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Abstract

The potential inadequacy or failure of current climate change adaptation and mitigation initiatives
has prompted debates on solar radiation modification (SRM) technologies, which, despite their
potential to lower global temperatures, raises numerous ethical, political, social and governance
concerns. Bangladesh, a South Asian country, is especially relevant to the SRM discourse owing to its
extreme vulnerability to climate change. This study used a multi-method qualitative research design
to compare the opinions of experts and different stakeholders within Bangladesh, including farmers,
regarding their perceptions of SRM, geopolitical, and governance issues. The study conducted 17 in-
depth interviews with climate experts along with a series of 6 focus group discussions with
stakeholders in six different climatic hotspots in Bangladesh. The majority of our experts expressed
concern regarding the uncertainties associated with SRM and emphasized the need for more research
on its effectiveness. According to both the focus groups and interviews, SRM interventions are also of
interest to boost crop productivity. Focus groups findings suggested that farmers in drought-prone
and urban areas are enthusiastic about SRM technologies, mainly due to climate risks of higher
temperatures and extended dry periods they already experienced. However, fifteen of our experts and
most focus group participants preferred nature-based approaches and adaptations over SRM.
Experts, especially those working at NGOs and public institutions, still expressed support for SRM
research, whereas policymakers were more likely to prioritize adaptation and mitigation. Experts
stated that developing countries like Bangladesh lack financial as well as negotiating power, making
reliance on developed nations and global consensus on the ramifications of SRM essential. Climate
experts and policymakers broadly argued that the national government should lead on governance of
SRM, with private organizations, researchers, and academia acting in a supporting role.

1. Introduction

There is a fundamental disconnect between the understanding of how climate change adversely impacts those
in the global South and the engagement of publics and stakeholders across such countries regarding potential
responses. While the Paris Agreement under the United Nations Framework Convention on Climate Change
(UNFCCC) set a target to maintain the increase in global temperatures to well below 2.0 degrees Celsius -
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preferably 1.5 degrees—the pace of emissions reductions to date has been insufficient. This poses a particular
risk for countries in the global South, which suffer an undue burden of mortality and economic consequences
(Lenton et al 2023). South Asian nations stand out nonetheless as acutely susceptible due to their unique
geographical, low-lying conditions (Rasul 2021), with Bangladesh potentially the most climate-vulnerable
country in this region (World Bank Group 2024). Rising sea levels, intensifying cyclones, erratic monsoons, and
heatwaves are currently undermining ecosystems, agriculture, human health, and economic stability in this
country (Knox etal 2012, Sarker et al 2014, Alam et al 2017, Hasan et al 2019, Hasan and Kumar 2022). Over the
last 50 years (1971-2020), Bangladesh has also experienced significant declines in precipitation along with an
increase in average temperature of 0.16 degrees per decade (World Bank Group 2024).

Under such circumstances, there is certainly a drastic need for large-scale adaptation and mitigation mea-
sures. Conventional adaptation and mitigation measures such as climate-smart agriculture, coastal embank-
ments, and use of renewable energy offer vital assistance; however, they may be inadequate as climatic
disturbances intensify. Solar radiation modification (SRM), a geoengineering technology, is proposed as a
potential idea to decrease the global temperature by sending back the radiation of the sun from the earth’s
surface (Kumler et al 2025). Due to the insufficient understanding of the risk and benefits, SRM technologies
are still controversial around the scientific community. Though SRM is suggested to offer the possibility of
keeping temperatures to a more desirable level (Honegger et al 2021), there are many ethical, political, social,
economic, and governance uncertainties (Quaas et al 2024). There is moreover a core need to broaden discus-
sions and engagement to a wider circle of stakeholders beyond scientists and policymakers, including but not
limited to publics in the global South (Low et al 2024, Baum et al 2024a).

The agriculture sector is the mainstay of Bangladesh’s economy and vital for the nation’s food security
(Rashid et al 2023). Yet, farming communities in Bangladesh are particularly vulnerable to the effects of climate
change due to their frequent exposure to climatic hazards, broad dependence on agriculture, often for basic
subsistence, and geographical location between the Himalayas and the Bay of Bengal (Huq et al 2015; Bokhtiar
etal 2023). Given Bangladesh’s high exposure to severe and rapidly intensifying climate impacts, which is also
expected to only rise in the future, its involvement in SRM discussions is both relevant and increasingly urgent.
Nevertheless, empirical research into perceptions of Bangladeshi experts and other stakeholders, including
farmers, about SRM are practically non-existent. Several studies examine public perceptions of SRM, using
quantitative or qualitative designs (Asayama et al 2017, Wibeck et al 2017, Braun et al 2018, Mahajan et al 2019,
Raimi et al 2019, Baum et al 2024a). The findings primarily indicate that there is a lack of public awareness
regarding SRM, and to some degree, there is support for SRM research. In a study conducted by Sugiyama et al
(2020), participants from the global South exhibited a greater inclination to consider geoengineering as a viable
option. The handful of other studies examining at least one global South and one global North country have
identified a similar pattern (Visschers et al 2017, Contzen et al 2024, Baum et al 2024a, Sugiyama et al 2025).
Dannenberg and Zitzelsberger (2019) also suggested that experts were more inclined to endorse geoengineering
when they expect severe climate impacts in their own country; however, the more general pessimism about
climate impacts or the effectiveness of mitigation activities motivated opposition among experts. This research
highlights the importance of local climate impacts on perceptions. Using a cross-country survey, Baum et al
(2024b) examined perception and governance issues of SRM in Mexico, UK, and USA. While perceptions of
risks and benefits of SRM did not vary, support was once again higher in Mexico—indeed, there emerged a
slight preference for SRM activities to be conducted in Mexico among Mexican participants (albeit under a
suitable national-level governance regime). Using the expert elicitation method, Dai et al (2021) indicated that
experts from China and the US largely agree on the expected impacts of climate change, and the future need for
solar geoengineering research. Finally, through expert interviews focused on southeast Asia, Delina (2021)
identified a general ambivalence regarding SRM approaches, with numerous individuals expressing preference
for ‘natural’ carbon dioxide removal methods. Respondents, however, did express support for further research
into SRM technology.

