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Abstract

Evidence on how people adapt to drought frequency and severity is expanding, yet
remains fragmented and insufficiently informative for assessing progress, limits,
equity, and key priorities. Previous global syntheses demonstrate that adaptation is
occurring but provide limited insight into how, where, for whom, and with what risks.
This scoping review addresses these gaps by mapping peer-reviewed evidence on
drought adaptation in the 16 countries that make up the Southern African Devel-
opment Community (SADC) region, one of the few regions globally that exhibits

an observed downward trend in precipitation while encompassing many countries,
making it a valuable case for examining diverse approaches to managing changing
risk. We review 141 studies published since 2020, documenting the geographic, sec-
toral, and thematic distribution of reported drought coping and adaptation strategies.
We discuss the spectrum of adaptation strategies utilized in SADC, identify common
enablers and barriers, assess conditions associated with success, and examine risks
of maladaptation. We also analyze which approaches are described as “transfor-
mative” and the traits they share. Results reveal that studies are concentrated in a
small number of countries, primarily South Africa, Tanzania, and Zimbabwe, and of
the seven broad sectors identified, only two feature prominently: 1) Agriculture, food,
forestry, fibre, and fisheries and 2) Water. There are major gaps in documentation of
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ecosystem-based adaptation and private-sector responses. Adaptation actions are
predominantly individual or community-level, while institutional and governance-
focused strategies, though less common, are more frequently associated with
transformative change. Governance and social capital consistently shape outcomes,
while maladaptation risks often arise from short-term coping strategies that deepen
inequality or erode long-term adaptive capacity. By synthesizing what is known and
not yet documented along with what is labeled transformative, this review provides a
regionally grounded evidence base to support assessments of adaptation progress,
limits, and pathways that avoid leaving vulnerable populations behind.

Introduction

Droughts are increasing in frequency, duration, and severity across many regions of
the world, driven by rising temperatures, altered precipitation patterns, and growing
climate variability [1]. These changes pose increasing risks to key socio-ecological
sectors particularly in the global south, where exposure to climate hazards is high
and adaptive capacity is often constrained. Rain-fed agriculture remains a central
livelihood base for many people globally, especially in low- and middle-income coun-
tries, making drought a critical climate hazard with far-reaching social and economic
consequences [2].The Southern African Development Community (SADC) region is
one such area, characterized by high dependence on climate-sensitive livelihoods,
recurrent drought exposure, and persistent structural constraints related to poverty,
infrastructure, and governance.

Effective and sustained adaptation to drought is therefore essential for reducing
climate risk and advancing climate-resilient development. While drought response and
adaptation have long been practiced by many communities and groups, with varying
degrees of success, a growing body of evidence indicates that households, communi-
ties, and governments are changing their behaviors to account for increased drought
risk. The Intergovernmental Panel on Climate Change (IPCC) has documented wide-
spread implementation of adaptation across sectors, including agriculture, water, health,
ecosystems, and human settlements, while emphasizing persistent limits and growing
risks of maladaptation. These assessments highlight that adaptation is occurring, but
often not at the scale or speed required to manage escalating drought risk [3].

The Global Adaptation Mapping Initiative (GAMI) provides the most comprehen-
sive synthesis of adaptation responses to date, mapping thousands of documented
adaptation actions across regions, sectors, and hazards, inclusive of drought,
through 2019 [4]. GAMI demonstrates that adaptation is widespread, particularly in
food and agriculture systems, while other relevant literature notes that documenta-
tion of adaptation is also increasing [5,6]. However, GAMI focuses on the presence
and type of adaptation actions rather than their implementation, effectiveness, and
enablers. As a result, important questions remain unanswered about how adaptation
strategies work and how maladaptation unfolds over time, particularly in countries
from the SADC region.
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It is unclear which drought adaptation strategies are most commonly used and under which social and economic
conditions these adaptations lead to reduced drought impacts. Additionally, while “transformative adaptation” is increas-
ingly sought after, there is little clarity on which strategies are framed as transformative, how transformation is defined,
or whether such claims are supported by empirical evidence. Finally while maladaptation is widely recognized as a risk,
emerging maladaptive outcomes remain inconsistently documented [7].

Without clearer evidence, it is difficult to assess progress toward climate-resilient development or to inform future
climate risk management. An incomplete understanding of barriers and maladaptation risks may lead to overconfidence in
short-term coping strategies that fail to build long-term resilience. This review addresses these gaps by synthesizing the
recent literature on drought adaptation across sectors. Building on previous global assessments while extending beyond
them, we focus not only on what adaptations are reported, but also on the conditions that shape their adoption.

Specifically, within the SADC region, we aim to:

1. Map reported drought adaptation strategies across sectors, including agriculture, water, livelihoods, health, ecosys-
tems, and human settlements;

2. ldentify common barriers and enablers influencing adaptation adoption and effectiveness;
3. Examine reported maladaptations and underexplored risks; and
4. Explore how transformation is defined, operationalized, and evidenced in the drought adaptation literature.

By synthesizing this evidence, this review seeks to clarify where adaptation is implemented, where it is falling short,
and where critical knowledge gaps remain.

