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• Climate-induced water scarcity is a
widespread trend across Africa.

• Systematic review of responses to water
scarcity shows many deficiencies.

• Planned adaptation lacks coordination
at scale across key sectors and regions.

• Most responses include only minor ad-
justments to business-as-usual water
practices.

• Improving institutional responses is key
to adaptation to water scarcity.
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Water scarcity is a global challenge, yet existing responses are failing to cope with current shocks and stressors,
including those attributable to climate change. In sub-Saharan Africa, the impacts of water scarcity threaten live-
lihoods and wellbeing across the continent and are driving a broad range of adaptive responses. This paper de-
scribes trends of water scarcity for Africa and outlines climate impacts on key water-related sectors on food
systems, cities, livelihoods and wellbeing, conflict and security, economies, and ecosystems. It then uses system-
atic reviewmethods, including the Global Adaptation Mapping Initiative, to analyse 240 articles and identify ad-
aptation characteristics of planned and autonomous responses to water scarcity across Africa. Themost common
impact drivers responded to are drought and participation variability. The most frequently identified actors
responding to water scarcity include individuals or households (32%), local government (15%) and national gov-
ernment (15%), while the most common types of response are behavioural and cultural (30%), technological and
infrastructural (27%), ecosystem-based (25%) and institutional (18%). Most planned responses target low-
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income communities (31%), women (20%), and indigenous communities (13%), but very few studies target mi-
grants, ethnic minorities or those living with disabilities. There is a lack of coordination of planned adaptation at
scale across all relevant sectors and regions, and lack of legal and institutional frameworks for their operation.
Most responses to water scarcity are coping and autonomous responses that showed only minor adjustments
to business-as-usual water practices, suggesting limited adaptation depth. Maladaptation is associated with
one or more dimension of responses in almost 20% of articles. Coordinating institutional responses, carefully
planned technologies, planning for projected climate risks including extension of climate services and increased
climate change literacy, and integrating indigenous knowledgewill help to address identified challenges ofwater
scarcity towards more adaptive responses across Africa.

© 2021 Elsevier B.V. All rights reserved.
Autonomous adaptation
Local and indigenous knowledge
Global Adaptation Mapping Initiative
Africa
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1. Introduction

Around four billion people worldwide are currently living with
water shortages and approximately half of those face water scarcity
(Stringer et al., 2021; Tzanakakis et al., 2020). Changing rainfall pat-
terns, declines in precipitation and runoff, and increased evapotranspi-
ration rates attributable to climate change are the most likely physical
drivers of future water scarcity in Africa (Gan et al., 2016; Markonis
et al., 2021), a situation that will be exacerbated by human drivers like
population increase (Ahmadalipour et al., 2019). But we know in
Africa total amounts of water can mask variabilities in access and utility
as water scarcity is determined by more than just physical amounts of
bulk water, but also broader developmental dimensions such as gover-
nance, institutions, gender equality, poverty, security, education, and
health (Asmall et al., 2021; Muller, 2019; Muller, 2020; Stringer et al.,
2021). Further, climate change does not only affect the hydrological
cycle, but it has also direct and indirect impacts on these societal drivers
ofwater scarcity (Haughey et al., 2019; Hurlbert et al., 2019; Smith et al.,
2019; K. Warner et al., 2019), and human responses to water scarcity
can have compounding and cascading effects on concurrent and future
response capacity, as well as on the resource itself (Cole et al., 2021;
Simpson et al., 2021b; Simpson et al., 2020a; Simpson et al., 2020b). Un-
derstanding responses to climate-related water scarcity in Africa there-
fore requires exploration of types and scope of responses to climate
2

impact drivers of water scarcity across a diversity of response contexts
of vulnerability, inequality and inequity of water access.

There are a range of indicators for water scarcity relevant to Africa
that concentrate on the physical components of water deficits, for ex-
ample surface water availability (the difference between precipitation
and actual evapotranspiration), aswell as indicators that include biolog-
ical responses to physical or climatological variables (Stringer et al.,
2021). Falkenmark et al. (1989) estimated the average (global) renew-
able water need per capita per year to be 1700 m3. Countries whose
renewable water supplies fall below 1700 m3 were considered as
experiencing ‘water stress’; between 1000 and 1700 m3 per capita per
annum, the country faces ‘water deficit/shortage’; ‘water scarcity’
occurs when the water supplies drop below 1000 m3 per capita per
annum (Naik, 2017). Water scarcity is largely due to the unequal
distribution of water (Gunasekara et al., 2014; le Blanc and Perez,
2008). For example, in Northern Africa, the annual groundwater re-
charge is only 144–350 m3 per person, while other sub-regions range
from 2400 to 9900 m3, far above the average requirement for human
needs (Herbert and Döll, 2019; Naik, 2017). Estimated local water re-
quirements for food production are over 2000 m3/person/year in size-
able parts of Africa, against an average of almost 650 m3/person/year
in Europe and North America (Liu et al., 2017).

In Africa, agriculture is the largest water-use sector, with large
populations dependent on rainfed-agriculture (Busby et al., 2014;
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Mabhaudhi et al., 2016). Rainfall volatility currently impacts about 93%
of African agriculture (Besada and Werner, 2015). Projections indicate
several parts of Africa are projected to suffer prolonged droughts and in-
creased rainfall variability by 2025 (Dosio et al., 2019; Klutse et al.,
2018) and water available for agriculture and domestic use will likely
experience increasing constraints to access (Grasham et al., 2019;
Matchaya et al., 2019; Singh et al., 2018). Water scarcity, therefore,
has severe implications for food security and human vulnerability
across the continent (Niang et al., 2014; Williams et al., 2018). Yet,
where water resources, such as groundwater, can be quantified over
time and space, global and Africa specific studies indicate potential for
future adaptation to rely on zones identified for sustainable exploitation
(Busico et al., 2021; Cuthbert et al., 2019; Kotchoni et al., 2019; Taylor
et al., 2019).

Indicators from global assessments highlight Africa's critical water
scarcity challenges and the fact that the continent is the second most
arid after Australia (Besada and Werner, 2015; Dos Santos et al.,
2017). Rapid population growth and urbanization have resulted in addi-
tional pressures on domestic water resources and, together with in-
creased agricultural demand land use change, will likely remain
dominant drivers of water scarcity on the continent; Africa's population
is projected to double by the 2050s (Liu et al., 2017; Niang et al., 2014;
Tabutin and Schoumaker, 2020). In the early 1990s, only eight African
countries were estimated to be suffering from water scarcity (Naik,
2017), yet by 2017, an estimated 785 million people globally lacked ac-
cess to safe and affordable water for domestic use, 40% of whom lived in
Sub-Saharan Africa (SSA) (UNICEF andWHO, 2019). By 2030, about 250
million people may experience high water stress in Africa, with up to
700million people displaced aswater stress becomes locally impossible
to cope with (Groth et al., 2020; Mpandeli et al., 2020; Naik, 2017).

Water scarcity has multiple dimensions of cause and effect and is
further complicated by competition and trade-offs between sectors
(Mpandeli et al., 2018; Rosa et al., 2020). The complexity of sector-
specific risks affected by water scarcity, exemplified most clearly in
the water-energy-food nexus, can create ‘wicked’ problems that con-
found the utility of trade-offs in planning responses (Nhamo et al.,
2018; Romero-Lankao and Norton, 2018). Competition for water from
agriculture, fishing, tourism, energy, and industries, for example, is in-
creasing and threatening livelihood systems across Africa (Liu et al.,
2017). These challengeswill likely increase as demands for domestic, in-
dustrial, and agricultural water rise sharply, potentially by 40%, within
the next decade (UNDESA, 2017). The integrated nature and multidi-
mensionality ofwater usage demonstrates that responses towater scar-
city are a critical component of effective adaptation with important co-
benefits for other sectors directly or indirectly affected bywater scarcity
(Horne et al., 2018; Mugambiwa and Tirivangasi, 2017; Owen, 2020).

Water scarcity is a key theme for scholarship on water sector adap-
tive capacity (Siders, 2019). This is not surprising as responses to water
scarcity can enhance or constrain development pathways affecting ad-
aptation to climate change (Gajjar et al., 2019; Rao et al., 2019a). Yet
leading empirical scholarship on adaptation lacks multi-sectoral evalu-
ation of responses to water scarcity (Vincent and Cundill, 2021). We
therefore need a broader understanding of the types and efficacy of re-
sponses in the sectors and geographies affected by water scarcity, par-
ticularly in Africa, the most affected and most exposed of the
continents (Siders, 2019; Vincent and Cundill, 2021).

Based on the needs here outlined, this paper synthesizes current
knowledge about water scarcity in Africa, and on the variety of re-
sponses. We first calculate trends of water scarcity, highlighting what
we nowunderstand of the historical, current and projected hydrological
context of water scarcity and its spatial distribution across this conti-
nent. We then contextualise these trends by providing an overview of
the range of impacts that water scarcity has had on Africa's agriculture,
cities, livelihoods and wellbeing, security, economies, ecosystems; sec-
tors expected to be increasingly at risk (Field et al., 2014; IPCC,
2019b). Finally, a review of the literature identifies and assesses current
3

responses towater scarcity in Africa. The paper concludes by identifying
promising adaptation strategies from both planned and autonomous
approaches to address future water scarcity. Their efficacy is evaluated
in light of the need for responses to water scarcity that simultaneously
reduce risk and vulnerability, develop resilient social systems, improve
the environment, increase economic resources, and enhance gover-
nance and institutions (Owen, 2020).

2. Materials and methods

A mixed methods approach was used to synthesize current knowl-
edge of trends in water scarcity in Africa, the range and types of past re-
sponses to water scarcity, and highlight promising responses to water
scarcity that can inform future adaptation pathways.

First, we used the Falkenmark Water Stress Indicator to identify
trends in water scarcity in Africa to show changes in population expo-
sure through time (Falkenmark et al., 1989; Falkenmark and
Rockström, 2006). We then used the EM-DAT disasters data set to iden-
tify the number of people affected by severe droughts in Africa,
highlighting the geographical spread of these over the past few decades,
plausibly as a result of climate warming. EM-DAT records a drought di-
saster if local capacity overwhelmed, necessitating a request to national
or international level for external assistance caused by an extended pe-
riod of unusually low precipitation that produces a shortage ofwater for
people, animals and plants (EM-DAT and CRED, 2020) (see Supplemen-
tal data 1).

To show current and projected trends in water scarcity, we calcu-
lated the Standardized Precipitation-Evapotranspiration Index (SPEI)
for the entire continent. This is calculated over a 12-month running
window from the method of Vicente-Serrano et al. (2010) where PET
is calculated using the Penman-Monteith formulation recommended
by the FAO (Allen et al., 1998) (see Supplementary material Appendix
F for climate models used). All models were resampled to 0.5 degree
with bilinear interpolation for ensemble comparison. Standardized Pre-
cipitation Evapotranspiration Index (SPEI) can bemodifiedwith the ac-
tual evaporation (SPAEI). While both capture relevant features of
drought (Homdee et al., 2016), SPAEI has been shown to bemoremean-
ingful in water-limited areas whereas SPEI is generally more suitable in
energy-limited areas (Rehana and Monish, 2020). Most CMIP-6 models
report actual evaporation (evspsblpot, a key boundary condition for the
atmospheric model) whereas comparatively few models report poten-
tial evapotranspiration (evspsbl).

To perform the qualitative analysis of responses towater scarcity, we
used the Global AdaptationMapping Initiative (GAMI) and a systematic
literature review to assess evidence from the peer-reviewed literature
about Africa between 2013 and July 2020. GAMI provides a global
stocktake of human adaptation-related responses to climate-related
changes that were documented in the peer-reviewed literature be-
tween July 2013 and Jan 2020 (Berrang-Ford et al., 2021a). It used bib-
liographic databases including Scopus, PubMed, Web of Science Core
Collection, and Google Scholar to assess 48,316 scientific documents
on adaptation published within this period (Berrang-Ford et al.,
2021a). GAMI combined a novel typology for assessing empirical re-
search documenting human adaptation globally with systematic-
review and machine-learning approaches to identify and synthesize
1682 articles (Berrang-Ford et al., 2021a). The breadth of GAMI's
stocktake is unmatched in terms of quantity of articles identified,
screened and coded, highlighting its potential value to capture the
breadth of the vast literature on adaptation on Africa (Fischer et al.,
2020; Lesnikowski et al., 2020; Scheelbeek et al., 2021; Sitati et al.,
2021; Thomas et al., 2021; Turek-Hankins et al., 2021). After Asia
(34%), Africa recorded the second highest number of adaptation articles
identified by GAMI, accounting for 32% of the total GAMI database
(Berrang-Ford et al., 2021b). Further, 34% of GAMI articles concerning
Africa included evidence of risk reduction, indicating the potential util-
ity of the data set for assessment and pathway development (Berrang-
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Ford et al., 2021b; Lesnikowski et al., 2020). It identified 518 articles in-
dicating adaptation actions in Africa (Fischer et al., 2020; Lesnikowski
et al., 2020), fromwhichwe extracted a sub-set of 151 articles, selecting
those articles tagged as ‘Africa’ and ‘responses to drought’OR ‘responses
to water scarcity’ for synthesis of evidence on responses to water scar-
city from all sectors covered by GAMI: namely water and sanitation;
poverty, livelihoods, and sustainable development; food, fibre, and
other ecosystem products; cities, settlements, and key infrastructure;
health, well-being, and communities; ocean and coastal ecosystems;
terrestrial and freshwater ecosystems (Siders et al., 2020).

A further review of the literature identified responses to water
scarcity that were excluded by the climate change and water sector
focus of GAMI to capture broader responses to water scarcity including
those associated with governance or tourism sectors. Peer-reviewed
articles were identified through Web of Science, Google Scholar and
Scopus between January 2013 and July 2020 using the following search
string: Topic= (water ANDAfrica), Abstract= (drought AND response
OR adapt*), Topic = (adapt*), Region = (Africa), Country =
(“Country_Name(s)”). The review included publications written in En-
glish and excluded non-human responses to water scarcity. It identified
280 articles which were then screened to leave 138 articles. These arti-
cles were combined with the GAMI articles. Articles with less than one
paragraph about response and 49 duplicates were excluded to give a
total of 240 articles for review (see Supplementary data 2).

Articles were then assessed for their content on responses to water
scarcity considering the geographic focus, inclusion of local knowledge
and indigenous knowledge, who is responding, what responses are doc-
umented, what is the extent of the adaptation-related responses, and
whether or not responses are reducing risk? (see Appendix A for de-
tailed coding instructions and definitions and Appendix B for categories
of types responses to water stress in Africa used in the analysis). Special
attention was given to articles indicting adaptation that explicitly con-
fronts inequality, injustice and inequitable power dynamics in re-
sponses to water scarcity (Owen, 2020).

It is difficult to know whether absence of adaptation reporting re-
flects a lack of adaptation activities or a lack of reporting in the peer-
reviewed literature (Berrang-Ford et al., 2019; Biesbroek et al., 2018;
Williams et al., 2021). The dominance of English-language publications
favours anglophone Africa in the GAMI database. Despite such limita-
tions, the focus on peer-reviewed literature aligns with the assessment
needs of large climate and water assessments such as those of the IPCC
that make judgements based on scientific consensus, making their find-
ings easily translatable for policy and practice.

3. Results

Wefirst present an overview of trends ofwater scarcity, highlighting
the historical, current and projected hydrological context of water scar-
city and its spatial distribution across in Africa. We then provide an
overview of the range of impacts that water scarcity has had on
Africa's sectors increasingly at risk from water scarcity. Then, we pres-
ent the results of a review of the literature to identify and assess the
range of responses to water scarcity in Africa.

3.1. Water scarcity in Africa

Population growth is the dominant factor affectingwater availability
when computed using the Falkenmark Index. Localized population
growth in northern South Africa, around Lake Victoria, in Ethiopia, and
inmanyparts of west Africa has caused category changes inwater avail-
ability that have exposed a growing number of people to both scarcity
and absolute scarcity (Fig. 1).

Extreme droughts and heatwaves, both of which are projected to in-
tensify under climate change, can decrease crop production due tomore
variable rainfall and soil moisture (D'Odorico et al., 2018). For example,
declining trends in rainfall in some regions of North Africa are projected
4

to continue in a warming world (Seif-Ennasr et al., 2016). This trend re-
stricts groundwater recharge, exacerbates groundwater salinization
and groundwater depletion (Hamed et al., 2018), and increases the
risk of reduced soil moisture (Petrova et al., 2018).

Fig. 3 illustrates significant wetting trends that have been observed
in parts of Central East Africa, West Africa and southern Angola, and
Zambia and significant drying trends. Future climate change will
exacerbate drought susceptibility for most of Africa, with more CO2

plausibly aggravating the impact. Strong increases in precipitation
under warming, especially near the equator, reduce drought risk for a
narrow band of latitudes but does not outweigh the increased
potential evapotranspiration under warming for much of the
continent. Even strong mitigation measures (SSP126) are projected to
lead to mild increases in drought susceptibility for much of Africa.

