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EXECUTIVE SUMMARY

Understanding the gender dimensions of climate vulnerability within small-scale fishing
(SSF) communities requires gender-disaggregated data that are often not available to researchers
and practitioners. Although women comprise almost half of the workforce in SSF sectors
globally, there is often a lack of data about their activities and their labor is often uncounted. As
communities around the world face escalating climate change impacts, it is crucial to understand
the role that gender plays in climate change vulnerability in SSF communities. The objective of
this report is to gather information on the key gender-disaggregated climate change vulnerability
indicators and to provide recommendations for improving our client’s climate change
vulnerability assessments.

This project’s client is Rare Inc, a non-profit organization based in the United States.
Rare utilizes a household survey method for their Climate Change Vulnerability Assessment
(CCVA) instrument, which they use to understand the vulnerabilities of the communities in their
program areas. Our client has requested that we provide them research that will inform and
enhance their CCVA and to contribute to their Gender Equality and Social Inclusion (GESI)
initiatives. Rare’s GESI team is interested in learning how to better measure the
gender-dimension of climate change vulnerability in small-scale fisheries in order to help Rare
improve climate vulnerability outcomes for women and for their communities.

The project’s goal is to generate evidence-based recommendations for additional CCVA
variables for measuring gender impacts, propose preferred data sources, and identify risk
thresholds. To achieve this goal, the team conducted a literature review focused on gender and
climate change vulnerability in small-scale fisheries and other small holders, such as agriculture
and agroforestry. The literature review focused on peer-reviewed literature from 2007 to 2024.
Information from the reviewed literature was encoded and analyzed using NVivo 14 software
which allowed the team to identify the key vulnerability indicators that emerged from their
review.

The literature review highlights the following factors as key gender-disaggregated
climate change vulnerability indicators: Gender of the household head, education, technology,
decision making, household duties, financial resources, extension services, income
diversification, land tenure, migration, poverty level, cultural norms and beliefs.

Two kinds of recommendations are provided in this document:

(1) Data analysis methods that can be used on Rare’s existing gender-disaggregated data,
such as for addressing research questions concerning decision-making and non-fisheries roles.
These suggestions include the use of regression analysis on existing survey data. Some
explanatory variables proposed are proxies for intra-household financial decision-making to
better utilize the current household surveys.



(2) Recommendations for collecting new gender-disaggregated data concerning land
tenure, perceptions of climate change, and migration. These recommendations include sample
questions about community members’ perceptions of climate change, land tenure arrangements,
internal and international migration, and the duration of a person’s absence. Modifications to the

current household survey are also suggested to better measure gender in small-scale fishing
communities.
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INTRODUCTION

Background

Small-scale fisheries (SSF) play an important role in global food security, livelihoods,
and coastal economies. These fisheries “function as critical safety nets that allow people
worldwide to avoid poverty and malnutrition... [which] is highly relevant for marginalized
households and local economies coping with the effects of a changing climate” (Virdin et al.,
2023). These SSF communities are highly vulnerable to climate change (Frawley et al., 2024),
which is expected to reduce “fishable biomass™ in oceans “by up to 40% in some tropical areas”
(Cinner et al., 2022). And in these communities, “it is the social dimensions of vulnerability that
determine the degree to which societies are likely to be affected by these changes” (Cinner et al.,
2022). Crucially, women in SSF communities often face heightened climate change risks due to
their location and socioeconomic limitations (Akinsemolu and Olukoya, 2020).

A large portion, around 40%, of the SSF sector remains unacknowledged and invisible —
the role of women. Forty-five million women work in SSF, yet their contributions are largely
overlooked and underrepresented due to a persistent gender data gap (FAO et al., 2023).

Many activities within the SSF sector that are undertaken primarily by women are
underreported and poorly documented due to these activities being unpaid, informal, or not
defined as fishing. What’s more, a lot of the SSF data are not gender-disaggregated, making it
difficult to tease out female contribution. This underrepresentation leads to negative impacts,
including:

e Exacerbation of marginalization: Women are marginalized and have difficulties accessing
SSF-related gear, habitat, opportunities, etc. The lack of reflection on women’s
experiences and contributions in data further perpetuates the gender-blind feedback cycle
and further marginalizes women, especially those from vulnerable communities.

e Distorted perception of the sector: Without gender-disaggregated data, policymakers do
not have a full picture of women’s contribution to the sector, which makes it harder for
them to implement strategies and policies to help women.

e Limited access to social security: Women’s invisibility in the sector, along with their
prevalence in unpaid and informal activities, limits their social protection and security
(FAO et al., 2023).

e Reinforcement of gender bias: The absence of data can lead to the reinforcement of
traditional gender roles and gender biases, including who is a “fisher” and what
responsibilities each gender holds. This can further entrench the gender inequality within
the sector.

The Client

The client of this project is Rare and its Fish Forever program. Rare is a global nonprofit
organization based in the United States. Fish Forever’s mission is to use “an innovative
behavior-centered approach to strengthen community-led coastal fisheries management and
restore marine ecosystems” (https://rare.org/program/fish-forever/). Rare uses CCVA, which



combines household surveys and scientific data, as an instrument for calculating a community’s
vulnerability to climate change. “The CCVA guidance presents two options for assessing climate
change vulnerability: a high-level regional approach for comparing vulnerability across larger
areas, and a detailed local approach for exploring the specific drivers of vulnerability unique to
each location” (Fish Forever, 2019).

The scoping of our literature review began with understanding the framework that Rare is
using to understand climate change vulnerability. Rare cites the Intergovernmental Panel on
Climate Change’s (IPCC) 2007 definition of vulnerability, which reads as follows: “Vulnerability
is the degree to which a system is susceptible to, and unable to cope with, adverse effects of
climate change, including climate variability and extremes. Vulnerability is a function of the
character, magnitude, and rate of climate change and variation to which a system is exposed, its
sensitivity, and its adaptive capacity” (‘“Contribution of Working Group II to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change” 2007, 883).
Accordingly, Rare uses the formula Vulnerability = Exposure + Sensitivity — Adaptive Capacity,
with those latter two terms including both social and ecological dimensions (e.g. ecological
sensitivity and social sensitivity).

Rare’s definitions of keywords:
“Social sensitivity measures the local community’s economic dependence on the

fishery, livelihood dependence on fishery, and coastal slope to understand to what
degree the socio-economic system may be disrupted by a changing climate.
Ecological vulnerability (also known as social exposure) added to social sensitivity
constitutes social impact potential for an area.”

“Social adaptive capacity is the most difficult component to measure as it is the
collective ability of a community to respond to a yet-unrealized challenge (Whitney et
al., 2017, Cinner et al., 2018). However, several characteristics provide understanding
and help illuminate a community’s capacity to respond to and recover from climate
challenges, including: access to credit, community infrastructure, livelihood diversity,
fishing gear diversity, social trust, mobile phone prevalence, governance effectiveness,
community empowerment, and education.”

(Fish Forever, 2019, 11)

Project Objectives

Our objective is to produce evidence-based recommendations to improve the use of
Rare’s existing CCVA data and to introduce options for additional CCVA variables to better
measure the role of gender, preferred data sources and risk threshold levels. The outputs are a
literature review with a bibliography. The client’s aim is to learn (1) how gender is measured
and utilized in assessing climate vulnerability of small-scale fishing communities, (2) how to
incorporate gender-based data collection and data analysis into the existing work of Rare. Our
literature search was focused on collecting relevant research concerning small-scale fishing
communities. We supplemented these search results with additional research concerning other
small-scale producer sectors such as agriculture or agroforestry.




We aimed to:

1. Examine existing literature to determine whether there is consensus (or better
approaches) on:
a. disaggregating climate change vulnerability data by gender (from household-level
surveys)
b. More accurately defining and measuring gender in the context of climate change
vulnerability
c. Identifying relationships between gender data and other variables relevant to
climate change vulnerability in small-scale fishing and other small-scale producer
communities (e.g., socio-ecological sensitivity, adaptive capacity, resilience, and
climate vulnerability)
2. Analyze and translate literature review findings to better inform Rare’s GESI data
collection and their efforts to improve their Climate Change Vulnerability Assessment

Our literature review is an attempt to answer these questions:

1. How is gender measured and utilized in assessing climate vulnerability in smallholder or
small-scale producer communities, including small-scale fishing communities,
agroforestry, forestry, pastoral, and mining? Our goal is to gather information on
qualitative and quantitative methods, approaches, and frameworks for collecting and
analyzing data for understanding gender and climate change.

2. What statistical and data analysis tools are being used for household survey data to
understand the intra-household gender dimensions of climate change vulnerability and
adaptation? What approaches to data analysis have been used to understand gender
dimensions in households? What different approaches? What are suitable data collection
methods for obtaining necessary data for this analysis?

Through our research we obtained information on how gender roles and dynamics may
impact socio-ecological sensitivity, adaptive capacity, resilience, and climate vulnerability. We
hope that our work will aid efforts to improve the Climate Change Vulnerability Assessment,
provide meaningful insight on how to better and more accurately take and measure gender data
and its impact in small-scale fishing communities, and support Rare’s Gender Equality and
Social Inclusion (GESI) initiatives.

METHODS

Scoping the search for literature
To prepare for the literature review and research for this project, we read papers and
reports suggested by our faculty advisors and research partners to develop background and



contextual information about subsistence fishing (Virdin et al., 2023), gender (Harper et al.
2023), and gender-inclusive data systems for small-scale fisheries (Harper et al. In review),
climate change impacts on fisheries and agriculture (Cinner et al., 2022; Gutierrez et al., 2023),
and climate risk reduction through effective fisheries management (Cheung et al., 2018).

We sought subject matter guidance from Duke faculty members John Virdin and Xavier
Basurto, and consulted with our client Ben Siegelman at Rare. We consulted with Jenna
Strawbridge, Senior Assistant Librarian at the Duke University Libraries, who suggested search
and methodology processes, Zotero database management, and who helped refine our final
search strings.

The background information and expert and client consultations helped us to determine
keywords for our database searches on Web of Science and Google Scholar. The aim of the
search string is to narrow the results to peer-reviewed academic papers that focus on gender and
climate change vulnerability in small-scale fishing communities. Keywords include “gender,”

” “climate change,” “environment, artisanal fishing,
fishing,” “fishing community,” “fisher folk”, “subsistence,” “coastal communities”. Our faculty
advisors suggested we use search strings that will broaden the scope of the literature to include
other small-producer communities, including agricultural, pastoral, mining, and forestry
communities.

29 ¢¢ 29 ¢c 29 ¢ 29 ¢

“woman, vulnerability, small-scale

99 ¢¢

Rare uses the Intergovernmental Panel on Climate Change’s (IPCC) 2007 definition of
climate change vulnerability, which is a function of “exposure,” “sensitivity,” and “adaptive
capacity,” which could be useful search terms (“Contribution of Working Group II to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change” 2007, 883). Because
this definition of climate change vulnerability emerged in 2007, we excluded sources published
prior to 2007.

Because of the client’s interest in improving data analysis methodology for their existing
survey data, and because our recommendation for gender-differentiated data collection will be
for use in their survey instruments, we also included search sets for papers with survey
methodologies that are seeking to address similar questions. One such paper from our
background literature searches uses the keyword “intra-household” in its discussion of the

different climate risk perceptions held by men and women in agricultural households (Ginbo and
Hansson, 2023).

We validated our search strings by ensuring that the results include certain benchmark
articles from our background set of citations, including Graziano et. al. 2018, Harper et. al. 2013,
and Kawarazuka et. al. 2017.



Search Process

Our primary research database was Web of Science. Additional searches were conducted
in Google Scholar and two Proquest databases — Agricultural & Environmental Science and
Earth, Atmospheric & Aquatic Science. The Duke Library provided credentials for our use of
these databases.

In the Proquest databases we limited our searches to only peer-reviewed papers. For all
databases, we limited the results by publication date (January 1, 2007 to December 31, 2024).

In order to limit the search results for relevance, we only searched titles and abstracts and
keywords in Web of Science and in the Proquest databases.

We downloaded the first 150 citations, sorted by relevance, from all the databases, to be
screened in Zotero.