Methods

To address the aims of this review, we conduct a systematic synthesis of the peer-reviewed literature on drought adapta-
tion in the SADC region. The review examines reported adaptation strategies, as well as the conditions influencing their
implementation, documented maladaptations, and claims of transformation. We applied the following inclusion and exclu-
sion criteria to define the scope of the literature included:

The search strategy queried peer reviewed studies published between January 2020-June 2025. These dates were
chosen because the Global Adaptation Mapping Initiative has already documented adaptation through 2019.

A three-step search strategy was utilized in this review. First an initial limited search of Web of Science was
undertaken to identify key words relevant to our search, which were used to develop a full search strategy for Web
of Science, CABI, Africa-Wide Information, Scopus, and Ovid Medline. The search strategy, including all identified
keywords and index terms, was adapted for each database (see S2 Table for search terms for each database). The
reference list of all included sources of evidence was screened for additional studies. Only studies published in
English were included, though a search was conducted to understand the number of papers excluded by this strat-
egy by removing the English language requirement from the search strategy and the output was minimal (<10). Stud-
ies published after 2019 were included as the Global Adaptation Mapping Initiative has previously reviewed evidence
prior to 2020.

Following the search, all identified citations were collated and uploaded into Endnote and duplicates removed. Fol-
lowing a pilot test, which was used to ensure all reviewers were clear on the criteria for inclusion and exclusions, titles
and abstracts were screened by two independent reviewers for assessment against the inclusion criteria for the review.
Inter-rater reliability for the initial screening was 99%. All disagreements were included in the data extraction phase where
a third reviewer made the final decision on inclusion. Sources that met the inclusion criteria (Table 1), were retrieved in full
and the full article with citation details were distributed to reviewers for blinded data extraction, which was completed using
a standardized excel spreadsheet. Any disagreements that arose between the reviewers at each stage of the screening
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Table 1. Inclusion and exclusion criteria for the review.

Include

Exclude

1. The paper is drought related

2. The paper addresses human systems or
human-assisted systems such as farming

3. Specific coping strategies or adaptations are
mentioned to deal with drought

4. Published post-2019

5. The paper presents tangible responses (such
as existing government initiatives, implemented
strategies, etc)

6. White papers not listed in the exclusion criteria
7. Includes one or more countries in the SADC
region, defined as: Angola, Botswana, Comoros,
Democratic Republic of Congo, Eswatini/ Swa-
ziland, Lesotho, Madagascar, Malawi, Mauritius,
Mozambique, Namibia, Seychelles, South Africa,
Tanzania, Zambia, Zimbabwe

1. The paper does not specifically mention drought or synonyms for drought

2. The paper addresses natural systems such as plants or animals

3. The research is solely a vulnerability assessment or impacts-focused

4. Published in or before 2019

5. The paper primarily involves planning, prioritizing, or proposing responses

6. Conference proceedings, media articles, book chapters, grey literature (anything not
peer-reviewed)

7. Does not include a SADC member country

https://doi.org/10.1371/journal.pclm.0000876.t001

and extraction process were resolved through a third reviewer. The results of the search and the study inclusion process

are reported in Fig 1.

Data was extracted from papers included in the scoping review by up to two independent reviewers using a data
extraction tool, which gathered information on adaptation activities and sectoral relevance, barriers and enablers to adap-
tation, possibilities of maladaptation, and evidence of transformation, each of which is defined in S3 Table.

Records identified through database search
(n=2113)

Databases:

Web of Science

—>| caBl

Africa-wide Information
Scopus

=
=
S
©
=
E
=
c
]
3

Records after duplicates removed

(n=1372)

Records screened via title and abstract review
(n=1372)

—>| Studies excluded (n = 1201)

N

Full-text articles assessed for eligibility (n = 171)

5 Response not directly linked to

Studies excluded (n = 30)

drought or insufficient report on

A

Studies included in data extraction and for
synthesis (n = 141)

Fig 1. Prisma flow chart.

drought response (n=28)
Not peer reviewed (n=1)
Outside of the date range (n=1)

https://doi.org/10.1371/journal.pclm.0000876.9001
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A pilot was conducted for data extraction and after 10% of articles had been reviewed, the authors met to discuss nec-
essary clarifications. Revisions, including clarifying terms and deleting frequently unanswerable questions, were made to
the tool at this time and the initial 10% of data was revised accordingly. Table 2 presents a breakdown of the tool’s sec-
toral categories accompanied by a narrative summary.

Results and discussion
Adaptation summary

The thematic shading in Fig 2 corresponds to the relevant sustainable development goal. A reference guide is provided in
S4 Table.

Evidence mapping and gaps
Geographic representation

Country of origin was determined by the study area and/or where interventions took place. When more than one
SADC-region country was included in the study, that study was categorized as “multi-country.” Multi-country does not
include studies that assess one country within SADC and one more countries outside of SADC. As noted in Fig 3,
evidence is concentrated in South Africa, Tanzania, Zimbabwe, and, to a lesser extent, Malawi. Some possible expla-
nations for this are the exposure of drought, strong research capacity, and highly agriculture-dependent economies
making adaptation a priority. These countries have also been the focus of many major donor-supported adaptation
programs and English is widely spoken. The three countries not represented in the evidence, Comoros, Mauritius, and
Seychelles, are all island states with less or more niche agricultural activity and a lower vulnerability to drought. There
is a notable scarcity of multi-country studies; further research of this kind is warranted, as drought risk transcends
national boundaries.