Elevated CO2 increases the occurrence of extreme wet years and
extreme dry years in climate models where general wetting trends are
projected. In Central Ethiopia for example (Fig. 3, panel a), CO2 forcing
drives a mean increase in SPEI (Fig. 2, panel c). Yet drought severity
also increases; the number of months below -1.5 tripling in the last 50
years of the time series compared to the first 50 years. This will likely
have an impact on the severity of water scarcity extremes as drought
magnitude of -2 or greater was not observed at this location in the his-
torical simulation but appears 10 times in the second half of the century
in this climate model realization.

Other areas are projected to see little increase in mean precipitation
and to experience stronger drought trends. Permanent or near perma-
nent meteorological drought develops around the end of the century
as youmove away from the equator. This behaviour of extremes is gen-
erally consistent across climate models (see Supplementary material
Appendix F, Fig. F.1-5 for more climate model examples).

3.2. Sectoral impacts of water scarcity in Africa

Here we briefly outline the impacts of water scarcity food systems,
cities, livelihoods and wellbeing, security economies and ecosystems.
The vignettes of impacts of water scarcity on these key sectors
contextualise the detailed section on responses identified in the system-
atic review and presented thereafter. Figs. 4 and 5 present an overview
of the population affected by national level drought disasters in Africa.

Although it is difficult to directly estimate the social and economic
impact of droughts (Enenkel et al., 2020), the EM-DAT database on nat-
ural disasters estimates that over 256.3 million people were affected by
severe drought in Africa between 2000 and 2020 (EM-DAT and CRED,
2020, see Supplementary data 1). Although accounting for only 11% of
frequency of natural hazard events within this time period, droughts
caused 46%of all deaths – themost attributed to a single natural disaster
type in Africa (EM-DAT and CRED, 2020).

3.2.1. Impact of water scarcity on food systems
Agriculture is the largest water-use sector in Africa and globally

(D'Odorico et al., 2020). Water withdrawal for agriculture accounts for
at least 60% of total water use in a majority of African economies, with
10 countries exceeding 90% (FAO and AQUASTAT, 1999). Agriculture is
dominated by rainfed crops, making Africa economies particularly vul-
nerable to hydrological anomalies (FAO, 2018; FAO and ECA, 2018;
FAO, 2020). Farmers are already feeling the effects of climate change
on crop production through changes in precipitation variability
(Kouressy et al., 2019; Sultan et al., 2019) and livestock fodder availabil-
ity (Sloat et al., 2018; Stanimirova et al., 2019). For example, two thirds
of farmers surveyed in Nigeria correctly noted a reduction in (and de-
layed onset of) early growing season rainfall and identified this as a
major cause of yield losses in recent years (Ayanlade, 2016; Ayanlade
and Ojebisi, 2020). Unreliable rainfall and prolonged drought have
caused severe shocks to productivity in the Maradi Region of Niger,
significantly affecting the agro-pastoralist communities' livelihoods
(Ado et al., 2019). Pastoralists are also perceiving changes in water



Fig. 1. Population exposure towater stress in Africa. Recent changes in the Falkenmark Index over Africa (Falkenmark et al., 1989). Total surface and subsurfacewater flow taken from the
NASA FLDAS model (McNally et al., 2017) and population estimates taken from the JRC's Global Human Settlement Layer (Clark et al., 2016).
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availability and report more erratic, reduced rainfall andmore frequent,
prolonged droughts (Kimaro et al., 2018; Sanogo et al., 2017).

3.2.2. Impact of water scarcity on cities
Urban water supplies are unsafe and intermittent across the conti-

nent. Urban households experience chronic shortages in drinking
water and frequent water rationing, with unplanned/informal urban
settlements receiving less water than planned ones (Abubakar and
Zumla, 2018). Few peer-reviewed studies on drought risks for urban
dwellers have been carried out in Sub-Saharan Africa (Grasham et al.,
Fig. 2. Recentmean drying/wetting trends in Africa and projected future changes inmeteorolog
observations (gravitational anomalies). Stippling indicates no significant trend (p0.05). (b–c)
(SPEI) from 23 CMIP6 models (Eyring et al., 2016) comparing 1985-2005 to 2080-2099 for (b
“sustainability” with end of century radiative forcing of 2.6 W/m2, and SSP585 projects a “
(O'Neill et al., 2016) (see also, Fig. D.1 for projected changes in mean atmospheric water balan
more drought susceptibility.
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2019). Yet, a common proxy for low water quality can be seen in
human health indicators such as cholera. Although cholera is usually as-
sociated with rainfall, it is also widely experienced during periods of
droughts when water is collected from substantially contaminated
ponds and streams (Grasham et al., 2019). Given such contextual expo-
sures and vulnerabilities, water scarcity in Africa needs to be under-
stood within broader social and developmental contexts. Further, a
lack of effective water delivery, especially under shock or stress condi-
tions (Simpson, 2019; Simpson et al., 2019b; Simpson et al., 2020a;
Simpson et al., 2020b), has led scholars to indicate management and
ical drought. (a) Liquidwater equivalent trends based on GRACE (Swenson, 2012) satellite
Projected changes in the 12-month Standardized Precipitation-Evapotranspiration Index
) SSP126 and (c) SSP585 where Shared Socioeconomic Pathways 126 projects a future of
high fossil fuel development” future with end of century radiative forcing of 8.5 W/m2

ce, and Fig. A.1 for model agreement on wetting under SSP585). Decrease in SPEI indicates



Fig. 3. Projected changes in extremes - meteorological drought progression across selected locations for high-end climate change (SSP585). 12-month SPEI across 3 selected grid cells for
the ACCESS-CM2 climate model.
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governance failures as a leading causes of water scarcity (Muller, 2019;
Rugemalila and Gibbs, 2015).

3.2.3. Impact of water scarcity on livelihoods and wellbeing
There is growing evidence suggesting that drivers of vulnerability to

water scarcity include non-climatic drivers, such as age, income, and
gender (Grasham et al., 2019). Social capital, poverty, and gender de-
press women's agency and pathways to overcome water scarcity in
rural areas (Pearson et al., 2015), particularly when household struc-
tures and social norms entrench patriarchal arrangements such as
those of title and tenure (Rao et al., 2019b). As men are more likely to
migrate away from water-scarce regions, women are often left behind
without an adequately supportive social infrastructure (Rao et al.,
2019b). The burden of water scarcity is felt hardest by the primary
water collector in rural and urban contexts (Grasham et al., 2019). For
such reasons, water scarcity responses need to go beyond supply, tech-
nological, planning and management imperatives (Muller, 2019;
Scheba and Millington, 2019; Vanham et al., 2018) to also consider
Estimated total number of
people affected 1980-2020

< 50k
50k -100k
101k – 500k

501k – 1mil
1mil – 5mil
5.1mil – 10mil
10.1mil – 20mil
20.1mil – 50mil
50.1mil – 80mil

Not Recorded
NA

Sao Tome and 
Principe

Fig. 4. The total number of estimated people affected by national l
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their social capital, institutional, livelihoods and wellbeing dimensions
(Nhamo and Agyepong, 2019; Ouweneel et al., 2020; Petrie, 2017;
Simpson et al., 2020a; Simpson et al., 2019c; Ziolkowska, 2016).

3.2.4. Impact of water scarcity on conflict and security
Many studies highlight a possible relationship between tempera-

ture, water scarcity and societal conflicts within Africa, manifesting as
antisocial behaviour and violence (Chitonge, 2020; Gleick and
Heberger, 2014; Regan and Kim, 2020). Water conflicts have increased
among different sectors and users: agriculture, energy production,
urban consumption, conservation, pastoralism and wildlife (Almer
et al., 2017; Liu et al., 2017). The rise of social tensions in many dryland
countries of Sub-Saharan Africa in recent decades has also led scholars
to suspect a likely causal relation with environmental changes
(Okpara et al., 2015; Selby and Hoffmann, 2014a; Selby and Hoffmann,
2014b). For instance, Lake Chad's shrinking (around 90% since the
1960s) has increased water and food insecurity, creating conditions
for social conflicts and insecurity (Okpara et al., 2015). Similarly, in
Mauritius

evel drought disasters 1980-2020 (EM-DAT and CRED, 2020).



Region

Western Africa

Eastern Africa

Southern Africa
Central Africa

Northern Africa

Estimated number of
people affected 
1980-2020

5 million

10 million

15 million

20 million

Fig. 5. Total population affected by national level drought disasters per country in each year between 1980 and 2020 (EM-DAT and CRED, 2020). Note high interannual variability aswell as
variability between countries, for example, while Ghana and South Africa experienced particularly severe national level drought disasters in 1990 and 2004 respectively, drought recur-
rences in Ethiopia, Kenya, Niger,Malawi, Sudan, and Zimbabwe indicate cumulatively high numbers of people affected over time and the potential for temporally compounding impacts in
those countries. Ethiopia and Kenya show particularly short recovery periods between droughts.
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2012, more than 100 Kenyans died in violence arising from water con-
flicts involving farmers and pastoralists (Gleick and Heberger, 2014).
Warming trends since 1980 have elevated conflict risk in Sub-Saharan
Africa by 11% (Carleton and Hsiang, 2016), and climate change may in-
crease conflict risk across the region by 54% by 2030 (Burke et al., 2014).

3.2.5. Impact of water scarcity on economies
Water scarcity leads to increasing water costs per unit, affecting

water access (Abubakar, 2019; Rusca and Schwartz, 2016). In addition,
it is projected that high variability in Africa's water basins could reduce
hydropower revenue ranging between 5% and 60% by 2050 (Cervigni
et al., 2015). This variability will amount to a projected three-fold in-
crease in consumer expenditure for energy due to the dwindling pro-
duction of hydropower (Cervigni et al., 2015). Revenues from the
agricultural output are also projected to decrease by 10% to 20% by
2050, as irrigation capacity falls (Cervigni et al., 2015). These projections
highlight the potential severity of the risk to economies and livelihoods
in Africa from water scarcity.

3.2.6. Impact of water scarcity on ecosystems
Population growth has placed additional pressure on African ecosys-

tems over the past century, with severe degradation in several countries
(UNDP-UNEP, 2011). Unplanned and uncontrolled cropland expansion,
cattle grazing, urbanization, and ineffective water management plans
have severely degraded the natural landscapes and rivers within the
7

Lake Victoria Basin, for example; biodiversity loss and water pollution
have received most attention here (Hecky et al., 2010). A 57% increase
in the irrigated agricultural sector has also resulted in a significant de-
crease in natural forests in south-eastern Africa and grasslands in east-
ern regions and the Sahel (Brink and Eva, 2009), which has had
cascading effects for hundreds of millions of Africans who rely directly
on ecosystem services to meet their essential needs.

3.3. Responses to water scarcity in Africa

The results of the systematic review of the evidence of human re-
sponses to water scarcity in Africa are presented below. First, the actors,
targets and types of response to water scarcity are presented, highlight-
ing the key actors and specific actions. A deeper analysis of response
types is then provided in the following section examining the extent,
depth, scope, speed and efficacy of types of response to water scarcity
(see Appendix A for definitions). Finally, different types of responses
towater scarcity are evaluated by presenting the evidence of risk reduc-
tion or maladaptation associated with each response type.

3.3.1. Distribution and types of response to water scarcity
Of 55 African countries, 33 (60%) have studies reporting on human

adaptation strategies for coping with water scarcity; the most common
are those involving responses to climate impact drivers, with drought
and precipitation variability being the next most common. The leading
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10 African countries with studies on human responses to water scarcity
are Kenya, Tanzania, Ethiopia, South Africa, Niger, Uganda, Ghana,
Malawi, Zimbabwe and Nigeria in that order. This trend aligns with
the geographical distribution of adaptation scholarship in Africa noted
elsewhere and is therefore more a function of active research than the
proportional number of responses to water scarcity (Vincent and
Cundill, 2021); 23 African countries have fewer than two articles iden-
tified here.1 Actors responding to water scarcity are individuals or
households (32%), local government (15%), national government
(15%), civil society (sub-national 10%, national 8%), international or
multinational governance institution (6%), sub-national governments
(5%), other2 (5%) and private sector (3%).

Most planned responses to water scarcity target low-income com-
munities (31%)with particular emphases on themost vulnerablewithin
communities, such aswomen (20%), indigenous (13%), elderly (5%) and
youth (5%). Many activities focus on coping strategies and sustaining
living conditions such as food, shelter, and other livelihood activities.
Very few studies target migrants, ethnic minorities or those living
with disabilities.

Documented response types include behavioural and cultural (30%),
technological and infrastructural (27%), ecosystem-based (25%) and in-
stitutional (18%). Behavioural and cultural responses mostly focus on
subsistence and semi-subsistence farmers and the consequences of
water scarcity on crop failure or livestock death,with livelihood diversi-
fication and migration a common response (for example, Schofield and
Gubbels, 2019). Technological and infrastructural responses focus
mainly onways to access and conservewater (Bizikova et al., 2015), en-
hance farm productivity, and improve drought resilience of crops and
animals (for example, Bedelian and Ogutu, 2017). Ecosystem-based re-
sponses include working with native species to protect soil, stabilize
banks, protect against wind and fluvial erosion (for example, Kupika
et al., 2019), and clear invasive species that destabilize ecosystems
(for example, Richter et al., 2017).

Water management commonly includes forms of mulching that
maintain in situ vegetative residues (for example, Feleke et al., 2016;
Gebru et al., 2019). Institutional responses cover a variety of actions in-
cluding: disaster management for droughts (and floods), water and
groundwater management, increasing dam reservoir water storage,
early warning systems, crops, food and seed storage systems, soil and
crop research, water-user associations, water tariffs, water demand
management policy, integrated coastal zone management, and the in-
corporation of risk reduction into development planning or zoning
schemes (for example, Lesnikowski et al., 2013; Siders, 2019). Articles
linking responses to water scarcity which concentrate on a particularly
exposed or vulnerable developmental goal in Africa include food secu-
rity (22%), poverty (17%), clean water and sanitation (12%), consump-
tion and production (8%), health and wellbeing (8%), work and
economic growth (8%), sustainable cities and ecosystem services (7%).
3.3.2. Scope and efficacy of types of response to water scarcity
Only 10% of planned water scarcity adaptation efforts have been im-

plementedwidely. Approximately 90% of the responses identified in the
literature lack consistent coordination for implementation at scale
across all relevant sectors and regions affected by water scarcity and
lack legal and institutional frameworks for their operation (Siders,
2019; Vincent et al., 2020; Ziervogel et al., 2019). This trend has many
1 African countrieswith less than 2 two peer-reviewed and English language articles on
responses towater scarcity (2013-2020) are: Algeria,Mozambique, Angola, Burundi, Cabo
Verde, Comoros, Congo, Cote d'Ivoire, Djibouti, DRC, Eritrea, Gabon, Guinea, Lesotho,
Liberia, Libya, Madagascar, Mauritius, Sao Tome and Principe, Seychelles, Sierra Leone,
Somalia, Togo.

2 ‘Other’ actors include: Universities and research communities, meteorological service
departments, customary or traditional leaders, women's cooperatives, indigenouspeoples,
water user associations, multilateral development agencies (United Nations Development
Programme's CommunityWater Initiative and Global Environment Facility's Small Grants
Programme), agricultural extension agents, and sub-watershed committees.
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implications, one of which is that it undermines the role of agroforestry
in building livelihood resilience to drought in many semiarid areas, as
seen in Kenya (Quandt et al., 2017). A lack of coordination is particularly
clear from the inconsistent engagement and acknowledgement of local
and indigenous knowledge and practices which has led to inconsistent
integration of thesewith formal risk reduction and adaptation strategies
(Grey et al., 2020).

Almost 20% of responses are still in the early ‘planning or vulnerabil-
ity assessment phase’, indicating that there has been limited coordi-
nated implementation or only local ad-hoc implementation. For
example, building an indigenous agropastoral adaptation framework
to climate change in the North West Region of Cameroon (Azibo and
Kimengsi, 2015), or ad-hoc uptake of rain water harvesting and saving
technologies in Tharaka South, Eastern Kenya (Muriu-Ng'ang'a et al.,
2017). Almost half the responses (47%) are in ‘the planning and early
implementation phase’ in which there is widespread recognition
among decision-makers of the need for response measures and there
is evidence of at least some coordinated implementation, though mea-
sures are commonly still ad-hoc in their nature. For example, soil and
water conservation in western Africa (Sietz and Van Dijk, 2015), recog-
nition of the need to advance beyond coping responses to drought in
The Gambia (Yaffa, 2013), and ad-hoc uptake of conservation farming
across the continent (Ahmed, 2016; Kpadonou et al., 2017; Olaniyan,
2017; Swanepoel et al., 2018). Fewer than one fifth of responses (19%)
demonstrate ‘expanding’ implementation where there is evidence that
adaptation has become mainstreamed into decision-making processes
and that responses demonstrate coordination and are as part of a coher-
ent response strategy. Examples of expanding responses include inte-
grated landscape restoration practices and rainwater harvesting and
management in arid and semi-arid areas of Ethiopia (Woldearegay
et al., 2018), and early warning systems of drought in East Africa
(Funk et al., 2017; Nahayo et al., 2017; Zake and Hauser, 2014).

