers with climate-smart inputs (saline-tolerant seeds, 
disaster preparedness training, etc.). Regular reviews of SSNs are 
needed to avoid overlaps, improve targeting, and strengthen 
resilience against recurrent shocks.

Climate-Smart Agriculture should be promoted for Livelihood 
Diversi�cation and Resilience

Scaling up climate-smart agriculture (CSA) is essential to 
stabilise food security and rural incomes. Evidence from coastal 
Bangladesh shows CSA adoption signi�cantly reduces poverty. 
For instance, Islam and Farjana (2024) �nds adoption of 

After stationarity check, a cointegration test was conducted to 
examine the long-run association among the variables in the 
model. The Westerlund Panel Cointegration test con�rms the 
long-run association among the variables. The results are 
presented in Table 4.
 

The results show that all the variables are cointegrated in the 
long run. Now, since the variables have long-run association, we 
estimate the empirical relationship between climate change 
and poverty using Panel Dynamic Ordinary Least Square 
(PDOLS) and the results are given in the table 5 below.

The PDOLS result shows that environmental stressors such as 
PM2.5 and heat index have a negative impact on household 
consumption expenditure. The result shows that a 1 per cent 
increase in PM2.5 decreases the household �nal consumption 
expenditure by 0.32 per cent. Besides, a 1 per cent increase in 

heat index decreases the household �nal consumption 
expenditure by 0.49 per cent. 

The intuition behind the empirical �ndings is that increased air 
pollution (which is measured by PM2.5) reduces health and 
worker productivity, increases medical expenditures, and may 
suppress labour supply or wages for the most vulnerable, all of 
which lower household consumption. This magnitude is 
consistent with recent micro and macro studies showing that 

climate-smart agriculture can reduce multidimensional poverty 
by 41 per cent. Policies should expand access to stress-tolerant 
crop varieties, improved irrigation, agroforestry, and 
conservation farming. Beyond agriculture, investment in green 
jobs (renewable energy, waste management, reforestation) and 
skills training can diversify income sources and reduce 
vulnerability among the a�ected population.

Financial Resilience Mechanisms should be expanded

Vulnerable households need greater access to credit, insurance, 
and savings to withstand climate shocks. The study �ndings 
indicate that climate shocks directly reduce consumption, 
reinforcing the need for �nancial instruments such as 
weather-index insurance, micro�nance guarantees, and digital 
savings platforms. Scaling up these programmes and platforms can 
reduce reliance on harmful coping strategies such as distress asset 
sales after climatic shocks. Pilot projects in Bangladesh and South 
Asia show that climate-linked �nancial tools encourage productive 
investment while strengthening resilience.

Investment in Resilient Infrastructure and Locally Led 
Adaptation should be done

Continued investment in resilient infrastructures—such as 
cyclone shelters, embankments, �ood-proof roads, and safe 

drinking water— remain critical. Bangladesh’s success in 
reducing cyclone fatalities illustrates the payo� of such 
measures. Community-led adaptation initiatives and 
nature-based solutions (NbS) like raised water points, mangrove 
replantation, and elevated housing, should be scaled up across 
climate vulnerable countries, ensuring local ownership and 
strong bene�t-cost returns.

Policy Coordination should be enhanced for Inclusive 
Governance

E�ective climate–poverty policy requires aggregation across 
ministries and levels of government. Establishing a uni�ed 
framework that integrates vulnerability mapping, social 
protection, and climate �nance will improve targeting by 
directing resources to the poorest and most climate-exposed 
areas and enhance e�ciency by aligning budgets and delivery 
systems across programmes. Policies must also prioritise 
women, children, and other marginalised groups 
disproportionately a�ected by climate shocks. Regional 
cooperation within the CVF and South Asia such as, early 
warning systems and seed distribution can further strengthen 
resilience.
 



of national budget in FY2025. This illustrates the immediate 
welfare consequences for millions of households. 