Search Strings: Gender and Climate Change

Web of Science

((((TS=(gender OR wom*n OR girl OR "gender dimension" OR "gender *quality")) AND
TS=(climate OR "climate change" OR "climate-change" OR "changing climate" OR "climate
hazard")) AND TS=("small scale" OR "small-scale" OR "subsistence" OR "artisanal" OR
smallholder OR “small-holder” OR “small holder”’)) AND TS=(fish* OR fish OR farming OR
agricul* OR fores* OR livestock OR mining OR pastoral) AND TS=(vuln*))

Google Scholar

(gender OR wom*n OR girl OR "gender dimension" OR "gender *quality") AND (climate OR
"climate change" OR "climate-change" OR "changing climate" OR "climate hazard") AND
("small scale" OR "small-scale" OR "subsistence" OR "artisanal" OR smallholder OR
“small-holder” OR “‘small holder””) AND (fish* OR fish OR farming OR agricul* OR fores* OR
livestock OR mining OR pastoral) AND vuln*

ProQuest databases combined search: (1) Agricultural & Environmental Science, (2)
Earth, Atmospheric & Aquatic Science

(noft((gender OR wom*n OR girl OR "gender dimension" OR "gender equality" OR "gender
inequality")) AND noft((climate OR "climate change" OR "climate-change" OR "changing
climate" OR "climate hazard")) AND noft(("small scale" OR "small-scale" OR "subsistence" OR
"artisanal" OR smallholder OR "small-holder" OR "small holder")) AND noft((fish* OR fish OR
farming OR agricul* OR fores* OR livestock OR mining OR pastoral)) AND noft(vulnerab*))
AND (stype.exact("Scholarly Journals") AND pd(20070101-20241231) AND PEER(yes))



Search Results

Web of Science returned 231 results, the first 150 of which were exported to Zotero.
Google Scholar returned 18,000 results, the first 150 of which were exported to Zotero. The two
ProQuest databases — Agricultural & Environmental Science, and Earth, Atmospheric &
Aquatic Science — returned 98 results, all of which were exported to Zotero.

Zotero was used to merge duplicates that were pulled from the three databases. After
merging duplicates, the number of results for screening totaled 311 items.

Zotero Database Management

All citations (titles, year, authors, abstracts) were cataloged in a shared Zotero group
library. Zotero automatically identifies duplicate citations. We removed (or “merged”) these
duplicate citations to prevent screening the same paper two or more times.

Initial Screening Process

The titles and abstracts of the literature were downloaded and stored in Zotero. The
screening team used five randomly selected articles to train their screening process. They
repeated the training to refine the screening and eliminate inconsistencies between the screeners
such that all screeners could reasonably be expected to screen in a consistent manner.

Eleven papers were used to practice the screening process. The remaining 300 papers
were divided among the three screeners, 100 papers each.

The results of the screening process were tracked in a shared spreadsheet. The citations in
Zotero were simultaneously sorted into sub-collections (Climate Change, Survey Methodology,
Women in Management, No, Maybe) for organization purposes and to facilitate exporting
bibliographies. The reason the team utilized three different sub-collections — Climate Change,
Survey Methodology, Women in Management — was to allow for the team to collect research
papers for the different research areas of interest. Some papers touched on all three of those
broad topics, but most papers only touched on one or two of the categories.

Screening Criteria

1. Is English the language of publication?
a. Yes, Continue screening
b. No, stop screening
2. Do the title and abstract indicate or imply that the paper focused on small-scale fisheries
or smallholders? (This includes mining, agriculture, forestry, livestock, pastoral
communities; can include mention of “developing countries” or “poor communities”)
a. Yes, Continue screening
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b. No, stop screening
3. Do the title and abstract mention women or gender?
a. Yes, Continue screening
b. No, stop screening
4. Do the title and abstract mention any of the following:
a. Climate change
1. Yes, sort to climate change sub-collection in Zotero
b. Survey methodology or data collection methods (ex. include questionnaire,
survey, “semi-structured”, focus groups, key informant interviews)
1. Yes, sort to survey sub-collection in Zotero
c. Women’s participation in or attendance or experience of local leadership,
co-management, cooperative management, local town management, household
management, natural resource management
i.  Yes, sort to management sub-collection in Zotero
d. If none, stop screening.

Additional Screening and Results

Of the initial 311 papers entered into the screening process, 196 papers were accepted
into one or more of the three categories, much more than was initially expected. The broadest
collection of papers were for the “Climate change” sub-collection (184 titles). The “Women in
management” sub-collection had the fewest papers (21 titles). The “Survey methodology”
sub-collection had 85 papers. Some titles appear in more than sub-collection given the topics
mentioned in the abstract.

Given the large volume of papers, the research team conducted a secondary screening
process to first sort papers within the “Climate change” sub-collection that were principally
about small-scale fisheries (i.e. not principally about agriculture, which was most of the screened
literature). This resulted in 32 papers being sorted into a “SSF Climate change” sub-collection
(three titles were not available from the Duke Library system or online). Of the remaining 152
titles in the “Climate change” sub-collection, a random sample of fifty titles (33% of 152) was
selected using the random number function in Google Sheets. Six of these fifty titles were not
available online nor from the Duke Library system, so papers next on the list according to the
random number generator replaced those missing titles. These 79 papers were compiled into a
final sub-collection of papers that were a representative sample of the 184 titles captured in our
“Climate change” search and screening process, with an emphasis on the small-scale fisheries
titles that are most relevant to our research question.'

" Our literature review sampling process was modeled on the method used in Smith, H., & Basurto, X.
(2019). Defining Small-Scale Fisheries and Examining the Role of Science in Shaping Perceptions of
Who and What Counts: A Systematic Review. Frontiers in Marine Science, 6.
https://doi.org/10.3389/fmars.2019.00236
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All screening documents in Google Sheets and the Zotero databases were maintained so
that subsequent researchers can analyze the other literature at a future date.

The search and screening process is illustrated in this diagram:

PRISMA Diagram of Searching and Screening the Literature

Iderntification of new studies via databases and registers

Records identified from:
Databases (n = 3): Records removed before screening:
5 Web of Science (n = 231) Duplicate records (n = 87)
E Google Scholar (n = 18,000) Records marked as ineligible by automation
= ProQuest (Agricultural & tools (n=10)
E Emvironmental Science and Earth Records removed for other reasons (n =
= Atmospheric & Aquatic Science) (n = 98) 17.931)
Reqisters in =0)
Records screened Records excluded
n=311) n=118)
g l - :
g Reports sought for retrieval Reports not retrieved
o n= 19'5] n= g:l
’ i
Reports assessed for eligibility p Reports excluded:
n=175) Random Sample (n = 96)
w studies inclu in resfiew
ks New studies included in revi
2 (n=79)
=

Haddaway, N. R., Page, M. J., Pritchard, C. C., & McGuinness, L. A. (2022). PRISMA2020: An R package and
Shiny app for producing PRISMA 2020-compliant flow diagrams, with interactivity for optimised digital
transparency and Open Synthesis Campbell Systematic Reviews, 18, e1230. https://doi.org/10.1002/c12.1230
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Content Analysis

The final selection of papers for the literature review were exported from Zotero into
NVivo 14 (Windows). The team selected four papers for an initial practice round of coding then
met and compared inter-reader ratings (Kappa ratings) using NVivo. The team then modified
their code book for clarity, selected two new papers for another practice round and inter-reader
rating comparison, which were improved to around 0.40 kappa statistic.

The 79 papers were divided among the three readers using a random number generator in
Google Sheets. Each reader was assigned 26 papers, with one random chosen for re-testing the
kappa score midway through the literature review (after 13 papers were read coded by each
reader).

The readers used NVivo 14 to code the final sampled selection of literature. A code book
was developed to help the readers coordinate their work. Four main codes were developed.

The code for Gender Disaggregated Climate Change Vulnerability Indicators was used to
collect passages and information relevant to answering the first research question:

How is gender measured and utilized in assessing climate vulnerability in
smallholder or small-scale producer communities, including small-scale fishing
communities, agroforestry, forestry, pastoral, and mining? Our goal is to gather
information on qualitative and quantitative methods, approaches, and frameworks
for collecting and analyzing data for understanding gender and climate change.

The research team sought to gather information on all the various ways that academics
have been defining and discussing gender and climate change vulnerability, and using
gender-disaggregated indicators to understand climate change vulnerability. To harmonize coding
decisions, the research team described limits to what could be included in this category and
provided examples of topics and themes that are relevant. Because the research team did not
have prior expectations of what might be contained in the surveyed literature, this category was
left fairly open ended and was designed to allow the team to review all the codes to identify the
key themes that emerge from the literature.

A second main code for data collection and data analysis methods was created collect
passages and information relevant to answering the second research question:

What statistical and data analysis tools are being used for household
survey data to understand the intra-household gender dimensions of climate
change vulnerability and adaptation? What approaches to data analysis have
been used to understand gender dimensions in households? What different
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approaches? What are suitable data collection methods for obtaining necessary
data for this analysis?

For ease of later review, the team created child codes or sub-codes that sorted the
passages and data points according to broad data analysis categories: quantitative methods,
qualitative methods, mixed methods, and data sources. Because some methods, such as statistical
analysis and survey methods, can be repurposed across disciplines or topics, the research team
did not limit this to climate change vulnerability data. Instead, the team sought to gather specific
methodologies for gathering and analyzing gender-disaggregated data. When paired with
findings from the first code book of climate change vulnerability indicators, the team was able to
use these codes to recommend new data analysis and data collection methods for Rare to use.

The final two main codes for best practices for program implementation and for the
gender context of smallholder communities were designed to provide the research team with
resources for understanding the context of program implementation for gender and climate
change vulnerability, as well as important contextual information on the gender dynamics that
lead to negative climate change vulnerability outcomes.

Finally, all passages were also assigned to a specific “case” in NVivo. These cases were
used to distinguish between the main smallholder communities contained within the research:
fisheries, agricultural, and all others. Using these cases allowed the research team to categorize
the research by the livelihood sector.

Code Book
1. Gender-Disaggregated Climate Change Vulnerability Indicators (Parent)

a. Limits
1. Must be explicitly linked to climate change
ii.  Must be an indicator that is observable or measurable
iii.  Must mention gender (e.g. “women”, “female”, “men”, “male” in
discussion)
b. Description/Examples
1. Dependency on natural resources
ii.  Income diversification
iii.  Networks
iv.  Migration
v.  Geohazard preparedness, vulnerability, and resilience
2. Data-collection and Data Analysis Methods for Gender-Disaggregated Data (parent)
a. Limits
i.  Must be gender-disaggregated data
ii.  Does not have to be about climate
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iii.  Should be more than just listing the tool used — cannot just say “we
conducted key informant interviews” or “we used a survey”. Should be
specific/ explain the method

b. Child Codes
i.  Quantitative Methods (including statistical analysis)
1. E.g. formulas
ii.  Qualitative Methods
1. Mixed Methods
iv.  Data Sources (databases, etc)

. Best Practices for Gender-Aware Program Implementation

a. Limit
i.  Recommendations and best practices that are specifically useful for
NGOs, practitioners and policy advocates
ii.  This includes discussion about gender and climate change vulnerability as
well as gender-disaggregated data collection and analysis
b. Example/Description
1. Discussions about what organizations should do on a go-forward basis
when considering the gender dimensions of climate change vulnerability
and gender-disaggregated data collection and analysis

. The Gender Context of Small-holder Communities and Households (Parent)

a. Gender-differentiated or gender-mediated outcomes (child)
i.  How men and women respond or have differing results in something (not
benefiting in the same way, paying in the same way, etc)
b. Gender Roles (Child)
1. Description/Examples

1. Jobs

2. Household duties
3. Incomes

4. Livelihoods

5. Safety

6. Health

c. Larger systems (child)
1. Description/Examples
1. Cultural norms, beliefs, or attitudes around gender

Cases:
1. Small-Scale Fishing (SSF)
2. Agriculture
3. Other Small-holders (i.e., not SSF or Agriculture)
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The research team used an inductive approach for their content analysis whereby the
team collected the most commonly discussed climate change vulnerability indicators that
emerged from the literature review (Elo & Kyngés, 2008). These most commonly discussed
indicators are discussed in the Key Results section of this paper.