Most articles (73%) reported coping and autonomous responses that
showed only minor adjustments to business-as-usual water practices,
suggesting limited adaptation depth (for example, Azibo and
Kimengsi, 2015). Business-as-usual coping and autonomous responses
risk falling short of the IPCC definition of adaptation (IPCC, 2019a), in-
stead respond to water scarcity in the short to medium term without
planning explicitly for current and projected risks from climate change
such as community managed storage and irrigation systems in Tunisia
and Ethiopia (Alemayehu and Bewket, 2017; I. Ferchichi et al., 2017),
and reactive destocking and migration in Chad (Okpara et al., 2016).

One quarter of articles (25%) identified responses indicating ‘me-
diumdepth’ adaptation capacity, such as the expansion of existing prac-
tices rather than the development of entirely new practices: for
example, replacement of traditional seed distribution systems in com-
munity seed fairs in Kenya which safeguard and promote local seed va-
rieties better suited to the local climate (Amaru andChhetri, 2013). Only
2% displayed high depth adaptation capacity: for example, observable
transformation in response type from trial and error to a well-planned
and participatory approaches, transition from soil and water conserva-
tion to water harvesting, extensions from small-scale to large-scale
and landscape-level interventions, scaling from individual or isolated
technologies to integrated and linked approach with technologies
proven to be effective and climate-smart, and greater nuance in moving
from blanket approaches to contextualised technology selection and
implementation (for example, Amaru and Chhetri, 2013; Chisadza
et al., 2013; Goulden et al., 2013; Woldearegay et al., 2018).

Most studies (71%) report limited scope for adaptation responses
and are confined to local areas, such as a town, city or suburb, a catch-
ment, or a handful of local communities within a confined sector, such
as agropastoralists (for example, Kassian et al., 2016). A common
relationship also exists between actions with limited scope and the
use of local and indigenous knowledge (for example, Mashizha, 2019).
For adaptation actions with ‘medium scope’, studies indicate that the
ability to scale is contingent on the role of the State and the degree of
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its engagement with local actors (El Jihad, 2016). Only 3% of articles in-
dicated adaptation actions with broad scope – that is, responses are im-
plemented at a large scale and result in system-wide changes thatmight
involve an entire organization, a country or large region, and a large
population. In these cases, local knowledge is noted to be component
to successfully scale to a broader scope (Dobson et al., 2015; Sietz and
Van Dijk, 2015).

93% of adaptation actions indicate ‘slow’ and ‘incremental change’,
emphasizing the generally slow pace of behavioural and cultural deter-
minants of change, a trend also seen in urban areas (for example,
England et al., 2018). Medium and high-speed responses are commonly
top-down and include the development of infrastructure or institu-
tional and governance reforms with ambitious goals like altering
water-use behaviours through changes in thewater tariffmodel (for ex-
ample, Ouweneel et al., 2020; Simpson et al., 2019c).

3.3.3. Risk reduction and maladaptation of responses to water scarcity
61% of studies found that the responses to water scarcity reduced

risk while about one third (35%) either showed no evidence or did not
report on risk reduction. By linking knowledge of the local specifications
of these drivers to regional and global patterns of vulnerability, our un-
derstanding of land-based adaptation could be significantly enhanced.
In Chen and Davis (2019) for example, the rehabilitation of the ancient
cascadewater supply scheme increased bothwater availability and sus-
tainability of water supply, highlighting the critical roles that local and
indigenous knowledges can play in reducing contemporary risk. In
general, the contextualised integration of scientific, technological and
local knowledge is seen as the most effective means of risk reduction
(for example, Ojoyi Mercy and Mwenge Kahinda, 2015; Opare, 2018;
Quandt et al., 2017).

Almost one fifth (19%) of articles identified maladaptation associated
with oneormoredimensions of responses towater scarcity. Types ofmal-
adaptation in Africa are often related to environmental degradation, de-
velopmental challenges and systemic vulnerability (Antwi-Agyei et al.,
2018; Magnan et al., 2016). Many autonomous actions are not consistent
with (outmoded) governance and institutional frameworks, leading some
actions to conflict with legal and governance directives (for example,
Kassian et al., 2016; Matchaya et al., 2019; Ziervogel et al., 2019).

Migration responses to water scarcity in arid and semi-arid regions
are associatedwith conflict and growing insecurity in receiving commu-
nities, increasingly gendered water access, increased divorce rates, and
a loss of solidarity and skills (for example, Abubakar, 2019; Ngarava
et al., 2019; Rao et al., 2019b; Sitati et al., 2021). Watermanagement re-
sponses have also been linkedwith unintended consequences of insecu-
rity and conflict (for example, Okpara et al., 2015; Powell et al., 2017).
Modification of food consumption to dealwithdrought-induced harvest
losses can cause serious productivity, health and physical and mental
development problems, especially in young children (for example,
Godsmark et al., 2019; Yaffa, 2013). Increased access to groundwater
through new technologies has often been associated with the deple-
tion of groundwater (Comte et al., 2016; I. Ferchichi et al., 2017;
Houéménou et al., 2020). Unequal access to groundwater subse-
quently exacerbates disparities between farmers and affects their ca-
pacity to copewithwater scarcity (A. Ferchichi et al., 2017). Efforts to
reduce poverty can also undermine other gains: for example, in
Botswana owning fishnets strongly suggests a non-farm adaptation
strategy, yet such a strategy can lead to overfishing (Nkuba et al.,
2019).

4. Discussion

The following discussion reflects on our analysis of the literature and
highlights the strengths and weaknesses of both ongoing and planned
responses towater scarcity in Africa (see Appendix C for overview of ex-
amples of local responses to water scarcity in Africa). Then we synthe-
size and reflect upon the efficacy of identified responses highlighting,
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wherever relevant, their contributions to reducing risk and vulnerabil-
ity, developing resilient social systems, environmental improvement,
increasing economic activities and enhancing governance and institu-
tions.

4.1. Planned adaptation to water scarcity

Africa showcases a range of global best-practice examples of water
planning and management: for example, the urban wastewater man-
agement inWindhoek, Namibia (van Rensburg, 2016) and the growing
distribution of drought-tolerant maize varieties in Kenya (Simtowe
et al., 2020). Public investment inwater infrastructure in Africa has gen-
erally favoured capital-intensive and infrastructure-focused projects,
especially those aligned with high-profile political objectives, rather
than (also) addressing governance and the root institutional causes of
water mismanagement (Crow-Miller et al., 2017). As elsewhere in the
world, common responses to water scarcity in Africa have traditionally
involved building large dams with supply volume calculations guided
by historical records of hydrological flow, projected consumption
needs, and population growth (Muller, 2019; Tzanakakis et al., 2020).
Yet, it is increasingly recognised that this approach is no longer suffi-
cient to address current and projected water scarcity and may, in
some instances, reduce water availability in particular areas instead of
increasing it (Muller, 2020; Regan and Kim, 2020). Thus, design for sup-
ply needs to now incorporate interannual climate variability and
longer-term projections of climate change and climate extremes
(Jump et al., 2017; Schewe et al., 2019). For example, the informed plan-
ning for water resource management infrastructure on Benin's Ouémé
River (Lawin and Tamini, 2019).

Questions about the appropriateness and environmental impact of
large dams have led to their justification on novel grounds such as en-
ergy sovereignty, as demonstrated by Ethiopia's Grand Renaissance
Dam and Tanzania's planned Rufiji Hydro project (Roussi, 2019;
Siderius et al., 2021; J. Warner et al., 2019). These new perspectives
are potentially compromising the goals of (transboundary) risk reduc-
tion, environmental, governance and vulnerability imperatives of effec-
tive adaptation as water planning is subordinated to political and
national energy interests. As a consequence, water infrastructure man-
agers face the challenge of re-negotiating political objectives while
meeting both the material and organizational challenges of water sup-
ply and service delivery within a context of growing risk and scarcity
(Cervigni et al., 2017; Lempert et al., 2015; Muller, 2020; Padowski
et al., 2016; Sridharan et al., 2019). Governance and institutional chal-
lenges to planning for water scarcity are further compounded by of
the few instances of participation of end-users and inclusion of broader
stakeholders in centralized water planning and decision-making across
the continent (Cornforth et al., 2021; Hellberg, 2019; Rugemalila and
Gibbs, 2015; Taylor et al., 2021).

Global studies of agriculture have quantitatively demonstrated that
efficient irrigation and soil management, water harvesting and storage,
infrastructure improvements, crop management, and removal of alien
invasive vegetation can all increase water use efficiency and enhance
water availability during times of particular scarcity (Richter et al.,
2017). In Africa, efforts to sustain agricultural production include
expanding groundwater-fed irrigation, something that is historically
common to North Africa (Kuper et al., 2017) and southern Africa
(Cobbing and Hiller, 2019). Irrigation is used to counter crop losses
through evapotranspiration and achievemaximumproduction in a par-
ticular growing environment (Ambika and Mishra, 2020; Mancosu
et al., 2015). Nevertheless, intensive groundwater withdrawals to ad-
dress acute water scarcity may increase the risk of groundwater deple-
tion (de Graaf et al., 2019) and amplify the threat of saline intrusion in
coastline areas from sea-level rise (Hamed et al., 2018; Ouhamdouch
et al., 2019).

Infrastructural responses to future water scarcity, based on lessons
learnt during the 2015-2018 Cape Town drought, have been developed
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and include investments in treated effluent systems (Kaiser and
Eberhard, 2019). Wastewater reuse is now increasingly being
recognised as a viable and appropriate measure for urban areas (CoCT,
2019; Currie et al., 2017; Drangert and Sharatchandra, 2017; Nagara
et al., 2015). Recycling treated wastewater is prominent in the City of
Cape Town's new Water Strategy as the city seeks to become a ‘water
sensitive city’ by 2040 (CoCT, 2019; Kaiser and Eberhard, 2019). Cape
Town's Water Strategy further includes desalination plants, water
recycling, and adjustments in groundwater extraction to increase flexi-
bility and redundancy in the water supply systems (Taing et al., 2019).

During Cape Town's worst drought on record (2015-2018),
centrally-governed behavioural changes and a highly effective commu-
nications programme were credited for saving this city of four million
people from running dry, by reducing water-usage by more than half
(Madonsela et al., 2019). The city's average daily consumption dropped
from approximately 1200 million litres (ML) in 2015 to just 500 ML in
2018 (Muller, 2019; Taing et al., 2019). Restricting agricultural water
use was supported by a range of government measures (such as puni-
tive charges for high domestic water users) that were implemented to
ensure compliance with the general need to significantly reduce con-
sumption (Ouweneel et al., 2020). The Cape Townmunicipality also im-
proved water infrastructure and management, monitoring, education,
and communication (Rodina, 2019a; Rodina, 2019b). This integrated
approach with both technological oriented actions and water gover-
nance systemare adjudged as having beenhighly effective in promoting
water conservation and dealing with extreme water scarcity.

It is important to note that themajority of planned adaptation show-
ing promise of risk reduction at current and future warming levels is
generally constrained to highly capacitated governance, technological
and institutional conditions reflecting a small proportion of Africa's
total population affecting their broader feasibility across the continent
which concurs with Williams et al. (2021).

4.2. Autonomous and informal responses to water scarcity

Most articles (73%) identified here report coping and autonomous
adaptation actions that show little change from business as usual re-
sponses to water scarcity (for example, Azibo and Kimengsi, 2015).

Farming practices responding to water scarcity increasingly include
the adoption of drought-tolerant crops that use less water and thereby
mitigate against both water scarcity and food insecurity (Berhane,
2018; Hadebe et al., 2017; Mbogo et al., 2014). A recent success story
highlights the potential for scaling-up the use of drought-tolerant
maize varieties in Kenya (Simtowe et al., 2020). Conservation or regen-
erative agriculture can also improve infiltration and soilmoisture reten-
tion through mulching and no-tillage approaches (Lal, 2015), which
have seen a rapid uptake in Zimbabwe, Zambia, and Ethiopia
(Rockström and Falkenmark, 2015) and extension most other SSA
countries (Chomba et al., 2020).

Approaches that enhance soil moisture content are particularly im-
portant as most agriculture in Sub-Saharan Africa depends on moisture
held in the soil (Rockström and Falkenmark, 2015). Collecting runoff,
improving the infiltration, and managing land, water and crops across
watersheds increases moisture from rain held in the soil (Bedeke
et al., 2019; Leal Filho and de Trincheria Gomez, 2018a). Terracing
such as Fanya-Juu terraces of Machakos, Kenya, and conservation tillage
improves soil moisture retention, while rainwater harvesting tanks and
other sub-surface storage types can improve small-scale agricultural
productivity and resilience to drought (Bedeke et al., 2019; Leal Filho
and de Trincheria Gomez, 2018a).

In Ethiopia's Tigray Region, indigenous water strategies such as per-
colation pits and ponds, check-dams, and deep trenched bunds have
been successful at landscape restoration indicating their potential for
larger scale environmental outcomes (Woldearegay et al., 2018). For
arid and semi-arid areas of Kenya, sand dams have been used to aug-
ment subsoil rainwater storage for dryland agroecosystems. They
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support consistently higher vegetation biomass rates with vegetation
able to recover more quickly after drought and enhancing resilience
(Ryan and Elsner, 2016).

These rural responses include a range of local innovations and adop-
tion of new technologies which align with customary responses
(Apraku et al., 2018). Responses informed by local and indigenous
knowledge (LIK) include early warning systems predicting seasons
(Jiri et al., 2015; Nkomwa et al., 2014), rainwater harvesting practices
(Makate, 2019; Mapfumo et al., 2016), stockpiling of grains, conserva-
tion farming practices like dry planting (Grey et al., 2020), aswell as tra-
ditional preservation of food through sun drying, smoking and salting
(Kamwendo and Kamwendo, 2014; Mugambiwa, 2018). Yet very little
is known of the role LIK plays in urban responses to water stress
(Mapunda et al., 2018) nor the adaptation limits of such practices,
given the need to integrate projected risks with historically-informed
LIK (Kettle et al., 2014).

Climate change literacy varies across the continent with an average
climate change literacy rate of only 37% (Simpson et al., 2021a). Although
knowledge of anthropogenic climate change can potentially enhance ad-
aptation when combined with perception of climate change at the local
level and understanding of climate risk (Simpson et al., 2021a), without
climate change literacy, autonomous and informal responses such as
those listed here may already have reached their adaptation limits.

Especially over the past few decades, as rural-to-urban migration
rates have increased throughout Africa, the challenge of providing suffi-
cient cleanwater to urban populations has increased sharply (Chitonge,
2020). The challenge is multidimensional and affected by both climate
change and local developmental challenges such as governance, infra-
structure development, finance, planning and management, which in
turn affect the equitable access to water resources (Ahmed et al.,
2016). Consequently, many African cities have a large informal water
supply sector, particularly in peri-urban areas (Mapunda et al., 2018).

When considering autonomous responses to water scarcity, it is im-
portant to consider the range of both public and private actors and their
variable adaptive capacities. Responses to the Cape Town drought
(2015-2018) led to unprecedented uptake of greywater systems, rain-
water harvesting tanks and boreholes to secure residents' water re-
quirements (Simpson et al., 2019a; Simpson et al., 2020a). These off-
grid and autonomous strategies to secure household-level water supply
transformed many water-access arrangements and the associated gov-
ernance and tariff structure, undermining the municipality's financial
sustainability (Ouweneel et al., 2020; Simpson et al., 2019c). The
fight against future water scarcity in Africa will likely see further
contestation between models of public and private water delivery.
For those technologies which allow for decentralization and off-
grid responses to water scarcity, the partial and gated nature of
elite responses are likely to challenge centralized water distribution
and governance arrangements (Simpson et al., 2019a). While munic-
ipalities or utilities need to recognise autonomous actors and their
responses in the fight against water scarcity, planned responses
need to accommodate and coordinate with their efforts in order to
appropriately align private water supplier capacities with broader
societal needs (Leal Filho et al., 2019).

This paper has some limitations. Firstly, it looked at the overall frame-
work of water scarcity in Africa, without going deep into the sub-regional
differences across the continent. Secondly, whereas it paid attention to
the impacts of water scarcity in agriculture, it did not exam the conse-
quences to crop varieties. Despite these constraints, the paper offers a
comprehensive overview of the issues surrounding water scarcity in
Africa, anddraws attention to some of the issueswhich need to be consid-
ered, in order to systematically address it.

5. Conclusion

Water scarcity challenges in Africa are exacerbated by rapid popula-
tion growth, widespread poverty, inequitable access, climate change,
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and a generally low capacity to develop andmanage adequate water in-
frastructure. These challenges are multidimensional, with significant
implications for the agricultural, human development, socio-
economic, and ecosystem outcomes. Accounting for more than 80% of
water use, it is especially important to address water scarcity in
Africa's agricultural sector as it negatively influences food security and
threatensmillions of people's livelihoods. Yet responses in the literature
have also displayed the importance of inter-sectoral andmulti-level un-
derstanding of water scarcity and the interconnectedness of risk be-
tween various and sometimes competing users.

Centralized and top-down governance responses have not ensured
equitable and sustainable water access to date. Planned approaches
have promoted responses that are capital-intensive and infrastructure-
focused, especially those aligned with high-level political objectives,
rather than addressing root causes of water scarcity in Africa, particularly
historical mismanagement, and the comparative lack of institutional ca-
pacity at the local level. Planned responses have also showed little recog-
nition or integration of local and indigenous knowledge into scalable
water practices. They further need to avoid creating new risks to water
or compounding existing ones and thus being maladaptive.