Overall, research into SRM perceptions has predominantly neglected voices and perspectives across the
global South, both from experts and stakeholders. No research has been undertaken in Bangladesh, where dis-
course on SRM is in its early stages, let alone in a way that would be able to uncover regionally informed view-
points on risk, ethics, and governance. Research into stakeholder perceptions along those with scientists,
academia, and non-governmental organizations (NGOs) is, however, crucial for establishing standards for gov-
ernance and regulation, and to ensuring any decisions have broad and deep support across society (McLaren
and Corry 2021, Fritz et al 2024, Buck e al 2025). Here we also highlight that while existing research has pro-
vided insights into viewpoints of publics and other stakeholders, there is no understanding of how farmers
perceive SRM. Given that SRM might affect food production in both positive and negative ways, with regionally
diverse impacts (Fan et al 2021, Kravitz 2021), the failure to engage farmers is another key gap in the literature—
also since agriculture underpins much of the economy in many countries, including Bangladesh.
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To address the lack of research into vulnerable developing countries such as Bangladesh, the current article
uses a multi-methods qualitative research design to explore perceptions on SRM of experts and various stake-
holders, including farmers.. Using both interviews and multi-actor focus groups, we provide insights into the
following research questions: (i) to what extent are respondents in Bangladesh aware of climate change and its
related impacts? (i) how do respondents view the potential benefits and risks of SRM technology in addressing
climate impacts in Bangladesh, and (iii) how do political, social, and governance concerns guide respondents’
views regarding SRM in Bangladesh?

2. Methodology

2.1. Site selection, expert interviews and focus groups

The present expert and stakeholder perceptions research on solar radiation modification (SRM) is novel, both
in the South Asian context as well as its involvement of farmers. In order to give rich voice to the perspectives
and opinions of diverse stakeholders, we employ a multi-method qualitative research design. Though there
have been two studies in Pakistan (Hussain et al 2024) and India (Sugiyama et al 2025), the present study in
Bangladesh is an attempt to fill the knowledge gaps extensively, including farmers to policymakers with
rigorous qualitative research combining interviews and focus group discussions. The intention of conducting
both expert interviews and focus groups is to triangulate the study findings in a reasonable way. The study is
structured in a manner that the expert interviews were conducted first, and then, based on certain emergent
insights of interviews, focus groups were conducted—with a broader set of stakeholders. However, expert
interviews and focus groups do not follow the same discussion checklist, as they were prepared with their
suitability for the participants in mind (details are provided in the supplementary file). Both activities lasted for
around an hour at most.

To identify and compile a list of SRM experts, we searched the websites of various government and non-
governmental organizations that work on climate change-related issues in Bangladesh. We identified five indi-
viduals with expertise in SRM. Due to the limited number of SRM experts, we then employed a snowball sam-
pling technique to identify additional participants, by soliciting recommendations as part of the interview.
Following the recommendations of experts, we compiled alist of 12 additional participants who specialize in
climate research and policy, with whom we scheduled in-person interviews. In total, 17 semi-structured expert
interviews were conducted: three directly involved in policymaking, seven from non-governmental organiza-
tions (NGOs), the rest researchers or academics (table 1). The set of questions for the interviews was divided
into six major overarching areas: current urgency of climate action in the country, the level of understanding,
awareness, and knowledge of SRM, perceived benefits and risks of SRM, SRM governance in Bangladesh, and
willingness to support SRM research (details are given in supplementary material).

As anext step, we organized six focus group discussions in the different climatic hotspot zones in Bangla-
desh. In this way, we collected the thoughts and attitudes of the different stakeholders who are experiencing the
adverse, disparate effects of climate change at present. These climatic hotspot zones are coastal areas, drought-
prone areas, flash flood-affected areas, riverine islands, hill tracts, and urban areas. Each of the focus groups
included 12 participants, with stakeholders such as 4 farmers, 4 students from related disciplines (e.g. environ-
ment or geography or agriculture), 4 civil service actors from government, and/or non-government organiza-
tions focused on climate change (table 2). We largely relied on contacts at the local Department of Agricultural
Extension (DAE) office to select four farmers from each climatic hotspot. The DAE is the largest extension
organization in Bangladesh and is used to directly engaging with farmers. We also asked the administration of
the largest educational institution in each of the selected areas to recommend four students who have interest in
participating in focus groups and with a basic understanding of topics related to climate change. For civil ser-
vice officials, we explored the websites of organizations engaged in climate change-related activities in the rele-
vant areas and selected 4 civil service officials from each area. In order to solicit discussions across different
stakeholder groups, the focus groups were heterogenous in nature. Farmers, students, and civil service actors
were selected as focus group participants to ensure a diverse array of perspectives on SRM in Bangladesh. Farm-
ers represent a group that is particularly exposed to the impacts of climate change in Bangladesh, although the
degree of vulnerability varies across climatic hotspots. Students represent the voice of the youth, those who will
bear the disproportionate burden of the impacts of climate change, and future decision-makers along with
being those trained in the latest methods and scientific knowledge, while civil service participants bring policy
insights and real-world expertise to discussions. These heterogenous groups ensure a comprehensive under-
standing of both grassroots and institutional concerns, as well as the perspective of multiple generations.

The questions in the focus groups were divided into two sections, firstly, about participant perceptions of
climate change and their ideas about possible solutions, and then more focused discussions about SRM, which
included possible positive and negative aspects. The latter also specifically considered SRM in relation to the
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Table 1. Description of expert interviewees.

Sl#  Description Category Given ID*

1 Over 28 years of experience in climate modeling and risk assessment. Hold a PhD Work- NGO N11
ing in a non-government organization.

2 Water resources management and climate change specialist. Hold a PhD Working in an Researcher and R12
academic institution. academia

3 Climate change specialist with about 20 years of experience. Hold a PhD Workingina NGO N13
non-government organization.

