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Abstract
Urbanization and climate changes have direct impacts on
ecosystems and the services they provide to society, thus
influencing human well-being and health. Urban sprawl may
conflict with ecosystem services, e.g. enhancing water-related
stresses and risks of, e.g., droughts and floods, with significant
economic, environmental and societal impacts. Such hydro-
climatic extremes and their societal impacts are evident around
the world. East Africa is a region with highly vulnerable
populations to frequent floods and droughts. To achieve long-
term sustainable solutions to such water-related risks and
problems, we need to understand and plan for the feedback
mechanisms between population expansion and associated
land-use changes and their impacts on ecosystem services.
The potential of nature-based solutions to mitigate these risk
and problems in urban development under climate change
needs to be considered and accounted for in spatial planning
and management strategies.
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Introduction
Ecosystem services and goods (ES) represent the direct
and indirect benefits humanity derives from ecosystems
[1]. The ES concept is considered a useful approach to
highlight the dependence of human well-being on
www.sciencedirect.com
ecosystems, bridging the gaps between ecology, eco-
nomics and society in order to achieve sustainable
resource management [2]. A particular strength of this
concept is its ability to spatially integrate multiple
biophysical conditions, thereby facilitating collaboration
between science and policy in finding solutions for
global challenges, recognition of human-nature in-
teractions, and more informed exploration of feedback
loops [3,4]. This is not least useful for our ability to
handle water-related disasters, such as floods and
droughts, as these are governed by the feedbacks that

potentially also hold a key to efficient flood-drought risk
reduction (see Scheme 1).

Water-related disasters are largely created by people
living in conflict with their environment [5]. As such,
changes in environmental conditions can have enormous
consequences on people and places experiencing such
changes [6]. Climate change effects may further accel-
erate and exacerbate such environmental impacts on
society [7]. For water-based disasters in particular,
climate change implies altered average temperatures

and precipitation patterns that may lead to more intense
and frequent floods and droughts [6]. It is essential to
develop more effective strategies, methods and tools for
incorporating water-based analysis into spatial planning
aiming to mitigate water-related natural hazards and
their societal impacts, especially in the most vulnerable
societies [8].

The potential feedbacks (positive and negative) of
water-related ES to water-related risks and their
possible reduction should be considered in spatial

planning. Water-related ES can be structured in three
categories: provisioning services (e.g., drinking water,
fish), regulating services (e.g., flood and drought regu-
lation) [6,7], and cultural services (e.g., for recreation)
[9]. Commonly, ES are not well understood and quan-
tified and, in some regions, may have deteriorated
severely due to poor urban planning and, e.g., land
degradation, which includes physical and chemical soil
and water impairments, and loss of biodiversity [10]
Mismanagement of water resources and their potential
may provide negatively impacts, both on freshwater

provisioning and food provisioning services [10].

In regions with increasing population density, water-
related stresses, such as droughts and floods, have
increasingly negative economic, environmental and
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Scheme 1

Integrated approach to interconnected societal and environmental challenges confronting rapidly developing regions.
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societal consequences [12]. Shifting frequency and
severity of such hydrological extremes are already
evident in terms of their impacts on civil society [7],

expected to be exacerbated in the future with two-
thirds of the world’s population predicted to reside in
cities by 2030 [13] and 80% of this urban growth taking
place in Africa and Asia. The problems created by such
shifts tend to be aggravated by poor economics and high
population density that may prevail in cities of devel-
oping regions [14]. This manuscript aims to discuss
current status of water-related problems with focus on
floods and droughts in East Africa, and the potential of
nature-based solutions to mitigate such problems driven
by urban sprawl and climate changes. To achieve long-

term sustainable solutions to such water-related risks
and problems, we need to understand and plan for the
feedback mechanisms between population expansion
and associated land-use changes and their impacts on
ecosystem services. The potential of nature-based so-
lutions to mitigate these risk and problems in urban
development under climate change needs to be
considered and accounted for in spatial planning and
management strategies.