Successful autonomous and local-level responses and development
interventions in rural areas have been noted to include drought-tolerant
cropswhich use lesswater, on-farmponds, flood-based farming,more ef-
ficient low-cost irrigation technologies, and afforestation.Where these re-
sponses integrate risk projections, they are likely to be robust as
adaptation options. In urban areas, treated wastewater reuse, rainwater
harvesting, reverse osmosis desalination, and behavioural change are all
promising adaptation strategies. Yet our analysis of the literature pro-
vided no evidence of the efficacy of autonomous responses at future
global warming levels. In addition, there is limited understanding of the
effectiveness of responses foregrounding local and indigenous knowledge
in addressing projected risks outside historical ranges of variability.

These findings underscore the dangers of separating (or ring-
fencing) responses to water scarcity from competing challenges to
food security, urbanization, desertification, and human or state security.
Addressing water scarcity can open new opportunities for African soci-
eties to foster socio-economic development and offer new perspectives
regarding human health, agriculture, economy, peace, and regional sta-
bility.

The paper has some “take home” lessons. Firstly, there is a need for co-
ordinated institutional responses in addressing matters related to water
scarcity. This involves not only government agencies which need to put
the right policies in place, but also regional and local stakeholders on
the other. Secondly, it is important to correlatewater availability – includ-
ing groundwater –with an efficientwater use tomaximise and safeguard
sustainable access for all users. Finally, the experiences gathered show
that water governance and management need to go hand in hand, to
11
increase the availability of water, both to provide water security and to
address the poverty which water scarcity is associated with.

One of main challenges for adaptation for the coming decade is to
extend planned adaptation at the local level and better integrate
projected risk of climate change and variability into local autonomous
responses. Advancing climate change literacy rates and extension of cli-
mate information services provides two low-hanging opportunities that
will enhance platforms for adaptation at future warming levels. This
holds potential to help reverse current trends of water scarcity and
achieve a more efficient, successful, and fair distribution of water re-
sources across Africa. Futurework should focus the evidence limitations
of policy (and top-down decision-making) in deploying technologies
and responses towater scarcity in Africa and establishing the adaptation
limits of responses to water scarcity at future global warming levels.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2021.150420.
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Appendix A. Coding and analysis of literature on responses to water scarcity in Africa

1. General
1.1. Description of topic summarized in document
1.2. Region(s) or geographic focus of adaptive responses documented
1.3. Sectoral focus of adaptive responses documented
1.4. Cross-cutting themes
1.5. Consideration of local knowledge
1.6. Consideration of Indigenous knowledge
2. Who is responding?
2.1. Who is engaging in adaptation responses?

2.2. Is there evidence that particular vulnerable groups are targeted in adaptation responses?
3. What responses are documented?

3.1. What types of responses are reported?
Behavioural/cultural: Enabling, implementing, or undertaking lifestyle and/or behavioural change
Ecosystem-based: Enhancing, protecting, or promoting ecosystem services
Institutional: Enhancing multilevel governance or institutional capabilities
Technological/infrastructure: Enabling, implementing, or undertaking technological innovation or infrastructural development.

(continued on next page)
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3.2. What types of implementation tools are reported?
3.3. What climatic hazards are being responded to?
3.4. What aspects of exposure or vulnerability are targeted by adaptation responses?
3.5. What is the stated (or implied/assumed) link to reduction in risk?

4. What is the extent of the adaptation-related responses?
4.1. What is the general stage of response activities?

Vulnerability assessment and/or early planning: The impacts of climate change are known as least indicatively (qualitative information), taking account of the
uncertainty involved in climate change scenarios. There is some evidence of vulnerability assessment. There may be evidence that some adaptation measures have been
identified and plans may be made for their implementation. There is limited evidence of implementation, or only small and ad hoc adaptation implementation.
Adaptation planning and early implementation: There is widespread recognition among decision-makers of the need for adaptation measures. Impacts and vulnerability
are well understood. Adaptation measures have been identified and there is evidence of at least some coordinated implementation, though measures may still be ad-hoc.
Implementation expanding: There is widespread recognition and acceptance of the need for adaptation measures and coordinated planning. There is evidence that
adaptation has been incorporated (mainstreamed) into decision-making processes. Implementation of adaptation measures are more likely to be coordinated as part of a
coherent strategy than ad-hoc.
Implementation widespread: Adaptation measures are implemented and coordinated consistently across all relevant sectors and regions, with adaptation planning
standard practice and well-established within legal/institutional/cultural/social frameworks and norms.

4.2. Is there any information on who financed the response?
4.3. Is there any information on the costs of adaptation?
4.4. What is the depth of response activities?

The depth of a response relates to the degree to which a change reflects something new, novel, and different from existing norms and practices. A change that has limited
depth would follow business-as-usual practices, with no real difference in the underlying values, assumptions and norms. This would include responses that are largely
based on expansion of existing practices rather than consideration of entirely new practices. In-depth change, in contrast, might involve radically changing practices by
altering frames, values, logics, and assumptions underlying the system. This might involve deep structural reform, complete change in mindset by governments or
populations, radical shifts in public perceptions or values, and changing institutional or behavioural norms.

4.5. What is the scope of response activities?
The scope of a response typically refers to the scale of change. A small scope might refer to local initiatives, or activities restricted to particular neighbourhoods,
communities, groups, or projects. Broad scope would refer to large-scale and system-wide changes that might involve an entire organization, a country or large region,
and large population. While changes of small scope might involve isolated efforts, broad scope might be multi-dimensional, multi-component, and/or multi-level.
Development of networks, inter-organizational coordination, and social relations within a response are more likely to lead to changes of broader scope

4.6. What is the speed of response activities?
The speed of change refers to the dimension of time within which changes are happening. A slow or incremental change might include small changes in incremental
steps, or a series of small shifts. Faster change might involve rapid jumps or what might be called ‘transformative’ changes in terms of relatively sudden shifts in views,
perceptions, attitudes, and norms

5. Are adaptation-related responses reducing risk?
5.1. Is there any evidence that activities successfully reduced risk?

There is moderate to substantial evidence that key indicators of vulnerability and/or risk have declined, as well as (qualitative or quantitative) evidence that adaptation
efforts have contributed to these reductions. Evidence may be attribution-based or based on robust narratives and theories of change?

5.2. Are indicators or measures of ‘success’ identified?
5.3. Is there any consideration of risks or maladaptation associated with the adaptation responses?
5.4. Is there any reference to co-benefits?

6. Adaptation limits
6.1. Are limits to adaptation described?
6.2. Are these hard or soft limits?
6.3. Is there evidence to indicate whether responses approach, challenge, or exceed soft limits?

7. Assessing confidence in evidence
7.1. Are there any major methodological limitations?
7.2. Did the document provide sufficient information to answer all of these coding questions?
7.3. Comment on the quantity and quality of data upon which the findings are based.
7.4. Are the results relevant to a particular context only?

Appendix B. Documented range of types responses to water stress in Africa
Response types
B

T

E

In

Rural/agricultural Rainwate
ponds / R
pumping
Count
r harve
ooftop
+ Low
Percentage
sting (basic: O
catchments +
-cost drip irri
Details
ehavioural/cultural
 65
 30%
 Well management, soil water conservation, market gardening, Income diversification, Social networks (loans/remittance),
migration (often rural to urban migration), traditional rainwater harvesting techniques, supplementary feeding, feed
preservation, changing the reproduction season, keeping locally adapted breeds and destocking of goat flock size,
transhumance, agroforestry, area closure, increase non-farm income, self-help micro-credit groups.
echnological/infrastructural
 58
 27%
 New seed varieties or irrigation techniques, public infrastructure that address changes in water availability, drought-resistant
and other varieties better suited to climate change, infilling eroded parts of a riverbank, change of water source to groundwater,
boreholes, drip irrigation, rainwater harvesting
cosystem-based
 54
 25%
 Water management, planting grass to stabilize the riverbanks, use living vegetation or the residues from harvested crops to
protect soil from the wind, mulching, rotating crops grown in rows with cover crops such as grasses or legumes grown on the
same field every other year
stitutional
 39
 18%
 Disaster management for floods and droughts, water conservation, groundwater management, increasing dam reservoir water
storage, early warning systems for crops, food and seed storage systems, soil and crop research, Water users association, water
tariffs, water demand management policy, integrated coastal zone management, incorporating risk reduction into development
planning or zoning schemes
216
 100%
Appendix C. Examples of local responses to water scarcity in Africa
Response type Purpose Location Reference (exemplar)
n-farm
Manual

gation)

Subsistence agriculture; cultivating
drought tolerant and low water use crops;
food security

Continent-wide;
Machakos, Kenya

(Hadebe et al., 2017; Leal Filho et al.,
2019; Leal Filho and de Trincheria
Gomez, 2018b)
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(continued)

Response type Purpose Location Reference (exemplar)

Technological innovations and local
calibration for rainwater harvesting

• Geomembrane bag
• Solar pumps
• Treadle pumps
• Motor pumps
• Micro-irrigation

Commercial rice and maize production;
subsistence agriculture; pastoralists; food
security

Ethiopia, Tanzania,
Burkina Faso; Uganda;
Kenya

(Gowing et al., 2018; Haddis, 2018;
Kisekka et al., 2018; Lebel et al., 2015;
Snelder et al., 2018; Songok et al., 2018;
Stöber et al., 2018)

Landscape restoration and water
harvesting (percolation pits,
afforestation, percolation ponds,
check-dams, deep trenches with bunds)

Subsistence agriculture Tigray Region, Ethiopia,
Kenya

(Berhane, 2018; Ngigi, 2018; Oduor and
Mabanga, 2018; Woldearegay et al., 2018)

Smart subsurface/sand storage dams

• Small earth dams + mechanised/-
manual pumping + low-cost drip irri-
gation

• Natural alluvial aquifers and ground-
water dams in seasonal sandy streams
+ mechanised/manual pumping +
low-cost drip irrigation

Water security Kenya (de Trincheria Gomez et al., 2018; Ryan
and Elsner, 2016)

Off-season small-scale irrigation

• On-farm ponds
• Shallow groundwater recharge with
micro-catchment

• Small earth dams
• Rock outcrops + earth dams

Commercial and subsistence agriculture Ethiopia, Zimbabwe,
Kenya

(de Trincheria Gomez et al., 2018; Oguge
and Oremo, 2018; Simane et al., 2018;
Wuta et al., 2018)

Flood based farming.

• Spate irrigation; alluvial dugouts; soil
bunds

• Contour ponds; finger ponds; paddy
ponds; flood pastures.

• Inundation canals; flow division struc-
tures; drop structures.

• Depression agriculture

Fishery; subsistence agriculture;
semi-subsistence agriculture; drinking
water and groundwater recharge; timber
fuelwood and leaf harvesting

Arid and semi-arid
regions (25 million
ha); N. Africa; E. Africa;
Ghana; Eritrea

(Kool et al., 2018)

Low-technology irrigation strategies

• Subterranean micro-drip irrigation
(Green River Principle); Furrows; bot-
tle drip

Horticulture Kenya (Stöber et al., 2018)

Using road infrastructure as instruments
for rainwater harvesting

• Modified road design: Culverts; con-
verted borrow pits; infiltration
ponds/trenches; gully plugs.

Underground water recharge; soil
moisture increase; erosion/flooding control

Tigray region, Ethiopia (van Steenbergen et al., 2018)

Groundwater extraction Drinking; household use; subsistence
agriculture

Uganda (Pearson et al., 2015)

Urban Reverse osmosis desalination Municipal North Africa (Gude, 2016)
Virtual water trading Municipal North Africa (Nagara et al., 2015)
Reverse osmosis desalination (small
scale)

Municipal Swakopmund, Namibia (Sorensen, 2017)

Rainwater harvesting Household use Zimbabwe, Nigeria,
and others

(Abubakar, 2018; Campisano et al., 2017)

Greywater, rainwater, treated effluent
systems

Household, business use South Africa, and
others

(Taing et al., 2019)

Wastewater reuse Municipal Windhoek, Namibia (van Rensburg, 2016)

W. Leal Filho, E. Totin, J.A. Franke et al. Science of the Total Environment 806 (2022) 150420
References

Abubakar, Ismaila Rimi, 2018. Strategies for coping with inadequate domestic water sup-
ply in Abuja, Nigeria. Water Int. 43 (5), 570–590. https://doi.org/10.1080/02508060.
2018.1490862.

Abubakar, I., Zumla, A., 2018. Universal health coverage for refugees and migrants in the
twenty-first century. BMC Med. 16, 216.

Abubakar, I.R., 2019. Factors influencing household access to drinking water in Nigeria.
Util. Policy 58, 40–51.

Ado, A.M., Savadogo, P., Abdoul-Azize, H.T., 2019. Livelihood strategies and household re-
silience to food insecurity: insight from a farming community in aguie district of
Niger. Agric. Hum. Values 36, 747–761.

Ahmadalipour, A., Moradkhani, H., Castelletti, A., Magliocca, N., 2019. Future drought risk
in Africa: integrating vulnerability, climate change, and population growth. Sci. Total
Environ. 662, 672–686.

Ahmed, A., Lawson, E.T., Mensah, A., Gordon, C., Padgham, J., 2016. Adaptation to climate
change or non-climatic stressors in semi-arid regions? Evidence of gender differenti-
ation in three agrarian districts of Ghana. Environmental Development 20, 45–58.
13
Ahmed, M.H., 2016. Climate change adaptation strategies of maize producers of the Cen-
tral Rift Valley of Ethiopia. J. Agric. Rural Dev. Trop. Subtrop. 117 (1).

Alemayehu, A., Bewket, W., 2017. Smallholder farmers’ coping and adaptation strategies
to climate change and variability in the central highlands of Ethiopia. Local Environ.
22, 825–839.

Allen, R.G., Pereira, L.S., Raes, D., Smith, M., 1998. Crop Evapotranspiration-Guidelines for
Computing Crop Water Requirements-FAO Irrigation and Drainage Paper 56. Fao,
Rome, p. 300.

Almer, C., Laurent-Lucchetti, J., Oechslin, M., 2017. Water scarcity and rioting: disaggre-
gated evidence from sub-saharan Africa. J. Environ. Econ. Manag. 86, 193–209.

Amaru, S., Chhetri, N.B., 2013. Climate adaptation: institutional response to environmen-
tal constraints, and the need for increased flexibility, participation, and integration of
approaches. Appl. Geogr. 39, 128–139.

Ambika, A.K., Mishra, V., 2020. Substantial decline in atmospheric aridity due to irrigation
in India. Environ. Res. Lett. 15, 124060.

Antwi-Agyei, P., Dougill, A.J., Stringer, L.C., Codjoe, S.N.A., 2018. Adaptation opportunities
and maladaptive outcomes in climate vulnerability hotspots of northern Ghana. Clim.
Risk Manag. 19, 83–93.

https://doi.org/10.1080/02508060.2018.1490862
https://doi.org/10.1080/02508060.2018.1490862
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710152914
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710152914
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710217377
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710217377
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710245490
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710245490
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710245490
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710276758
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710276758
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710276758
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710310835
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710310835
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710310835
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170655388706
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170655388706
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710351289
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710351289
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710351289
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628004142
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628004142
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628004142
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710383847
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710383847
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710557097
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710557097
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710557097
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711119219
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711119219
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711169864
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711169864
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711169864


W. Leal Filho, E. Totin, J.A. Franke et al. Science of the Total Environment 806 (2022) 150420
Apraku, A., Akpan, W., Moyo, P., 2018. Indigenous knowledge, global Ignorance? Insights
from an eastern cape climate change study. S. Afr. Rev. Sociol. 49, 1–21.

Asmall, T., Abrams, A., Röösli, M., Cissé, G., Carden, K., Dalvie, M.A., 2021. The adverse
health effects associated with drought in Africa. Sci. Total Environ. 793, 148500.

Ayanlade, A., 2016. Variation in diurnal and seasonal urban land surface temperature:
landuse change impacts assessment over Lagos metropolitan city. Model. Earth
Syst. Environ. 2, 1–8.

Ayanlade, A., Ojebisi, S.M., 2020. Climate Variability and Change in Guinea Savannah Eco-
logical Zone, Nigeria: Assessment of Cattle Herders’ Responses. Handbook of Climate
Change Resilience, pp. 729–747.

Azibo, B.R., Kimengsi, J.N., 2015. Building an indigenous agro-pastoral adaptation frame-
work to climate change in sub-saharan Africa: experiences from the north west re-
gion of Cameroon. Procedia Environ. Sci. 29, 126–127.

Bedeke, S., Vanhove, W., Gezahegn, M., Natarajan, K., Van Damme, P., 2019. Adoption of
climate change adaptation strategies by maize-dependent smallholders in Ethiopia.
Wagening. J. Life Sci. 88, 96–104.

Bedelian, C., Ogutu, J.O., 2017. Trade-offs for climate-resilient pastoral livelihoods in wild-
life conservancies in the Mara ecosystem, Kenya. Pastoralism 7, 1–22.