Sectoral representation

Sectoral relevance (Fig 4) was decided by each reviewer using the definitions provided in Table 2 and a “select
all that apply” method. Most (n=87, 62%) papers cover more than one sector and are included in the analysis for
all sectors the paper represents. Evidence is lacking for ecosystem-related adaptation and, to a lesser extent, in

Table 2. Definitions of sectors included in results analysis.

Sector Scope of Adaptation

Agriculture, food, forestry, fibre and fisheries Adaptations related to food systems, agricultural production, agroforestry, fisheries, and liveli-
hood strategies that affect food security

Water Adaptations involving water resources, including hydrology, droughts, floods, sanitation, water
scarcity, and water management or allocation

Poverty, livelihoods, mobility and fragility Adaptations linked to poverty, livelihood resilience, equity, mobility or displacement, and
responses in fragile or conflict-affected context

Human settlements, infrastructure, and industry Adaptations in urban and rural settlements, infrastructure, and industrial systems to enhance

systems climate-resilient development

Health and well-being Adaptations addressing physical or mental health, disease risks, health systems, and the social
factors affecting well-being under climate stress

Terrestrial and freshwater ecosystems Adaptations involving terrestrial habitats and freshwater environments such as forests, grass-
lands, rivers, wetlands, and lakes

Ocean and coastal ecosystems Adaptations focused on marine and coastal systems, including oceans, reefs, estuaries, and
mangroves

https://doi.org/10.1371/journal.pclm.0000876.t002
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Overview of Drought Adaptation in Southern Africa
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Fig 2. Overview of drought adaptation in Southern Africa. Note: lllustrations in Fig 2 are original artwork and do not contain proprietary clip art or

third-party copyrighted images.

https://doi.org/10.1371/journal.pclm.0000876.9002

health and infrastructure. While there is significant amount of agriculture, food, forestry, fiber, finisheries and water
evidence, much of this is concentrated in a few select countries. It is worth noting that some international groups
and non-governmental organizations may be using reports to convey their work, which were excluded from this

review.

In the pages that follow, we will detail the types of adaptation present in the literature, along with barriers and enablers
to these adaptations and risks of maladaptation as presented by the existing literature. These details may not represent
the full scope of adaptation that is happening in the SADC region, but rather what has been studied and published in aca-

demic writing.

Agriculture, food, forestry, fiber, a

nd fisheries

Reference numbers for papers discussing agricul-
ture, food, forestry, fiber, or fisheries*

1,2,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 57, 59, 60,
61, 62, 63, 65, 66, 67, 68, 70, 71, 73, 74, 75, 76, 77, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 104, 106, 107, 109, 110, 111, 112, 114, 115,
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 128, 129, 131, 133, 134, 135, 139, 140

*Reference numbers correspond to the results table in S1 Table

PLOS Climate | https:/doi.org/10.1371/journal.pclm.0000876 August 7, 2026
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# of
Country papers Map of distribution of papers
South Africa 57 Distribution of Evidence on Adaptation: SADC Region
Number of papers
Tanzania 27 0 10 20 30 40 50
Zimbabwe 22
MalaWi 1 1 Democratic Republic of the Congo
1
Zambia 6
Namibia 5
Angola . Comoros
Multi-country 5 0 R i 0
Madagascar 2 Mozambique
Zimbabwe ! Madagascar
22 2
Botswana 2 "
Namibia Botswana
5 2

Democratic Republic of Congo 1
Eswatini / Swaziland 1
Lesotho 1
Mozambique 1 . . ; 2k ic

5 studies that either addressed several countries within SADC or

the SADC region as a whole which are not captured on this map.
Comoros 0

Country boundaries are from Natural Earth
Mauritius 0 (public domain: https://www.naturalearthdata.com/)
Seychelles 0
Total 141

Fig 3. Where is the evidence.

https://doi.org/10.1371/journal.pclm.0000876.9003

What adaptations are being studied?

On the growing side, shifts in crop types, particularly the adoption of drought- and disease-resistant or early-maturing
varieties, were among the most frequently reported strategies. These were often combined with crop diversification,
planting crops with differing water or maturation requirements, intercropping, and crop rotation. Drought-tolerant vari-
eties were consistently associated with higher yields relative to traditional varieties, though this was commonly only
studied during drought years. Diversification of small grains allowed for some production under low-rainfall conditions
when maize failed entirely. In several contexts, these strategies were also linked to improved food access and diet
diversity.

Adjustments to planting practices, including shifting planting dates, staggered or sequential planting, and dry planting,
were commonly reported. While these measures were often associated with improved short-term production outcomes,

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000876 August 7, 2026 7719
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Evidence Distribution by Sector
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Fig 4. Evidence distribution by sector.

https://doi.org/10.1371/journal.pclm.0000876.9004

several studies emphasized temporal limits to drought recovery, noting that repeated shocks may constrain the longer-
term effectiveness of planting adjustments alone [8—13]. Post-harvest adaptations, including improved food storage and
seed banking, were described as contributing to more stable food availability across seasons and reduced vulnerability to
post-harvest losses.