4 Over 32 years of experience as a climate and development expert. Hold a PhD Workingin ~ NGO N14
anon-government organization.

5 Over 26 years of experience. Hold M.Sc in Natural Resources Management. Workingin a NGO N15
non-government organization.

6 Over 20 years of experience in agri-climate-related issues. Hold a PhD Workingasascien- ~ Researcher R16
tist in an agricultural research institute.

7 Over 20 years of experience. Hold PhD Working as a Scientist in a health research Researcher R17
institute.

8 Over 25 years of experience in water sciences and climate change-related issues. Hold a Researcher and R18
PhD Working in an academic institution. academia

9 Over 40 years of experience. Hold a PhD Worked in academia for more than 18 years. Researcher R19

10 Over 30 years of experience in environmental and climate change-related issues. Hold a Policy maker P110
PhD Working in a government-established non-profit organization.

11 Working at the Ministry of Planning, Government of Bangladesh. Policy maker P111

12 Over 25 years of experience. Hold a PhD Working as a scientist in a research institute. Researcher R112

13 Over 30 years of experience in climate change and environmental economics-related Researcher and R113
issues. Hold a PhD Working in an academic institution. academia

14 Over 40 years of experience in the environment, nature conservation, and climate change. =~ NGO N114
Hold a PhD Working in a non-government organization.

15 Over 20 years of experience in climate-resilient and sustainable development practices. NGO N115
Hold a M.Sc in Climate Change. Working in an intergovernmental organization.

16 Working at the Ministry of Environment, Forest, and Climate Change, Government of Policy maker P116
Bangladesh.

17 Over 25 years of experience in the field of GIS, information technology, and climate NGO N117

change. Hold a M.Sc. in Geography.

* The IDs are provided anonymously. The initial value of 1 is consistent across all expert interviewees. For example, P111 signifies that he/
she was the 11th person interviewed as an expert. With 17 expert interviewees, the maximum valueis 117.

need for climate change adaptation and mitigation. At the start of each focus group, the researchers gave a brief
presentation describing SRM technologies and their potential benefits and risks, this was done to avoid any
misunderstanding and to form a solid foundation for the discussions (details are given in supplementary mat-
erial). The standards of the qualitative research were followed to safeguard the scientific robustness of the study.
For instance, key quality criteria included a detailed literature review and in-depth data collection by the
researchers, guided by a pre-established research design and continuing until saturation was reached in terms
of repetition of topics and arguments, as well as clear description of the analytical process to ensure transfer-
ability, and safeguarding of ethical standards such as guaranteeing prior and informed consent of participants
(Santiago-Delefosse et al 2016, Yadav 2022).

2.2. Data analysis

Except for 4 interviews, all interviews and focus groups were audio-recorded and subsequently transcribed. In
all instances, participants provided consent for written notes to be taken. Since the focus groups and expert
interviews were conducted in the local language, Bangla, they were transcribed and translated into English. Key
themes were identified through an inductive thematic analysis of the translated interviews and focus groups
(Ayre and McCaffery 2022). All transcripts were first organized in Microsoft Excel, where preliminary codes
and significant quotations were sorted. Transcripts were coded manually, with themes organized around the
key guideline areas. A member of the research team conducted manual coding, allowing themes to emerge
directly from the data rather than being predetermined. Other team members subsequently reviewed these
codes to ensure analytical rigor and consistency. This approach was undertaken to ensure the quality and rigor
of the coding process, while an inductive approach was used given the predominantly exploratory nature of the
research (Thomas 2006, Proudfoot 2023).
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Table 2. Description of focus group participants.

M S Rahman et al

Climate hotspot

Category of
participants

Description

Coastal area (vulnerable to cyclones, salinity
intrusion, and tidal surges)

Drought-prone area (characterized by low
rainfall and water scarcity)

Flash flood affected area (characterized by pre-
monsoon flood damage to standing crops)

Riverine island (Flood-prone with poor access
to services)

Hill tracts area (characterized by steep terrain
and soil erosion)

Urban area (Densely populated and facing
challenges of high temperature)

Farmer

Student

Civil service official

Farmer

Student

Civil service official

Farmer

Student

Civil service official

Farmer

Student

Civil service official

Farmer

Student

Civil service official

Farmer

Student

Civil service official

Farmers are primarily small-scale, low-income producers who
encounter significant environmental stress due to climate
change, especially saline intrusion. The farmers were selected
following consultation with the local agricultural extension
organization.

All students are postgraduate level students from Patuakhali Sci-
ence and Technology University (PSTU) with backgrounds in
agricultural science and rural development. PSTU is the only
higher education institute in the study area.

Among the four civil service participants, two are affiliated with
academia, while the other two are engaged as agricultural
extension and development professionals.

Farmers in a drought-prone region were selected with the assis-
tance of an agricultural research institute operating in the
area. The farmers mostly engage in crop farming and have
training in climate-smart agriculture.

The students were selected from Rajshahi University, one of the
largest public universities in Bangladesh. All are post-
graduate-level students with backgrounds in geography and
environmental studies.

Two are affiliated with a government agricultural research insti-
tute, one represents academia, and one is associated with a
non-governmental organization.

Farmers selected from the Gowainghat area, characterized by
substantial rainfall predominantly occurring from May to
September, and susceptible to flash floods. Farmers primarily
cultivate rice as their principal crop.

Two are postgraduates with backgrounds in geography and
environmental studies, while the other two are graduate stu-
dents in agricultural economics.

All are affiliated with government organizations. Two of them
are engaged in agroforestry issues, while the other two have
expertise in agricultural economics and policy.

The farmers were selected from a riverine island in northern
Bangladesh, which is characterized by riverbank erosion,
flooding, and inconsistent water flow due to upstream con-
trols. The farmers are mainly involved in rice and vegetable
farming.

All are graduate-level students in the Department of Geography
and Environmental Studies at the only public university in
the study area.

Two were affiliated with governmental policy-level organiza-
tions and two were from academic institutions.