Berhane, G., 2018. Benefits and challenges of dugout rainwater harvesting ponds in Tigray
Region, Ethiopia. In: Leal Filho, W., de Trincheria Gomez, J. (Eds.), Rainwater-Smart
Agriculture in Arid and Semi-Arid Areas: Fostering the Use of Rainwater for Food Se-
curity, Poverty Alleviation, Landscape Restoration and Climate Resilience. Springer In-
ternational Publishing, Cham, pp. 259–280.

Berrang-Ford, L., Biesbroek, R., Ford, J.D., Lesnikowski, A., Tanabe, A., Wang, F.M., et al.,
2019. Tracking global climate change adaptation among governments. Nat. Clim.
Chang. 9, 440–449.

Berrang-Ford, L., Lesnikowski, A., Fischer, A., Siders, A., Mach, K.J., Thomas, A., 2021a. The
Global Adaptation Mapping Initiative (GAMI): part 1 – introduction and overview of
methods. Nat. Protoc. Exch., 1–8 https://doi.org/10.21203/rs.3.pex-1240/v1.

Berrang-Ford, L., Siders, A.R., Lesnikowski, A., Fischer, A., Callaghan, M., Haddaway, N.R.,
2021b. A systematic global stocktake of evidence on human adaptation to climate
change. Nat. Clim. Chang. 1–39.

Besada, H., Werner, K., 2015. An assessment of the effects of Africa's water crisis on food
security and management. Int. J. Water Resour. Dev. 31, 120–133.

Biesbroek, R., Berrang-Ford, L., Ford, J.D., Tanabe, A., Austin, S.E., Lesnikowski, A., 2018.
Data, concepts and methods for large-n comparative climate change adaptation pol-
icy research: a systematic literature review. WIREs Clim. Chang. 9, e548.

Bizikova, L., Parry, J.-E., Karami, J., Echeverria, D., 2015. Review of key initiatives and ap-
proaches to adaptation planning at the national level in semi-arid areas. Reg. Environ.
Chang. 15, 837–850.

Brink, A.B., Eva, H.D., 2009. Monitoring 25 years of land cover change dynamics in Africa:
a sample based remote sensing approach. Appl. Geogr. 29, 501–512.

Burke, M., Hsiang, S., Miguel, E., 2014. Climate and conflict. Ann. Rev. Econ. 7, 577–617.
Busby, J.W., Cook, K.H., Vizy, E.K., Smith, T.G., Bekalo, M., 2014. Identifying hot spots of se-

curity vulnerability associated with climate change in Africa. Clim. Chang. 124,
717–731.

Busico, G., Ntona, M.M., Carvalho, S.C.P., Patrikaki, O., Voudouris, K., Kazakis, N., 2021. Sim-
ulating future groundwater recharge in coastal and inland catchments. Water Resour.
Manag. 35, 3617–3632.

Campisano, A., Butler, D., Ward, S., Burns, M.J., Friedler, E., DeBusk, K., Fisher-Jeffes, L.N.,
Ghisi, E., Rahman, A., Furumai, H., Han, M., 2017. Urban rainwater harvesting sys-
tems: research, implementation and future perspectives. Water Res. 115, 195–209.
https://doi.org/10.1016/j.watres.2017.02.056.

Carleton, T.A., Hsiang, S.M., 2016. Social and economic impacts of climate. Science 353.
Cervigni, R., Liden, R., Neumann, J.E., Strzepek, K.M., 2015. Enhancing the Climate Resil-

ience of Africa's Infrastructure: The Power and Water Sectors. The World Bank,
Washington, DC.

Cervigni, R., Losos, A., Chinowsky, P., Neumann, J.E., 2017. Enhancing the Climate Resil-
ience of Africa’s Infrastructure: The Roads and Bridges Sector. World Bank Group,
Washinton DC.

Chen, S., Davis, K., 2019. Climate-adaptive community water management for food secu-
rity: experiences from the UNDP community water initiative. Future Food: J. Food
Agric. Soc. 2, 21–29. http://www.thefutureoffoodjournal.com/index.php/FOFJ/
article/view/227.

Chisadza, B., Mike, J.T., Nhapi, I., Washington, R.N., 2013. Useful traditional knowledge in-
dicators for drought forecasting in the Mzingwane catchment area of Zimbabwe. Di-
saster Prev. Manag. 22, 312–325.

Chitonge, H., 2020. Urbanisation and the water challenge in Africa: mapping out orders of
water scarcity. Afr. Stud. 79, 192–211.

Chomba, S., Sinclair, F., Savadogo, P., Bourne, M., Lohbeck, M., 2020. Opportunities and
constraints for using farmer managed natural regeneration for land restoration in
Sub-Saharan Africa. Front. For. Glob. Chang. 3.

Clark, W.C., van Kerkhoff, L., Lebel, L., Gallopin, G.C., 2016. Crafting usable knowledge for
sustainable development. Proc. Natl. Acad. Sci. 113, 4570–4578.

Cobbing, J., Hiller, B., 2019. Waking a sleeping giant: realizing the potential of groundwa-
ter in sub-saharan Africa. World Dev. 122, 597–613.

CoCT, 2019. Cape Town Water Strategy (2019): Our Shared Water Future. City of Cape
Town. City of Cape Town, Cape Town, p. 60.

Cole, H.D., Cole, M.J., Simpson, K.J., Simpson, N.P., Ziervogel, G., New,M.G., 2021. Managing
city-scale slow-onset disasters: learning from Cape Town's 2015–2018 drought disas-
ter planning. Int. J. Disaster Risk Reduction 63.

Comte, J.-C., Cassidy, R., Obando, J., Robins, N., Ibrahim, K., Melchioly, S., et al., 2016. Chal-
lenges in groundwater resource management in coastal aquifers of East Africa: inves-
tigations and lessons learnt in the Comoros Islands, Kenya and Tanzania. J. Hydrol.
Reg. Stud. 5, 179–199.
14
Cornforth, R.J., Petty, C., Walker, G., 2021. Supporting climate-resilient planning at na-
tional and district levels: a pathway to multi-stakeholder decision-making in
Uganda. In: Conway, D., Vincent, K. (Eds.), Climate Risk in Africa: Adaptation and Re-
silience. Springer International Publishing, Cham, pp. 131–145.

Crow-Miller, B., Webber, M., Molle, F., 2017. The (re)turn to infrastructure for water man-
agement? Water Altern. 10, 195–207.

Currie, P.K., Musango, J.K., May, N.D., 2017. Urban metabolism: a reviewwith reference to
Cape Town. Cities 70, 91–110.

Cuthbert, M.O., Taylor, R.G., Favreau, G., Todd, M.C., Shamsudduha, M., Villholth, K.G., et
al., 2019. Observed controls on resilience of groundwater to climate variability in
sub-saharan Africa. Nature 572, 230–234.

D'Odorico, P., Davis, K.F., Rosa, L., Carr, J.A., Chiarelli, D., Dell'Angelo, J., et al., 2018. The
global food-energy-water nexus. Rev. Geophys. 56, 456–531.

D’Odorico, P., Chiarelli, D.D., Rosa, L., Bini, A., Zilberman, D., Rulli, M.C., 2020. The global
value of water in agriculture. Proc. Natl. Acad. Sci. 117, 21985.

de Graaf, I.E.M., Gleeson, T., Rens van Beek, L.P.H., Sutanudjaja, E.H., Bierkens, M.F.P., 2019.
Environmental flow limits to global groundwater pumping. Nature 574, 90–94.

de Trincheria Gomez, J., Dawit, D., Famba, S., Leal Filho, W., Malesu, M., Mussera, P.V.,
2018. Using rainwater for off-season small-scale irrigation in arid and semi-arid
areas of Sub-Saharan Africa: key working principles and best practices. In: Leal
Filho, W., de Trincheria Gomez, J. (Eds.), Rainwater-Smart Agriculture in Arid and
Semi-Arid Areas: Fostering the Use of Rainwater for Food Security, Poverty Allevia-
tion, Landscape Restoration and Climate Resilience. Springer International Publishing,
Cham, pp. 9–36.

Dobson, S., Nyamweru, H., Dodman, D., 2015. Local and participatory approaches to build-
ing resilience in informal settlements in Uganda. Environ. Urban. 27, 605–620.

Dos Santos, S., Adams, E.A., Neville, G., Wada, Y., de Sherbinin, A., Mullin Bernhardt, E., et
al., 2017. Urban growth and water access in sub-Saharan Africa: progress, challenges,
and emerging research directions. Sci. Total Environ. 607–608, 497–508.

Dosio, A., Jones, R., Jack, C., Lennard, C., Nikulin, G., Hewitson, B., 2019.What can we know
about future precipitation in Africa? Robustness, significance and added value of pro-
jections from a large ensemble of regional climate models. Clim. Dyn. 5833–5858.

Drangert, J.O., Sharatchandra, H.C., 2017. Addressing urban water scarcity: reduce, treat
and reuse - the third generation of management to avoid local resources boundaries.
Water Policy 19, 978–996.

El Jihad, M.-D., 2016. Climate change and rural development in the middle Atlas Moun-
tains and fringe areas (Morocco). J. Alpine Res. 104.

EM-DAT, CRED, 2020. In: UCLouvain (Ed.), EM-DAT Drought Disaster Occurances: Africa
query. UCLouvain, Brussels, Belgium.

Enenkel, M., Brown, M.E., Vogt, J.V., McCarty, J.L., Reid Bell, A., Guha-Sapir, D., et al., 2020.
Why predict climate hazards if we need to understand impacts? Putting humans
back into the drought equation. Clim. Chang. 162, 1161–1176.

England, M.I., Dougill, A.J., Stringer, L.C., Vincent, K.E., Pardoe, J., Kalaba, F.K., et al., 2018.
Climate change adaptation and cross-sectoral policy coherence in southern Africa.
Reg. Environ. Chang. 18, 2059–2071.

Eyring, V., Righi, M., Lauer, A., Evaldsson, M., Wenzel, S., Jones, C., et al., 2016. ESMValTool
(v1.0) – a community diagnostic and performancemetrics tool for routine evaluation
of Earth system models in CMIP. Geosci. Model Dev. 9, 1747–1802. https://gmd.
copernicus.org/articles/9/1747/2016/.

Falkenmark, M., Lundqvist, J., Widstrand, C., 1989. Macro-scale water scarcity requires
micro-scale approaches. Nat. Res. Forum 13, 258–267.

Falkenmark, M., Rockström, J., 2006. The new blue and green water paradigm: breaking
new ground for water resources planning and management. J. Water Resour. Plan.
Manag. 132, 129–132.

FAO, 2018. Sahel Regional Overview – October 2018: Burkina Faso, Chad, Mali,
Mauritania, the Niger and Senegal, Dakar, Senegal.

FAO, AQUASTAT, 1999. In: Food and Agriculture, Organization of the United Nations (.F.A.
O). (Ed.), AQUASTAT: FAO Information System onWater and Agriculture. FAO, Rome.

FAO, ECA, 2018. Africa: Regional Overview of Food Security and Nutrition. Addressing the
Threat From Climate Variability and Extremes for Food Security and Nutrition. Food
and Agriculture Organization of the United Nations, Accra, p. 116.

FAO I, UNICEF, WFP and WHO, 2020. The State of Food Security and Nutrition in the
World 2020. Transforming Food Systems for Affordable Healthy Diets. FAO, IFAD,
UNICEF, WFP and WHO, Rome.

Feleke, F.B., Berhe,M., Gebru, G., Hoag, D., 2016. Determinants of adaptation choices to cli-
mate change by sheep and goat farmers in northern Ethiopia: the case of southern
and Central Tigray, Ethiopia. Springerplus 5.

Ferchichi, A., Boulila, W., Farah, I.R., 2017a. Towards an uncertainty reduction framework
for land-cover change prediction using possibility theory. Vietnam J. Comput. Sci. 4,
195–209.

Ferchichi, I., Marlet, S., Zairi, A., 2017b. How farmers Deal with water scarcity in
community-managed irrigation SYSTEMS: a case study in northern Tunisia. Irrig.
Drain. 66, 556–566.

Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J., Mastrandrea, M.D., 2014. Climate Change
2014 Impacts, Adaptation, and Vulnerability. Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA.

Fischer, A., Callaghan, M., Berrang-Ford, L., Nielsen, M., Sotnik, G., Villaverde Canosa, I.,
2020. The Global Adaptation Mapping Initiative (GAMI): part 2 – screening protocol.
Nat. Protoc. Exch. 1–19.

Funk, C.C., Verdin, J., Thiaw, W.M., Hoell, A., Korecha, D., McNally, A., 2017. In: Union, A.G.
(Ed.), Enhancing Famine Early Warning Systems With Improved Forecasts, Satellite
Observations and Hydrologic Simulations. AGU Fall Meeting. 2017.

Gajjar, S.P., Singh, C., Deshpande, T., 2019. Tracing back to move ahead: a review of devel-
opment pathways that constrain adaptation futures. Clim. Dev. 11, 223–237.

http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711305627
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711305627
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711341520
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711341520
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711510643
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711510643
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711510643
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628136670
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628136670
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628136670
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711545636
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711545636
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170711545636
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712258451
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712258451
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712258451
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628231211
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628231211
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628459645
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628459645
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628459645
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628459645
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170628459645
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712288650
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712288650
https://doi.org/10.21203/rs.3.pex-1240/v1
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170629402021
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170629402021
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712443271
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712443271
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170629555754
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170629555754
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712479068
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712479068
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712479068
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712540429
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712540429
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170630257622
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712578776
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712578776
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170712578776
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170713038841
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170713038841
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170713038841
https://doi.org/10.1016/j.watres.2017.02.056
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170713069076
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170630484461
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170630484461
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170630484461
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170631033089
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170631033089
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170631033089
http://www.thefutureoffoodjournal.com/index.php/FOFJ/article/view/227
http://www.thefutureoffoodjournal.com/index.php/FOFJ/article/view/227
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170631184028
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170631184028
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170631184028
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170713296281
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170713296281
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170631547425
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170631547425
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170631547425
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170713328466
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170713328466
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170713368578
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170713368578
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170656074486
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170656074486
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714189687
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714189687
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714189687
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170632117094
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170632117094
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170632117094
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170632117094
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170632389309
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170632389309
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170632389309
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170632389309
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170632494191
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170632494191
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714256846
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714256846
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714310918
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714310918
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714338427
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714338427
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714379980
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714379980
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170632510985
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633208733
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633208733
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633208733
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633208733
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633208733
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633208733
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714408451
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714408451
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633279531
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633279531
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633308368
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633308368
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633308368
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714454813
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714454813
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714454813
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633441623
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170633441623
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170634019411
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170634019411
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714479713
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170714479713
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170715023417
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170715023417
https://gmd.copernicus.org/articles/9/1747/2016/
https://gmd.copernicus.org/articles/9/1747/2016/
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170715053557
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170715053557
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170715143239
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170715143239
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170715143239
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170656240610
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170656240610
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170659060223
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170659060223
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170634284816
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170634284816
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170634284816
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170635026159
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170635026159
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170635026159
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170715265580
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170715265580
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170715265580
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170716597432
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170716597432
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170716597432
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717028572
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717028572
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717028572
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170635180516
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170635180516
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170635180516
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170635490953
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170635490953
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170659495599
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170659495599
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170659495599
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717060199
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717060199


W. Leal Filho, E. Totin, J.A. Franke et al. Science of the Total Environment 806 (2022) 150420
Gan, T.Y., Ito, M., Hülsmann, S., Qin, X., Lu, X.X., Liong, S.Y., et al., 2016. Possible climate
change/variability and human impacts, vulnerability of drought-prone regions,
water resources and capacity building for Africa. Hydrol. Sci. J. 1–18.

Gebru, B.M., Wang, S.W., Kim, S.J., Lee, W.-K., 2019. Socio-ecological niche and factors af-
fecting agroforestry practice adoption in different agroecologies of Southern Tigray,
Ethiopia. Sustainability 11, 3729.

Gleick, P.H., Heberger, M., 2014. Water conflict chronology. In: Gleick, P.H. (Ed.), The
World’s Water: The Biennial Report on Freshwater Resources. Island Press/Center
for Resource Economics, Washington, DC, pp. 173–219.

Godsmark, C.N., Irlam, J., van der Merwe, F., New, M., Rother, H.A., 2019. Priority focus
areas for a sub-national response to climate change and health: a south african pro-
vincial case study. Environ. Int. 122, 31–51.

Goulden, M.C., Adger, W.N., Allison, E.H., Conway, D., 2013. Limits to resilience from live-
lihood diversification and social Capital in Lake Social-Ecological Systems. Ann. Assoc.
Am. Geogr. 103, 906–924.

Gowing, J., Bunclark, L., Mahoo, H., Kahimba, F., 2018. The ‘Majaluba’ rice production sys-
tem: a rainwater harvesting ‘Bright Spot’ in Tanzania. In: Leal Filho, W., de Trincheria
Gomez, J. (Eds.), Rainwater-Smart Agriculture in Arid and Semi-Arid Areas: Fostering
the Use of Rainwater for Food Security, Poverty Alleviation, Landscape Restoration
and Climate Resilience. Springer International Publishing, Cham, pp. 303–321.