Across the wider climate vulnerable group, similar dynamics is 
seen. In Mozambique, Cyclone Idai (2019) caused damages of 
about USD 3 billion (Nhundu, et al., 2021), a�ecting 15,01,500 
(EM-DAT, 2025) and erasing years of local development gains. In 
Tonga, the 2022 volcanic eruption and tsunami in�icted 
damages of USD 90 million, equivalent to 18.5 per cent of the 
country’s gross domestic product (GDP), demonstrating how 
small island economies su�er outsized shocks (World Bank, 
2022a). In Pakistan, the 2022 �oods a�ected about 33 million 
people, with estimated 7.9 million displaced from their homes 
and further caused losses and damages exceeding USD 30.1 
billion, pushing millions into poverty (National Disaster 
Management Authority, 2025). Even middle-income 
climate-vulnerable country such as Philippines faces annual 
losses from typhoons equivalent to 1.2 per cent of GDP (World 
Bank, 2022b). Taken together, the 32 CVF countries contribute 
less than 7 per cent of global GHG emissions (Climate Watch, 
2025) but bear disproportionate damages year after year, 
making climate resilience an urgent poverty-reduction agenda.

Against this backdrop, this policy brief aims to quantify the 
long-run relationship between climate stressors and household 
consumption, de�ne the channels through which climate risks 
translate into deeper and more persistent poverty and propose 
evidence-based actionable policy measures. A panel data of 32 
climate-vulnerable countries (1996-2020) have been used to 
estimate how total GHG emissions, environmental stressors 
such as, PM2.5 air pollution, extreme heat, together with 

macroeconomic controls (GDP per capita and unemployment) 
a�ect poverty. This policy brief, based on the �ndings, provides 
recommendations for adaptive social protection, pollution 
control, and heat-health measures to protect household welfare 
now and to steer growth on a cleaner, more inclusive path. 

2. Climate Change and Poverty Landscape 

Climate vulnerable countries collectively account for less than 
7 per cent of global GHG emissions yet su�er 
disproportionately from the impact of climate change. By 
contrast, our calculation showed that the top three emitters - 
China, the United States, and the European Union (27 
countries) account for over 50 per cent of total global 
emissions. To illustrate this divergence, Figure 1 presents total 
GHG emissions (1996–2020) for the 32 selected climate 
vulnerable countries combined, alongside major emitters such 
as China, India, the United States, and the EU27.

Whilst emissions from climate vulnerable countries have 
remained relatively low and gradual, rising from around 2,000 
MtCO2e in 1996 to just over 3,000 MtCO2e in 2020, China’s 
emissions surged more than threefold over the same period, 
exceeding 12,000 MtCO2e by 2020. The United States and EU27 
have seen modest declines since the mid-2000s but still emit at 
levels far above the entire climate vulnerable countries’ block. 
India’s emissions have steadily increased, surpassing both 
climate vulnerable countries and EU27 levels by 2020. Climate 
vulnerable countries, despite contributing minimally to global 
emissions, face severe impact of climate change through �oods, 
droughts, and heat stress that undermine household welfare.

1. Introduction

Climate change is not an abstract, distant risk for low-income countries. It is an active, 
systemic force that shapes how households earn, spend, and survive. It is already 
reshaping poverty dynamics in many countries specially for climate vulnerable countries. 
(Moyer, et al., 2023) Hence, it is important to examine how climate change exacerbates the 
vulnerabilities and can reverse developmental gains. Global assessments show climate 
impacts represent a major obstacle to sustained poverty reduction (Winsemius, et al., 
2018), and it could increase the number of people in extreme poverty without stronger 
adaptation and mitigation measures (Lankes, et al., 2023). The World Bank’s synthesis work 
on climate and poverty highlights that climate shocks and gradual warming can 
signi�cantly increase poverty exposure and slow down poverty reduction e�orts 
(Bangalore, et al., 2016). 