Soil and land management strategies frequently included no or low tillage, mulching, pit planting, and the use of
organic waste and fertilizers, often framed as conservation agriculture or integrated soil fertility management. These
practices were commonly associated with improved crop yields and soil quality indicators and in some cases contrib-
uted to improved food security and dietary diversity. However, several studies noted challenges to sustained adoption,
emphasizing that continued use often declined after extension services or project support ended [13—19]. Agroforestry
systems, including afforestation, woodlots, boundary trees, and fertilizer trees, were commonly perceived as positive
with few drawbacks.

Agriculture-focused water management strategies included investments in irrigation infrastructure, water
harvesting, and water storage. Irrigation was consistently associated with higher and more stable production,
improved household food security, and increased income compared to rain-fed systems. At the same time, the
sustainability of irrigation-based adaptations was frequently linked to maintenance requirements, institutional
support, and farmers’ technical capacity, with some studies noting that benefits diminish where systems are poorly
maintained [15].

Livestock and pastoral adaptations included destocking, use of adaptable breeds, fodder production and preservation,
livestock mobility, herd splitting, setting aside land for grazing, and alternative land use. Evidence suggests that fodder
preservation, improved livestock housing, and improved access to drinking water reduced livestock mortality and disease
incidence during drought. Nonetheless, recovery following severe drought was often incomplete, with herd sizes remain-
ing depressed for multiple years in some contexts.

Many of the above strategies were discussed collectively under integrated frameworks such as climate-smart agricul-
ture, ecosystem-based adaptation, integrated pest management, agroforestry, aquaculture, and integrated crop-livestock
systems.

PLOS Climate | https:/doi.org/10.1371/journal.pclm.0000876 August 7, 2026 8/19
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What barriers and enablers to success are described?

Barriers

Enablers

» Labor constraints and natural resource limits further complicated by the
legacy of apartheid and social inequality

» Farmers who do not own their own land are less motivated to and often
cannot invest in long term solutions since they do not own the land and
have limited access to related finance services

« Difficulties balancing resource consumption versus accumulation

* Limits to accessing information

« Timing challenges such as syncing adaptation techniques with seasonal
calendars in a changing climate

» Age and health limit labor-intensive adaptations, especially in an aging
farmer population

* Recurring droughts compound impacts

* Impressions that governments are mishandling funds can be demotivating
« Cultural perceptions of crops can inhibit willingness to diversify

* Inadequate gender representation leaves women behind

« Lack of financial support along with high adoption costs

* Education and asset gaps widening the socioeconomic divide

« Access to training, extension services, and group membership strongly
influence sustained adoption, especially when these rights are extended
to women

* Rolling out project activities fully understood and owned by the commu-
nity strengthens sustainability

* Membership in farmer groups, farmer field schools, cooperatives, or
savings and loan groups, provide a platform where farmers can share
information

« Access to credit improving long term investment capacity

« Flexible social safety nets that can be combined with disaster risk
management

« Indigenous knowledge and strong local government engagement

« Increased government contracts for farmers, including non-farm liveli-
hood opportunities

» Government promotion of improved and affordable seed varieties that
can withstand drought stress

« Early warning systems and digital weather platforms improving access
to weather information

« Piloting technologies in local communities to build trust and demonstrate
value

» Access to markets

« Facilitate knowledge sharing across generations

« Large household sizes have access to more labor

» Breeder-farmer collaborations which combine farmer experiences with
scientific experts to develop, select, and test new crop varieties

« Social capital

* Planning at all levels

 Use of radio broadcasts for information sharing and social media for
mobilizing individual action

What are the risks of maladaptation?

Drought-tolerant seeds must be purchased at the start of each season rather than saved, increasing farmers’ expenses.
Early-maturing cultivars can produce lower yields even in favorable conditions due to their shorter growth duration, again
putting farmers at risk for less income. Some conservation practices are very labor-intensive, particularly if not mecha-
nized, requiring additional time, effort, and costs. Agroforestry can also negatively affect yields by reducing farm space

on small plots, although this effect is mitigated when combined with livestock. Irrigation, while improving water efficiency,
can reduce long-term drought resilience if gains are used to expand irrigated areas, leading to increased water withdraw-
als and depletion. Quality storage structures are crucial for keeping out pests and maintaining dryness, and the lack of
such structures limits households’ ability to stock grains for extended periods, reducing income potential during droughts.
Finally, selling livestock has longer term income-related consequences alongside immediate food security concerns.

Water

Reference numbers for papers discussing water*

2,3,4,10, 11, 13,19, 22, 25, 26, 29, 30, 31, 32, 36, 39, 40, 41, 42, 43, 45, 46, 47, 48, 50, 53, 54,
55, 56, 58, 59, 61, 62, 63, 64, 67, 68, 69, 70, 72, 73, 75, 76, 78, 81, 82, 83, 84, 88, 91, 93, 100,
103, 105, 108, 109, 110, 113, 122, 126, 127, 128, 132, 133, 135, 136, 137, 138, 139, 141

*Reference numbers correspond to the results table in S1 Table

What adaptations are being studied?