Urbanization and ES conflicts in East Africa
Urbanization and sustainable development are at the
core of political debates, not least concerning poverty
Current Opinion in Environmental Science & Health 2018, 5:73–78
reduction and food security and safety in East African
countries [15,16]. The rapid urbanization of this region
has brought people into direct conflict with nature,

particularly regarding water resources, where the deli-
cate balance between too much water (flooding) and too
little water (drought) is a matter of life and death for
millions.

As population centers expand and become more inter-
laced with rural landscapes, ecosystems and the services
they provide are being pushed to their limits. Without a
clear understanding of the feedbacks between urban
sprawl and associated land-use changes on ES, it is
impossible to work towards sustainability [17]. Accord-

ing to FAO and World Bank development indicators,
agriculture sector contributes to 43% of the total GDP in
East Africa and livelihood of about 80% of the population
in rural area is dependent on agriculture [18]. In this
region, the economic dependence from agriculture
sector and the competition for land and water resources
dictates livelihood development nowadays and in the
foreseeable future [19].

East Africa is a good example of human-nature conflicts,
as it is a region with large populations vulnerable to

frequent floods and droughts (Figure 1a and b). For
example, Tanzania’s Dar es Salaam is one of the fastest
www.sciencedirect.com
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Figure 1

a: Global archive of large flood events 1985–2010 (East Africa circled) [22]. b: Number of drought disasters recorded by EMDAT (1974–2004) (East
Africa circled) [23].
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growing cities in sub-Saharan Africa and approximately
70% of its population reside in unplanned settlements
and flood-prone areas [20]. A particular concern is that
the amount and intensity of rainfall reaching the city
have been increasing for the last 15 years [21]. This is
expected to continue, with serious impacts on resources,
such as land and water, and the provision of ES.

The city council of Dar es Salaam in Tanzania is
currently exploring potential plans for increased climate
resilience and improved land use planning, water and
sanitation systems, and public transportation, both now
and in the future [24]. Among other heavily populated
and fast-growing countries in East Africa, Mozambique,
Kenya, Ethiopia and Malawi are also vulnerable to direct
and indirect effects of climate related risks, including
storms, floods, temperature extremes and land degra-
dation [25]. In response to the twin threats of popula-
tion growth and climate change, the Ethiopian

government has developed a national strategy for a
Climate-Resilient Green Economy (CRGE) [26]. The
CRGE vision seeks to achieve climate resilience by
coupling Ethiopia’s economy with available ES, while at
the same time securing these ES to reduce environ-
mental risks. Zambia is also working in this strategic area
and has developed a National Climate Change Response
Strategy [27] focusing on key socio-economic priorities
for adaption and mitigation actions. These include
implementation of climate-resilient adaptation activ-
ities and mainstreamed disaster risk reduction.

On reviewing the strategies in place and being devel-
oped across East Africa, one open (and fundamental)
issue remains: How can nature-based solutions in urban
areas and their rural surroundings be accounted for and
identified, and associated management recommenda-
tions and activities be developed for efficient spatial
targeting and implementation of climate change miti-
gation and adaptation measures that are also acceptable
to stakeholders?
ES approach to mitigate water-related risks
in East Africa
ES related to water are essential for human well-being.
In addition to human sustenance, water-based ES
contribute to a multitude of economic sectors, including
agriculture, industry and tourism. Therefore, changes in

water availability and quality driven by urbanization
[28], affect societal health and economy, including flood
and drought risks and associated regulating ES. Water-
related disasters, such as floods and droughts, are typi-
cally analyzed in separate hydrological and statistical
approaches, reflecting their distinct underlying pro-
cesses and causes. To be truly useful in a planning sense,
however, spatial assessments of such risks should
consider all types of hazards, through a multi-hazard or
multi-risk approach considering all spatial levels (local
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to regional). Flood and drought frequency cycles have
been considered in numerous projects funded by the
European Commission (e.g., CORFU, DEWFORA and
IMPRINT). However, these projects have focused on
isolated analysis of risks of floods or water scarcity and
did not consider possible benefits of addressing trade-
offs between flood and drought risk management, or
combined ES-based risk-mitigation practices and tech-

niques that may in synergy reduce both of these (and/or
other) types of risks.