Moreover, ambient air pollution and its intersection with poverty are acute global 
problems. Recent global mapping estimates that millions of poor people live in areas with 
unsafe PM2.5 concentrations, concentrating health and economic risks among most 
vulnerable. Rentschler and Leonova (2023) demonstrate that 7.3 billion people worldwide 
(80 per cent of whom reside in low- and middle-income nations) are directly exposed to 
dangerous average annual PM2.5 concentrations using the World Health Organization's 
(WHO) 2021 revised �ne particulate matter (PM2.5) criteria.  Furthermore, Rentschler and 
Leonova (2023) also �nds that 716 million of the world's poorest people, those who make 
less than USD 1.90 a day, live in regions with dangerously high air pollution, mostly in 
Sub-Saharan Africa.

It is worth noting that climate vulnerable countries’ contribution to global greenhouse gas 
(GHG) emission is very insigni�cant, yet these countries su�er the most. For instance, 
Bangladesh contributes only 0.52 per cent of total GHG emissions (Climate Watch, 2025), 
but it su�ers the consequence of recurring �oods, cyclones, sea-level rise, and pro-longed 
heat stress. Moreover, Letsch et al. (2023) �nd the number of extreme weather events in 
Bangladesh increased by 46 per cent between 2017 and 2021. In 2024, Bangladesh 
su�ered a total of BDT 14, 421.5 crore damage during the �oods in eastern regions in late 
August and early September of 2024 (Khatun, et al., 2024). This amounted to 1.8 per cent 
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provided by these experiments about the stationary properties 
is reliable.

Thirdly, a simple panel cointegration test developed by 
Westerlund (2005) was also employed. This cointegration test is 
straightforward and does not necessitate adjustments for 
temporal dependencies within the dataset. It allows for 
individual-speci�c short-term dynamics, as well as unique 
intercepts, trend components, and slope coe�cients for each 
entity. The asymptotic distributions of the test statistics are 
derived and demonstrated to be independent of nuisance 
parameters. 

Finally, Panel Dynamic Ordinary Least Square (PDOLS) developed 
by Kao & Chiang (2001) was used to estimate the long-run 
cointegrating factors. The PDOLS test provides a more accurate 
long-run estimate of the variables than conventional panel 
estimators by holding the long-run parameters constant across 
countries while permitting the short-run parameters to vary. 

4. Result Analysis

Firstly, we check for cross-sectional dependency in the data 
using Breusch-Pagan LM, Pesaran scaled LM and Pesaran CD 
tests. Table 2 summarises the results from these tests. The results 
show that cross-sectional dependency exists in the data. 

Since cross-sectional dependency exist, hence we used second 
generational panel unit root tests, such as CADF and CIPS for 
examining the stationarity of the data. The results show that all 
variables are stationary at their �rst-di�erenced form. The 
results are summarised in the Table 3 below.

understanding how climate change determines poverty 
dynamics in climate-vulnerable economies.

3. Data and Methodology 

Based on Novignon et al. (2018), Baloch et al. (2020), Malerba 
(2020), and Açci et al. (2024), the following model has been 
considered in this paper. 

LNHCE=f (LNPM2.5, LNUNEMP, LNGHG, LNGDPP, LNHI35).............(1)

In this study, panel data from 1996 to 2020 of 32 climate 
vulnerable countries have been used. The list of the countries is 
given in the annex table. The description of the variables used in 
equation 1 is summarised in the table 1 below.

Several methodologies were employed to conduct the study. 
Firstly, Pesaran (2004) CD test was used to check the 
cross-sectional dependency among the variables in the model. 
To assure robustness, the study also employed Breusch-Pagan 
LM and Pesaran Scaled LM cross-section dependence.