Rainwater harvesting and storage emerged as a widely adopted household-level strategy, with evidence that
women and school-educated households have higher adoption rates. Saving water in tanks and constructing water
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canals on rooftops connected to storage containers are two documented examples. Infrastructure upgrades such
as solar-powered boreholes are highlighted as relatively long-lasting interventions, while groundwater abstraction is
increasingly used but accompanied by concerns about sustainability. Other water supply related responses include
desalination, securing access to clean water through municipal taps, pumping drinking water, and diversifying water
sources.

On the water demand side, studies document extensive use of water-saving behaviors and policies, including shorter
showers, reduced laundry and cleaning, mandatory water use restrictions, water pressure management on taps, greywa-
ter reuse and recycling, and broader water reduction policies. Evidence suggests these measures can reduce water use
and costs in the short-term but may not result in lasting change.

At the community scale, water infrastructure investments such as pit latrines, water metering systems, leak preven-
tion and repair, and installing tanks and boreholes were commonly documented and some papers mentioned that these
strategies helped prevent disease outbreak. Small-scale drip, or bucket irrigation is reported to have long-term benefits for
water efficiency and production, but present some maintenance challenges. Developing and reviewing farm water budgets
and decentralized water resource management have been used to improve planning and allocation. Additionally, sand
dams show evidence of effectiveness, with significant increases in the number of months water can be collected after
construction.

Governance and institutional strategies include re-negotiating roles and responsibilities between private and public
actors in water provisioning, which has been shown to lower aggregated municipal water demand and provide opportu-
nities for more equitable participation in policy design. Municipal coordination on water scarcity policy plans, community
contributions to paying for water delivery, and enforcement through water committees reflect shifts toward shared respon-
sibility, with evidence that communities develop a stronger sense of ownership and inclination to conserve water when
they have a voice. More transformative potential is noted where community-based water tenure underpins governance
arrangements, suggesting that equity can enhance the sustainability and effectiveness of water interventions in the long
term [20].

What barriers and enablers to success are described?

Barriers Enablers
» Communication issues * Proactive water planning and investment
* Perceived unfairness related to restrictions, policies, and tariffs « Clear restrictions and targets
* Propensity to revert back to old behaviors after awareness campaigns » Repurposing existing policies [21]
end « Improved collaboration and coordination along with broader stakeholder
« Financial barriers to inclusive participation and decision-making inclusion
« Constraints on capacity, scale, and physical infrastructure  Improved infrastructure
« Evolving regulatory environments » Water committees [22]
« Lack of community knowledge of ability to influence policy * Use of social media to mobilize individual action'®
« Electricity shortages « Tariffs and other financing mechanisms
» Monitoring processes
« |[dentifying community members as stakeholders

What are the risks of maladaptation?

Groundwater abstraction raises sustainability concerns, with several papers noting the need to monitor aquifer levels

and implement recharge measures [23,24]. Water-saving behaviors, such as shorter showers, reduced laundry, manda-
tory restrictions, and greywater reuse, often decline once droughts or campaigns end, suggesting that these campaigns
should be ongoing if they hope to improve water supply in the long term. Small-scale irrigation methods, like drip or bucket
systems, face challenges due to maintenance needs and farmers’ capacity to manage them independently, indicating that
projects that require upkeep may not be sustainable solutions.
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Poverty, livelihoods, mobility, and fragility

Reference numbers for papers discussing poverty,
livelihoods, mobility, or fragility*

2,4,5,9,11,14,15, 16, 13, 18, 21, 22, 24, 25, 26, 28, 36, 38, 40, 41, 42, 43, 44, 46, 47, 49, 50,
52, 54, 58, 59, 61, 63, 65, 67, 75, 76, 80, 81, 82, 84, 85, 87, 89, 90, 91, 95, 97, 98, 100, 103,
106, 109, 112, 116, 129, 133, 135, 137, 139

*Reference numbers correspond to the results table in S1 Table

What adaptations are being studied?

Diversifying income was the most commonly mentioned adaptation strategy used to address poverty and livelihoods. The
means by which individuals diversified income ranged from sale of assets and belongings, off-farm employment, borrow-
ing, selling livestock, using savings, and taking out loans, all of which demonstrated varying levels of success in improving
outcomes or avoiding the worst impacts of the drought. Some studies even noted that these strategies were better suited
for improving individual welfare during non-drought times. Dependence on remittance and social safety nets as well as
leveraging social capital via collective labor, village savings and loan associations, livestock lending, borrowing food from
neighbors or relatives, and communal granaries were also frequently mentioned strategies.

Migration was referenced in two forms: moving to urban areas for new work or to different rural areas with more rainfall for
better grazing or farmland. Remittances were named as a motivating factor for the decision to migrate, where in many cases
some family members would move and send cash or food assistance back to other family members who remained in their
home village. In some cases, families were reunited once sufficient income was being made in the new place of residence [25].

What barriers and enablers to success are described?

Barriers Enablers

» Socioeconomic factors, especially those linked

to land ownership and availability of other financial
resources

* Financial impact of drought lasts beyond the return
of rainfall, but not all resources do

* Rising food prices

« Lack of education or education opportunities

« Social capital

» Expert consultations

* Improving social safety nets

« Policies promoting gender equality

* Increased access to credit, loans, or skills

* Higher wages

» Knowledge of relevant determinants of poverty

* Subsidies
* Diversity of economic opportunities

* Lack of capital
« Limited financial services

What are the risks of maladaptation?