The farmers were selected from a region experiencing sub-
stantial alterations in land use and land cover, characterized
by the expansion of human settlement, agriculture, and hill-
side deforestation due to population growth, resulting in
environmental deterioration.

All are postgraduate-level students in the Department of Geo-
graphy and Environmental Studies from a public university.

Two were scientists affiliated with a governmental agricultural
research institute, and two had backgrounds in environ-
mental science from academic institutions.

The farmers were selected from a region adjacent to the capital
city because of their adoption of high-value crops, intensive
practices, and diverse agriculture in response to diminishing
land and urban pressures.

The selected students are postgraduate students with back-
grounds in agriculture and environmental studies.

One has an engineering background and is working in a govern-
ment institution, one is affiliated with an NGO, and two are
associated with government academic institutions.
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2.3. Positionality statement

Reflecting on our positionality provides full transparency regarding how our affiliations and disciplinary
perspectives may intersect with study outcomes. The authors have diverse disciplinary and institutional
backgrounds: four of the authors are experts in agricultural development economics, technology adoption, and
climate change adaptation measures, affiliated with Sher-e-Bangla Agricultural University in Bangladesh; the
other two authors are from the global North and have expertise in climate policy, public perceptions, risk, and
governance issues, including but not limited to SRM. The collaboration of the authors was initiated through a
non-governmental organization dedicated to building capacity in developing countries to evaluate SRM. We
underscore that, besides providing funding for the research to be conducted, the organization played no further
partin design and execution of the research, or had any impact on the writing or editing of the manuscript.
Before the focus group discussions, participants were provided with brief information on climate change,
adaptation, mitigation, and SRM technologies. The information sheet mainly discussed the characteristics of
these technologies, including examples of adaptation and mitigation strategies, particularly within the context
of Bangladesh. This focus was employed to help participants better understand how such technologies might be
relevant to and potentially deployed in the actual living situations. We acknowledge that the design and
presentation of this content could potentially influence participants’ perceptions and responses, especially for
novel and unfamiliar topics such as SRM. The author team attempted to mitigate any such risks by focusing on
technology characteristics and where impacts needed to be discussed, ensuring that balanced information
about risks and benefits was provided. We also made sure that SRM was never discussed as any kind of panacea
but always alongside other strategies such as climate mitigation and adaptation.

3. Results

3.1. Experiences with climate change and urgency of action

The participants’ experiences with the impacts of climate change can be categorized into the three domains: the
effects on environmental resources, livelihoods, and health/life risks. Such discussions primarily emerged in
the focus groups, though the expert interviews provided complementary insights regarding the urgency for
action. Notably, expert interviews broadly indicated how climate change is profoundly impacting the whole
country, with increasing temperatures and altered rainfall patterns generating a series of issues, including crop
losses and population displacement.

3.1.1. Effects on environmental resources

Focus groups were particularly helpful for discussing the already visible or experienced effects from the
perspective of the participants. Most of them identified the increase in temperatures as the worst consequence
of climate change. A farmer mentioned that

Rise in the temperature is the most experienced climatic change in our lifetime. (Farmer, drought
prone area)

Participants of the focus groups further suggested that increasingly erratic rainfall patterns are also a serious
effect of climate change. This was specifically highlighted by farmers, who confirmed that the desirable or
expected rainfall is not happening at the required time. In areas like the northern region (riverine island), farm-
ers are unable to plough their land in a timely fashion as a result, whereas other, more low-lying regions have
suffered crop losses on rice paddies because of early floods.

Farmers also observed changes in seasonal patterns, like the intensity and duration of the winter season
decreased, while the intensity and duration of summertime have increased. The greater frequency of flash
floods along with prolonged drought and water scarcity have made crop production even more vulnerable than
before.

3.1.2. Effects on livelihoods

Twelve out of the 17 interviews and all farmers in the focus groups across all climatic hotspots stated that
agricultural productivity is substantially hindered due to climate change. They perceived that crop production
was relatively easy in the past due to more favorable climatic conditions, even though agricultural tools were
less modern. Nevertheless, numerous farmers have recounted their experiences with the availability of more
climate-tolerant varieties and how, in response to poor weather conditions, they now have to switch crops. One
focus group participant from a flash flood-affected area said,

6
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Climate change has affected our cropping pattern, the crops that were cultivated by our elders are no
longer feasible to cultivate nowadays. (Student, flash flood affected area)

Meanwhile, other farmers in the drought-prone area (north-western part of the country) stated that one of
the famous eggplant varieties can no longer be cultivated there. Previously, this variety was the most-highly
demanded all over the country. Increased temperatures have led to an upsurge in insect infestations in egg-
plants and numerous other crops. According to one focus group participant in a drought-prone area:

Approximately 70%—-80% of crops are affected due to the changing climatic conditions (civil service
official, Government wing)

Crucially, not only crop production but also livestock and fisheries production are seriously hampered.
Participants noted that heat strokes among livestock are increasingly common. The majority of participants in
focus groups from all groups across all climatic hotspots stated that reduced agricultural productivity affects the
livelihood in a significant fashion, with follow-on effects for food security in households, in the affected regions,
and across the country.

3.1.3. Effects on health and lives

All the 17 participants from interviews also highlighted the health risks for the national population due to
increased temperature, as well as due to the increasing frequency of extreme weather events. Health issues like
the intensity of diseases and heat strokes have become increasingly common across the country. One expert
stressed that climate change severely affected women in particular in the coastal areas (southern part) of the
country. They explained by drawing on their own research:

.....in coastal areas, women have to use saline water for household purposes, leading to severe health
issues. Young girls, as young as 12 or 13, take birth control pills just to stop menstruation because of
the difficulties caused by saline water. This has led to a reproductive health crisis in the southwestern
region. The high rate of uterus removal among coastal women is alarming. (N11, expert, NGO)

As aresult, there was a broad consensus among all experts of the urgent need for robust climate action in
Bangladesh.