Secondly, Cross-sectional Augmented Dickey Fuller (CADF) and 
Cross-sectional Im, Pesaran, Shin (CIPS) unit root tests by 
Pesaran (2007) were used to examine the stationarity of the 
variables since cross-sectional dependency were found by 
Pesaran CD test. The CADF and CIPS contain an assumption of 
cross-sectional dependency. Therefore, the information 

Climate change threatens poverty reduction by acting through 
multiple, reinforcing channels that decrease households’ ability 
to earn, cope with climatic shocks and stresses, and invest. 
Rising temperatures, worsening air quality, and intensi�ed 
hydrometeorological shocks reduce labour productivity and 
increase health expenditures, whilst �oods and droughts 
destroy productive assets and raise the price of staples, all of 
which lower household consumption and increase poverty 
incidence (Rabassa, et al., 2011; Leichenko & Silva, 2014; 
Rozenberg & Hallegatte, 2015). These e�ects are highly 
regressive, low-income households are more exposed and 
possess weaker bu�ers, creating feedback that can trap families 
in persistent poverty (Barbier & Hochard, 2018; Hallegatte, et al., 
2018). It is not only gradual climate change but also volatility in 
temperature and rainfall that deepens poverty vulnerability, 
with disproportionate impacts on the poorest groups (Ahmed, 
et al., 2009). 

Food insecurity is another critical transmission channel through 
which climatic shocks worsen household welfare. In rural 
Bangladesh, climate shocks such as �oods and droughts disrupt 
agricultural production, heightening household vulnerability, 
with disproportionate impacts on women and intra-household 
welfare outcomes (Alston & Akhter, 2016). Household responses 
to these shocks are mixed: evidence from coastal Bangladesh 
shows that climate-smart adaptation in agriculture can reduce 
food insecurity, whereas coping strategies such as borrowing or 
distress asset sales often deepen long-term vulnerability 
(Rahman, et al., 2023). At the food system level, rising 
temperatures, erratic rainfall, sea-level rise, and �ooding 
threaten the stability of food supply chains, driving up prices 
and reinforcing malnutrition risks across climate-vulnerable 
countries like Bangladesh (Rahman, et al., 2024). In Sub-Saharan 
Africa, similar vulnerabilities emerge: Niger and Burkina Faso 
face recurrent droughts that not only devastate harvests but 
also exacerbate child malnutrition (Sultan, et al., 2025), whilst in 
Central America, Guatemala and Nicaragua are caught in the 
‘Dry Corridor’ cycle of erratic rainfall and crop failure, amplifying 
rural poverty and migration pressures (Beveridge, et al., 2019).

Mitigation and adaptation policies in�uence these dynamics. 
Well-designed interventions can deliver bene�ts, such as 
improved air quality and the creation of new green livelihoods. 
Conversely, poorly targeted measures risk worsening 
vulnerability unless accompanied by social protection (Barbier, 
2014; Bangalore, et al., 2014). Thus, climate and poverty policy 
must be seen as mutually reinforcing agendas.

The relationship between climate change, environmental 
degradation, and poverty has become a focal concern in 
achieving sustainable development goals. A growing body of 
literature highlights the multiple channels through which 
environmental stressors exacerbate poverty dynamics, 
particularly in low- and middle-income countries.

Baloch et al. (2020) examine the interplay between poverty, 
inequality, and carbon dioxide emissions across Sub-Saharan 
Africa, �nding that rising poverty contributes to greater 
environmental degradation. This underscores the two-way 
linkage between welfare and emissions: poverty not only makes 
households more vulnerable to climate impacts but also 
perpetuates reliance on polluting activities. Similarly, Rentschler 
& Leonova, (2023) provide global evidence that ambient air 
pollution (PM2.5) disproportionately a�ects low-income groups, 
both through higher exposure and greater vulnerability to 
health shocks, thus reinforcing poverty traps. Considering the 
facts mentioned, air pollution (PM2.5) has been included in the 
present analysis, capturing one of the most direct channels 
through which climate change a�ects human welfare.