Grasham, C.F., Korzenevica, M., Charles, K.J., 2019. On considering climate resilience in
urban water security: a review of the vulnerability of the urban poor in sub-
saharan Africa. Wiley Interdiscip. Rev. Water 6, e1344.

Grey, M.S., Masunungure, C., Manyani, A., 2020. Integrating Local Indigenous Knowledge
to Enhance Risk Reduction and Adaptation Strategies to Drought and Climate Vari-
ability: The Plight of Smallholder Farmers in Chirumhanzu District, Zimbabwe, p. 12.

Groth, J., Ide, T., Sakdapolrak, P., Kassa, E., Hermans, K., 2020. Deciphering interwoven
drivers of environment-related migration – a multisite case study from the ethiopian
highlands. Glob. Environ. Chang. 63, 102094.

Gude, V.G., 2016. Desalination and sustainability - an appraisal and current perspective.
Water Res. 89, 87–106.

Gunasekara, N.K., Kazama, S., Yamazaki, D., Oki, T., 2014. Water conflict risk due to water
resource availability and unequal distribution. Water Resour. Manag. 28, 169–184.

Haddis, A., 2018. Innovative rainwater harvesting technologies for pastoralists in arid and
semi-arid areas: a case study in Oromiya Region, Ethiopia. In: Leal Filho, W., de
Trincheria Gomez, J. (Eds.), Rainwater-Smart Agriculture in Arid and Semi-Arid
Areas: Fostering the Use of Rainwater for Food Security, Poverty Alleviation, Land-
scape Restoration and Climate Resilience. Springer International Publishing, Cham,
pp. 281–301.

Hadebe, S.T., Modi, A.T., Mabhaudhi, T., 2017. Drought tolerance and water use of cereal
crops: a focus on sorghum as a food security crop in sub-saharan Africa. J. Agron.
Crop Sci. 203, 177–191.

Hamed, Y., Hadji, R., Redhaounia, B., Zighmi, K., Bâali, F., El Gayar, A., 2018. Climate impact
on surface and groundwater in North Africa: a global synthesis of findings and rec-
ommendations. Euro-Mediterr. J. Environ. Integr. 3.

Haughey, E., Benton, T., Cowie, A., Olsson, L., Smith, P., 2019. Cross-Chapter Box 6: agricul-
tural intensification: land sparing, land sharing and sustainability. In: Shukla, P.R.,
Skea, J., Calvo Buendia, E., Masson-Delmotte, V., Pörtner, H.-O., Roberts, D.C. (Eds.),
Climate Change and Land: An IPCC Special Report on Climate Change, Desertification,
Land Degradation, Sustainable Land Management, Food Security, and Greenhouse
Gas Fluxes in Terrestrial Ecosystems.

Hecky, R.E., Mugidde, R., Ramlal, P.S., Talbot, M.R., Kling, G.W., 2010. Multiple stressors
cause rapid ecosystem change in Lake Victoria. Freshw. Biol. 55, 19–42.

Hellberg, S., 2019. Scarcity as a means of governing: challenging neoliberal
hydromentality in the context of the south African drought. Environ. Plan. E: Nat.
Space 3, 186–206.

Herbert, C., Döll, P., 2019. Global assessment of current and future groundwater stress
with a focus on transboundary aquifers. Water Resour. Res. 55, 4760–4784.

Homdee, T., Pongput, K., Kanae, S., 2016. A comparative performance analysis of three
standardized climatic drought indices in the Chi River basin, Thailand. Agric. Nat.
Resour. 50, 211–219.

Horne, J., Tortajada, C., Harrington, L., 2018. Achieving the sustainable development goals:
improving water services in cities affected by extreme weather events. Int. J. Water
Resour. Dev. 0627, 475–489.

Houéménou, H., Tweed, S., Dobigny, G., Mama, D., Alassane, A., Silmer, R., et al., 2020. Deg-
radation of groundwater quality in expanding cities inWest Africa. a case study of the
unregulated shallow aquifer in Cotonou. J. Hydrol. 582, 124438.

Hurlbert, M., Baptiste, B., Fletcher, A., Rivera Ferre, M.G., Mahadevia, D., Vincent, K., 2019.
Cross-Chapter Box 11: gender in inclusive approaches to climate change, land and
sustainable development. In: Shukla, P.R., Skea, J., Calvo Buendia, E., Masson-
Delmotte, V., Pörtner, H.-O., Roberts, D.C. (Eds.), Climate Change and Land: An IPCC
Special Report on Climate Change, Desertification, Land Degradation, Sustainable
Land Management, Food Security, and Greenhouse Gas Fluxes in Terrestrial Ecosys-
tems.

IPCC, 2019a. Annex I: glossary. In: van Diemen, R., Shukla, P.R., Skea, J., Calvo Buendia, E.,
Masson-Delmotte, V., Pörtner, H.O., Roberts, D.C. (Eds.), limate Change and Land: An
IPCC Special Report on Climate Change, Desertification, Land Degradation, Sustain-
able Land Management, Food Security, and Greenhouse Gas Fluxes in Terrestrial Eco-
systems.

IPCC, 2019b. Climate Change and Land: An IPCC Special Report on Climate Change, De-
sertification, Land Degradation, Sustainable Land Management, Food Security, and
Greenhouse Gas Fluxes in Terrestrial Ecosystems.

Jiri, O., Mafongoya, P., Chivenge, P., 2015. The Use of Indigenous Knowledge Systems to
Predict Seasonal Quality for Climate Change Adaptation in Zimbabwe.
15
Jump, A.S., Ruiz-Benito, P., Greenwood, S., Allen, C.D., Kitzberger, T., Fensham, R., et al.,
2017. Structural overshoot of tree growth with climate variability and the global
spectrum of drought-induced forest dieback. Glob. Chang. Biol. 23, 3742–3757.

Kaiser, G., Eberhard, R., 2019. Towards improved water security and resilience: Cape
Town’s 2019 water strategy. Civ. Eng. 27, 7–11.

Kamwendo, G., Kamwendo, J., 2014. Indigenous knowledge-systems and food security:
some examples from Malawi. J. Hum. Ecol. 48, 97–101.

Kassian, L.M., Tenywa, M., Liwenga, E.T., Dyer, K.W., Bamutaze, Y., 2016. Implication of cli-
mate change and variability on stream flow in Iringa region, Tanzania. J. Water Clim.
Chang. 8, 336–347.

Kettle, N.P., Dow, K., Tuler, S., Webler, T., Whitehead, J., Miller, K.M., 2014. Integrating sci-
entific and local knowledge to inform risk-basedmanagement approaches for climate
adaptation. Clim. Risk Manag. 4, 17–31.

Kimaro, E.G., Mor, S.M., Toribio, J.-A.L.M.L., 2018. Climate change perception and impacts
on cattle production in pastoral communities of northern Tanzania. Pastoralism 8, 19.

Kisekka, J.W., Kinaalwa, N., Busingye, E., Onneweer, M., 2018. Fostering the adoption of in
situ rainwater harvesting for food security in Rwenzori Region, Uganda. In: Leal Filho,
W., de Trincheria Gomez, J. (Eds.), Rainwater-Smart Agriculture in Arid and Semi-
Arid Areas: Fostering the Use of Rainwater for Food Security, Poverty Alleviation,
Landscape Restoration and Climate Resilience. Springer International Publishing,
Cham, pp. 323–341.

Klutse, N.A.B., Ajayi, V.O., Gbobaniyi, E.O., Egbebiyi, T.S., Kouadio, K., Nkrumah, F., et al.,
2018. Potential impact of 1.5 °C and 2 °C global warming on consecutive dry and
wet days over West Africa. Environ. Res. Lett. 13, 055013.

Kool, M., van Steenbergen, F., Mehari Haile, A., Abbas, Y.M., Hagos, E., 2018. The promise of
flood-based farming systems in arid and semi-arid areas. In: Leal Filho, W., de
Trincheria Gomez, J. (Eds.), Rainwater-Smart Agriculture in Arid and Semi-Arid
Areas: Fostering the Use of Rainwater for Food Security, Poverty Alleviation, Land-
scape Restoration and Climate Resilience. Springer International Publishing, Cham,
pp. 77–94.

Kotchoni, D.O.V., Vouillamoz, J.-M., Lawson, F.M.A., Adjomayi, P., Boukari, M., Taylor, R.G.,
2019. Relationships between rainfall and groundwater recharge in seasonally humid
Benin: a comparative analysis of long-term hydrographs in sedimentary and crystal-
line aquifers. Hydrogeol. J. 27, 447–457.

Kouressy, M., Sultan, B., Vaksmann, M., Belières, J.F., Claessens, L., Dingkuhn, M., et al.,
2019. Climate change and cereal production evolution trend in the Sahel: case
study in Mali from 1951 to 2010. Sustain. Agric. Res. 8, 68.

Kpadonou, R.A.B., Owiyo, T., Barbier, B., Denton, F., Rutabingwa, F., Kiema, A., 2017. Ad-
vancing climate-smart-agriculture in developing drylands: joint analysis of the adop-
tion of multiple on-farm soil and water conservation technologies in west african
Sahel. Land Use Policy 61, 196–207.

Kuper, M., Amichi, H., Mayaux, P.-L., 2017. Groundwater use in North Africa as a caution-
ary tale for climate change adaptation. Water Int. 42, 725–740.

Kupika, O.L., Gandiwa, E., Nhamo, G., Kativu, S., 2019. Local ecological knowledge on cli-
mate change and ecosystem-based adaptation strategies promote resilience in the
Middle Zambezi Biosphere Reserve, Zimbabwe. Scientifica 2019, 3069254.

Lal, R., 2015. Sequestering carbon and increasing productivity by conservation agriculture.
J. Soil Water Conserv. 70, 55A–62A.

Lawin, K.G., Tamini, L.D., 2019. Land tenure differences and adoption of Agri-
environmental practices: evidence from Benin. J. Dev. Stud. 55, 177–190.

le Blanc, D., Perez, R., 2008. The relationship between rainfall and human density and its
implications for future water stress in sub-saharan Africa. Ecol. Econ. 66, 319–336.

Leal Filho, W., Balogun, A.-L., Olayide, O.E., Azeiteiro, U.M., Ayal, D.Y., Muñoz, P.D.C., et al.,
2019. Assessing the impacts of climate change in cities and their adaptive capacity:
towards transformative approaches to climate change adaptation and poverty reduc-
tion in urban areas in a set of developing countries. Sci. Total Environ. 692,
1175–1190.

Leal Filho, W., de Trincheria Gomez, J., 2018a. Rainwater-Smart Agriculture in Arid and
Semi-Arid Areas: Fostering the Use of Rainwater for Food Security, Poverty Allevia-
tion, Landscape Restoration and Climate Resilience.

Leal Filho, W., de Trincheria Gomez, J., 2018b. In: Leal Filho, W., de Trincheria Gomez, J.
(Eds.), Rainwater-Smart Agriculture in Arid and Semi-Arid Areas: Fostering the Use
of Rainwater for Food Security, Poverty Alleviation, Landscape Restoration and Cli-
mate Resilience. Springer, Cham.

Lebel, S., Fleskens, L., Forster, P.M., Jackson, L.S., Lorenz, S., 2015. Evaluation of in situ rain-
water harvesting as an adaptation strategy to climate change for maize production in
rainfed Africa. Water Resour. Manag. 29, 4803–4816.

Lempert, R., Boehlert, B., Groves, D., Neumann, J.E., Strzepek, K.M., Broad, O., 2015. Adap-
tation to climate change in infrastructure planning. In: Cervigni, R., Liden, R.,
Neumann, J.E., Strzepek, K.M. (Eds.), Enhancing the Climate Resilience of Africa's In-
frastructure: The Power and Water Sectors. The World Bank, Washington DC,
pp. 103–130.

Lesnikowski, A., Berrang-Ford, L., Siders, A., Haddaway, N.R., Biesbroek, R., Harper, S.,
2020. The Global Adaptation Mapping Initiative (GAMI): part 3 – coding protocol.
Nat. Protoc. Exch. 1–17.

Lesnikowski, A.C., Ford, J.D., Berrang-Ford, L., Barrera, M., Heymann, J., 2013. How are we
adapting to climate change? A global assessment. Mitig. Adapt. Strateg. Glob. Chang.
20, 277–293.

Liu, J., Yang, H., Gosling, S.N., Kummu, M., Flörke, M., Pfister, S., et al., 2017. Water scarcity
assessments in the past, present, and future. Earth’s Future 5, 545–559.

Mabhaudhi, T., Chibarabada, T., Modi, A., 2016. Water-food-nutrition-health nexus:
linking water to improving food, nutrition and health in sub-saharan Africa. Int.
J. Environ. Res. Public Health 13, 107.

Madonsela, B., Koop, S., Van Leeuwen, K., Carden, K., 2019. Evaluation of water gover-
nance processes required to transition towards water sensitive urban design—an in-
dicator assessment approach for the City of Cape Town. Water 11, 292.

http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717115087
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717115087
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717115087
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170636053310
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170636053310
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170636053310
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170636289064
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170636289064
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170636289064
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717154939
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717154939
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717154939
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717187282
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717187282
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717187282
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170636593227
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170636593227
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170636593227
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170636593227
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170636593227
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170637026147
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170637026147
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170637026147
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170637465370
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170637465370
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170637465370
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717236644
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717236644
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717236644
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717406020
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717406020
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717465889
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717465889
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170638137004
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170638137004
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170638137004
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170638137004
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170638137004
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170638137004
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717542536
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717542536
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170717542536
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170638588678
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170638588678
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170638588678
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170639537296
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170639537296
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170639537296
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170639537296
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170639537296
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170639537296
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718002419
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718002419
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170640148372
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170640148372
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170640148372
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718065695
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718065695
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170640330337
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170640330337
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170640330337
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170640432720
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170640432720
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170640432720
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718126641
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718126641
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718126641
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170642292466
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170642292466
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170642292466
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170642292466
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170642292466
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170642292466
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170700503952
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170700503952
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170700503952
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170700503952
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170700503952
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170701331732
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170701331732
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170701331732
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170642510349
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170642510349
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718166012
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718166012
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170643070741
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170643070741
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718224942
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718224942
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170643190332
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170643190332
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170643190332
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170643212832
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170643212832
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170643212832
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718255208
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718255208
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644034965
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644034965
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644034965
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644034965
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644034965
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644034965
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718282415
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718282415
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644538818
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644538818
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644538818
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644538818
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644538818
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170644538818
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718322529
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718322529
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718322529
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718532856
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718532856
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718569179
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718569179
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718569179
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170718569179
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719006312
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719006312
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170645046026
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170645046026
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170645046026
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719053436
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719053436
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719072554
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719072554
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719133338
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719133338
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170645069864
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170645069864
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170645069864
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170645069864
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170645227082
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170645227082
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170645227082
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170646085363
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170646085363
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170646085363
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170646085363
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719207243
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719207243
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719207243
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170646464389
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170646464389
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170646464389
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170646464389
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170646464389
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170647364248
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170647364248
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170647393101
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170647393101
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170647393101
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719246117
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719246117
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719285529
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719285529
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170719285529
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170720024804
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170720024804
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170720024804


W. Leal Filho, E. Totin, J.A. Franke et al. Science of the Total Environment 806 (2022) 150420
Magnan, A.K., Schipper, E.L.F., Burkett, M., Bharwani, S., Burton, I., Eriksen, S., et al., 2016.
Addressing the risk of maladaptation to climate change. WIREs Clim. Chang. 7,
646–665.

Makate, C., 2019. Local institutions and indigenous knowledge in adoption and scaling of
climate-smart agricultural innovations among sub-saharan smallholder farmers. Int.
J. Clim. Chang. Strateg. Manag. 12, 270–287.

Mancosu, N., Snyder, R.L., Kyriakakis, G., Spano, D., 2015. Water scarcity and future chal-
lenges for food production. Water 7, 975–992.

Mapfumo, P., Mtambanengwe, F., Chikowo, R., 2016. Building on indigenous knowledge
to strengthen the capacity of smallholder farming communities to adapt to climate
change and variability in southern Africa. Clim. Dev. 8, 72–82.

Mapunda, D.W., Chen, S.S., Yu, C., 2018. The role of informal small-scale water supply sys-
tem in resolving drinking water shortages in peri-urban Dar Es, Salaam Tanzania.
Appl. Geogr. 92, 112–122.

Markonis, Y., Kumar, R., Hanel, M., Rakovec, O., Máca, P., AghaKouchak, A., 2021. The rise
of compound warm-season droughts in Europe. Sci. Adv. 7, eabb9668.

Mashizha, T.M., 2019. Adapting to climate change: reflections of peasant farmers in
Mashonaland West Province of Zimbabwe. Jamba 11, 571.

Matchaya, G., Nhamo, L., Nhlengethwa, S., Nhemachena, C., 2019. An overview of water
markets in southern Africa: an option forwater management in times of scarcity.
Water (Switzerland) 11.

Mbogo, E., Inganga, F., Maina, J., 2014. Drought conditions and management strategies in
Kenya. UNW-DPC-NDMP County Report–Kenya.

McNally, A., Arsenault, K., Kumar, S., Shukla, S., Peterson, P., Wang, S., et al., 2017. A land
data assimilation system for sub-saharan Africa food and water security applications.
Sci. Data 4, 170012.