ES-based mitigation measures and their spatial locations
should be considered and accounted for as they can, e.g.,
retain water and reduce peak flows while the areas
involved are still functionally “in use” also for other
purposes [8]. Using such nature-based solutions, their
possible multi-functionality needs to be quantified in
order to optimize their potential benefits for human
well-being [29]. For instance, measures for water

harvesting can be developed to satisfy a dual-purpose of
flood prevention in addition to the water harvesting.
Such dual/multi-functional measures may range from
local and cityedistrict scale (e.g., green infrastructure,
such as green roofs, green walls, rain gardens) [30] to
wholeecatchment scale (e.g., using natural and
constructed wetlands for flood control) [31]. More
specifically, the African nature-based solutions include,
e.g., the use of grass strips for trapping sediments in
Ethiopia, restoration of mangroves in Kenya, protection
of water sources and enhancing water availability in

Kenya by providing more watering points in national
parks and community areas, pioneering climate resilient
marine protected area management in Madagascar, and
forest protection in Nigeria [32].

Applying such nature-based solutions can offer signifi-
cant potential for risk reduction; realization of this po-
tential requires enhanced planning, implementation
and assessment efforts for integrated land and water
management [33,29,4], and analysis and decision sup-
port systems that can relatively simply and transparently
account for naturalehuman interactions [34] and for

possible multi-functionality solutions, such as in flood-
drought as well as energy-use and CO2-emissions man-
agement [30].

An nature-based solution approach may also assist East
African countries in making cities and human settle-
ments more inclusive, safe, resilient and sustainable,
thus supporting governments to reach the UN sustain-
able development goal (SDG) [11]. Such solutions may
further assist the region to reach other SDGs, such as
protecting, restoring and promoting sustainable use of

terrestrial ecosystems, halting and reversing land
degradation, and mitigating biodiversity loss (SDG 15);
combating climate change and its impacts (SDG 13);
and strengthening means to implement and revitalize
the global partnership for sustainable development
www.sciencedirect.com
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(SDG 17). In addition, consideration of nature-based
solutions in East Africa may also indirectly support
fulfillment of SDG 2 and SDG 8, focusing on food se-
curity and sustainable agriculture, and economic growth,
respectively.

Furthermore, to exploit the possible advantages and
benefits of nature-based solutions, it is necessary to

understand barriers and opportunities for social
embedding of best management practices, and for
policy and regulatory frameworks that can drive
implementation of such solutions and practices in
collaboration with stakeholders. A main barrier to the
implementation of e.g., blue and green infrastructure as
part of nature-based solutions, relates to the require-
ment for space to accommodate such solutions.
Claiming new land for nature-based solutions may
conflict with existing land uses, raising questions
related to land use planning, land ownership and

benefit-sharing. These barriers may be overcome to
some degree by multi-functionality, i.e., by combining
primary ES solution functions, e.g., for water retention
and purification, with other benefits, such as recreation
and biodiversity conservation. Gray infrastructures may
be also developed to help reducing and controlling land
requirements, while enhancing water supply for human
consumption and safety [35]. In general, nature-based
solutions require new protocols for planning, imple-
mentation, and maintenance [33,29], and understand-
ing the barriers and opportunities of such new

requirements is essential for overcoming the former
and realizing the latter towards achieving long-term
sustainable solutions.
Concluding remarks
East Africa is one of the most rapidly developing re-

gions globally. Here, the balance of too much water
(flood) or too little water (drought) is a matter of life
and death for millions of people. As population centers
expand and become more interlaced with rural land-
scapes, ecosystems are pushed to their limits. Thus, it
is critically important to develop effective methods
and tools for assessing and identifying sustainable so-
lutions to mitigate water-related risk hazards and
problems. This requires improved understanding of
the feedbacks between increased population and
associated land-use and ecosystem changes, in com-

bination with ongoing climate changes. There is a
particular need to explore opportunities for vulnerable
urbanizing regions to employ nature-based solutions
for water-related risk mitigation and enhanced climate
resilience. Such exploration and employment require
in turn improved spatial planning and management
strategies that can drive implementation and mainte-
nance of effective solutions. It is then essential to
understand barriers and opportunities for efficient
nature-based solutions, the social embedding of best
www.sciencedirect.com
management practices for these, and policy and regu-
latory frameworks that can drive their implementation
in collaboration with stakeholders.
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