These coded results were then analyzed using NVivo 14’s matrix coding query, which
quantifies the frequency and distribution of codes across the three cases, providing a heat map of
the quantity of occurrence (Table 1). Of the three cases, Agriculture had the highest number of
coding occurrences (482), and other smallholders had the lowest (61). Our primary coding target
for answering our main research question, Gender-Disaggregated Climate Change Vulnerability
Indicators, had the highest number of codes (211), followed by The Gender Context of
Small-holder Communities and Household (160) and Data-collection and Analysis Methods for
Gender-Disaggregated Data (127). Passages about Data-collection and Analysis Methods and
passages about Gender Context were also encoded into child-codes, if appropriate. Table 1, for
instance, shows that of the 127 coded passages about Data-collection and Analysis Methods, 51
were identified as quantitative methods.

Table 1: Number of coded passages and cases in NVivo 14. (Green marks the highest
occurrence, red marks the lowest.)

Cases
. B : Small-Scale C : Other
Codes A+ Agriculture Fishing Small-holders Total:
1 : Best Practices for Gender-Aware 32 12 5
Program Implementation 49
2 : Data-collection and Analysis 89 34 4
Methods for Gender-Disaggregated
Data 127
2a : Mixed Methods 13 3 0 16
2b : Qualitative Methods 9 6 0 15
2c¢ : Quantitative Methods 43 8 0 51
3 : Gender-Disaggregated Climate 120 68 23
Change Vulnerability Indicators 211
4 : The Gender Context of 82 64 14
Small-holder Communities and
Household 160
4a : Gender Roles 22 30 7 59
4b : Gender-differentiated or 61 40 7
gender-mediated outcomes 108
4c : Larger Systems 11 4 1 16
Total: 482 269 61 812
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KEY RESULTS FROM THE LITERATURE REVIEW

Gender of the Household Head: Data Collection

Across most of the literature, the gender of the household head is a demographic data
point collected for quantitative and qualitative analyses that seek to understand if data on gender
can be used for climate change vulnerability assessments or if the gender of the household head
affects climate change adaptation measures and strategies. It is often a significant predictor or
estimator in regression analyses of behavior or vulnerability.

Examples where a variable for gender of the household head is used to quantitatively
analyze adaptation measures and strategies include research by Ali (2021) on farming
communities in Northern Togo, research into farming communities in the Vhembe District of
South Africa (Kom et al., 2022), northeast Ethiopia (Ayele et al., 2024), eastern Kenya
(Mugi-Ngenga et al., 2016), semi-arid regions of Ghana (Nyantakyi-Frimpong and Bezner-Kerr,
2015), the Zvishavane region of Zimbabwe (Chidakwa et al., 2020), the Shaanxi Plain of China
(Ge et al., 2023), and in the Ogun State of Nigeria (Ojo et al., 2022). Koomson et al. (2020) use
the variable for their analysis of small-scale fishing in Ghana.

The variable is also used for climate change vulnerability assessment, including for
gender-disaggregated discussions about access to services, resources, knowledge: agricultural
research by Maja et al. (2023) in Eastern Ethiopia, Chidakwa et al. (2020) in Zimbabwe, Nelson
(2010) across Africa, Poudel et al. (2020) in the Lamjung district of Nepal. Sreya et al. (2021)
use the variable for their analysis of the climate change vulnerability of small-scale fishing
communities in Southern India.

The gender of the household head is also used by researchers interested in understanding
household decision-making concerning climate change adaptation strategies. Ayele et al. (2024)
used the variable in multivariate probit models to identify the different factors that influence
adaptation strategies of farming households in northeast Ethiopia. Ali (2021) used the gender of
the household head as a control variable in Poisson and probit regression models to find that
access to agricultural credit and extension services is a statistically significant factor in
determining the number of adaptation strategies adopted by farm households in Northern Togo.

Research in farming communities in Ghana by Adzawla et al. (2019) moves beyond
using a simple data point for gender of the household head and the gender of farm managers. The
researchers instead collected gender data to distinguish between male heads of household, female
heads of households, male farm hands/managers, female farm hands/managers. These
designations were “determined based on their position in the family; thus, a household head was
conceptualized as a person who is the leader of a family at a particular point in time, while a
farm hand/manager is a person who is a member of a family and operates a personal farm.” Most
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importantly, they found that the gender of the household farm hands and farm managers was a
more significant indicator of climate adaptation than the gender of the household head. The
authors suggest that this is the case because farm managers and farm hands are tasked with
making most farming decisions while the household head has non-farming household duties that
occupy their attention, regardless of gender. They conclude by suggesting that research and
interventions should be conducted at the individual level rather than at the household level
(Adzawla et al., 2019).

Education

Access to education is a key determinant in understanding vulnerability, especially in
marginalized groups such as women. Education shapes the ability to adapt, understand, and
decide on climate smart measures to aid resilience towards a changing climate. Azong and Kelso
(2021) cite studies showing that “educated farmers are more capable of responding to current and
future climatic risks than the... uneducated farmers”. However, women do not have equal access
to this resource. Women are confined to household duties and the precedent set with cultural
gender roles and constraints. In “The adaptive capacity of smallholder farmers to climate change
in the Northern Region of Ghana” the authors state that:

“..The differences between male and female smallholder farmers’ adaptive capacity
shows that there is a clear social disparity in relation to gender and education. Male
farmers have better access to economic resources such as higher diversity of incomes and
better access to credit, to technological resources such as better knowledge of soil
fertility and soil moisture retention techniques as well as awareness and training such as
level of literacy, access to climate information and extension services. Further, those with
formal education perform significantly better than those farmers without formal
education” (Abdul-Razak and Kruse, 2017).

Education extends farther than a classroom setting. Financial literacy, technological
access and understanding, awareness about the changing climate, and overall literacy aid in the
success of educated individuals. Girls are compelled to drop out of school to assist their mothers
with household tasks and their poor literacy levels contribute to early childbearing, further
limiting their ability to earn money or adapt to climate change (Akinsemolu and Olukoya, 2020).
Lack of access to education can also inhibit women’s abilities to engage in alternative livelihood
activities according to research by Azong and Kelso (2021). This may partially be due to
“education [playing] an important role in awareness building and decision making on adaptation
strategies and actions” (Azong and Kelso, 2021).

The lack of education will lead women to make less profitable or less beneficial decisions
when it comes to agricultural success. Research by Ali (2021) cites evidence that “men were
likely to adopt strategies such as the change of crop varieties... and soil and water conservation
practices compared to women. This result might be associated with the lower levels of education
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or land constraint mostly faced by women”. It has been shown that access to education would
increase farmers' adaptive capacities and their likelihood of adopting resistant and high-yielding
technologies (Ali, 2021).

This is further emphasized by a study conducted on smallholder farms in Ethiopia which
found that “the educational status of female household heads significantly impacts their use of
irrigation at a 5% significance level” (Ayele et al., 2024). This was also highlighted in another
study that found that “education level emerged as a key characteristic influencing CSA adoption.
In both sites, women were said to be less educated than men because they had less opportunities
to access education in comparison to men” (Khoza et al., 2019). Female-headed households are
already at a disadvantage when it comes to adaptation to climate change. Their lack of access to
educational resources further entrenches their vulnerability if it causes them to hesitate to pursue
climate adaptation strategies. These behavioral patterns do not reflect an inherent
gender-differentiated preference, but are instead an outcome of unequal access to education. Ge
et al. (2023) cite evidence that “...there is no difference in agriculture technology adoption
between male and female farmers when they have equal opportunity access to land, credit,
education and agricultural extension services.”

Lastly, a woman’s level of education can impact the likelihood of migration within a
household. A study done in India found that if women were highly educated, men in their
household were less likely to migrate (Agarwal et al., 2022). The study found that when a
woman has a bachelor's degree only 20% of men in their household migrated, whereas if a
woman were illiterate, the percent of male household member migration increased to 42.1%. The
trend was present across various levels of educational attainment: if a woman had primary or
secondary education, male household members did not migrate 65.1% to 84.2% percent of the
time, respectively.

Access to education both in and outside of the classroom is a human right, one that is not
given to women in many parts of the world. Improving education levels for women would boost
their ability to use adaptive technology, be informed on the climate, have financial literacy, better
decision making skills, more successful yields, and much more. Simply put, a “lack of access to
education limits women'’s livelihood options and therefore exacerbates their vulnerability to
climate change” (Azong and Kelso, 2021). Other researchers emphasize that “improving
women’s incomes, educational levels, access to information and their ability to participate in
decision-making processes enhances the capabilities of the entire household and of society in
general” (Weeratunge et al., 2010).

Technology

Technology is a vital resource for education and equal access to opportunity, and one that
women are not always afforded. Agricultural technologies include improved seed varieties,
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irrigation, fertilizers, pesticides, and access to machinery such as multi-functional platforms
(MFPs) which are engines adapted to run on biofuels for powering activities such as milling
(Maja et al., 2023; Nelson, 2010). Researchers associate an increased access to these resources
with a decreased vulnerability to climate change because these technologies help farmers
become more resilient, productive, and efficient. However, the disparities in women's access to
these technologies is cited as one of the top concerns when it comes to vulnerability
(Abdul-Razak and Kruse, 2017). Nelson (2010) cites evidence from an FAO study to conclude
that:

“women and men are being differently impacted by climate change, especially extreme
events, and have different strategies for coping with longer-term increases in climate
variability combined with differential access to institutional support for adaptation.
Gender often determines who receives inputs for adaptation strategies, with gender being
the biggest determinant (even more so than caste). Frequently new agricultural
technologies bypass women farmers, despite women s knowledge ”(Nelson, 2010).

That research by Nelson (2010) reveals that there is inherent bias towards women and
their access to necessary technological resources. This also includes less access to information
and training concerning technology, climate change, and improved farming methods
(Abdul-Razak and Kruse, 2017; Ge et al., 2023). For example, it was found that male farmers not
only have better access to economic resources, such as higher diversity of incomes and better
access to credit, but they also have better technological resources and increased knowledge about
soil fertility and soil moisture retention techniques (Abdul-Razak and Kruse, 2017). Male
farmers also had access to information and training to improve their literacy, access to climate
information, and extension services (Abdul-Razak and Kruse, 2017). Researchers also found that
“those with formal education perform significantly better than those farmers without formal
education,” (Abdul-Razak and Kruse, 2017), which often leaves female farmers relatively
disadvantaged when compared with their male counterparts, as is discussed in the previous
section on education. This dynamic creates a cyclical and inequitable pattern, where limited
access to education, low literacy rates, insufficient climate awareness, and financial constraints
serve to collectively marginalize women. Often, women are consequently excluded, overlooked,
or unable to engage with and benefit from new technologies and interventions. Research by Ge et
al. (2023) found that “that there is no difference in agriculture technology adoption between male
and female farmers when they have equal opportunity access to land, credit, education and
agricultural extension services”. This finding leads to a conclusion that the problem of unequal
climate change vulnerability between men and women is a function of the gender differences in
their access to technology.

The introduction of new technology can be impactful. Call and Sellers (2019) cited case
studies in Bangladesh and Malawi that found that adoption of new agricultural technologies
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increased women’s household decision making power, women’s income, provided more time for
girls’ education, and improved children's nutritional outcomes. However, introduction of new
technology must be done with diligence and equality. Mangheni et al. (2019) suggest that if the
introduction of new technologies does not take women and gender-differentiated outcomes into
consideration, it may negatively affect the well-being of women farmers and result in more labor,
more time spent on farming activities, and lower access to agricultural inputs. The authors cite
evidence from other case studies that linked to the fact that “technology adoption decisions are
informed by access to resources, and with a demonstrated large gender gap in assets, it means
improved varieties are often not ‘gender neutral’ but depend on the context within which the
technology is released” leaving women’s ability to access it forgotten (Mangheni et al., 2019).

The literature in our review suggests that information, training, and access to
technologies that improve livelihoods and provide means to adapt to climate change are
necessary for decreasing women’s vulnerability to climate change. Furthermore, equal access to
technology as well as gender-neutral options in technology are necessary for increasing women’s
resilience.

Decision Making

Women’s involvement in decision making processes is an important indicator of their
adaptive capacity, inclusion, and power in a community. In a study by Nelson (2010) titled
“Climate Change and Gender What role for agricultural research among smallholder farmers in
Africa?” the author discusses how “Gender and power inequalities constrain many women’s (and
other marginalized groups’) abilities to participate in decision-making from the household to the
international level. Discrimination is embedded in formal and informal institutions”. This is a
problem when half of society is removed from the decisions about the society itself.
Additionally, this often results in men having more access to resources, stronger decision making
process, and therefore increased adaptive capacity according to a study conducted on small scale
agriculture in Kenya (Palosaari et al., 2024). This trend has been found in small-scale fishing
communities as well, with researchers describing instances when women were not sufficiently
influential in the process of developing fishing and coastal policies, resulting in their vocalized
concerns going unaddressed by community leaders (Axelrod et al., 2022).