3.2. Awareness regarding the SRM
Across the expert interviews, the awareness of SRM varied widely. Most experts acknowledged that SRM is a
vastly technical, largely experimental, and globally controversial approach. While five of the key informants
(working at NGOs) had in-depth knowledge of SRM methods such as stratospheric aerosol injection and
marine cloud brightening, many admitted that their understanding was limited or based on secondary sources.
We found that there was a lack of awareness of SRM, particularly among policymakers. Even within the
scientific community, few institutions or researchers were actively involved in SRM-related modeling or
experimentation in Bangladesh, which helps to explain the minimal familiarity with SRM in Bangladesh.
When it comes to potential use of SRM, some experts noted that SRM was a possible last resort or com-
plementary tool, but not a replacement for mitigation or adaptation. Others were more skeptical of SRM, con-
sidering it to be a distraction from necessary adaptation and emission reduction strategies—i.e. so-called
‘moral hazard’ or ‘mitigation deterrence’ (McLaren 2016, Schoenegger and Mintz-Woo 2024). A total of two
experts working at NGOs and all three policy makers emphasized that there is no need for such technologies
right now and that scientists and world leaders should focus more strongly on the reduction of emissions and
necessary adaptation and mitigation measures. More broadly, most experts demanded more proof of its effec-
tiveness while not being willing to acknowledge SRM as a good option to fight climate change. One expert
specifically argued:

Why should we prioritise SRM when there are so many pressing climate issues? (N15, expert, NGO)

Meanwhile, for most of the participants in focus groups, this was the first time they had heard about SRM.
This led to the majority being perplexed regarding the techniques and efficacy SRM, specifically how and to
what extent these strategies can avoid increases in global temperatures. One of the focus group participants
responded that:
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In my opinion, SRM feels like science fiction, I don’t find it entirely practical at this moment (civil
service official, hill tracts area)

However, some of the farmers from the focus groups, particularly those from drought-prone and urban
areas were relatively more willing to accept SRM, if it could help to reduce the negative effects of climate change
in crop production. One of the focus group participants opined that:

Ifthe temperature drops, that would be a good thing (Farmer, urban area)

Other participants in focus groups were of the general opinion that if SRM could lower temperatures, it
would be beneficial. The majority of the focus groups participants, particularly from urban, coastal and
drought prone area, were positive about the implementation of SRM if it resulted in weather patterns where
crop cultivation became less difficult or reduced impacts on their health. The need to weigh the risks and bene-
fits for affected individuals is noted as such by one civil service official in a coastal area:

When we get sick, we take tablets, so when there is a problem in the God-made environment, for the
betterment of humankind we may take steps. But they should not be harmful to others as well. (civil
service official, coastal area)

3.3. Perception of benefits and risks of SRM

Since the effects of climate change have already been experienced by most of the participants, there was broad
agreement on the pressing need to identify solutions. Regarding SRM, much of the discussion of the interviews
focused on how well such technologies can perform sustainably: the specific risks highlighted (along with their
frequency of mention and an illustrative quote) are summarized in table 3. Among the 17 interviews, risks
related to uncertainty about effectiveness and insufficient proof of evidence were each identified by 11 of the
experts. Meanwhile, about half of the experts (7) highlighted issues concerning the limited availability of
technical skills and expertise as well as proper risk management for SRM. And then around one-quarter of the
experts noted increased uncertainty with monsoon patterns (5) and questions about financial issues and
compensation (4).

Turning to the perceived benefits of SRM in the expert interviews (table 4), we first highlight that far fewer
benefits than risks were mentioned overall (five in total), and that the frequency with which benefits were men-
tioned was lower as well. Just over one-third of experts (6) mentioned that SRM may help improve crop pro-
ductivity by reducing temperature increases. Indeed, this was the only benefit mentioned by more than two
experts—with other benefits of lower temperatures including the reduced need for crop irrigation, declines in
the incidence of health issues and disease incidence, and the greater ability for farmers to work in the field. It is
notable that, in the Bangladeshi context, most of the benefits focused on farmers and agriculture.

However, ten of our experts agreed that a holistic approach needs to be taken to weigh the benefits and risks
of SRM. As such, they contended that such discussions were not merely a local issue, but needed to be handled
atan international level. Notably, there could be cases where the local impacts may be minimal, but the extent
of the global effects requires meticulous assessment.

During the focus groups, we also invited discussion about the risks and benefits of SRM. Although farmers
in the discussions noted their limited understanding of SRM, they nevertheless foresaw potential advantages of
SRM that broadly align with those expressed in interviews. These particularly concerned lower temperature
stress, increased crop yield, and increased water availability. One of the participants in the drought-prone area
focus group stated that:

If we can control the temperature, the scarcity of irrigation water will automatically decrease. .. the
excessive heat will decrease, thereby vegetables and fruits will improve. (Farmer, drought
prone area)

Another focus group participant from a coastal area added that:

It might help mitigate the effects of heat waves. I have seen that major crops like rice and jute suffer
from heat waves. (Student, coastal area)
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Table 3. Perceived risks of SRM according to expert interviews.

Number of experts
Perceived risks mentioning it Illustrative quotes from the participants
Uncertainty about the 11 Reflecting on the experiences in Dubai (sudden rainfall and flooding),
effectiveness [such risks] can be unexpected, such an intervention may not be easy at
first. (P111, policy maker, public institute)

Lack of proof and evidence 11 SRM is still in a premature stage. More research is needed to assess long-
term efficacy since this type of application is irreversible. (R112,
researcher, public institute)

Proper management risk 7 The management of such technologies needs complete attention, which is
difficult. (P116, policy maker, public institute)

Technical expertise and durability 7 Tunderstand that the entire endeavor needs technical experts, though we
have some dedicated organizations, but their efficacy is currently not at
that level. (N14, expert, NGO)

Since it needs maintenance and also several attempts to reduce the temper-
ature, and once it starts it will be continuous process, otherwise there
will be serious side effects, then who will ensure its continued deploy-
ment in the long run? (R18, Researcher, public institute)

Unpredictable change in mon- 5 Ifrainfall patterns change due to the reduction of global temperature, the

soon pattern food crop production might be hampered. (N13, expert, NGO)