Mpandeli, S., Naidoo, D., Mabhaudhi, T., Nhemachena, C., Nhamo, L., Liphadzi, S., et al.,
2018. Climate change adaptation through the water-energy-food nexus in southern
Africa. Int. J. Environ. Res. Public Health 15, 2306.

Mpandeli, S., Nhamo, L., Hlahla, S., Naidoo, D., Liphadzi, S., Modi, A.T., et al., 2020. Migra-
tion under climate change in southern Africa: a nexus planning perspective. Sustain-
ability 12, 4722.

Mugambiwa, S.S., 2018. Adaptation measures to sustain indigenous practices and the use
of indigenous knowledge systems to adapt to climate change in Mutoko rural district
of Zimbabwe. Jàmbá: J. Disaster Risk Stud. 10, 1–9.

Mugambiwa, S.S., Tirivangasi, H.M., 2017i. Climate Change: A Threat Towards Achieving
‘Sustainable Development Goal Number Two’ (End Hunger, Achieve Food Security
and Improved Nutrition and Promote Sustainable Agriculture) in South Africa, p. 9.

Muller, M., 2019. Some systems perspectives on demandmanagement during Cape Town
’ s 2015–2018 water crisis. Int. J. Water Resour. Dev. 00, 1–19.

Muller, M., 2020. Managing current climate variability can ensure water security under
climate change. In: Leal Filho, W., Ogugu, N., Adelake, L., Ayal, D., da Silva, I. (Eds.),
African Handbook of Climate Change Adaptation. Springer International Publishing,
Cham, pp. 1–27.

Muriu-Ng’ang’a, F.W., Mucheru-Muna, M., Waswa, F., Mairura, F.S., 2017. Socio-economic
factors influencing utilisation of rain water harvesting and saving technologies in
Tharaka South, Eastern Kenya. Agric. Water Manag. 194, 150–159.

Nagara, G., Lam, W.H., Lee, N.C.H., Othman, F., Shaaban, M.G., 2015. Comparative SWOT
analysis for water solutions in Asia and Africa. Water Resour. Manag. 29, 125–138.

Nahayo, L., Mupenzi, C., Kayiranga, A., Karamage, F., Ndayisaba, F., Nyesheja, E.M., et al.,
2017. Early alert and community involvement: approach for disaster risk reduction
in Rwanda. Nat. Hazards 86, 505–517.

Naik, P.K., 2017. Water crisis in Africa: myth or reality? Int. J. Water Resour. Dev. 33,
326–339.

Ngarava, S., Zhou, L., Monde, N., 2019. Gendered water insecurity: a structural equation
approach for female headed households in South Africa. Water 11, 2491.

Ngigi, S.N., 2018. Towards optimizing the performance and cost-effectiveness of farm
pond technology for small-scale irrigation in semi-arid farming systems. In: Leal
Filho, W., de Trincheria Gomez, J. (Eds.), Rainwater-Smart Agriculture in Arid and
Semi-Arid Areas: Fostering the Use of Rainwater for Food Security, Poverty Allevia-
tion, Landscape Restoration and Climate Resilience. Springer International Publishing,
Cham, pp. 59–76.

Nhamo, G., Agyepong, A.O., 2019. Climate change adaptation and local government: insti-
tutional complexities surrounding Cape Town's day zero. Jàmbá J. Disaster Risk Stud.
11, 717.

Nhamo, L., Ndlela, B., Nhemachena, C., Mabhaudhi, T., Mpandeli, S., Matchaya, G., 2018.
The water-energy-food nexus: climate risks and opportunities in southern Africa.
Water 10, 567.

Niang, I., Ruppel, O.C., Abdrabo, M.A., Essel, A., Lennard, C., Padgham, J., 2014. Africa. In:
Barros, V.R., Field, C.B., Dokken, D.J., Mastrandrea, M.D., Mach, K.J., Bilir, T.E. (Eds.), Cli-
mate Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects:
Working Group II Contribution to the Fifth Assessment Report of the Intergovern-
mental Panel on Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, pp. 1199–1265.

Nkomwa, E.C., Joshua, M.K., Ngongondo, C., Monjerezi, M., Chipungu, F., 2014. Assessing
indigenous knowledge systems and climate change adaptation strategies in agricul-
ture: a case study of Chagaka Village, chikhwawa, southern Malawi. Phys. Chem.
Earth A/B/C 67–69, 164–172.

Nkuba, M., Chanda, R., Mmopelwa, G., Kato, E., Mangheni Margaret, N., Lesolle, D., 2019.
The effect of climate information in pastoralists’ adaptation to climate change: a
case study of Rwenzori region, Western Uganda. Int. J. Clim. Chang. Strateg. Manag.
11, 442–464.

O'Neill, B.C., Tebaldi, C., van Vuuren, D.P., Eyring, V., Friedlingstein, P., Hurtt, G., et al., 2016.
The scenario model intercomparison project (ScenarioMIP) for CMIP6. Geosci. Model
Dev. 9, 3461–3482.
16
Oduor, A.R., Mabanga, M.M., 2018. Improving the efficiency of runoff pond system for
supplementary irrigation in arid and semi-arid areas of Kenya. In: Leal Filho, W., de
Trincheria Gomez, J. (Eds.), Rainwater-Smart Agriculture in Arid and Semi-Arid
Areas: Fostering the Use of Rainwater for Food Security, Poverty Alleviation, Land-
scape Restoration and Climate Resilience. Springer International Publishing, Cham,
pp. 199–213.

Oguge, N., Oremo, F., 2018. Fostering the use of rainwater for off-season small-scale irri-
gation in arid and semi-arid areas of Kenya. In: Leal Filho, W., de Trincheria Gomez,
J. (Eds.), Rainwater-Smart Agriculture in Arid and Semi-Arid Areas: Fostering the
Use of Rainwater for Food Security, Poverty Alleviation, Landscape Restoration and
Climate Resilience. Springer International Publishing, Cham, pp. 159–174.

Ojoyi Mercy, M., Mwenge Kahinda, J.-M., 2015. An analysis of climatic impacts and adap-
tation strategies in Tanzania. Int. J. Clim. Chang. Strateg. Manag. 7, 97–115.

Okpara, U.T., Stringer, L.C., Dougill, A.J., 2016. Lake drying and livelihood dynamics in Lake
Chad: unravelling the mechanisms, contexts and responses. Ambio 45, 781–795.

Okpara, U.T., Stringer, L.C., Dougill, A.J., Bila, M.D., 2015. Conflicts about water in Lake
Chad: are environmental, vulnerability and security issues linked? Prog. Dev. Stud.
15, 308–325.

Olaniyan, O.F., 2017. Adapting gambian women livestock farmers' roles in food produc-
tion to climate change. Futur. Food J. Food Agric. Soc. 5, 56–66.

Opare, S., 2018. Adaptation to climate change impacts: coping strategies of an indigenous
community in Ghana to declining water supply. Clim. Dev. 10, 73–83.

Ouhamdouch, S., Bahir, M., Ouazar, D., Carreira, P.M., Zouari, K., 2019. Evaluation of cli-
mate change impact on groundwater from semi-arid environment (Essaouira Basin,
Morocco) using integrated approaches. Environ. Earth Sci. 78.

Ouweneel, B., Winter, K., Carden, K., 2020. How different Cape Town residential suburbs
helped avert day zero. H2Open J. 3, 118–134.

Owen, G., 2020. What makes climate change adaptation effective? A systematic review of
the literature. Glob. Environ. Chang. 62, 102071.

Padowski, J.C., Carrera, L., Jawitz, J.W., 2016. Overcoming urban water insecurity with in-
frastructure and institutions. Water Resour. Manag. 30, 4913–4926.

Pearson, A.L., Mayer, J.D., Bradley, D.J., 2015. Coping with household water scarcity in the
savannah today: implications for health and climate change into the future. Earth In-
teract. 19, 1–14.

Petrie, B., 2017. Cooperative Water Governance for Climate Resilience: Are Institutional
Arrangements in Southern Africa Fit for Purpose?SAIIA, Cape Town, pp. 1–21

Petrova, I.Y., van Heerwaarden, C.C., Hohenegger, C., Guichard, F., 2018. Regional co-
variability of spatial and temporal soil moisture–precipitation coupling in North
Africa: an observational perspective. Hydrol. Earth Syst. Sci. 22, 3275–3294.

Powell, N., Larsen, R.K., Bruin, Ad., Powell, S., Elrick-Barr, C., 2017. Water security in times
of climate change and intractability: reconciling conflict by transforming security
concerns into equity concerns. Water (Switzerland) 9, 1–13.

Quandt, A., Neufeldt, H., McCabe, J.T., 2017. The role of agroforestry in building livelihood
resilience to floods and drought in semiarid Kenya. Ecol. Soc. 22.

Rao, N., Lawson, E.T., Raditloaneng,W.N., Solomon, D., Angula, M.N., 2019a. Gendered vul-
nerabilities to climate change: insights from the semi-arid regions of Africa and Asia.
Clim. Dev. 11, 14–26.

Rao, N., Mishra, A., Prakash, A., Singh, C., Qaisrani, A., Poonacha, P., et al., 2019b. A quali-
tative comparative analysis of women’s agency and adaptive capacity in climate
change hotspots in Asia and Africa. Nat. Clim. Chang. 9, 964–971.

Regan, P.M., Kim, H., 2020. Water scarcity, climate adaptation, and armed conflict: in-
sights from Africa. Reg. Environ. Chang. 20, 129.

Rehana, S., Monish, N.T., 2020. Characterization of regional drought over water and en-
ergy limited zones of India using potential and actual evapotranspiration. Earth
Space Sci. 7, e2020EA001264.

Richter, B.D., Brown, J.D., Di Benedetto, R., Gorsky, A., Keenan, E., Madray, C., et al., 2017.
Opportunities for saving and reallocating agricultural water to alleviate water scar-
city. Water Policy 19, 886–907.

Rockström, J., Falkenmark, M., 2015. Increase water harvesting in Africa. Nature 519,
283–285.

Rodina, L., 2019a. Planning for water resilience: competing agendas among Cape Town’s
planners and water managers. Environ. Sci. Pol. 99, 10–16.

Rodina, L., 2019b. Water resilience lessons from Cape Town's water crisis. Wiley
Interdiscip. Rev. Water 99, 10–16.

Romero-Lankao, P., Norton, R., 2018. Interdependencies and risk to people and critical
food, energy, and water systems: 2013 flood, Boulder, Colorado, USA. Earth’s Future
6, 1616–1629.

Rosa, L., Chiarelli, D.D., Rulli, M.C., Dell’Angelo, J., D’Odorico, P., 2020. Global agricultural
economic water scarcity. Sci. Adv. 6, eaaz6031.

Roussi, A., 2019. Gigantic Nile dam prompts clash between Egypt and Ethiopia. Nature
574, 159–160.

Rugemalila, R., Gibbs, L., 2015. Urban water governance failure and local strategies for
overcoming water shortages in Dar Es Salaam, Tanzania. Environ. Plann. C: Gov. Pol-
icy 33, 412–427.

Rusca, M., Schwartz, K., 2016. The paradox of cost recovery in heterogeneous municipal
water supply systems: ensuring inclusiveness or exacerbating inequalities? Habitat
Int. 73, 101–108.

Ryan, C., Elsner, P., 2016. The potential for sand dams to increase the adaptive capacity of
east African drylands to climate change. Reg. Environ. Chang. 16, 2087–2096.

Sanogo, K., Binam, J., Bayala, J., Villamor, G.B., Kalinganire, A., Dodiomon, S., 2017. Farmers’
perceptions of climate change impacts on ecosystem services delivery of parklands in
southern Mali. Agrofor. Syst. 91, 345–361.

Scheba, S., Millington, N., 2019. Crisis temporalities: intersections between infrastructure
and inequality in the Cape Town water crisis. Int. J. Urban Reg. Res. 1–10.

Scheelbeek, P.F.D., Dangour, A.D., Jarmul, S., Turner, G., Sietsma, A.J., Minx, J.C., et al., 2021.
The effects on public health of climate change adaptation responses: a systematic

http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170720110299
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170720110299
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170720444723
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170720444723
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170720444723
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170647406906
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170647406906
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170720486465
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170720486465
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170720486465
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170647585162
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170647585162
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170647585162
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648176177
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648176177
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648204002
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648204002
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648222922
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648222922
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648222922
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648377100
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648377100
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170721009837
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170721009837
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170721009837
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170721138922
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170721138922
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170721266120
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170721266120
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170721266120
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648482169
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648482169
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170648482169
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170702193274
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170702193274
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170702193274
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170649072627
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170649072627
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170612319244
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170612319244
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170612319244
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170612319244
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170649444712
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170649444712
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170649444712
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170702218646
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170702218646
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170702290805
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170702290805
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704125169
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704125169
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704266089
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704266089
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170613214891
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170613214891
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170613214891
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170613214891
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170613214891
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170613214891
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170613506659
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170613506659
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170613506659
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704355834
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704355834
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170650153850
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170650153850
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170650153850
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170650153850
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170650153850
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170650153850
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170614096425
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170614096425
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170614096425
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170614096425
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170614474985
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170614474985
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170614474985
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704405894
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704405894
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170615141239
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170615141239
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170615141239
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170615141239
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170615141239
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170615141239
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170615387910
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170615387910
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170615387910
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170615387910
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170615387910
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170616143875
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170616143875
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704444694
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704444694
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704515916
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704515916
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704515916
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170616448480
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170616448480
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704588458
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170704588458
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705074669
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705074669
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705074669
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705133570
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705133570
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705168376
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705168376
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705178858
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705178858
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705225559
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705225559
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705225559
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617114887
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617114887
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705248213
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705248213
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705248213
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617137054
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617137054
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617137054
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705319197
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705319197
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705344806
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705344806
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705344806
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705368048
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705368048
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705368048
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705389039
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705389039
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617398812
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617398812
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617398812
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617398812
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617409464
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617409464
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705405167
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705405167
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705423485
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705423485
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617430548
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170617430548
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705451521
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705451521
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705451521
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170618300868
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170618300868
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705480454
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170705480454
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706149124
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706149124
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706149124
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170618505803
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170618505803
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170618505803
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706291983
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706291983
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706314825
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706314825
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706314825
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170618519767
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170618519767
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706349481


W. Leal Filho, E. Totin, J.A. Franke et al. Science of the Total Environment 806 (2022) 150420
review of evidence from low- and middle-income countries. Environ. Res. Lett. 16,
073001.

Schewe, J., Gosling, S.N., Reyer, C., Zhao, F., Ciais, P., Elliott, J., 2019. State-of-the-art global
models underestimate impacts from climate extremes. Nat. Commun. 10.

Schofield, D., Gubbels, F., 2019. Informing notions of climate change adaptation: a case
study of everyday gendered realities of climate change adaptation in an informal set-
tlement in Dar Es Salaam. Environ. Urban. 31, 93–114.

Seif-Ennasr, M., Zaaboul, R., Hirich, A., Caroletti, G.N., Bouchaou, L., El Morjani, Z.E.A., et al.,
2016. Climate change and adaptive water management measures in chtouka ait baha
region (Morocco). Sci. Total Environ. 573, 862–875.

Selby, J., Hoffmann, C., 2014a. Beyond scarcity: rethinking water, climate change and con-
flict in the sudans. Glob. Environ. Chang. 29, 360–370.

Selby, J., Hoffmann, C., 2014b. Rethinking climate change, conflict and security. Geopoli-
tics 19, 747–756.

Siderius, C., Geressu, R., Todd,M.C., Kolusu, S.R., Harou, J.J., Kashaigili, J.J., 2021. High stakes
decisions under uncertainty: dams, development and climate change in the Rufiji
River Basin. In: Conway, D., Vincent, K. (Eds.), Climate Risk in Africa: Adaptation
and Resilience. Springer International Publishing, Cham, pp. 93–113.

Siders, A., Berrang-Ford, L., Grady, C., Lesnikowski, A., Biesbroek, R., Harper, S., 2020. The
global adaptation mapping initiative (GAMI): part 4 – synthesis protocol. Nat. Protoc.
Exch. 1–9.

Siders, A.R., 2019. Adaptive capacity to climate change: a synthesis of concepts, methods,
and findings in a fragmented field. WIREs Clim. Chang. 10, e573.

Sietz, D., Van Dijk, H., 2015. Land-based adaptation to global change: what drives soil and
water conservation in western Africa? Glob. Environ. Chang. 33, 131–141.

Simane, B., Tulu, T., Lantideru, A., Dawit, D., 2018. Fostering the use of rainwater for off-
season small-scale irrigation in arid and semi-arid areas of Ethiopia. In: Leal Filho,
W., de Trincheria Gomez, J. (Eds.), Rainwater-Smart Agriculture in Arid and Semi-
Arid Areas: Fostering the Use of Rainwater for Food Security, Poverty Alleviation,
Landscape Restoration and Climate Resilience. Springer International Publishing,
Cham, pp. 147–158.

Simpson, N.P., 2019. Accommodating landscape-scale shocks: lessons on transition from
Cape Town and Puerto Rico. Geoforum 102, 226–229.