Research by Adzawla et al., 2019 cites evidence that women are often more vulnerable to
climate change because they are “often constrained in decision making and access to resources
that improve their livelihoods.” One example from their study of farmers in Ghana found that
women were growing crops with different biophysical characteristics than men (Adzawla et al.,
2019). As cited in other sections, women are making decisions to grow crops that are often less
resilient to climate change and less technologically advanced because of their lack of access to
extension services, education, and resources.
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Women's lack of decision making power does not just impact them, but can influence
their entire community. According to “cross-national research” in gendered management
practices it is suggested that “lower levels of wealth and income inequality in communities are
strongly associated with whether women are in leadership positions and the number of women in
forest user groups” (Call and Sellers, 2019). The logic suggests that the more contributions,
opinions, and perceptions that are involved in decision making, the better the decisions will be.
Call and Sellers (2019) also address the challenges communities face when trying to involve
multiple stakeholders. They also emphasize that the burden for involving women in decision
making does not fall solely on women. “Research from Mozambique, Malawi, and Ghana found
that when the participation of women is facilitated through strategies such as gender equity
training for men and the use of female extension officers to target women farmers, extension
services have the potential to increase the adoption of both agricultural inputs and natural
resource management strategies by women” (Call and Sellers, 2019). Employing these strategies
may prove successful elsewhere. It has also been found in several studies that designing
decision-making processes that are more inclusive increased women's participation. For
example, a case study in India found that “creating forest management groups exclusively for
women significantly increased participation. Additionally, a ‘critical mass,” at least 1/4 to 1/3 of
a forest user committee comprised of women, can increase the probability that female committee
members actively participate as resource decisions are made” (Call and Sellers, 2019). The case
studies highlighted by Call and Sellers (2019) suggest a pattern of decision making processes in
the study areas that are controlled predominantly by men. Those authors also provide evidence
that suggests that women with better access to these decision making processes will experience
improved climate change vulnerability outcomes.

The literature suggests that in the documented study areas, women are often not able to or
are not permitted to be involved in decision making activities. Akinsemolu and Olukoya (2020)
report that for the Ilaje community in Ondo State, Nigeria, a “majority of the women respondents
believed that the unequal participation of women in decision-making processes as well as labor
markets create inequalities and usually deter women from contributing to climate change
mitigation”. The literature suggests that it is possible to improve climate change vulnerability
outcomes for communities by providing interventions that increase women's participation and
inclusion in decision making activities.

Household Duties, Partners, and Communities

The literature in our review documented many instances when women were relegated to
household and familial duties and excluded from opportunities to participate in decision making
or generate income. In some countries, gender roles are so segregated that even when husbands
are present, “they generally did not help with child care or anything perceived as ‘women’s

work’” (Nyantakyi-Frimpong, 2021). By comparison, women were expected, in many cases, to
not only attend to the children and household duties but sometimes the farm, crops, and finances.
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Nyantakyi-Frimpong (2021) provides evidence from smallholder agriculture in northern Ghana,
writing:

“Women s agricultural work is an important precondition for adequate
feeding of infants and young children; yet, this same agricultural work creates
powerful constraints on child care and feeding practices, particularly during peak
labor seasons. This suggests that agricultural interventions for climate change
and nutrition should not ignore the burden of work for women. Moreover, men's
limited engagement in day-to-day child care and nutrition activities is common in
most parts of sub-Saharan Africa” (Nyantakyi-Frimpong, 2021).

Women often have to do a full day of labor while simultaneously caring for children, and
then upon return to her home, she must then do her domestic labor tasks. This leaves little time
for women to engage in multiple income streams, attend town meetings, or get an education.
This does not just apply to agricultural work, however. This trend is also present in SSF
communities. In Understanding gender intersectionality for more robust ocean science the
authors talk about how women’s many duties “demonstrate how the intersection between gender
and marriage/motherhood creates barriers for fisherwomen and female traders, particularly those
who are married and/or have children, to travel and access more fruitful markets” (Axelrod et al.,
2022). Men might contribute to increased financial stress on the family, leaving the
responsibilities and income to the woman. Men's ability to trade, barter, or be involved in other
market activities have been limited due to it being “inefficient due to their tendency to spend the
money on “alcohol, gambling and extra-marital affairs, rather than bringing the money home to
the family” (Axelrod et al., 2022). But even when men make money it is often not spent on their
household or children. In research by Dah-gbeto and Villamor (2016) in agricultural
communities in northern Benin, the authors found that “typically, women participants allocate
income for household expenditures. Men are more likely to use proceeds from livestock sales to
moving to larger towns or bordering countries (i.e., Nigeria) to seek wage labor opportunities,
while some use the funds to purchase new motorcycles, improve their farms, and marry a new
wife”. This leaves women to allocate almost all of their money to household duties while men
spend it on leisure and debaucherous activities, migration, or finding a new family. This, again, is
not just present in agricultural communities. A female fish trader stated during a key informant
interview “Now things have changed, I thought I was helping my husband to supplement money
for our better lives. Now his money is for his own things and mine is for supporting the family”
(Limuwa and Synnevag, 2019).

In some cases depending on the culture, women are at risk if they choose to make an
income. In Latin American countries where there are more defined masculine and feminine roles,
men felt like their normative breadwinner role was threatened when women started to make an
income, and this threat only increased if the income surpassed that of their own (Godden, 2013).
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The same author cites previous research that found that “employed women in Peru who have
more education than their husbands and are the dominant decision-makers have increased
likelihood of violence, which is further fuelled by alcohol” and that “men use violence to sustain
their control over women, challenging the threat of women’s employment to their masculinity”
(Godden, 2013). This creates an environment where women cannot seek alternative livelihoods
without fear of consequence. Additionally, this is further evidence that targeting just women in
gender equality work fails to acknowledge, in many instances, the perpetrators or instigators
when it comes to women's vulnerability, safety, or equality. Equal resilience and equal rights
cannot be forged without holding men responsible as well. As Nyantakyi-Frimpong (2021)
wisely puts it “to reduce women’s work burdens, a transformation of gender norms is required,
for example, through the encouragement of men to participate in domestic work. Women also
need greater autonomy, which is an aspect of empowerment.”

Lastly, it seems women may have less access to community or knowledge sharing.
Women in Mali, for example, were found to be more socially isolated and “less likely to receive
information about mulching when it was diffused through social networks” (Aberman et al.,
2015). This trend is found elsewhere, with male farmers noting that “they often receive climate
information during meetings or from neighbors, whereas women face barriers to participation in
such gatherings” (Ayele et al., 2024). Even when it comes to warnings about natural disasters,
women may not have the same access to resources. In Economic vulnerability of small-scale
coastal households to extreme weather events in Southern India the authors discuss access to
communications and community, stating:

“In terms of a warning received against a pending natural disaster, the FHH
[Female Household Head] emerged to be a more vulnerable section. All the 120 MHH
surveyed were either active, retired, or had shifted from fishing to a different job. As a
result, they had greater social connections and access to warning messages which they
received mostly as SMS or WhatsApp messages. On the other hand, FHH rarely had
members working in fishing groups and mostly received warnings through TV, neighbors
or relatives” (Sreya, 2023).

This means women need more access to communities, meetings, and other things that
will enhance their connective capacity. This isolation may be in part due to family members and
communities shunning a partnerless woman, or from entrenched gender roles. Either way,
women’s connective capacities need to be enhanced in order to embolden their resilience to
natural disasters and increase their inclusion in community affairs.

Financial Resources

The literature in our review frequently discussed individual and household financial
resources as an important factor in climate change vulnerability. Controlling for all other factors,
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it is often observed or assumed that having a store of wealth or a higher income can reduce a
household’s sensitivity to climate change shocks, including in scenarios where wealthier
households can remain secure when extreme weather events or droughts reduce income in one
season or one year. Wealthier households are also observed as having an increased ability to pay
to restore their wellbeing after extreme weather events or natural disasters, which represents an
increased adaptive capacity to climate change.

Access to financial resources is generally discussed in two ways. The first is a more
general measure of the incomes, wealth, and poverty of households and individuals. The second
is a more specific measure of a household’s or individual’s access to credit, typically from formal
institutions like banks and credit associations. The trend across the literature is to associate
higher incomes, higher wealth, and more access to credit as increasing adaptive capacity and
decreasing climate change vulnerability.

Income, Wealth and Poverty

The literature that discusses the gender dimensions of income, wealth, and poverty in
smallholder communities tends to observe or conclude that there is gender inequality in these
measures of financial resources. Specifically, male-headed households tend to have higher
incomes or have wealth than female-headed households. Authors typically link this pattern with
relatively higher levels of climate vulnerability for female-headed households.

A study of small-scale fisheries in Southern India by Sreya et al. (2021) found that male
household heads were able to recover from extreme weather events more quickly than female
household heads because of their stronger social relations and connections that facilitate their
receiving financial aid and increasing their financial security. The authors include in their
analysis the ability of households to leverage their social relations to access formal or informal
sources of financial aid, particularly the financial aid that male-headed households are able to
receive from other family members. This study found that in this culture, women and
female-headed households were not able to receive financial assistance from social contacts at
the same level as male-headed households. The authors also noted that, in general, female
households in the study area had lower adaptive capacities because they had fewer assets, fewer
savings, and less income. The same study also observed that fishing households in the study area
had lower mean annual incomes than the general population of India, and that in this region the
mean annual incomes of female-headed households were lower than for the male-headed
households. This gendered income inequality prevented the female-headed households from
adopting the more sophisticated fishing technologies that wealthier male-headed households
were more likely to adopt, which prevented those poorer households from increasing their
fisheries-based incomes.
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Similar patterns are reported in the academic literature about gender and climate change
vulnerability in agricultural and rural communities. Research into farming communities in
Northeastern Ethiopia by Ayele et al. (2024) found that household income positively influences
farmers’ ability to cope with and adapt to climate variability for both male and female household
heads. Research into “gender differences in smallholder farmers’ adoption of crop
diversification” in Shaanxi Plain, China, by Ge et al. (2023) found that access to financial
resources is the main barrier female farmers face for increasing crop diversity. The authors
correlate this finding with survey results that show that male farmers are more willing to adopt
crop diversification practices than female farmers, which contributes to a gendered gap in
climate resilience. The authors conclude that policymakers could improve climate resilience
outcomes by helping female farmers “to access agricultural credit” and to improve their ability to
diversify their crops (Ge et al., 2023). Nelson (2010) summarizes a set of smallholder
agricultural research in Africa stating that “women and female headed households are
disproportionately represented in groups experiencing poverty and discrimination and thus have
fewer resources to cope with and adapt to climate change.” This pattern is correlated with the
gendered division of labor that often assigns household duties to women, including gathering
fuel and water, which makes them “relatively more reliant on climate-sensitive livelihoods”. The
author does caution against relying too broadly on generalizations, pointing to the fact that
women may also perform important roles in trading or non-agricultural livelihoods (Nelson,
2010).

Access to Credit

The other main measure of financial capability to adapt to climate change that was
described in the literature is access to credit. As in the gendered patterns seen for wealth and
income, female-headed households are observed to have lower access to credit, particularly to
formal credit from banks and credit associations, which is correlated with higher climate change
vulnerability. These patterns were salient in the published academic literature on gender and
climate change vulnerability in rural and agricultural communities.

Abdul-Razak and Kruse (2017) observed that male farmers in Northern Ghana have
better access to credit, which improves their adaptive capacity. Similarly, research by Maja et al.
(2023) in eastern Ethiopia and research by Poudel et al. (2020) in the Lamjung district of Nepal
both found that female-headed households are more vulnerable to climate change disasters
because they have less access to credit. Poudel et al. (2020) specify that female-headed
households in their study area of Nepal have a lower adaptive capacity because they have less
access to savings and credit cooperatives than male-headed households.

Azong and Kelso (2021), citing studies in Burkina Faso and conducting their own

research in agricultural communities in the Bamenda Highlands region of Cameroon, identify
women’s lack of access to credit leading to a “lack of opportunities for” loans “from formal
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financial institutions” in the areas of Oku and Belo-Kom. The authors observed that this most
often occurs because women do not have accounts with banks and credit unions (Azong and
Kelso, 2021).