Financial issues and 4 We are already suffering from climate change and still not able to get the

compensation demanded compensation. Therefore, who guarantees compensation for
unwanted risks or misuse of SRM? (P110, policy maker, public
institute)

Disease infestation pattern might 2 Since vector-borne diseases are influenced by the climatic conditions, there

get changed is the possibility of global rearrangement of how disease is spread out.
(R17, independent researcher, non-government institute)

Mitigation deterrence 2 It is my fear that the efforts for the reduction of GHG emissions and other
adaptation and mitigation measures will get less attention. What will
be the scenario of future climate with increased GHGs (R16,
Researcher, public institute)

Need for alternative crops/ 1 The current agricultural crops are cultivated based on the current climate

varieties and people are used to it, a drastic change might come with a reduction

of the temperature in many regions, so preparedness is urgent (N117,
expert, NGO)

Table 4. Perceived benefits of SRM according to expert interviews.

Number of experts
Perceived benefits mentioning it Iustrative quotes from the participants
Improving crop productivity 6 In a suitable temperature some of the crops will give maximum yield.
(N11, expert, NGO)
Possible heat control helps reduce 2 Heat stroke and other health issues will be reduced. Moreover, the inci-
adverse health issues dence of the different vector-borne diseases like malaria and Dengue
will be low in this region (R17, independent researcher, non-govern-
ment institute)
Farmers can work in the field 2 Many of the farmers complain about the high temperatures during their
comfortably work in the field, so they might continue their cultivation comfor-
tably. (R12, academia and researcher, private university)
Increasing availability of water 2 Reduced temperatures might increase the water availability in the dry
regions. (R18, Researcher, public institute)
Minimum post-harvest losses in 1 We might have the opportunity to save some energy investing in cold
highly perishable crops storage (R16, Researcher, public institute)

3.4. SRM versus nature-based approaches

When asked in the interviews to consider SRM alongside more nature-based approaches, fifteen of our key
informants expressed their preference for nature-based solutions to reduce the effects of climate change.
Meanwhile, government policy makers were more likely to suggest that the existing national adaptation plan
was the most suitable strategy for Bangladesh. Expert researchers however suggested that more research on the
effectiveness of SRM, and its potential costs and risks, would be needed to better evaluate SRM. This was seen as
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anecessary step before any of the possible benefits could be considered. The most serious argument that
emerged from the interviews centered on the current situation of greenhouse gas emissions. At the same time,
two experts working at NGOs and one from academia were also positive about the research and small-scale
implementation of SRM. One of the experts suggested that,

...nowadays technology has the potential to yield positive outcomes, we must acknowledge and iden-
tify the most beneficial advancements for the humankind. (N11, expert, NGO)

During the focus groups, on the other hand, maximum participants also suggested prioritizing nature-
based approaches and adaptation over more high-tech global interventions like SRM. They emphasized the
need for agroforestry, adjustments to the crop calendar, and greater use of rainwater harvesting. One farmer in
the drought-prone area stated that:

Previously we needed less irrigation. Now water demand is higher. We need better water-harvesting
support. (Farmer, drought prone area)

One participant in the civil service said that future studies should take farmers’ perspectives into account
because of their experience and exposure to the effects of climate change:

Farmers are already more adaptive than we are. They work under extreme conditions. We should
engage with them in learning and research. (Civil service official, hill tract area)

Another civil service official added that:

‘We should ensure natural solutions are fully implemented before considering risky technologies like
SRM.’ (civil service official, drought prone area)

Students in the focus groups also highlighted the long-term sustainability of nature-based approaches and
emphasized the need for greater community awareness and policy integration, for instance:

Climate change adaptation should be aligned with farmers’ interests. Agroforestry and rainwater
harvesting would help both large and small farmers. (Student, hill tract area)

3.5. Geopolitical considerations

Due to the limited understanding and knowledge of the focus group participants regarding SRM, the questions
about geopolitical considerations were mainly directed to experts in the interviews. The experts articulated
several concerns outlined, notably regional differences in how SRM is perceived, issues of risk and
compensation, alternate solutions for dealing with climate change, and questions of power and negotiation.

3.5.1. Regional differences in how SRM is perceived

Given that climate change has unequal impacts around the world, regional preferences for the use of SRM are
likely to differ. Those countries that might benefit, even if only relatively, from a warming globe could have
incentives to act differently. One of the experts of the interviews stated:

Russia might gain more arable land, whereas low-lying countries like Maldives are at risk of submer-
sion (N117, researcher, NGO)

In Bangladesh, a reduction in temperature levels is welcomed by almost everyone. This did not necessarily
correspond to a desire to use SRM at the moment given that many pros and cons of SRM are largely unknown.

3.5.2. Uncertainty around burden of risks and compensation

Since there will be uncertainties and risks if SRM were not properly implemented, another key concern was,
first, who would bear much of the risks at a global level and, second, would any compensation be provided.
Since such an endeavor would already require huge investment, the need to understand how responsibility
would be allocated should any unexpected situation arise is critical. Noting that such an outcome is quite
probable, one NGO expert considered:
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Ifwe radically alter global climate circulation, who will take responsibility for the consequences?
(N15, expert, NGO)

3.5.3. SRM as alternative justification for not reducing carbon emissions

Another theme related to the relationship between SRM and the responsibility and necessity of developed
countries to reduce their emissions. Five key informants working at NGOs and all the policy makers contended
that the inability or unwillingness of developed nations to reduce their emissions was sufficient to justify the
consideration of SRM as an effective technology to fight climate change. Rather, one policy maker contended
that SRM risked serving as an excuse for not undertaking necessary emissions reductions.