Limited aid, credit, and livelihood support can be directed toward households most likely to “succeed,” which can
strengthen individual resilience while diverting scarce resources away from the poorest, deepening overall poverty and
inequality. Women are especially affected, as discriminatory inheritance and land-ownership laws restrict their ability to
accumulate wealth, even when they take on economic responsibilities during drought [26]. Migration can lead to unin-
tended harm: people and livestock are at increased risk for encountering conflict or death after moving into unfamiliar
environments, families are separated, women are forced into traditionally male roles under stressful conditions, and com-
petition over land and water increases conflict. Migrants often end up in poorly paid, unskilled work, meaning migration
reduces immediate drought risk but can lock households into long-term economic insecurity.

Human settlements, infrastructure, and industry systems

Reference numbers for papers discussing human
settlements, infrastructure, or industry systems*

3,21, 25, 36, 39, 47, 49, 56, 63, 72, 78, 85, 88, 93, 98, 105, 113, 122, 128, 133, 135, 136, 137

*Reference numbers correspond to the results table in S1 Table

https://doi.org/10.1371/journal.pclm.0000876.t009
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What adaptations are being studied?

Strategies frequently described as human settlements, infrastructure, and industry systems include the use of pit
latrines, drilling boreholes, and mandatory water use reductions. The use of heterogeneous infrastructure configura-
tions, such as combining indoor flush toilets with backyard latrines on a single plot has been used to help residents
address intermittent water supply, economic constraints, and safety concerns associated with having to navigate long
distances in the dark to use shared toilets [27]. Regarding tourism, the hotel industry utilized several water-saving
strategies including water-saving technological and infrastructure upgrades as well as awareness-raising strategies,
encouraging guests and employees to make behavioral changes that conserve water. The upgrades allowed hotels
to remain operational during periods of extreme water scarcity. Evidence of decline in water consumption levels
related to awareness campaigns was mixed.

In Namibia, implementing emergency abstraction from the Windhoek Aquifer and pumping alternative drinking water
sources from distances of up to 450km has been used to better serve rural communities. In urban areas, the #DontWash-
MeNAM campaign, where artists drew on dusty windshields to encourage water conservation is a unique strategy that led
to an estimated 15—40% reduction in water used by car washes during the campaign [24]. However, despite their eventual
success, the impact of the campaign had an “unacceptably long lead time” and the overall impact was much lower than
targeted.

Several papers noted that infrastructure upgrades are long-lasting and continue to provide benefits even after the
drought and help avoid future crises, emphasizing the need for long-term resilience policies and investment. Literature
also discussed the importance of equitable investment in infrastructure.

What barriers and enablers to success are described?

Barriers Enablers
* Funding for infrastructure improvements « Community involvement in organizing and planning awareness campaigns and other interven-
* Lack of assessments to inform investment needs | tions/ treating local communities as relevant stakeholders
« High upfront adoption costs * Clear goals or targets
» Weak institutional frameworks for technology * Aligning programs with government development plans
validation « Strategic partnerships between governments, private sector, and communities
* Electricity shortages » Sources of financing such as grants, tariffs, and low/zero-interest loan options
* Piloting technology in local communities to build trust and demonstrate value

https://doi.org/10.1371/journal.pclm.0000876.t010

What are the risks of maladaptation?

Short-term emergency responses can move too quickly and result in high-cost, low-efficacy results. For example,
an expensive borehole was drilled to provide water to a hospital only to discover that the subterranean water was
too high in magnesium and could not be used [28]. Additionally, lack of pre-existing technical expertise without
training can make investment projects unsustainable. In the case of conservation campaigns, there were reports of
reduced municipal revenue due to lower water consumption, impacting local economies more broadly. There were
hotels and guest houses that replaced lawn grass with stones or artificial grass, which led to reduced groundwater
infiltration [29].

Health and well-being

Reference numbers for papers focused on health 3, 15, 21, 25, 26, 28, 32, 36, 40, 44, 46, 48, 100,
and/or well-being* 109, 113, 133, 139

*Reference numbers correspond to the results table in S1 Table

https://doi.org/10.1371/journal.pclm.0000876.t011
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What adaptations are being studied?

Strategies mentioned as health and wellness adaptation include peer or family support, migration, social capital, altering food
consumption patterns such as skipping meals or eating less preferred foods, relying on less food, engaging in faith-based
practices, exercise, and traditional cultural practices such as rain rituals. Health-promotion strategies were vaguely men-
tioned without clarification on what types of strategies were being promoted. Social capital was frequently discussed, with
one paper noting that these relationships are important for gaining access to resources, information, and influence [30].

Regarding migration, people moved both to urban areas for new or to new rural areas with better farmland, but one study
noted that the ability to send cash or food assistance back to their families was a significant motivating factor for the decision
to migrate [31]. Authors also noted that while migration has been perceived as an often maladaptive short-term coping strat-
egy, it can be a legitimate adaptation method due to its role in supporting various adaptive efforts. One indicator of positive
outcomes for families who migrated was being able to send children back to school after previously being unenrolled [31].
Alternatively, one paper used the proxy variable of “thriving farmers” to indicate successful adaptation, which was defined as
farmers who have not migrated due to drought and have sustained or improved their crop production and income. This study
showed a positive and significant relationship between the adoption of on-farm adaptation strategies and “thriving” during
drought, suggesting that those who adopted more strategies were more likely to report “thriving.” [16].