Ayele et al. (2024) published similar observations in farming communities in northeast
Ethiopia. The authors found that credit availability significantly affected adaptation decisions for
female-headed households, including the ability to diversify income by engaging in off-farm
activities. This gendered difference is observable in the pattern of men leveraging credit to
engage in higher-income activities like trade in cattle, while women instead engage in
lower-income activities like petty trade and the sale of firewood. The researchers published
discussions with women who indicate that there are various barriers that limit their access to
credit services (Ayele, et al, 2024).

Ali (2021) employs Poisson and probit regression models to quantitatively analyze the
climate adaptation decisions of farming households in northern Togo. The author uses the chosen
number of adaptation strategies adopted by farming households as the outcome variable in the
analysis. The quantitative analysis led the authors to conclude that access to agricultural credit
and extension services, controlling for the gender of the household head, is a statistically
significant factor in determining the number of adaptation strategies adopted by the farming
households (Ali, 2021).

Extension Services

Many researchers use access to agricultural extension services provided by governments
as a key factor in a household’s climate change vulnerability. These extension services are often
discussed as vectors for distributing climate and weather information as well as improved
agricultural technology and practices that help farmers make better decisions and achieve better
farming outcomes, particularly in the face of climate change. Due to the fact that the terms
“extension service” and “extension agent” are typically used in agricultural contexts, these
findings from our literature review are exclusively about gender and climate change vulnerability
in agricultural communities.

The pattern observed in the published academic literature is one where women and
female-headed households are typically not benefiting from agricultural extension services to the
same extent as men and male-headed households. The authors assume or observe that this gender
difference results in worse climate change vulnerability outcomes for female-headed households.

In many of the studies, access is discussed in relative terms. There are female-headed
households that are recorded as receiving services, but the percentage of female-headed
households may be lower than for male-headed households (Ge et al., 2023; Call and Sellers,
2019; Kerr et al., 2023; Mangheni et al., 2019). However, there are observed exceptions to this
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pattern in some communities where female-headed households or women have equal or better
access to extension services than male-headed households or men (Lebel et al., 2014; Murage et
al. 2015).

In their research into “gender differences in smallholder farmers’ adoption of crop
diversification” in the Shaanxi Plain, China, Ge et al. (2023) found in the survey data that female
farmers were statistically likely to have less communication with agricultural extension workers
than male farmers. The authors found that “female farmers received less agricultural extension
service information about crop diversification than male farmers”, and that female farmers are
more reliant on informal information sources “while male farmers are more likely to obtain
information” from formal sources including extension services. The authors correlate this finding
with survey results that show that male farmers are more willing to adopt crop diversification
practices than female farmers, which contributes to a gendered gap in climate resilience (Ge et
al., 2023).

A systematic review by Call and Sellers (2019) summarized findings from studies of
agricultural communities in Africa and South Asia that show that women were less likely to be
targeted by extension services or other initiatives that promote improved seeds and fertilizers that
could help women adapt to climate change. These barriers to extension services are worsened by
women’s “lack of capital, credit, and equipment”. The same systematic review found cases from
Ethiopia, Malawi, and Ghana that suggest that extension services typically benefit men more
than women due to socio-cultural barriers and limited mobility. By comparison, the authors cite
other research from multiple African nations that show that facilitating women’s participation in
extension services and using female extension officers to increase female farmer participation
can increase agricultural incomes for women (Call and Sellers, 2019).

This general pattern of female-headed households and women benefitting less from
extension services is seen in many studies in Africa. For farmers in northern Ghana, researchers
explain that men have better access to climate information and extension services which is a
factor in adaptive capacity (Abdul-Razak and Kruse, 2017). For farming communities in
northeast Ethiopia, Ayele et al. (2024) found that access to extension services influenced the
climate adaptation choices of male and female household heads differently: for women, receiving
extension services was shown to significantly impact choices over income diversification. In
eastern Ethiopia, female-headed agricultural households were found to be more vulnerable to
climate change disasters than male-headed households because they had less access to extension
services (Maja et al., 2023). In Malawi, a baseline survey of farmers in the study area found that
a “statistically higher percent of men” stated that they had access to extension services in the past
five years, and found that “men were more likely to chat with village leaders and extension
agents” (Kerr, et al, 2023). Research by Mangheni et al. (2019) found that for farmers in
Sub-Saharan Africa access to extension services were mediated by gender norms, which reduces
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the benefits to women who are not able to fully utilize the extension services to adapt to climate
change.

Examples of extension programs that successfully serve women and female-headed
households exist in the literature as well. In a published study of farmers in eastern Africa by
Murage et al. (2015), extension services were observed to be an important factor in the adoption
of climate-smart agriculture. In this study, a larger proportion of female farmers than male
farmers reported benefiting from extension services for agricultural information (Murage et al.,
2015). Reflecting on much published academic literature, Lebel et al. (2014) write that the
observed pattern of men in Africa and South Asia receiving more information from extension
services was not occurring in Northern Thailand. Their research suggests that local context
matters and that there are multiple factors beyond gender that contribute to differences in climate
change vulnerability (Lebel et al., 2014).

As mentioned earlier in the discussion of financial resources, quantitative analysis of
farming households in northern Togo found that access to agricultural credit and extension
services, controlling for the gender of the household head, is a statistically significant factor in
determining the number of adaptation strategies adopted by the farming households (Ali, 2021).
Using similar methods to analyze data from farming households in Bangladesh, Anik et al.
(2021) similarly found that access to extension services is a statistically significant indicator for
climate adaptation strategies.

Income Diversification and Alternative Livelihoods

Income diversification and alternative livelihoods are identified in the academic literature
as methods of increasing household incomes and for making household incomes less sensitive to
specific climate risks. Increasing income diversification or helping households explore
alternative livelihoods is often linked to an improvement in climate change vulnerability
outcomes in smallholder communities.

Both female-headed households and male-headed households stand to benefit from a
diversification of household income streams and increases in household incomes. And the
literature includes examples from both small scale fisheries and from agriculture.

Research in southern India by Sreya et al. (2021) suggests that livelihood diversification
outside the small-scale fisheries sector is important for making both male-headed and
female-headed households less vulnerable to extreme climatic events. Similarly, Godden (2013)
describes in a textbook chapter about gender and fisheries in Lobitos, Peru an example of three
women who adapted to declining fisheries revenues by transitioning from being unpaid “ama de
casa” (or “female household manager”) to operating small restaurants out of their homes. The
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author suggests that the outcome of this alternative source of income is a shift in “household’s
patriarchal foundation” (Godden, 2013).

Similar correlations between climate change vulnerability and income diversification is
observed in the agricultural sector. In a study in northern Ghana, male farmers were observed to
have a higher diversity of income which was a factor in adaptive capacity (Abdul-Razak and
Kruse, 2017). And, as described in the section on extension services, Ayele et al. (2024) found
that for farmers in northeast Ethiopia, women and female-headed households were more likely to
diversify their income sources when they had access to agricultural extension services. In that
study, female-headed households were observed to be pursuing income diversification strategies
by supplementing their income through off-farm jobs under drought conditions including petty
trading and producing and selling traditional drinks. This income increased the women’s
resilience and adaptive capacity. By comparison, male-headed households more often choose
agricultural diversification (e.g. drought-tolerant seeds) (Ayele et al., 2024).

In a study of agricultural communities in Bihar, India, Agarwal et al. (2022) identified
labour out-migration as “an important and often-adopted strategy to diversity household
livelihood portfolios....” But the availability of this option depends on gender. In India, men are
more able to out-migrate than women for opportunities of additional income. This leaves the
women to take on agricultural duties on top of their household responsibilities, and doing so in
situations where the environmental conditions are more challenging or degraded or sub-optimal
— the cause for out-migration in the first place (Agarwal et al., 2022).

Kom et al. (2022) use a multinomial logit regression model to analyze data from farm
households in Vhembe District, South Africa. They found that “off-farm income” was a
statistically significant indicator of climate change adaptation, which they measure using changes
in farming practices (Kom et al., 2022).

Land Tenure / Property Rights / Control of Assets

The literature concerning climate change vulnerability in smallholder communities
contains many descriptions of the importance of land tenure, property rights, and control over
productive assets — including farming equipment and farmlands — for rural households.
Insecure land tenure is typically correlated with worse climate change vulnerability outcomes.
Because land tenure is associated with farming, the literature surrounding this topic
predominantly concerns agricultural households. By contrast, artisanal and subsistence fishers
who fish in open access fisheries are not required to own or rent the areas where they make their
living. However, it would be possible to extend the concepts from the ownership of productive
assets to fisheries where ownership of fishing vessels and fishing gears does matter.
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The pattern observed in the literature for the gender dimensions of land tenure and the
control of productive assets is that women and female-headed households usually have less
control over productive assets and can face significant barriers to property ownership that may
not be faced by male-headed households. This inequality over land tenure is associated with
relatively worse climate change vulnerabilities for female-headed households.

In their research into farming communities in Bihar, India, Agarwal et al. (2022) cite
studies that poverty, gender inequality, and insecure land rights are reasons for climate change
vulnerability. Similarly, Maja et al. (2023) found that female-headed agricultural households in
eastern Ethiopia are more vulnerable to climate change disasters than male-headed households
because they had lower rates of ownership of livestock and farmland. In the Lampung district of
Nepal, Poudel et al. (2020) observed that female-headed households have a lower adaptive
capacity because they experience a higher percentage of landlessness than male-headed
households.

Insecure land tenure can have knock-on effects on other factors of climate change
vulnerability that can compound the relatively worse vulnerability outcomes for female-headed
farming households. In their research in the Congo Basin, Molua et al. (2023) found that the
insecure land tenures of rural women can be an obstacle to improving agricultural productivity
and increasing incomes. Insecure tenure also poses a challenge to women by preventing access to
credit or membership in agricultural associations (Molua et al., 2023).

The relatively insecure position of female-headed households can be more acute in
societies where strong cultural norms work, such as “patriarchal land inheritance practices,”
work to strictly prohibit women from owning land and farming (Azong and Kelso, 2021).
Research conducted in the Bamenda Highlands region of Cameroon observed “patriarchal rural
communities” where the lack of access to and control over productive resources worsens
women’s challenge in coping with climate change. In the study area, women are excluded from
access to and control over “land, farm inputs, training opportunities, job opportunities and
income benefits” even though the same women are providing “much of the agricultural
productive labour.” The patriarchal cultural norms concerning the land inheritance “favor male
household members” which contributes to unequal distribution of land and women’s limited
control of land (Azong and Kelso, 2021). One interviewee who spoke with the researchers cited
the lack of control over land as a discouragement from investing in fertilisers to enhance farming
productivity and to respond to climate change. (Azong and Kelso, 2021)

If female smallholder farmers are unable to secure land tenure, it reduces their capacity to
adjust to climate variability and increases their food insecurity. Antwi (2024) observed that
female farmers in Ghana who do not have secure land tenure consequently have less farming
experience. Antwi-Agyei et al. (2015) cite additional evidence from Ghana for this negative
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impact on food insecurity, noting that studies estimate that “women contributed to over 70% of
food production and over 85% of food distribution” in Africa. The authors also report that almost
half of the respondents in their study describe complex land tenure systems as a hindrance to
climate adaptation. Most of these respondents who describe this hindrance are female farmers;
by comparison, few male farmers mentioned it (Antwi-Agyei et al., 2015). They also found that
gendered customs around land tenure can constrain the ability of women to implement climate
change adaptation measures. In their study area of the Bongo district of Ghana, women are not
allowed to own land according to village customs. Female farmers have less tenure security
which constrains their ability to use land as collateral for credit to implement adaptation
practices. This is especially challenging when women are divorced or widowed where land is
passed down only to male heirs (sons) (Antwi-Agyei et al., 2015).

Migration

Globally, women make up half of all migrants. However, in small-holder communities,
men are the primary migrants as men migrating is more culturally acceptable in many places,
such as India and Nigeria (Akinsemolu and Olukoya, 2020; Agarwal et al., 2022). For example,
in Ondo, Nigeria, women are less able to out-migrate, even when faced with sudden climate
events (Akinsemolu and Olukoya, 2020). The negative impact of climate change is one of the
main reasons for men’s out-migration (Nelson, 2010).