Industrialized countries cannot reduce emissions as promised, so they are exploring alternative justi-
fications (P111, policy maker, public institute)

Other experts asserted that global climate governance lacks clarity, raising questions regarding account-
ability and how to accurately quantify (and financially compensate) climate damages. One NGO expert gave the
following example:

For example, if any developed country claims that after spending 20 or 200 billion, they have taken
the initiative to reduce temperature and now they are exempt from the responsibility, but how will
we measure if that is done? (N15, expert, NGO)

3.5.4. In terms of power and negotiation

A total of twelve experts also expressed skepticism about how SRM could be implemented given the lack of
financial capacity and expertise in developing countries like Bangladesh. For this reason, it was suggested that
reliance on developed nations would be necessary, also owing to the insufficient negotiating power of
developing countries in multilateral forums. Several experts indicated that some kind of a global consensus on
the ramifications of SRM is essential. Such consensus was seen to be even more crucial since the use of SRM at a
global level could have diverse impacts across countries, indeed, even if SRM technologies were to be deployed
locally and on a limited scale, nearby countries could still suffer consequences. One of the experts therefore
stated that:

Advanced nations might dominate these interventions, so to preserve the rights of the people all over
the world, some kind of agreement is needed. (N15, expert, NGO)

3.6. Governance and policy framework

When it comes to who should take the lead on the governance, most experts in the interviews asserted that it
should be the government in a country like Bangladesh (to note, while we asked one question about policies in
the focus groups, the answers were insufficiently descriptive to be included here). NGOs, research institutions,
and universities would still be important in a supporting role. Experts also opined that, considering the global
nature of SRM, Bangladesh should advocate for regional cooperation. However, in the current absence of
evidence demonstrating the effectiveness of SRM, it was suggested that the government would be reluctant to
integrate SRM into the national climate policy. One of the experts stated that:

Historically, the government has been hesitant to allow experimental approaches without sub-
stantial evidence, so such an initiative currently cannot get into national policy. (N11, expert, NGO)

4. Discussion

The present study employed a multi-methods qualitative research design to examine different stakeholders and
experts’ perceptions on SRM in different climatic hotspots in Bangladesh. The farmers, students, and civil
service representatives who took part in the focus group discussions were broadly aware of climate change, with
some having experienced severe impacts already and were thus motivated to identify potential solutions. The
expert participants in the interviews meanwhile emphasized the urgent need to enhance climate action,
asserting that the existing adaptation programs are inadequate and that mitigating measures are likely to be
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insufficient. To maintain ongoing progress in economic development, appropriate adaptation and mitigation
measures were thus argued to be essential, as also indicated by previous research (Chowdhury et al 2021, World
Bank Group 2022).

The study revealed that while a few climate experts are knowledgeable about SRM techniques, most partici-
pants know nothing at all about SRM—particularly in the focus group discussions. This finding is not so sur-
prising, as it echoes other public perception studies of geoengineering (Mercer et al 2011, Visschers et al 2017,
Delina 2021, Baum et al 2024a). Moreover, experts were not entirely persuaded regarding the effectiveness of
SRM. A significant number of the experts considered the risks associated with SRM to be substantial, aligning
with earlier studies (Merk et al 2018). In general, the experts employed a more cautious viewpoint, arguing that
additional proof and demonstration would be necessary (Haywood et al 2025). The majority of the experts were
specifically concerned about the uncertainty of the effectiveness of SRM and the lack of available technical
expertise. However, there were notable differences between the stakeholder groups. For instance, experts with
stronger research backgrounds preferred to continue to research and explore SRM, notably as a last resort for
combating global warming (Contzen et al 2024). Policymakers, on the other hand, largely asserted that all
research and funds should be completely directed towards adaptation and mitigation strategies, financing for
sophisticated techniques like SRM was however seen to be unnecessary in the context of Bangladesh. Given that
other research has revealed that technological uncertainties can lead to rejection among experts (Delina 2021),
such reluctance among policymakers could be because of climatic uncertainties, effects on people’s livelihoods,
not to mention the financial, technical, and governance challenges.

Echoing other studies in the global South, however, we find that the focus groups participants showed a
somewhat open attitude towards SRM technologies (Visschers et al 2017, Baum et al 2024b, Sugiyama et al
2025). This was particularly the case among farmers from drought-prone and urban areas, who were positive
about SRM due to the significant climatic challenges posed by extreme heat and longer dry periods. However,
they simultaneously articulated major concerns regarding potential risks, such as unpredictable change in rain-
fall pattern. While most of the participants in the current study were conscious of climate change and, in certain
instances, significantly affected by its adverse impacts, farmers stood out in this respect. For them, it is already
the issue of doing something against the impacts they are already experiencing versus the mitigation of more
distant future climate risks for participants in global North studies. The fact that this made them more willing
to consider a wider range of potential solutions demonstrates both the need to engage with the over-looked
perspective of farmers and why their unique experiences with climate change may be especially relevant for
SRM discussions. Even if SRM was used to slow down global warming, they would still have to adapt to the
increased temperatures.

Concerning the benefits of SRM, most of the experts indicated that Bangladesh might improve crop pro-
ductivity as well as water availability if temperatures were limited to a certain increase. Bangladesh’s agriculture
frequently endures excessively high temperatures, particularly during the flowering and grain-filling phases of
rice cultivation. Research indicates that temperatures exceeding 35 °C are detrimental to grain formation, lim-
iting farmers’ ability to attain maximum potential yields (Hussain et al 2019). Marginal reduction in temper-
ature levels throughout the crucial developmental phases can mitigate heat-induced sterility, improve grain
formation, and boost crop yield, allowing farmers to achieve their maximum potential harvest. Focus group
participants also identified improved water availability as key advantages of SRM. Implementing SRM to
decrease temperatures could mitigate evapotranspiration as well, thereby reducing agricultural water require-
ments in Bangladesh’s drought-affected areas. Such a solution could also be crucial for coastal areas of Bangla-
desh, where water scarcity limits agricultural productivity (and human well-being). In this respect, we can see
the key relevance of the water-agriculture nexus in Bangladesh, for instance, with reduced irrigation require-
ments also creating substantial savings on energy and fuel expenses for farmers given the reliance on diesel and
electric pumps for irrigation. The interviews and focus groups also revealed that SRM could mitigate health-
related concerns such as vector-borne diseases and heat stress, which may be viewed as a significant advantage
for Bangladesh. Hussain et al (2025) also found that use of climate interventions, such as stratospheric aerosol
injection, may gradually reduce the transmission of malaria in South Asia.

