
The Journal of Climate Change and Health 23 (2025) 100420

Contents lists available at ScienceDirect

The Journal of Climate Change and Health

journal homepage: www.elsevier.com/joclim
Short communication
Early insight on how climate action can benefit health in rural India
Vijay S Limayea,*, Sameeha Hossainb, Ritika Kapoorc, Dhilsha Jubairc, Charu Latac

a Natural Resources Defense Council, New York, NY, USA
b Yale University School of Public Health, New Haven, CT, USA
c NRDC India, New Delhi, India
A R T I C L E I N F O

Article History:
Received 31 July 2024
Accepted 31 January 2025
Available online 3 February 2025
* Corresponding author.
E-mail address: vlimaye@nrdc.org (V.S. Limaye).

https://doi.org/10.1016/j.joclim.2025.100420
2667-2782/© 2025 The Author(s). Published by Elsevier
A B S T R A C T

Introduction: India faces severe health impacts from climate change. While urban-focused initiatives like the
National Clean Air Programme and heat action plans aim to address dangerous exposures, rural regions,
home to over 60% of India’s population, remain underprioritized in mitigation and adaptation measures. To
address this gap, the Self Employed Women’s Association (SEWA) and Natural Resources Defense Council
(NRDC) implemented the Hariyali Gram (Green Village) initiative, deploying climate-friendly technologies to
support improved lighting, cooling, irrigation, and clean cooking in pilot villages beginning in 2019.
Methods: In March 2024, 90 household surveys were conducted in Nagano Math, a village of 256 households
in the state of Gujarat, assessing air quality effects, indoor thermal comfort, and health impacts following the
implementation of climate-friendly renewable energy solutions.
Results: Survey responses (n-86) indicated substantial awareness of indoor air pollution from traditional
cooking methods, with 88% of respondents acknowledging its impact. Nine households received biogas
installations and 78% noted improved indoor air quality, while 66 % observed enhanced outdoor air quality
and 56% respondents reported health benefits from adopting cleaner cooking for themselves or other mem-
bers of the household. Of 19 households that installed cool roofs as part of the program, 37% reported
improved thermal comfort indoors.
Discussion: Climate actions in this village are delivering health and environmental gains to this community
with benefits are reported in about half of households. Findings of our preliminary survey in a single village
suggest scaling up climate interventions across rural India could deliver substantial improvements in living
conditions.

© 2025 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC
license (http://creativecommons.org/licenses/by-nc/4.0/)
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1. Introduction

People living in India are increasingly prone to the serious health
effects of climate change. While extreme heat and air pollution cur-
rently exert a heavy toll on health across the country, exposures to
these hazards are expected to worsen in the future [1]. Research and
policy action to accelerate efforts to combat climate change across
India have largely focused on urban areas where concentrated infra-
structure, large population centers, power plants, and transportation
networks provide a clear rationale for energy system interventions [2
−4]. For example, India’s urban centers receive significant attention
through government initiatives like the National Clean Air Pro-
gramme [5] and heat action plans pioneered by municipal govern-
ments [6].

While climate change response efforts in cities are urgent, they
often overshadow the climate-sensitive health challenges in India’s
rural regions where residents endure severe heat and air pollution
but have far fewer resources to adapt [7,8]. As the country continues
to urbanize, city-centric climate change interventions may neglect
rural areas where over 60% of the Indian population still resides [9].
Specifically, people living in rural India face significant indoor air pol-
lution burdens from cooking food, lighting, and heating their homes,
due to common indoor combustion of solid fuels [10]. Elevated
indoor temperatures are another overlooked hazard, particularly in
dwellings that lack proper ventilation and insulation. These risks are
particularly important in small, low-income villages where the
effects of heat are intensified by limited access to cooling technolo-
gies [11]. Furthermore, adaptive capacity in rural areas is limited by
economic constraints, lower educational attainment, and weak infra-
structure [12]. Given these challenges, there is an urgent need to
implement and scale up renewable energy interventions tailored for
rural villages to reduce these adverse health effects.

Just as climate-sensitive health risks in rural India are poorly char-
acterized and policy intervention lags, available evidence of health
benefits from mitigation and adaptation interventions in rural India
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is sparse. Over the past decade, research has demonstrated the health
benefits of climate action in India, but investigations have largely
focused on urban areas [4]. Some progress has been reported in rural
regions with a clean cookstove intervention resulting in health bene-
fits from cleaner indoor air, including lower blood pressure and
reduced eye irritation [13] and studies of landcover interventions
such as cool roofs, having demonstrated indoor thermal comfort
improvements [14].

As the impacts of climate change on India’s rural communities
become more intense, efforts to advance mitigation and adaptation
can deliver important benefits to human health and environmental
quality. Preliminary findings presented here offer insight into these
co-benefits of climate action and signal the need for additional action
and investigation in other rural settings.
2. Methods

In 2019, the Self Employed Women’s Association (SEWA) and Nat-
ural Resources Defense Council (NRDC) launched an effort to expand
rural access to climate-friendly technologies in the areas of lighting,
cooling, irrigation, and cooking. This effort, jointly funded by NRDC
and SEWA and termed the Hariyali Gram (Green Village), aims to alle-
viate energy poverty and advance rural climate action through imple-
mentation of policy and market-based solutions [15]. Specifically, the
program supports installation of energy efficient indoor lighting and
fans, village biogas plants for clean cooking, solar-powered water
pumps for irrigation, and cool roofs to reduce indoor heat risks. One
of the first villages targeted for implementation was Nagano Math,
with approximately 256 households in the Arvalli district of the
western state of Gujarat [16] (see Figure 1 in Supplemental Material).
Agriculture is the primary source of livelihood for Nagano Math resi-
dents; most households have small landholdings (fewer than 5
bigha/−2 acres) and rent or share ownership of large farm equip-
ment. Major crops grown in the village include wheat, cotton, corn,
castor, pearl millet, peanuts, and vegetables. Most crops are grown
for household consumption, other than cotton and peanut crops that
are sold in the market.