What barriers and enablers to success are described?

Barriers Enablers
* Peer-led initiatives, when unsupported or dismissed by the wider commu- | + Access to health information
nity, may not be sustainable » Community belonging and collective discussion on resource distribution
« Cost of health services and health prevention measures, such as water * Social capital
treatment tablets * Policies that encourage urban migration
* Roads to increase access to health prevention supplies and medical
providers

https://doi.org/10.1371/journal.pclm.0000876.t012

What are the risks of maladaptation?

Literature identified increased health risks when using water from contaminated sources that is believed to be safe due

to cultural rituals [32]. Despite some arguments that migration can have positive benefits, studies noted that migration
may make people more vulnerable, as they are still paid very little, work in unskilled jobs, and lack the opportunity to learn
new skills for higher-paid income. Literature also highlights how increased reliance on coping strategies, such as buying
cheaper food, reducing meal sizes, or sending children elsewhere, could deplete household assets and adaptive capacity,
potentially leading to deeper vulnerability and chronic food insecurity.

Terrestrial, freshwater, ocean, and coastal Ecosystems

Reference numbers for papers discussing terrestrial or freshwater ecosystems* 25, 32, 60, 73, 81, 126, 133, 139

Reference number for the paper discussing ocean or coastal ecosystems* 139

*Reference numbers correspond to the results table in S1 Table

https://doi.org/10.1371/journal.pclm.0000876.t013

What adaptations are being studied?

Ecosystem-focused adaptations noted include restoration and conservation of agro-ecosystems, native-species refor-
estation, agroforestry practices that reshape forest structure, borehole rehabilitation to stabilize groundwater-dependent
ecosystems, coastal rehabilitation, and targeted vegetation management. The literature notes some ecological risks that
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are reduced or avoided by utilizing these strategies: biodiversity and carbon loss, forest degradation, soil erosion, habitat
decline, invasive species spread, and watershed deterioration. Many of these adaptations provide co-benefits such as
improved yields and more stable agro-ecosystems.

Progress and sustainability indicators within these adaptation efforts include evidence of changing attitudes towards
conservation, increasing adoption rates of ecosystem-based practices, and some livelihood gains that help reinforce
continued use. However, studies note that uptake can be slow, particularly where the benefits are ecological rather than
immediately economic. This raises important questions: 1) Are strategies justified primarily as “doing it for the ecosystem’
struggling to gain traction? 2) Can these strategies be reframed to increase uptake at the community level?

What barriers and enablers to success are described?

Barriers Enablers
« Lack of institutional support, especially financially * Membership in farmer field schools improves knowledge on how to use
« Lack of inclusion in climate action plans to encourage political will ecosystem-based agriculture practices
* Access to climate information is identified as a crucial factor that makes * Access to credit
farmers more likely to adopt ecosystem-based agriculture practices « Diffusion of knowledge
» Some training in conservation practices
» Work done by third party organisations

https://doi.org/10.1371/journal.pcim.0000876.t014

What are the risks of maladaptation?

None explicitly mentioned for the ecosystems in the papers included in this review.

Which approaches are considered transformative?

Transformational adaptation was defined as long-term, irreversible changes in system function or structure. Across the
eleven papers that reviewers agreed indicated transformational change, all programs address drought through collective,
institutional, or community-based strategies that attempt to increase resilience, emphasizing technology, governance, and/
or social networks. The cases collectively highlight that transformational shifts rarely emerge from technology alone, as
power and resource redistribution repeatedly shape outcomes (Fig 5). Examples of restructured authority and participation
in water management include polycentric arrangements, decentralization, and community-based water tenure.

Many programs share a reliance on collective action and multi-actor coordination. Cape Town’s New Water Program,
for example, depended on widespread individual cooperation and coordinated shifts across public and private sectors
[23]. Similarly, Zambia’s solar-powered borehole system required strong community water governance [20]. These exam-
ples reinforce that climate adaptation is best positioned to succeed when it mobilizes multiple stakeholders in complemen-
tary ways. Collaboration also emerges in cases emphasizing social networks and community participation, where social
ties help mobilize resources and information across scales.

Another common thread is the central importance of governance. Polycentric governance in Cape Town, decentralized
water management in Namibia, and community-based water tenure in South Africa and Zambia demonstrate that who
controls water, and how decisions are made, can matter more than the physical availability of water itself [20,21,33,34].
Water source diversification, such as investments in desalination and solar-powered boreholes, becomes transformational
primarily when paired with these governance shifts and equitable institutional arrangements.