In the upper west region of Ghana, most men migrate outside their home region for
seasonal labour for four or more months each year due to climate change, limited land, and
poverty (Nyantakyi-Frimpong, 2021). This pattern is seen in many parts of the world. However,
the out-migration of men overburdens women with agricultural activities in addition to their
household responsibilities, which leads to deteriorating farm production and poorer well-being of
women (Agarwal et al., 2022; Dah-gbeto and Villamor, 2016; Dilshad, et al. 2018; Maharjan et
al., 2020; Nelson 2010; Nyantakyi-Frimpong, 2021). In many areas of the world, women have
less access to key livelihood resources, further exposing them to climate risks (Nelson, 2010). In
addition, the out-migration of men also leads to women taking on traditional male roles and
increases the number of female-headed households (Nelson, 2010; Poudel et al., 2020).

In some cases, being a migrant also exposes the migrant themselves to more climate
risks. Antwi-Agyei et al. (2015) found that migrant farmers in resilient communities and female
farmers in vulnerable communities typically have weaker land tenure rights and are less able to
implement climate adaptation strategies, such as agro-forestry in sub-Saharan Africa.

On the other hand, women’s out-migration is limited by their home-caring activities, social
norms, and marital status (N-yanbini et al., 2024; Yiridomoh et al., 2021).

However, there is evidence for women out-migrating, sometimes due to displacement by
large industrialized factories. In some Asian countries, women make up the majority of migrants.
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The trend of women's out-migration is increasing as climate change progresses (Weeratunge et
al., 2010). According to Maharjan et al. (2020), internal migration of women is positively
correlated with agricultural land contraction in Chitwan, Nuwakot, and Lamjung, Nepal.
However, this pattern is not observed for internal migration of men. This phenomenon is due to
the workforce left behind when each gender migrates — when men migrate, women are often left
behind to continue doing farm work, whereas only elderly people, who are less productive, are
left behind when women migrate. No significant correlation was found for either gender when it
comes to international migration.

Seasonal migration in fishing communities is also contributing to the prevalence of the
spread of HIV/AIDS, particularly in southern Africa. When women travel to remote fishing
camps, they sometimes develop sexual relationships with male fishers to guarantee their access
to fish (Weeratunge et al., 2010).

In addition to the downsides of local out-migration, international out-migration also
stresses families left behind financially as they often have to take out loans to send the migrant
worker abroad. Economically poor families become even more vulnerable after taking out loans
to send their family abroad (Dilshad et al., 2018).

Agarwal et al. (2021), through a case study in Bihar, India, found that men are less likely
to migrate when women are educated. Climate mitigation strategies at the farm level also help
reduce male out-migration.

Poverty level

Poverty level is one of the principal reasons for climate change vulnerability (Agarwal et
al., 2021; Dilshad et al., 2018). Although poverty affects both genders negatively, the
intersectionality between being female and having low-income levels has been shown to place
poor women in an especially disadvantaged position when it comes to climate change.

Women generally have higher poverty levels, which makes them less able to adapt to and
more vulnerable to climate change. Poverty prevents women from adapting to climate change in
many ways. For example, poverty limits women’s ability to invest in new opportunities, such as
better fishing equipment. As a result, women are forced to focus on short-term and subsistence
livelihoods that are less adaptable, leading to higher vulnerability to climate change (Akinsemolu
and Olukoya, 2020; Adzawla et al., 2019; Axelrod et al., 2022; Graziano et al., 2018; Khoza et
al., 2019; Nelson, 2010; Poudel et al., 2020; Ayele et al., 2024).

In addition, poverty means higher dependence on natural resources and ecosystem
services (Graziano et al., 2018; Limuwa and Synnevég, 2018; Maja et al., 2023). As climate
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change progresses, biodiversity loss accelerates, cutting women’s sources of income and
increasing their vulnerability (Molua et al., 2023; Sreya et al., 2021; Swai et al., 2012).

Further, poverty levels affect women on the intra-household level as well. When climate
disasters hit, poor families experience loss. Under these extreme conditions, women are found to
prioritize their husbands, leading to intra-household consumption disparities. These disparities
eventually lead to the deterioration of women’s health, hence exposing them to greater climate
risks (Dilshad et al., 2018; Akinsemolu and Olukoya, 2020).

Moreover, poverty prevents poor women from gaining memberships in formal
organizations, limiting their access to information and less productivity. Weeratunge et al. (2010)
have found that women who are not in formal organizations catch and sell less fish. This
vulnerability is compounded by climate change, which reduces fish stock in many parts of the
world and subsequently reduces processing and vending opportunities, which are traditionally
women’s roles, resulting in significant income drops for women (Sreya et al., 2021).

Cultural norms and beliefs

Cultural norms and beliefs (such as patriarchy and gender discrimination) work against
women, intensifying their exposure to climate change impacts and diminishing their adaptive
capacities to climate change (Adzawla et al., 2019; Nelson, 2010; Maja et al., 2023; Sreya et al.,
2021; Akinsemolu et al., 2020; Anik et al., 2021; Antwi-Agyei et al., 2015; Call and Sellers,
2019; Dilshad et al., 2018; Jerneck, 2018; Lebel, 2014). Women in coastal regions in developing
countries face heightened climate change risks due to their location and socioeconomic
limitations (Akinsemolu and Olukoya, 2020).

Such norms and beliefs confine women to specific roles and professions, such as
caregivers, placing them in direct contact with the environment, and increasing their exposure to
climate change impacts (Akinsemolu et al. 2020; Azong and Kelso 2021; Chidakwa et al.,2020).
Furthermore, patriarchal norms limit women’s control over materials and financial resources, and
restrict their representation in politics, access to resources and freedom of movement
(Akinsemolu et al., 2020).

In many areas, cultural norms prevent women from owning land, forcing them to rely on
men and resulting in higher vulnerability (Antwi-Agyei et al.. 2015). Patriarchy also controls
women’s access to education and information, further exacerbating their vulnerability
(Akinsemolu and Olukoya, 2020; Mugi-Ngenga et al., 2016). These norms also create barriers
for women to take part in farmers’ organizations and receive extension service, which in turn
limits women’s adaptive capacity. In particular, women’s subordinate status has led to gender
discrimination in decision-making and deprioritization of women in extension offices (Chidakwa
et al., 2020; Mangheni et al., 2019). Societal norms, as a result of patriarchy, also shape women’s
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perception and willingness to use new technologies. Women are found to adopt technology
differently compared to men due to the difference in access and control to resources. For
example, women in Zambia and Uganda are found to adopt more agroforestry practices due to
their role as firewood collectors (Mangheni et al., 2019).

Even within matrilineal societies, despite certain rights, women still experience
patriarchal dominance and similar vulnerabilities as women in patrilineal societies (Azong and
Kelso, 2021).

Notably, despite popular cultural association, women may feel less connected to nature
than men, as exemplified by a study by Graziano et al. (2018) in the Philippines. This challenges
the notion that women are more environmentally virtuous and better positioned to help mitigate
and adapt to climate change.

In the context of small-scale fishing, women’s roles are often overlooked, with
female-dominated activities such as shellfish hand-picking often not considered fishing (Pelage
et al., 2023). In small-scale farming, women participating in agricultural activities are important
for feeding infants and young children. However, these activities are limiting their ability to
engage in child care, which is culturally women’s job. A change in social norms is needed to
engage men in childcare activities to combat climate change effects (Nyantakyi-Frimpong,
2021).

After climate disasters, women are found to experience more health implications due to
gender-based social inequalities, such as Sexual and Gender-Based Violence which leads to
higher rates of diseases and deaths among women. Additionally, girls are found to be more likely
to drop out to help with domestic chores compared to boys after climate disasters, which
interferes with girls’ future outlook. The destruction of health facilities by climate disasters also
increases women’s risk of maternal death (Akinsemolu and Olukoya, 2020).

Climate change also affects women’s health and survival in other ways. For example, in
many communities where women are already primarily tasked with fetching water, they will
have to spend more time on this task due to sea level rise and salinization caused by climate
change, further burdening them and harming their health. Women will also likely have to walk

further distances to obtain clean water, increasing their vulnerability to rape (Akinsemolu and
Olukoya, 2020).

Although cultural norms affect women more, men are also negatively impacted — men are
expected to be economic providers for families, which burdens them with more responsibilities
(Akinsemolu and Olukoya, 2020).
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On the bright side, gender roles often shift according to different stressors — climate or
nonclimate. For example, livelihoods on the Hawaiian islands are becoming less gendered as the
economy shifts from subsistence to cash. Similarly, women in South Africa are increasingly
participating in income generating activities because of shifts in HIV/AIDs, poverty,
unemployment, and climate change. This opens the door to greater economic opportunities and
decision-making power for women (Nelson, 2010). In coastal Peru, new opportunities are
present for women to receive education, develop their own businesses, and earn more money
(Godden, 2013).

RECOMMENDATIONS FOR IMPROVING RARE’S CCVA

Of the key results that emerged from the literature review, our client has expressed most
interest in the following themes: decision-making, non-fisheries roles, migration, land tenure,
and perceptions of climate change. For these themes, our client has requested that we provide
guidance for improving Rare’s Climate Change Vulnerability Assessment based on the
best-practices we have observed from the literature and from our close examination of Rare’s
existing CCVA data collection.

For the themes of decision-making and non-fisheries roles, specifically, our client has
requested we provide guidance on data analysis techniques that can be used to better understand
the data that Rare is already collecting through its household surveys. For the themes of land
tenure, perceptions of climate change, and migration, Rare is not currently collecting this data
through their household surveys and has requested guidance on how best to incorporate these
important new themes into their current data collection systems.

Data Analysis for Decision Making and Non-Fisheries Roles

Examples from the Academic Literature

Our literature review brought to our attention several studies that incorporated
quantitative analysis methods for understanding the gender dimensions of household decision
making. All of these studies discussed here were concerned with agricultural households, so the
model specifications will need to be adapted for use in fisheries communities.

Many of these studies frame the climate change adaptation outcomes as choices that are
made by households. These choices serve as the binary outcome variable and a variety of
relevant household characteristics and farming characteristics are used as explanatory variables.
These models often use logistic regression analysis — probit and logit models — in order to
analyze the marginal effects of the explanatory variables of interest on households choices
concerning climate change adaptation behaviors (Kom et al., 2022; Maja et al., 2023; Van Aelst
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and Holvoet, 2018). One of the studies counts the number of adaptation strategies chosen rather
than using a binary outcome variable. For this count data model, the researcher utilized a Poisson
regression (Ali, 2021).

Kom et al. (2022) and Maja et al. (2023) utilize similar logistic analysis frameworks to
examine farming choices the households have pursued that are considered to be climate change
adaptation strategies. For Kom et al. (2023), their study of farming households in South Africa
used the following behaviors as binary outcome variables: mixed crop farming, changing
planting dates, drought-resistant crops, crop diversification, improved variety of crops, and
employing irrigation or furrows. As explanatory variables they use gender, education, farm size,
farmer experience, non-farm income, access to climate information, decreasing rainfall, and high
temperatures. Maja et al. (2023) uses similar binary outcome variables: soil and water
conservation, adjusting planting date, drought tolerant and improved varieties, and crop
diversification. For explanatory variables they use sex of the household head, age, educational
level, family size, agroecology, landholding, livestock, farming experience, market distance,
extension contact, access to information, farm income, and credit.

The key takeaway from these two relatively simple examples of logistic analysis models
is: if Rare can identify climate change adaptation behaviors that can be converted into binary
outcome variables, then it can use logistic regression analysis to examine the factors that
contribute to adaptive behaviors.