Temperature extremes represent another critical pathway. Dang 
et al. (2023) used a global subnational panel to show that a 
one-degree Celsius rise increases poverty by 9.1 per cent and 
inequality by 1.4 per cent, with the strongest e�ects in South 
Asia and Sub-Saharan Africa. These �ndings justify the inclusion 
of the heat index (HI35) as a proxy for climate-induced thermal 
stress, re�ecting how hotter environments reduce labour 
productivity, undermine agricultural output, and erode welfare 
for poor and climate vulnerable households.

At the macroeconomic level, GHGs remain a central driver of 
global warming. Prior studies linking GHGs and welfare such as, 
Baloch, et al., (2020) point to the need to consider aggregate 
emissions alongside household-level impacts. GHG emissions 
thus serve as a structural determinant of long-run climate 
pressure. Meanwhile, GDP per capita is a conventional control 
for economic development, but existing work such as, Dang, et 
al. (2023) shows that income growth alone may not o�set 
climate-driven poverty unless accompanied by adaptation. 

Finally, the literatures emphasise the socioeconomic mediators 
of climate-poverty dynamics. Unemployment has been shown 
to deepen vulnerability, as job loss reduces household coping 
capacity in the face of environmental shocks. In contrast, 
household �nal consumption expenditure per capita (HFCE) is 
widely recognised as a robust proxy for welfare, especially when 
consistent poverty headcount data are unavailable (Wollburg, et 
al., 2023; Pinkovskiy & Sala-i-Martin, 2016). Because poverty is 
fundamentally a matter of inadequate consumption, HFCE 
captures the average welfare level of households and non-pro�t 
institutions serving households (NPISHs), providing a 
comparable measure across countries and over time.

Thus, poverty and welfare cannot be analysed in isolation from 
environmental stressors. Air pollution, temperature extremes, 
and GHG emissions directly shape poverty outcomes, whilst 
macroeconomic conditions and labour market factors 
determine the extent of household vulnerability. By integrating 
these variables into a panel framework, this study contributes to 

PM2.5 reduces income and labour supply, with stronger e�ects 
for low-skilled workers (He & Ji, 2021; Lin, et al., 2024). 

Besides, heat exposure reduces physical labour capacity and 
increases rest and recovery needs, translating into lower 
productivity and incomes in heat-sensitive sectors (agriculture, 
construction). Meta-analyses and empirical studies document 
meaningful productivity losses at high temperatures. The result 
aligns with the literature on heat-related productivity and 
economic burdens (Borg, et al., 2021; Chavaillaz, et al., 2019).

GDP Per Capita and GHG emissions are found to have positive 
and signi�cant relationships with consumption expenditure. A 1 
per cent increase in per capita GDP and GHG emissions, increase 
household consumption per capita by 0.35 per cent and 1.39 per 
cent respectively. The �ndings are consistent with the expected 
positive e�ect of higher average income on consumption. At the 
macro level, greater GHG emissions are positively correlated 
with higher consumption per capita, re�ecting the fact that 
emissions often rise with economic activity and industrial 
output. However, this positive association hides distributional 
and long-term trade-o�s: whilst emissions move together with 
growth re�ecting short-run welfare gains, they also feedback 
into higher temperatures and other hazards that reduce welfare 
through the channels above (Bangalore, et al., 2016). 

Finally, unemployment is found to have positive but statistically 
insigni�cant impact on household consumption expenditure. The 
statistically signi�cant negative elasticities for PM2.5 and heat index 
indicate that environmental stressors directly reduce household 
welfare, while GDP is associated with higher welfare. This underscores 
the policy objective: protect welfare from environmental damages 
whilst steering growth onto a cleaner trajectory. 