Another key feature of the discussions was that most of the participants’ perspectives were predominantly
moderate and unpolarized—another key point of departure from studies in western contexts, specifically the
United States (Bolsen et al 2025, Buck et al 2025). Indeed, both interviews and focus group participants expres-
sed the opinion that, if risks associated with SRM were minimal and it might positively impact agriculture, they
would be willing to accept it. This finding could be due, in part, to the fact that, prior to participating in our
study, individuals were unfamiliar with SRM and hence did not have a strong opinion about it. As a result, their
opinions were primarily based on the information we presented about SRM during the discussion, which could
result in biases.

Despite a potential openness to SRM among some participants, there was still a preference for nature-based
approaches more generally. Respondents’ support for nature-based approaches in Bangladesh can be
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attributed to the value attached to agriculture, forestry, and coastal regions, in addition to their personal experi-
ences (Anjum et al 2024, Igbal et al 2025). Additionally, the nature-based approaches are already well-known,
ready to be put into action in the community, and are readily understood by local communities and policy
makers. They also require less financial investment, significant for a country like Bangladesh. Bangladesh’s
existing climate policy and development frameworks also put alot of emphasis on nature-based approaches,
which means they are the status quo—this can explain why policymakers in the interviews tended to be more
supportive of such solutions. Prior research also indicated that experts, overall, possessed greater practical
experience with nature-based approaches compared to other high-tech alternatives, potentially affecting their
preferences (Delina 2020, Sovacool et al 2022).

The present study also analyzed a handful of geopolitical issues in relation to SRM perceptions. In specific,
diverse regional impacts from climate change issues of risk, power asymmetry, and negotiation capacity, and
the need for multilateral discussion and coordination are some of the important topics related to the use of
SRM in Bangladesh. Since Bangladesh is also especially vulnerable to climate change, there was also an under-
current of fear in discussions, particularly among experts, of the current lack of effective governance and poli-
tical aspects regarding SRM. All participants favored a reduction in temperatures, but they were also cognizant
that developing countries like Bangladesh lack the requisite competence to implement SRM, not to mention
their inability to collect sufficient evidence to weigh the costs and benefits. Bangladesh, moreover, lacks the
capacity to finance such initiatives, even on a small scale. Consequently, experts in Bangladesh asserted that
discussions around SRM would perpetually favor developed countries, leaving the developing countries to be
reliant on the protection or sponsorship of more powerful states (Low et al 2024). Prior research has also argued
that solar geoengineering could serve as a potential catalyst for geopolitical tension, distrust, and disinforma-
tion, highlighting significant risks overlooked in governance-oriented assessments (Corry et al 2024). There is a
necessity of comprehensive international collaboration, including transfer of technological and financial
resources, to establish future SRM discussions on solid ground (Brutschin et al 2024).

Regarding SRM governance, climate experts and policy makers in the present study contended that it was
the national government in Bangladesh who should take leadership, while NGOs and academic and research
organizations could play a supportive role. For SRM to best raise awareness and gain some kind of legitimacy, it
would moreover be important to get the public involved, especially in communities affected by climate change
(Fritz et al 2024). According to Brent et al (2025), current informal governance plans are insufficiently detailed
and there is not enough oversight or enforcement. Therefore, formal domestic governance is a prerequisite for
research of SRM, let alone implementation. According to Jinnah and Dove (2025), decision-makers, research-
ers, and others all around the globe must engage in inclusive deliberation to define SRM governance. Given the
transboundary nature of the potential risks of SRM, including weather patterns and monsoon systems, Bangla-
desh should also advocate for regional cooperation and push for a legally binding international framework.

5. Conclusions

The findings of this study indicate that the perceptions and views of stakeholders and experts in Bangladesh
reflect an intricate mixture of interest, caution, and concern regarding SRM and its potential role in addressing
climate change. In particular, we integrated the views of farmers, which have so far been omitted in the
literature despite their severe vulnerability to climate impacts and importance in global South countries like
Bangladesh. Farmers in climate hotspot areas perceive SRM as a potential method to mitigate heat stress and
boost crop productivity; nevertheless, experts remain uncertain, specifically about the associated risks,
potential effectiveness, and governance implications. Indeed, there is a clear preference for nature-based
adaptation over the deployment of SRM in both expert interviews and focus groups. Nevertheless, the majority
of experts concurred that further research into SRM is essential to comprehend the potential risks and
implications, particularly given that Bangladesh lacks the financial and political power to influence global SRM
decisions. These findings specifically highlight the perceived necessity of transparent, national government-led
governance frameworks, efforts to build increased national research capabilities, and public engagement to
ensure that future SRM decisions are informed, context-specific, and inclusive—that is, both within countries
and ata global level.

Though the present study provides valuable insights into perceptions of risks, benefits, socio-political
aspects, and governance of SRM using multi-methods qualitative research focused on an under-researched and
highly vulnerable developing country, some shortcomings exist. First, the study only had alimited number of
participants who were previously aware of SRM. While scenario narratives were utilized to provide some back-
ground information, such information was necessarily limited. Hence, the responses of participants, especially
those less familiar with SRM, might have been biased as a result—that is, despite the best efforts of the research-
ers to remain neutral. Such a problem, it must be noted, is ever-present for research into potentially unfamiliar
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topics, let alone ones that are likely to be controversial (Merk et al 2015). Furthermore, literature suggests that
SRM could affect broad ecological systems, including monsoon-dependent ecosystems, biodiversity, and
hydrological cycles. As our data did not include perceptions related to ecosystems, this represents a crucial area
for future research. Consequently, studies exploring stakeholder or public perceptions of SRM in Bangladesh
should include issues regarding ecological risks, impacts on natural systems, and the values of planetary stew-
ardship to achieve a thorough understanding of societal viewpoints.
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