The quantitative analysis used by Van Aelst and Holvoet (2018) is more complex. The
researchers were concerned with understanding the role women play in intrahousehold decision
making for adaptation decisions. They use concepts of intrahousehold bargaining and
agricultural technology adoption. Like in the previously discussed analytical studies, a logistic
regression is used to examine the factors that are correlated with households choosing to pursue
adaptation practices for agricultural and livelihood diversification. Unlike the other studies which
model each binary outcome variable separately (e.g., for Maja et al., 2023, the authors have four
separate regression models: one for each of the four outcome variables), Van Aelst and Holvoet
(2018) construct an index that aggregates all of the 18 identified adaptation practices in their data
set. For each selected adaptation practice, a household is given a zero for non-adoption and a 1
for adoption for a minimum score of 0/18 and a maximum score of 18/18. Additionally, the
respondents were asked about who of the spouses made the decision to adopt or to not adopt
each of the 18 adaptation practices. For each of the 18 decisions, the household received a bonus
+1 if the wife was involved in the decision making, either as a part of a joint decision between
the husband and wife or if the wife was solely responsible for the decision. Meanwhile, for each
of the 18 decisions, the household received a penalty of —1 for each decision that was made by
the husband without involving his wife. The scores were then scaled as a percentage from —100
to +100 to construct an index, with a higher index value indicating that the wife is more involved
in intrahousehold decision making. The authors used these thresholds as a rule of thumb: scores
less than 10 meant there was little decision making by the wife; scores from 10—14 indicated a
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“considerable degree of female decision making participation”; scores of 15-18 indicated a “high
degree of female decision making.” The index value was used as the outcome in the regression
analysis. Please refer to Van Aelst and Holvoet (2018) for further details.

The key takeaway from the Van Aelst and Holvoet (2018) study is that analysts can
aggregate multiple decisions about climate change adaptation strategies into one outcome
variable. For this specific study, it was important to have detailed information on who was
making the decisions within the households so as to understand the gender dynamics within a
household.

Ali (2021) provides an example of an alternative to the index method used by Van Aelst
and Holvoet (2018) which is to count the number of adopted climate adaptation strategies
pursued by each household. The analysis used a zero-inflated Poisson regression for examining
choices around climate-smart practices in subsistence agriculture in northern Togo. Again, the
researcher had identified a set of farming behaviors that were considered to be climate adaptation
strategies and used the following explanatory variables: location, age, marital status, education,
farming experience, family size, cultivated land, labor, access to extension services, access to
electricity, access to farming credit, gender.

The key takeaway from the Ali (2021) study is that Poisson regressions can be used if the
outcome variables are counts rather than binary outcomes. This might be a simpler method for
aggregating choices concerning adaptation decision making than the index used by Van Aelst
and Holvoet (2018), and does not utilize the same amount of granular detail about the gender of
the decision maker.

Potential Options for Rare

The first step for Rare would be to identify variables from their household surveys that
can be used as outcome variables for regression analysis. One possible outcome variable could
be the number of income streams for a household, as our literature review has shown that income
diversification is associated with climate change vulnerability. This might be used in a count
model, such as a Poisson regression model. Or it could be transformed into a percent of income
derived from the fishery and the percent of income derived from all non-fishery sources. The
data analyst might consider using household data to compare fishing households and non-fishing
households (i.e. using fishing household as a binary explanatory variable), potentially as a fixed
effect if panel data is available.

Other potential outcome variables from the household survey that could be used in a
choice model are the choices over savings and loan mechanisms (i.e. savings club membership),
choice over insurance, and choices over fisheries roles within the household. Data points on
choices to participate in management meetings, management leadership, or involvement in
monitoring, control, and surveillance (MCS) activities could also be used as an outcome variable
in choice or linear models.
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Interesting explanatory variables, beyond basic household data fisheries data, might
include responses from Q91 that is concerned with who in the household is making financial
decisions. This variable might be useful as a proxy for the data used by Van Aelst and Holvoet
(2018) in their analysis of intrahousehold decision making. Specifically, this could be used in
analysis concerning adaptation behaviors tied directly to financial choices such as savings club
membership and insurance. Data on the gender of the financial account holder might similarly be
utilized in this analysis. This variable could be simplified to a binary, for example: 0 if male-only
and 1 if joint or female-only.

The data analysis team might also consider using responses from Q6 — the household
role of the survey respondent — for analyzing the variances in perceptions between different
household members across a community.

Understanding Perceptions of Climate Change in SSF:

Examples from the Academic Literature

Perceptions of climate change can be a vital indicator when it comes to climate change
vulnerability. It should come as no surprise that the more informed people are about climate
change, the easier it is to adapt to it. Assessing a community's level of understanding surrounding
climate change can serve as an important guideline for their abilities to interpret what is
happening and their capabilities of preparing for climactic events like natural disasters, droughts,
or floods. Our literature review brought to light several studies that ask community members
about their perceptions of climate change. In fact, one study even described that

“The collection of data was, therefore, made participatory to the highest level as
a core element of ethnographic methodology. Researchers lived with the study
participants and recorded their daily activities in order to understudy their
perception, experiences and adaptation to climate change” (N-yanbini et al.,
2024).

Of course, this seems like a somewhat labor intensive technique, although very thorough.
Two studies ended up standing out for their questions about perceptions of climate change:
Vulnerability to multiple stressors in coastal communities: A study of the Andaman coast of
Thailand (Bennett et al., 2015) and Wading past assumptions: Gender dimensions of climate
change adaptation in coastal communities of the Philippines (Graziano et al., 2018).

The Bennett article started with an interview and from there the questions were
developed to ask the community. This article also used a rating technique where the participants
were asked to rate the severity of what they were experiencing from 1-5. To begin, the topics that
were asked about in the Bennett et al. article were:
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Changes in rainy and dry seasons or changing rainfall patterns
Coral bleaching

Increased freshwater in mangrove areas making water less salty
Rising sea levels compared to the past

Salt water coming up in drinking water or agricultural water sources
Coastal or beach erosion

Flooding

Increasing of sediments in the water

Overfishing

Increased garbage in the ocean

Landslides

More pollution in the ocean

Unfortunately, the actual questions and surveys were not included in the study. From the
results, a chi-square was performed to disaggregate gender and other factors.

The Graziano article gets more detailed about the perceptions of climate change:

Table 1
Dependent variables and associated survey questions.

Dependent Variable Question
1 Closeness to nature Please circle the picture that best describes your relationship with the marine environment (see Fig. 2}
2 Conservation Beliefs 9 Question conservation belief scale (refer to text below)
3 Risk Perception (1) Do you feel that your assets (house, boat, crops, livestock, land) are presently at risk to the following events ...

(2) Do you feel that your livelihood/occupation are presently at risk to the following events ...
... Flooding, coastal erosion, ocean tides, coral bleaching, and overfishing.
4 Coastal Resource Perception In the last five years, have coral reef conditions ...
In the last five years, have mangrove conditions ...
... (1) gotten much worse (2) a little worse (3) not changed (4) improved a little or (5) improved a lot?

5 Coastal Ecosystem Resource Benefits (1) What value do coral reefs have for you and your community?
(2) What value do mangroves have for you and your community?
6 Climate Change Awareness Have you heard of climate change or global warming?
7  Climate Change Observation What changes in weather have you observed in your village over the past thirty years?
8  Climate Change Training Have you participated in activities that raise public awareness about the condition of the ocean and/or climate change? (i.e., media

campaigns, videos, presentations)?
Is there a mangrove planting program in this area?
Have you been involved in mangrove planting projects?
9 Climate Change Adaptation Planning Do you, your community, or your municipal government have a plan to cope with climate change events (i.e. flooding, coastal erosion,
etc.)?

Graziano et al., 2018

Question 4.1 expanded:

In the last five years, coral reef conditions have:
1) gotten much worse,

2) a little worse,

3) not changed,

4) improved a little or,

5) improved a lot?
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Question 4.2 expanded:

In the last five years, have mangrove conditions:
1) gotten much worse,

2) a little worse,

3) not changed,

4) improved a little or,

5) improved a lot?

Question 5.1 expanded:

What value do coral reefs have for you and your community?
a) Fish nurseries/supporting fisheries

b) Building material

c) Protection from waves

d) Tourism

e) Natural habitat

Question 5.2 expanded:

What value do mangroves have for you and your community?
a) Fish nurseries/supporting fisheries \

b) Firewood

c¢) Building material

d) Protection from flooding and other natural disaster

e) Tourism

f) Natural habitat

Question 7 expanded:

What changes in weather have you observed in your village over the past thirty years?

(a) Rainfall

(b) Coral Bleaching

(c) Temperature

(d) Storms/Cyclones

(e) Wind

(f) Waves

Observed weather changes were circled as they were mentioned, or written in if they did not fall
under a prepared category

Potential Options for Rare

Both of these examples rely on asking participants to gauge their observations of their
changing environment, using their answers as an indicator for their level of perception of climate
change. A community member does not necessarily need to know what climate change is to
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understand or witness its effects. These questions could be retained from interviews beforehand
to understand what the community may be most severely impacted by, or they could be
researched beforehand. However, one thing is clear, these questions have to be highly specific to
that community's region, ecosystem, and experience. To fine tune it even further making it 1)
ecologically precise 2) temporally anchored and 3) behaviorally linked or revealing may help in
the effectiveness of these questions. Some examples of questions targeting these three things
include:

1. In the past 5 years, how many times has saltwater intruded into your freshwater wells
during dry seasons?

2. Compared to 10 years ago, are monsoon start dates now earlier, later, or unpredictable?

3. When coral bleaching occurs, do you shift fishing locations, target different species, or
stop fishing entirely?

4. Rank these climate impacts by severity: (a) mangrove death, (b) algae blooms, (c)
typhoon frequency (for example)

5. In the past three years, how often have you had to repair fishing gear due to
stronger-than-normal waves or storms?

(1) Never,

(2) 1-2 times/year,

(3) 3-5 times/year,

(4) More than 5 times/year.

Overall, these questions are possible and hinge on the specificity, relatability, and impact
climate change may be present in communities lives, even if the formal label of “climate change”
has not been introduced.

Examining Land Tenure, Property Rights, and Control of Productive Assets

Examples from the Academic Literature

Land tenure, property rights, and the control of productive assets are considered to be
important indicators of climate change vulnerability and also statistically significant explanatory
variables for household decision making around climate change adaptation strategies. Our
literature review surfaced three clear examples of data collection methods and data analysis
methods concerning this topic.

The first method is to ask households directly about their perception of the effect of land

tenure on their adaptive capacity. Antwi-Agyei et al. (2015) surveyed two communities in Ghana
and asked whether they considered land tenure to be a barrier to climate change adaptation. They
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disaggregated the responses by region, gender, and by “indigenous” and “migrant” groups. An
advantage of this survey design is that it could be coupled with research into the climate change
vulnerability of migrants. Their results are reproduced here.

Table 2: Number of famers reporting complex land tenure as a barrier for climate change adaptation

Location of farmer Land tenure as a barrier to climate change adaptation
Yes No
Within Ejura Indigenous Male 1 55
Sekyedumase district Female 4 33
Migrant Male 15 7
Female 17 3
Indigenous Male 7 65
Within Bongo district Female 54 9
Migrant Male 0 0
Female 0 0
Total 98 172

Source: Antwi-Agyei et al. (2015)

A second method is to ask households how they obtained their home or their farmland.
Research by Antwi (2024) collected gender disaggregated data for male and female smallholder
farmers and asked each farmer if they (a) inherited their land, (b) rented their land, or (¢)
purchased their land. These data points on land ownership were compared with different
agricultural climate adaptation behaviors such as crop diversification, mixed farming, crop
rotation, etc. The author observes the pattern that “both male and female farmers with inherited
farmland tenure systems use crop diversification, crop rotation, and intercropping more on their
farms than those with rented and purchased farmlands,” which the author considers to be
agricultural risk mitigation strategies (Antwi, 2024).

A third approach is to gather continuous data on the amount of land and the amount of
productive assets owned by a household. Maja et al. (2023) utilized ownership of livestock and
ownership of farmland in their quantitative analysis. They collected continuous data for “tropical
livestock units” and hectares of farmland and utilized these as explanatory variables in their
choice models for climate change adaptation strategies (as discussed earlier in this section).
Question 23 in Rare’s Household Survey, which asks about fishing vessel ownership, could be
used analogously to the livestock ownership variable in Maja et al. (2023).

Potential Options for Rare

Rare already gathers information on fishing vessel ownership (Q23), which is a good
starting point for understanding the control of productive assets. This can be paired with the
information on the gender of the household head. Or Rare could directly ask if the owner of the
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fishing vessel was male or female. This, however, could get complicated when trying to factor in

joint ownership, renting, or other forms of ownership.

Similarly, Rare is collecting binary information on the ownership of other productive
assets (Q26) such as boat engines, bicycles, and motor vehicles. Rare could ask follow up
questions to understand if male and female household members have equal access to each of the
owned household assets. Q26 could be modified to incorporate some of the data collection

features of the financial accounts survey question (Q27). This could look as follows:

Who has Access to the asset?