In March 2024, trained SEWA field staff conducted 90 structured
surveys from a random sample of village households to quantitatively
assess beneficiary feedback. The overall survey, completed by adults
self-identified as heads of each household, assessed energy consump-
tion, fuel usage, health information, perceived effects of technology
adoption, and economic impacts; the analysis reported here is
restricted to health content only (the full survey instrument is
included in Supplemental Material). Household-level data were
reviewed for completeness, compiled, and analyzed in Microsoft
Excel for this analysis.
3. Results

Complete responses were received from individuals representing
86 of 90 surveyed households. 51% of households overall reported
family members with chronic health problems such as heart disease,
asthma, and other lung diseases while an additional 21% were unsure
if any such problems existed.

Nine households received biogas installations, and five (56%)
reported health benefits from adopting cleaner cooking for them-
selves or other members of the household. In these households there
was broad awareness of indoor air pollution risks from traditional
cooking methods using solid fuels, with eight of nine (88%) of house-
holds identifying this link. Seven of the nine (78%) households
reported that shifting from solid fuels to biogas for cooking was bene-
ficial for reducing indoor air pollution levels. Moreover, six of the
nine (66%) reported improvements in outdoor air pollution following
the adoption of cleaner household cooking fuels in Nagano Math.
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Of the 19 households that received cool roof installations, seven
(37%) reported improved thermal comfort indoors. Importantly, all of
these households also had indoor fans installed (eleven had ceiling
fans only, another eight had both ceiling and table fans). Overall, our
results suggest switching to biogas from solid fuels helped to improve
subjective indoor and outdoor air quality while beneficial health
effects were reported by about half of respondents.

4. Discussion

Our results provide early insight into chronic health problems
faced by rural households and the perceived health benefits of
cleaner energy technologies and built environment modifications.
This analysis, while showing some promising results, has a number
of limitations. Benefits were not measured prospectively and
reported in only about 40−50 % of households. Survey results also
represent conditions only in March 2024 for a small sample of house-
holds. Related work shows that indoor exposure patterns fluctuate
on an hourly basis [17], health effects of adverse exposures can take
years to become apparent, and the effectiveness of interventions may
also vary over time. As such, sustained evaluation of the local envi-
ronmental and health effects of Hariyali Gram implementation is nec-
essary. Household-level survey responses also limited our ability to
discern gender and other individual-specific effects and our cross-
sectional data lacked adequate detail to definitively link particular
health and environmental findings to specific interventions. The
potential for confounding effects, in particular, is a major weakness.
Because households that benefitted from cool roof installations also
received fans, we cannot attribute improved thermal comfort bene-
fits to any single intervention. Moreover, the small share of house-
holds that received biogas installations also installed ceiling fans;
more investigation is needed to determine how indoor air quality
may have been affected by the presence or absence of fans in these
homes utilizing cleaner cooking technologies.

Our preliminary survey was also limited in other areas. We did
not differentiate between different types of chronic health conditions
(e.g., heart disease, lung ailments). Awareness of the health impacts
of indoor air pollution is high in Nagano Math, and respondents were
attentive to changes in indoor exposures; however, health benefits
from cleaner household air were not as commonly reported. Report-
ing of cool roof thermal comfort benefits was also not widespread,
and somewhat inconsistent with prior studies that have documented
indoor temperature reductions in urban and rural settings [18,19].
There is also the potential that respondents were biased in consider-
ing health effects and may have been eager to report household ben-
efits from program interventions, regardless of the quality or
durability of such gains. Because we lacked a control group, attribut-
ing reported changes to the program itself, rather than secular trends
in rural development and other factors, is challenging.

In future work, pairing of quantitative and qualitative data collec-
tion would provide needed context and detail (e.g., in proving insight
to specific self-reported health effects) [20]. Future evaluations would
benefit from experimental protocols that facilitate more systematic
evaluation of climate actions such as pre- and post-implementation
surveys, air and wet bulb globe temperature monitoring at indoor
temperature sites, more robust evaluation of indoor and outdoor air
quality, and incidence of specific illness exacerbations such as COPD
and asthma.

As program implementation scales up to reach additional regions,
it is essential to consider the balance between mitigation and adapta-
tion strategies in addressing climate and health challenges in rural
India. While mitigation-focused interventions remain paramount to
pursue, in order to address inequitable health burdens it will be
important to focus on interventions with co-benefits spanning both
mitigation and adaptation. Specifically, and there is a compelling case
to be made about adaptation-related health, energy, and economic
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benefits [21]. Prospective development of analyses while prioritizing
implementation in households with at-risk residents due to prior ill-
ness, disability or age can inform implementation efforts and help
stakeholders to prioritize future projects that maximize positive
impacts [22].

5. Conclusion

Preliminary analysis of climate action co-benefits in one Indian
village sheds light on the potential for mitigation and adaptation to
improve health and environmental conditions in rural settings. This
work suggests a path using climate-friendly solutions to enhance
thermal comfort, decrease indoor and outdoor air pollution, and
improve health outcomes. Our investigation highlights the need for
inclusive climate action implementation and health-focused
approaches that extend beyond India’s urban centers to address the
unique challenges of the country’s rural residents.
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