Simpson, N.P., Andrews, T.M., Kronke, M., Lennard, C., Odoulami, R.C., Ouweneel, B.,
2021a. Climate change literacy in Africa. Nat. Clim. Chang. https://doi.org/10.1038/
s41558-021-01171-x.

Simpson, N.P., Mach, K.J., Constable, A., Hess, J., Hogarth, R., Howden, M., et al., 2021b. A
framework for complex climate change risk assessment. One Earth 4, 489–501.

Simpson, N.P., Shearing, C.D., Dupont, B., 2019a. Climate gating: a case study of emerging
responses to anthropocene risks. Clim. Risk Manag. 26, 100196.

Simpson, N.P., Shearing, C.D., Dupont, B., 2019b. When anthropocene shocks contest con-
ventional mentalities: a case study from Cape Town. Clim. Dev. 12, 163–168.

Simpson, N.P., Shearing, C.D., Dupont, B., 2020a. Gated adaptation during the Cape Town
drought: mentalities, transitions and pathways to partial nodes of water security. Soc.
Nat. Resour. 33, 1041–1049.

Simpson, N.P., Shearing, C.D., Dupont, B., 2020b. ‘Partial functional redundancy’: an ex-
pression of household level resilience in response to climate risk. Clim. Risk Manag.
28, 100216.

Simpson, N.P., Simpson, K.J., Shearing, C.D., Cirolia, L.R., 2019c. Municipal finance and re-
silience lessons for urban infrastructure management: a case study from the Cape
Town drought. Int. J. Urban Sustain. Dev. 11, 257–276.

Simtowe, F., Makumbi, D., Worku, M., Mawia, H., Rahut, D.B., 2020. Scalability of adapta-
tion strategies to drought stress: the case of drought tolerant maize varieties in
Kenya. Int. J. Agric. Sustain. 1–15.

Singh, C., Daron, J., Bazaz, A., Ziervogel, G., Spear, D., Krishnaswamy, J., et al., 2018. The
utility of weather and climate information for adaptation decision-making: current
uses and future prospects in Africa and India. Clim. Dev. 10, 389–405.

Sitati, A., Joe, E., Pentz, B., Grayson, C., Jaime, C., Gilmore, E., et al., 2021. Climate change
adaptation in conflict-affected countries: a systematic assessment of evidence.
Discov. Sustain.

Sloat, L.L., Gerber, J.S., Samberg, L.H., Smith, W.K., Herrero, M., Ferreira, L.G., et al., 2018.
Increasing importance of precipitation variability on global livestock grazing lands.
Nat. Clim. Chang. 8, 214–218.

Smith, P., Nkem, J., Calvin, K., Campbell, D., Cherubini, F., Grassi, G., 2019. Interlinkages be-
tween desertification, land degradation, food security and greenhouse gas fluxes:
synergies, trade-offs and integrated response options. In: Shukla, P.R., Skea, J., Calvo
Buendia, E., Masson-Delmotte, V., Pörtner, H.O., Roberts, D.C. (Eds.), Climate Change
and Land: An IPCC Special Report on Climate Change, Desertification, Land Degrada-
tion, Sustainable Land Management, Food Security, and Greenhouse Gas Fluxes in
Terrestrial Ecosystems.

Snelder, D., Kahimba, F., Korodjouma, O., Abebe, A., Oughton, E., Bunclark, L., 2018. Adap-
tations inwater harvesting technologies for enhancing food security and livelihood: a
multi-country study in Sub-Saharan Africa. In: Leal Filho, W., de Trincheria Gomez, J.
(Eds.), Rainwater-Smart Agriculture in Arid and Semi-Arid Areas: Fostering the Use of
Rainwater for Food Security, Poverty Alleviation, Landscape Restoration and Climate
Resilience. Springer International Publishing, Cham, pp. 95–119.

Songok, C.K., Kimeu, P., Kamunge, J., Ngumbi, R., Chammah, L., Adiema, C., 2018. Lessons
learned in the replication and scaling-up of rainwater harvesting technologies in
arid and semi-arid areas: a case study of Kilifi County, Kenya. In: Leal Filho, W., de
Trincheria Gomez, J. (Eds.), Rainwater-Smart Agriculture in Arid and Semi-Arid
Areas: Fostering the Use of Rainwater for Food Security, Poverty Alleviation, Land-
scape Restoration and Climate Resilience. Springer International Publishing, Cham,
pp. 379–392.

Sorensen, P., 2017. The chronic water shortage in Cape Town and survival strategies. Int.
J. Environ. Stud. 74, 515–527.
17
Sridharan, V., Broad, O., Shivakumar, A., Howells, M., Boehlert, B., Groves, D.G., et al., 2019.
Resilience of the eastern African electricity sector to climate driven changes in hydro-
power generation. Nat. Commun. 10, 302.

Stanimirova, R., Arévalo, P., Kaufmann, R.K., Maus, V., Lesiv, M., Havlík, P., et al., 2019. Sen-
sitivity of global pasturelands to climate variation. Earth’s Future 7, 1353–1366.

Stöber, S., Moraza, C., Zahl, L., Kagai, E., 2018. Low-tech irrigation strategies for small-
holder vegetable farmers in Kenya. In: Leal Filho, W., de Trincheria Gomez, J. (Eds.),
Rainwater-Smart Agriculture in Arid and Semi-Arid Areas: Fostering the Use of Rain-
water for Food Security, Poverty Alleviation, Landscape Restoration and Climate Re-
silience. Springer International Publishing, Cham, pp. 215–233.

Stringer, L.C., Mirzabaev, A., Benjaminsen, T.A., Harris, R.M.B., Jafari, M., Lissner, T.K., et al.,
2021. Climate change impacts on water security in global drylands. One Earth 4,
851–864.

Sultan, B., Defrance, D., Iizumi, T., 2019. Evidence of crop production losses inWest Africa
due to historical global warming in two crop models. Sci. Rep. 9, 12834.

Swanepoel, C.M., Rötter, R.P., Van der Laan, M., Annandale, J.G., Beukes, D.J., du Preez, C.C.,
et al., 2018. The benefits of conservation agriculture on soil organic carbon and yield
in southern Africa are site-specific. Soil Tillage Res. 183, 72–82.

Swenson, S.C., 2012. GRACE monthly land water mass grids NETCDF. In: NETCDF (Ed.),
Gravity Recovery and Climate Experiment (GRACE), CA, USA.

Tabutin, D., Schoumaker, B., 2020. La démographie de l'Afrique subsaharienne au XXIe
siècle. Bilan des changements de 2000 à 2020, perspectives et défis d’ici 2050. Popu-
lation 75, 169–295.

Taing, L., Chang, C.C., Pan, S., Armitage, N.P., Taing, L., 2019. Towards a water secure fu-
ture: reflections on Cape Town’s day zero crisis. Urban Water J. 00, 1–7.

Taylor, A., Siame, G., Mwalukanga, B., 2021. Integrating climate risks into strategic urban
planning in Lusaka, Zambia. In: Conway, D., Vincent, K. (Eds.), Climate Risk in Africa:
Adaptation and Resilience. Springer International Publishing, Cham, pp. 115–129.

Taylor, R.G., Favreau, G., Scanlon, B.R., Villholth, K.G., 2019. Topical collection: determining
groundwater sustainability from long-term piezometry in sub-saharan Africa.
Hydrogeol. J. 27, 443–446.

Thomas, A., Theokritoff, E., Lesnikowski, A., Reckien, D., Jagannathan, K., Cremades, R., et
al., 2021. Global evidence of constraints and limits to human adaptation. Reg. Envi-
ron. Chang. 21, 85.

Turek-Hankins, L.L., de Perez, E.C., Scarpa, G., Ruiz-Diaz, R., Shwerdtle, P.N., Joe, E.T., 2021.
Climate change adaptation to extreme heat: a global systematic review of imple-
mented action. Oxf. Open Clim. Chang. 1 (1), 1–13. https://doi.org/10.1093/oxfclm/
kgab005.

Tzanakakis, V.A., Paranychianakis, N.V., Angelakis, A.N., 2020. Water supply and water
scarcity. Water 12, 2347.

UNDESA, 2017. World Population Prospects: The 2015 Revision, Key Findings and Ad-
vance Tables. Population Division Department of Economic and Social Affairs of the
United Nations Department of Economic and Social Affairs.

UNDP-UNEP, 2011. In: Holmes, K. (Ed.), Mainstreaming Adaptation to Climate Change
Into Development Planning: A Guide for Practitioners. Poverty-Environment Initia-
tive (PEI) of the United Nations Development Programme (UNDP) and the United
Nations Environment Programme (UNEP), Nairobi, Kenya.

UNICEF,WHO, 2019. Progress on household drinkingwater, sanitation and hygiene 2000-
2017. Special Focus on Inequalities. United Nations Children’s Fund (UNICEF) and
World Health Organization, p. 71.

van Rensburg, P., 2016. Overcoming global water reuse barriers: the Windhoek experi-
ence. Int. J. Water Resour. Dev. 32, 622–636.

van Steenbergen, F., Woldearegay, K., Agujetas Perez, M., Manjur, K., Al-Abyadh, M.A.,
2018. Roads: instruments for rainwater harvesting, food security and climate resil-
ience in arid and semi-arid areas. In: Leal Filho, W., de Trincheria Gomez, J. (Eds.),
Rainwater-Smart Agriculture in Arid and Semi-Arid Areas: Fostering the Use of Rain-
water for Food Security, Poverty Alleviation, Landscape Restoration and Climate Re-
silience. Springer International Publishing, Cham, pp. 121–144.

Vanham, D., Hoekstra, A.Y., Wada, Y., Bouraoui, F., de Roo, A., Mekonnen, M.M., et al.,
2018. Physical water scarcity metrics for monitoring progress towards SDG target
6.4: an evaluation of indicator 6.4.2 “Level of water stress”. Sci. Total Environ.
613–614, 218–232.

Vicente-Serrano, S.M., Beguería, S., López-Moreno, J.I., 2010. A multiscalar drought index
sensitive to global warming: the standardized precipitation evapotranspiration
index. J. Clim. 23, 1696–1718.

Vincent, K., Conway, D., Dougill, A.J., Pardoe, J., Archer, E., Bhave, A.G., et al., 2020. Re-
balancing climate services to inform climate-resilient planning – a conceptual frame-
work and illustrations from sub-saharan Africa. Clim. Risk Manag. 29, 100242.

Vincent, K., Cundill, G., 2021. The evolution of empirical adaptation research in the global
South from 2010 to 2020. Clim. Dev. 1–14.

Warner, J., Jomantas, S., Jones, E., Ansari, M.S., de Vries, L., 2019a. The fantasy of the grand
Inga hydroelectric project on the river Congo. Water (Switzerland) 11.

Warner, K., Elbehri, A., Rivera Ferre, M.G., Mirzabaev, A., Stringer, L., Wreford, A., 2019b.
Cross-Chapter Box 10: economic dimensions of climate change and land. In:
Shukla, P.R., Skea, J., Calvo Buendia, E., Masson-Delmotte, V., Pörtner, H.-O., Roberts,
D.C. (Eds.), Climate Change and Land: An IPCC Special Report on Climate Change, De-
sertification, Land Degradation, Sustainable Land Management, Food Security, and
Greenhouse Gas Fluxes in Terrestrial Ecosystems.

Williams, P.A., Crespo, O., Abu, M., Simpson, N.P., 2018. A systematic review of how vul-
nerability of smallholder agricultural systems to changing climate is assessed in
Africa. Environ. Res. Lett. 13, 103004.

Williams, P.A., Simpson, N.P., Totin, E., North, M.A., Trisos, C.H., 2021. Feasibility assess-
ment of climate change adaptation options across Africa: an evidence-based review.
Environ. Res. Lett. 16.

Woldearegay, K., Tamene, L., Mekonnen, K., Kizito, F., Deborah, B., 2018. Fostering food se-
curity and climate resilience through integrated landscape restoration practices and

http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706349481
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706349481
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170619134810
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170619134810
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706414288
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706414288
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706414288
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706446721
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170706446721
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707029940
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707029940
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707045721
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707045721
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170619466803
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170619466803
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170619466803
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170619466803
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170620316938
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170620316938
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170620316938
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170620385371
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170620385371
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707070941
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707070941
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621050040
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621050040
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621050040
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621050040
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621050040
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621050040
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707109464
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707109464
https://doi.org/10.1038/s41558-021-01171-x
https://doi.org/10.1038/s41558-021-01171-x
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707152742
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707152742
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707187339
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707187339
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621066162
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621066162
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707218608
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707218608
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707218608
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707247747
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707247747
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707247747
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707442246
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707442246
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707442246
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621076585
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621076585
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621076585
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707473867
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707473867
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707473867
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621271916
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621271916
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170621271916
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707533841
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707533841
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622241138
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622241138
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622241138
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622241138
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622241138
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622241138
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622241138
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622535191
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622535191
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622535191
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622535191
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622535191
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170622535191
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623198010
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623198010
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623198010
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623198010
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623198010
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623198010
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623198010
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707558863
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170707558863
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708166787
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708166787
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708190402
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708190402
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623420793
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623420793
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623420793
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623420793
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623420793
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708221438
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708221438
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708255267
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708255267
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708280788
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708280788
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623580061
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170623580061
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170651446714
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170651446714
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170651446714
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170624000891
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170624000891
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170624244804
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170624244804
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170624244804
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708329183
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708329183
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708329183
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708360764
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170708360764
https://doi.org/10.1093/oxfclm/kgab005
https://doi.org/10.1093/oxfclm/kgab005
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170625159374
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170625159374
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170625331813
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170625331813
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170625331813
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626002833
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626002833
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626002833
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626002833
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170652344957
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170652344957
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170652344957
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709059116
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709059116
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626326950
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626326950
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626326950
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626326950
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626326950
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626353192
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626353192
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626353192
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709084923
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709084923
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709084923
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709110216
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709110216
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709110216
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170653126636
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170653126636
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626439980
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170626439980
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170654284595
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170654284595
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170654284595
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170654284595
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170654284595
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709139905
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709139905
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709139905
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709165193
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709165193
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709165193
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170627066415
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170627066415


W. Leal Filho, E. Totin, J.A. Franke et al. Science of the Total Environment 806 (2022) 150420
rainwater harvesting/management in arid and semi-arid areas of Ethiopia. In: Filho,
W.L., de Trincheria Gomez, J. (Eds.), Rainwater-Smart Agriculture in Arid and Semi-
Arid Areas: Fostering the Use of Rainwater for Food Security, Poverty Alleviation,
Landscape Restoration and Climate Resilience. Springer, Cham, pp. 1–392.

Wuta, M., Nyamadzawo, G., Nyamasoka, B., Nyawasha, R., Matayaya, G., Nazare, R., 2018.
Rainwater harvesting options to support off-season small-scale irrigation in arid and
semi-arid areas of Zimbabwe. In: Leal Filho, W., de Trincheria Gomez, J. (Eds.),
Rainwater-Smart Agriculture in Arid and Semi-Arid Areas: Fostering the Use of Rain-
water for Food Security, Poverty Alleviation, Landscape Restoration and Climate Re-
silience. Springer International Publishing, Cham, pp. 175–197.
18
Yaffa, S., 2013. Coping measures not enough to avoid loss and damage from drought in
the north Bank region of the Gambia. Int. J. Glob. Warming 5.

Zake, J., Hauser, M., 2014. Farmers perceptions of implementation of climate variability di-
saster preparedness strategies in Central Uganda. Environ. Hazards 13, 248–266.

Ziervogel, G., Satyal, P., Basu, R., Mensah, A., Singh, C., Hegga, S., et al., 2019. Vertical inte-
gration for climate change adaptation in the water sector: lessons from decentralisa-
tion in Africa and India. Reg. Environ. Chang. 19, 2729–2743.

Ziolkowska, J., 2016. Socio-economic implications of drought in the agricultural sector
and the state economy. Economies 4, 19.

http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170627066415
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170627066415
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170627066415
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170627066415
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170627321244
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170627321244
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170627321244
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170627321244
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170627321244
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709373465
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709373465
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709584884
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170709584884
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710031298
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710031298
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710031298
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710072885
http://refhub.elsevier.com/S0048-9697(21)05497-8/rf202109170710072885

	Understanding responses to climate-�related water scarcity in Africa
	1. Introduction
	2. Materials and methods
	3. Results
	3.1. Water scarcity in Africa
	3.2. Sectoral impacts of water scarcity in Africa
	3.2.1. Impact of water scarcity on food systems
	3.2.2. Impact of water scarcity on cities
	3.2.3. Impact of water scarcity on livelihoods and wellbeing
	3.2.4. Impact of water scarcity on conflict and security
	3.2.5. Impact of water scarcity on economies
	3.2.6. Impact of water scarcity on ecosystems

	3.3. Responses to water scarcity in Africa
	3.3.1. Distribution and types of response to water scarcity
	3.3.2. Scope and efficacy of types of response to water scarcity
	3.3.3. Risk reduction and maladaptation of responses to water scarcity


	4. Discussion
	4.1. Planned adaptation to water scarcity
	4.2. Autonomous and informal responses to water scarcity

	5. Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A. Coding and analysis of literature on responses to water scarcity in Africa
	Appendix B. Documented range of types responses to water stress in Africa
	Appendix C. Examples of local responses to water scarcity in Africa
	References