Limitations

This review is only a snapshot of peer-reviewed literature on adaptation since 2020, excluding other forms of adaptation
documentation. Many studies provided poor documentation of methods, including incomplete information on sampling
procedures, timing of data collection, and definitions of key terms. Purposive sampling was frequently used, sometimes
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What did adaptation described as “transformational” have in

common?
Referenced papers
(n=11): 19, 27, 31, 36, 39,
45, 49, 56, 105, 132, 135
COMMON TRAITS

1. Structural change in water systems

2. Power redistribution in governance

3. Lasting shifts in livelihood systems
4. Equity improvements

9 Technical: \ I .
w w Institutional/Governance: Social/Cultural:
& CapeSTclnwnBNev; Vl\late\rNPrtogram, \ Community-based water tenure, Leveraging relationships to
= olar t°rﬁ °| es, Vvater | strengthening local governance to reduce share information, collective
% echnology pump crowding, polycentric governance support structures
L
Increased water
supply || Religious
— New roles and practices
? power sharing
(E) Improved [
%) irrigation | | Community
5 S networks
o Community ‘
empowerment
Reduced "day- e — ‘
zero” risk L— Supply-chain ties
.|

Fig 5. Traits of transformational adaptation.

https://doi.org/10.1371/journal.pclm.0000876.9005

targeting populations with extreme conditions such as farmers applying for emergency drought assistance (i.e., those with
the least coping capacity). Several studies also lacked comparison groups when assessing the impact of promoted coping
strategies. In some studies, data relied on long recall periods, raising concerns about accuracy of the information pro-
vided. Because of these limitations, we only report outcomes that are claimed or assumed and the findings of this review
should be interpreted through that lens.

This review maps what is reported in the literature rather than was necessarily occurring on the ground and is there-
fore conditional on what is published, indexed, and captured by the search strategy. Where the review identifies apparent
trends such as changes over time or differences across contexts, these reflect patterns in the published literature rather
than direct estimates of real-world adaptation. Such patterns may also be shaped by publication, language, and indexing
biases, as well as uneven geographic research capacity, which should be considered when interpreting the findings. Addi-
tionally, synthesis of findings was complicated by overlaps in categorizations and the subjective nature of several key clas-
sifications, including sectoral categories. The authors’ perspectives, varying between local and international viewpoints,
may also have influenced interpretations.

Conclusion

In the reviewed literature, adaptation success strongly hinged on recovery time between shocks, meaning droughts
spanning multiple seasons can undermine the effectiveness of many strategies. Implementation of adaptation is often
contingent on a households’ ability to rebuild assets before the next drought, which could explain why short-term coping
strategies repeatedly fail to improve long-term resilience, aligning with findings from other contexts and hazards [35,36].
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This highlights temporal limits to adaptation, indicating that technical advancements alone such as improved forecasts
may not be enough to improve wellbeing.

Ecosystem-focused strategies are often framed as environmental protection rather than livelihood protection. Adap-
tations framed as “for the ecosystem” may require explicit pairing with tangible, short-term, human-centered benefits to
be worth promoting under resource constraints. Local priorities seem to be rooted in the reality of today rather than the
possibilities of tomorrow, echoing findings that climatic shifts and their estimated impacts do not provide sufficient evi-
dence to fully inform practical decision-making [37—39]. Similarly, health-focused adaptations are also often indirect or via
awareness raising which is motivationally inadequate. Previous research has found health behavior change to be mostly
dependent on self-efficacy, motivational and behavioral skills, and supportive social and environmental contexts rather
than information alone [40—44].

Economic barriers dominate the literature. Some barriers are low-cost to address, but only if social and institutional
contexts are considered. For example, information, awareness, and technology barriers often have relatively low-cost
solutions, but these fail without trust and cultural alignment, a concern already noted by the IPCC ARG [3]. The preva-
lence of governance-, social-, and awareness-related barriers in the reviewed literature point to the importance of genuine
partnerships over tokenistic engagement. There are no substitutions for physical barriers such as inadequate infrastruc-
ture which are often constrained by finance. In cases where financial resources are finite but necessary for infrastructure
development, failure to consider equity and community perspectives in resource allocation risks systematically overlooking
vulnerable households.

The literature identifies some risk of maladaptation, but we found little evidence on whether these maladaptations are
realized within communities and how those will impact future risk. Future evaluations should consider long term outcomes
and prioritize follow up on unintended consequences.

Transformative adaptation was rarely defined or operationalized by the studies in this review. The few examples of
adaptations viewed as transformative shared common traits such as power shifts and a focus on long-term outcomes.
While this is a start to understanding how adaptation can lead to long-term resilience, more evidence is needed to build
criteria for “transformational change.” We are also left with several questions such as: Does prioritizing transformation
risk discouraging incremental but necessary action? How can incremental and transformative approaches coexist? We
suspect that true transformation may lie less in the novelty of practices and more in changes to recovery capacity, gover-
nance, and equity. For example, enabling recovery between shocks may be as transformative as introducing new tech-
nologies, given that short-term coping strategies frequently did not lead to improved resilience and recovery time between
shocks was a common indicator of success. Regardless, transformation should be viewed as a trajectory, not a threshold.

Drought adaptation in SADC is widespread but uneven, often short-term, and constrained by structural factors; without
attention to equity, governance, and recovery dynamics, adaptation risks stalling or becoming maladaptive. To address con-
cerns around future adaptation, in addition to the questions already mentioned, we suggest that future research considers which
strategies being implemented by local communities work well in combination and which are counter-productive or duplicative.
Because drought doesn’t stop at national boundaries, we recommend additional multi-country studies to help understand what
aspects of adaptation are generalizable. Finally, adaptation evidence in the SADC region is heavily concentrated in food and
agriculture, especially rain-fed crop production. Future research should explore other relevant sectors to maximize resilience.
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