Please indicate the
number of the
following items that
are owned in the
previous 12 months
by the household. If
the item is not
owned, please
additionally indicate
whether you would
consider the item

of value (yes/no).

Asset Number | Yes/ |Female |Male Non-Binary
Owned | No
1. Radio/ - Yes / 0 0 0
Stereo / No
CD
Player...
2. TV -— Yes / 0 0 0
No

Adapted from Rare’s Household Surveys?

Rare could also directly adopt the questions from Antwi (2024) and Antwi-Agyei et al.
(2015). The land ownership question could be adapted to incorporate non-ownership or
quasi-legal or non-legal land usage. And Rare could choose to ask about home ownership,
farmland ownership, or both. These could take the form of:

Question: Did your household inherit, rent, or purchase your house and lot?
Responses: (a) Inherited; (b) Rent; (c) Purchased; (d) Communal land; (e) No

legal property rights

Question: Did your household inherit, rent, or purchase your farmland or

agricultural land?

Responses: (a) Inherited; (b) Rent; (c) Purchased; (d) Communal land; (e) No

legal property rights

2 https://portal.rare.org/wp-content/uploads/2023/11/DDM_Global Household-Surveys 2022 pdf
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Question: Do you think it is harder to prepare for climate change or extreme
weather if it is difficult to own land or secure land tenure? (Yes / No)
Disaggregate these responses using the gender of the survey respondent and
whether the respondent is from a fishing household or a non-fishing household.

Examining Migration

Examples from the Academic Literature

Migrants and their family members experience climate change differently compared to
non-migrants. Therefore, it is vital to understand how migration works and to measure migration
for the communities Rare serves.

Several articles in our literature review have useful information on this matter:

Agarwal et al. (2022) measures Migration using the following logistic regression model:
Migration,. = f(Adopter,.. Agey., Female Literacyys, X)

Source: Agarwal et al. (2022)

In the equation, migration is a binary variable, denoting if the interviewee is a migrant.
Migration is then calculated as a function of adopter (whether or not the household adopts a
climate adaptation strategy), age (the age of the interviewee), female literacy (women’s
education attainment in the household), and X (other variables: household size, land size,
knowledge index, Other Backward Classes and Scheduled Castes/Scheduled Tribes).

This paper aims to measure the relationship between adoption of climate smart
agricultural practices and male out-migration in India, hence including ‘“adopter” as one of the
variables.

Another paper, Maharjan et al. (2020), treats migration as 4 different independent
variables: male internal migration, male international migration, female internal migration, and
female international migration. These variables are then plugged into a logistic regression model
to calculate the relationship between agricultural land use change and outmigration in Nepal.
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Table 5
Descriptive statistics of variables. The results of the regression analysis showed
the influence of some important factors on the contraction of agricultural land

(Table 6).
Main Variable Mean Standard Min Max
dimension value deviation

Dependent variable

Contraction of agricultural land (D,) 0.79 0.41 0 1

Independent variables

Socioeconomic Education (X;) 13.42 6.32 1.3 37.3
Male internal 19.49 12.10 0 57
migration (X»)
Male international 18.08 10.59 1 45
migration (X3)
Female internal 12.38 8.19 0 36
migration (X,)
Female 1.89 1.36 0 8
international
migration (Xs)
Population density 307.31 304.11 10 2122
(Xs)

Physical Slope (X7) 19.17 8.85 0.5 334
Aspect (Xg) 184.2 32.85 93 258
Ecological zone 0.77 0.42 0 1
(D2)

Climatic Precipitation (Xg) 1930.32 582.39 407 2922
Temperature (Xqg) 23.55 5.10 3.4 29

Source: Maharjan et al. (2020)

Another paper by Bennett et al. (2015) measures coastal communities’ stressors by
conducting interviews that aim to capture the perceived level of impact of each stressor on the
different households in the community. The interviewees were asked about themselves and their
household. The interviewees were then instructed to rate each stressor based on how much
impact they experience from each stressor, from 1 (no impact) to 5 (very high level of impact)
and 6 (don’t know). Below are the description of stressors and the breakdown of modeled impact
of community, household, and individual characteristics on the perception of each stressor. The
upward arrows indicate a positive relationship between the predictor and the stressor, and the
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downward arrows indicate a negative relationship between the two. Community level data is

calculated as the mean of all households in a given community.

Vulnerability to Multiple Stressors 10

Table 2 - Qualitative descriptions of stressors that communities are exposed to including sphere, category, and scale

Sphere | Category Stressor (as coded and used in survey) Scale of Driver ipti
Socio- Economic | Declings in the price that you can sell fish National Fish prices fuctuate at markets in nearby cities but prices to local fishers are often steady or declining.
Econo Nobody wants to buy the product T am selling Local to Global Market demand for Tivelihood products - ag Tisheries. tourism - declines and people cannot sell products.
mic The price of rubber declining Global The price of rubber is declining after a historic high and period of heavy investment in the industry, which for many has led to significant
household debt
The rising price of supplies needed to do my National o Global | The price of agricultural (fertilizers), fisheries (gear). and tourism (building supplics) inputs is steadily increasing,
livelihoods
The increasing price of gas Global The price of gas has been steadily rising over the last couple of decades due to global price increasing, leading to higher travel costs to mainland,
market, and for fishing.
Rising cost of living Local to Global "The price of houschold needs, including food. is increasing. At the same time local desires for material goods is on the risc.
Increasing levels of houschold debt Local to Global Related to all of the previous economic stressors — economic gains (incomes) are not keeping pace with outputs tures).
Social More people moving into the area Regional to Global | Economic opportunities in Thailand are leading to significant regional in-migration of labor and localized in-migration of people. The first is
leading to ready supplies of cheap labor, ing reliance on local labor. The second is driving prices up.
Health problems of members of your houschold TCocal Tndividuals with health issues in the houschold are likely unemployed and financially dependent
Governan Commercial fishers coming into inshore waters National to Global Commercial trawlers, squid boats, and seiners fish within the 3000 meter limit reserved for small-scale fishers. Enforcement is limited or non-
ce and (within 3000 meters) existent.
Conflict | Conflict with other small-scale fisheries or fishers | Local and regional | Small-scale fishers from different communities or using different gears come into conflict with each other due to gear loss, gear damage, or gear
theft. Spatial limits. when in place. are not enforce
Exclusion from doing livelihoods in certain arcas Local to Global Fishers, gleaners, and others are disallowed (0 enter o harvest in areas where there are resorts or that are used by national and international
because of tourism industry fourists
Trawlers taking or destroving my gears National ‘Commercial trawlers fishing inshore can snag and destroy fishing gears. including traps and set nets.
Destructive and or illegal fishing practices Local Local norms and values and providing illegal gears can lead to destructive or illegal practices.
Geiting arrested when traveling across the border to | National (o Less fish in Thai waters can lead fishers to risk fishing on the Burmese side of the border leading to arrests by the Burmese navy.
fish Regional
Gear or boat being taken when traveling across the National to Same as above. Burmese officials extort money and gear from fishers on the water or hold boats for payment after releasing those arrested.
border to fish Regional
Conflict within the community Local to National Tnternal divisions - familial, historical, leadership — and conflicts with district governance structures (i.¢.. tambon administration office) created by
national government.
Conflict with other i Local to National __|_Conflicts with other can be over land enct fisheries. or district governance,
Corruption in Thailand Local to National Perceptions of corruption included with individuals, sectors, or levels of government - effects individuals (property destruction or loss),
(infrastructure). and sectors (small-scale fisheries)
Land encroachment in the arca Local to Regional _|_Outside business and local people encroach into public and private land for ag and tourism purposes.
National government policics National National government creates policies that negatively impact fisherics (rights, gear restrictions), tourism (focus on large-scale dev.), and
agricultural (reducing subsidies. focus on single crop - rubber) development
The national park Local to National and of national park impacts fishers” livelihoods and loss of land for livelihoods.
The change of national governments National Leadership changes lead to unrest and leads to declines in tourists and ineffective governance
Biophysi | Climate | Extreme weather events such as storms Global There are more storms per year and stronger storms than there used to be.
cal Change Changes in rainy and dry scasons or changing Global Tn the past, dry and rainy seasons used to be more defined — it would only rain in rainy scason, there were few sunny days in dry season. Now
rainfall patterns weather is less predictable making it harder for agriculture (e.g.. can’t grow cashews anymore, rubber tapping) and fisheries (loss of gear in storms
during dry season, more ris]
Coral bleaching Global Tncreased water temperature leads to bleaching and mortality of corals. affecting fisheries and tourism.
Increased freshwater in mangrove arcas making Global Increasing rains and storms, especially during wrong season, lead to mortality of crustaceans and bivalves,
water less salt
Rising sea levels compared to the past Global Sea level is higher than it used 10 be leading (o increased erosion and it is going above current walkways and floors — cause unknown.
Salt water coming up in drinking water or Global Individual households, tourism businesses, and agricultural areas had experienced brackish water in wells or agricultural sources.
agrict ral water sources
Coastal or beach erosion Local to Global Localized removal of mangroves, increases in st and rises in the ocean lead to erosion threatening houses. land. and
Flooding Local to Global Localized flooding caused by outflow from rivers after storms combined with unusually high tides in monsoon scason
Environ- | Increasing of sediments in the waters Local to Regional | Sedimentation in coastal waters stems from agricultural practices, logging, coastal aqua . mangrove erosion, and
‘mental sand/gravel mining in Burmese waters,
Overfishing Local to Regional | Population growth, increasing numbers of fishers, more numerous and cHicient gears, increasing on Vessels, i
vessels coming into inshore waters are leading o overfishing.
Increased garbage in the ocean Local to National Increasing garbage in the ocean from boats, tourists, islands. fishers (gears). and regional cities interferes with tourism and fisheries
Landslide Local Clearing of forests and ons leads o landslides and damage to housing and
More pollution in the ocean Local to Regional | Polluted water coming from boats and regional ports scares the fish away and damages the environment.
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Socio- Economic | Declines in the price that you can sell fish 1+ i g Y=
Econo Nobody wants to buy the product I am selling v "
mic The price of rubber declining
The rising price of supplies needed to do my * =7 B
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Increasing levels of household debt * 1 ) B0 =+ 1
Social More people moving into the area o ) b ‘A 4 B
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Governan | Commercial fishers coming into inshore waters = R ) = -
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fish
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Source: Bennett et al. (2015)

Potential Options for Rare

At the moment, migration is not measured in the household surveys. Here are some
proposed ideas to include migration in the household surveys incorporating our findings from the
literature review.

Under the Basic Information section:
In Question 7: add in another box asking if the person has been:
1. Away from home for less than 3 months
2. Away from home for more than 3 months, but less than 6 months
3. Away from home for more than 6 months, but less than 9 months

4. Away from home for more than 6 months, but less than 12 months
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5. Away from home for more than 12 months
6. Away from home for more than 5 years
7. Home the whole time (no migration)

These boxes are drawn because of the different ways migration is defined -- the United
Nations defines a long-term migrant to be someone who is away for more than a year, and a
short-term migrant to be someone who is away for more than three months but less than a year.
However, other sources, such as Maharjan et al. (2020), define a migrant to be someone who is
away for more than six months based on the Nepal national survey.

Having these different options could help Rare better understand how long someone has
been away and better study the migration patterns. Having this distinction would be especially
helpful when studying areas with both long-term and short-term migration, in order to study how
the duration of migration affects the communities differently.

Also in Question 7: add in another box for:
1. Migrated internationally
2. Migrated domestically

International and domestic migration post different stressors on the migrant’s family
members, and this question would help further understand the migration patterns and how the
communities are affected.

This data can be then plugged into the equation from Agarwal et al. (2022) to obtain a
single migration score for a household, which can then be used to measure the community. Rare
could consider modifying the formula to better suit their mission. For example, foregoing the
variable Adopter to simply the formula. Additionally, X in the formula could include the original
variables, such as household size, but the land size variable could be replaced with the amount of
fishing capital, knowledge index could be replaced with interviewee’s climate change perception,
and the variables on people’s caste or classes can be included or excluded as Rare sees fit.

Rare could then use this data, combined with data collected for understanding the
perceptions of climate change, on land tenure, and on other stressors (e.g. data from ecological
monitoring) to form a table similar to the one by Bennett et al. to better understand how the
different stressors impact households and communities.
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