5. Way Forward and Recommendations

From the analysis, it is found that environmental stressors such 
as PM2.5 air pollution and heat signi�cantly reduce household 
consumption, with a 1 per cent increase in PM2.5 lowering 
consumption by 0.32 per cent and a 1 per cent rise in heat index 
reducing it by 0.49 per cent. At the same time, GDP per capita 
and GHG emissions are positively correlated with consumption, 
highlighting the tension between short-term growth and 
long-term climate risks. These �ndings con�rm that 
climate-related hazards, such as prolonged heat stress and air 
pollution, directly impact households, particularly in climate 
vulnerable countries. They reduce household consumption 
expenditure, undermining welfare and exacerbating poverty, 
especially among low-income populations.

Climate–poverty nexus requires a multidimensional policy 
response that addresses immediate vulnerabilities whilst 
promoting long-term resilience. Based on these �ndings and the 
broader evidence on climate–poverty linkages, the following 
recommendations are proposed for climate vulnerable 

countries to protect household welfare while promoting 
resilient and inclusive development:

Heat-Health and Urban Resilience strategies should be 
developed and implemented for the growing urban 
demographic

With escalating temperatures, cities and urban areas need 
strong and proactive heat action plans. The study analysis shows 
that a 1 per cent increase in heat index reduces household 
consumption expenditure by 0.49 per cent, highlighting the 
signi�cant welfare impact of thermal stress. Cities across climate 
vulnerable countries should expand shaded public spaces, 
introduce worker protection measures (cooling breaks, 
hydration support), and strengthen hospital preparedness for 
heat-related illnesses. Protecting workers of informal sectors 
from heat stress is vital to sustaining household incomes, 
particularly in regions where livelihoods are heavily outdoor 
based. Dhaka’s initiatives such as, green belts, re�ective roo�ng, 
and urban cooling programmes provide a model to build upon. 

Air Pollution control should be strengthened by transitioning 
into Clean Energy and Green Transportation

Regular exposure to PM2.5 reduces household welfare and must 
be tackled alongside climate goals. The study �nds that a 1 per 
cent increase in PM2.5 reduces household consumption by 0.32 
per cent, re�ecting the direct economic burden of poor air 
quality. Climate vulnerable countries should accelerate the 
transition to clean energy and transportations, drawing on 
successful models such as India’s clean cooking fuel programme 
and Nepal’s household solar schemes. Policies should include 
stricter regulation of industrial emissions, expanded solar home 
systems, and subsidies or microloans for improved cookstoves 
and biogas systems.

Social Protection Programmes should be integrated with 
Climate Adaptation and Mitigation strategies

Climate vulnerable countries should move towards adaptive 
social protection, aligning social safety nets (SSNs) with climate 
adaptation and disaster management. This means prioritising 
poor households in climate-vulnerable regions and linking cash 
transfers with climate-smart inputs (saline-tolerant seeds, 
disaster preparedness training, etc.). Regular reviews of SSNs are 
needed to avoid overlaps, improve targeting, and strengthen 
resilience against recurrent shocks.

Climate-Smart Agriculture should be promoted for Livelihood 
Diversi�cation and Resilience

Scaling up climate-smart agriculture (CSA) is essential to 
stabilise food security and rural incomes. Evidence from coastal 
Bangladesh shows CSA adoption signi�cantly reduces poverty. 
For instance, Islam and Farjana (2024) �nds adoption of 

After stationarity check, a cointegration test was conducted to 
examine the long-run association among the variables in the 
model. The Westerlund Panel Cointegration test con�rms the 
long-run association among the variables. The results are 
presented in Table 4.
 

The results show that all the variables are cointegrated in the 
long run. Now, since the variables have long-run association, we 
estimate the empirical relationship between climate change 
and poverty using Panel Dynamic Ordinary Least Square 
(PDOLS) and the results are given in the table 5 below.

The PDOLS result shows that environmental stressors such as 
PM2.5 and heat index have a negative impact on household 
consumption expenditure. The result shows that a 1 per cent 
increase in PM2.5 decreases the household �nal consumption 
expenditure by 0.32 per cent. Besides, a 1 per cent increase in 

heat index decreases the household �nal consumption 
expenditure by 0.49 per cent. 

