American Journal of Environmental Protection

2015; 4(6): 325-333

Published online December 14, 2015 (http://www.sciencepublishinggroup.com/j/ajep)

doi: 10.11648/j.ajep.20150406.19

ca J' v )
otlencer

Science Publishing Group

ISSN: 2328-5680 (Print); ISSN: 2328-5699 (Online)

Resilience of Ecosystems to Climate Change

Mengistu Asmamaw" ", Argaw Ambellu?, Seid Tiku®

'Department of Biology, Debre Berhan University, Debre Berhan, Ethiopia
*Department of Environmental Health Sciences and Technology, Jimma University, Jimma, Ethiopia

Email address:
mengistilash99@gmail.com (M. Asmamaw), aambelu@yahoo.com (A. Ambelu)

To cite this article:
Mengistu Asmamaw, Argaw Ambellu, Seid Tiku. Resilience of Ecosystems to Climate Change. American Journal of Environmental
Protection. Vol. 4, No. 6, 2015, pp. 325-333. doi: 10.11648/j.ajep.20150406.19

Abstract: Human-induced climate change is occurring as an unprecedented rate resulting in ecosystem deterioration and
biodiversity loss. Climate change exacerbates environmental hazards, ecosystem modification as well as loss of biological
organisms. Anthropogenic releases of greenhouse gases, mainly CO, has warmed the Earth’s surface. The average global
temperature has risen more linearly for the last 100 year (1906-2005) by 0.74°C (.56-0.92°C); than the corresponding period
(1901-2000) of 0.6°C (0.4-0.8°C). The objective of this review was to examine the potentials of ecosystems in mitigating
climate change and in building resilience. A review of relevant literature was employed as possible approach to compile this
document. Ethiopia is an agrarian country where agriculture is both the cause and victim to extreme climate variability like
elevated temperature and precipitation fluctuation. These have resulted recurrent drought, flooding and reduction in
agricultural productivity as a whole. The occurrence and spatial distribution of drought is projected to continue in the
upcoming future. The effects of climate variability significantly reduced farmers’ adaptive capacity while exacerbating their
vulnerability to further weather events. The current trends of ecosystem degradation could not be controlled only through
protection of parks. Instead, it involves a large-scale and integrated approach addressing the whole land and sea-escapes. This
large scale and integrated ecosystem management approach conserves biodiversity, builds system resilience as well as to
ensures the sustainable production of ecosystem services from which the majorities of the rural poor depend on. Resilient
ecosystems have a wide range of biodiversity and ecosystem services, resist and recover from extreme events more quickly and
are potential to mitigate and adapt to climate change while sustaining livelihoods. Thus, ecosystem based approach through
adaptation and mitigation is instrumental to maintain ecosystem health so as to sustain system resilience in the face of climate
change.
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period (1901-2000) of 0.6°C (Fig.3). As a result, this period

1. Introduction: Climate Change and
Consequences

1.1. Current Trends and Future Projections of Climate
Change

Human-induced climate change is occurring [33, 35, 39] as
an unprecedented rate resulting in considerable consequences
on ecosystems and human well-being [32, 39, 43].
Anthropogenic releases of greenhouse gases, mainly carbon
dioxide (CO,, [35] has warmed the Earth’s surface. Eleven of
the last twelve years (1995-2006) rank among the warmest
years in record of global surface temperature since 1850. The
average global temperature has risen more linearly for the
last 100 year (1906-2005) by 0.74°C; than the corresponding

(20™c) is the largest and fastest warming period of the planet
[35] leading to occurrences of extreme weather events, such
as rising sea-levels, recurrent droughts, intensive hurricanes
and floods, etc. [49].

In line with atmospheric temperature, global sea level was
increased at average rate of 1.8 mm/yr and at 3.1 mm/yr since
1961 and 1993, respectively. This has resulted in thermal
expansion, melting of glaciers and ice caps, and polar ice. On
the other hand, Arctic sea ice has reduced by 2.7 percent per
decade since 1978; where a reduction by 7.4 percent per
decade was recorded during summer seasons [35] (Fig 1).