The intuition behind the empirical �ndings is that increased air 
pollution (which is measured by PM2.5) reduces health and 
worker productivity, increases medical expenditures, and may 
suppress labour supply or wages for the most vulnerable, all of 
which lower household consumption. This magnitude is 
consistent with recent micro and macro studies showing that 

climate-smart agriculture can reduce multidimensional poverty 
by 41 per cent. Policies should expand access to stress-tolerant 
crop varieties, improved irrigation, agroforestry, and 
conservation farming. Beyond agriculture, investment in green 
jobs (renewable energy, waste management, reforestation) and 
skills training can diversify income sources and reduce 
vulnerability among the a�ected population.

Financial Resilience Mechanisms should be expanded

Vulnerable households need greater access to credit, insurance, 
and savings to withstand climate shocks. The study �ndings 
indicate that climate shocks directly reduce consumption, 
reinforcing the need for �nancial instruments such as 
weather-index insurance, micro�nance guarantees, and digital 
savings platforms. Scaling up these programmes and platforms can 
reduce reliance on harmful coping strategies such as distress asset 
sales after climatic shocks. Pilot projects in Bangladesh and South 
Asia show that climate-linked �nancial tools encourage productive 
investment while strengthening resilience.

Investment in Resilient Infrastructure and Locally Led 
Adaptation should be done

Continued investment in resilient infrastructures—such as 
cyclone shelters, embankments, �ood-proof roads, and safe 

drinking water— remain critical. Bangladesh’s success in 
reducing cyclone fatalities illustrates the payo� of such 
measures. Community-led adaptation initiatives and 
nature-based solutions (NbS) like raised water points, mangrove 
replantation, and elevated housing, should be scaled up across 
climate vulnerable countries, ensuring local ownership and 
strong bene�t-cost returns.

Policy Coordination should be enhanced for Inclusive 
Governance

E�ective climate–poverty policy requires aggregation across 
ministries and levels of government. Establishing a uni�ed 
framework that integrates vulnerability mapping, social 
protection, and climate �nance will improve targeting by 
directing resources to the poorest and most climate-exposed 
areas and enhance e�ciency by aligning budgets and delivery 
systems across programmes. Policies must also prioritise 
women, children, and other marginalised groups 
disproportionately a�ected by climate shocks. Regional 
cooperation within the CVF and South Asia such as, early 
warning systems and seed distribution can further strengthen 
resilience.
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This policy brief investigates how climate change and air pollution deepen poverty in the selected 32 climate vulnerable 
countries. The objective is to analyse the long-run relationship between environmental stressors and household welfare, and 
to recommend policy intervention that can break this climate–poverty trap.
 
Using panel data for 1996–2020, the study models household �nal consumption expenditure per capita as a function of PM2.5 
exposure, heat index 35 (HI35), total GHG emissions, GDP per capita and unemployment. The study further employs 
cross-sectional dependence test, second generation panel unit root test, cointegration test, and Panel Dynamic Ordinary Least 
Square (PDOLS) method for estimating long-run cointegrating factors.
 
The study �nds that selected 32 climate vulnerable countries collectively account for less than 7 per cent of global GHG 
emissions yet su�er disproportionately from the impact of climate change. Besides, the study also highlights that 
environmental stressors such as PM2.5 and high temperature have a negative impact on household consumption expenditure, 
thus exacerbating the poverty in climate vulnerable countries.
 
The policy brief also proposes a set of recommendations which include implementing comprehensive urban heat resilience 
plan; controlling air pollution strictly by transitioning into clean energy and green transportation; integrating social 
protection with climate adaptation; scaling climate-smart agriculture and green jobs; enhancing access to �nance of 
climate-vulnerable households; investing in locally led adaptation; and strengthening regional cooperation targeting the 
poorest and most climate-exposed households.