1.2. Consequences of Climate Change

Climate change is a universal challenge; threatening
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ecosystems, biodiversity and livelihoods. However, it
becomes worse particularly affecting the developing poor
who dependence on climate-sensitive sectors, such as
agriculture, livestock and eco-tourism for their survival [35]
and is highly vulnerable and suffer from the effects of
environmental changes [2, 57, 35]. Some common climate-
induced impacts are presented as follows.

1.2.1. Climate Change Increases the Risks of Climate-
Related Disasters
Climate-induced hazards, such as floods, storms, landslides,
droughts, etc. are risks to all nations throughout the world
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damaging ecosystems, humans, and their economies; thereby
deteriorating  social-ecological resilience [49].  Their
occurrence and intensity are expected to continue in the future
even causing magnified disaster risks [35], reducing
ecosystem’s resilience against the effects of climate change
[74]; whilst increasing risk of disasters [35, 49]. The number
of climate-induced disasters for the last 70 years has been
illustrated in figure 2 and shows climate related extreme events
are sharply increasing since 1960s and their occurrences
dramatically accelerated rapidly since 1990s Fig. 2 [49].
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Figure 1. Changes in Temperature, Sea level and Northern Hemisphere Snow cover [35].
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Figure 2. Number of Climate-induced Disasters in the World during 1940s to 2008 (Source: International Disaster Database cited in [49]).
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1.2.2. Climate Change Exacerbates Ecosystem Degradation
and Biodiversity Loss

The socioeconomic and biophysical environment of the
Earth is rapidly changing [38]; particularly for the last five
decades [47, 14]. It could not be denied that ecosystem
changes have contributed to societal developments. However,
they have resulted in environmental degradation by
deteriorating ecosystem services, aggravating environmental
changes and vulnerability [47, 14].

For instance, the Global Biodiversity Outlook-3, published
by the Convention of Biological Diversity in 2010 reveals
that natural habitats are shrinking significantly during the last
century all over the world; where mangroves, forests and
wetlands declined by 35%, 40% and 50%, respectively [58].
Consequently, one third of the abundance of vertebrates has
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the atmosphere
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been declined and almost a quarter of plant species are likely
to be threatened with extinction during the period of 1970 to
2006 [16].

Climate change triggers ecosystem transformation,
biodiversity loss [12] and substantial modifications of
ecosystem services [47]. The structure and function of
terrestrial, freshwater and marine ecosystems are
considerably changing [49]. For instance, about 60 percent of
ecosystem services and almost 70 percent of regulating and
cultural services have been degraded and over-exploited
globally [47]. It is predicted that drivers to social-ecological
transformation [47] and associated consequences on
ecosystems and biodiversity are expected to become stronger
and complex in the future [11, 42, 35] (Fig 3).

.................

Increased Disaster Risk

undermines ecosystem and community
resilience and exacerbates impacts of
climate variability and change

Figure 3. Simplified lllustration of the Interaction between Climate Change, Ecosystem Degradation and Disaster Risk (source: [64]).

1.2.3. Climate Change Impacts on Human Communities
and Livelihoods

Climate change is threatening the agriculture, tourism,
resource management, industry, water resources, health and
others [64]. For instance, fluctuation in frequency and
severity of extreme climate events has profound impacts on
food and forestry production, availability of water and
fodder, as well as on the health and productivity of the whole
ecosystem [22]. It is predicted that the food production will
be in 5 to 25% short of demand and price is expected to rise
in 30-50% by 2050 [51].

Scientific evidences disclose that climate change has
substantial impacts on crop productivity and associated food
security [28, 73]. In Africa for example, around 75-250
millions of people are expected to be vulnerable to climate-
induced water stress by 2020; a 50% decline in agricultural
yields in 2020; lowland densely populated areas will suffer

from sea level rise; and an estimated temperature rise of arid
and semi-arid regions in 5-8% by 2080 [35]. Moreover, the
Sahel experiences worldwide prominence, where more than
300,000 humans and millions of animals died, during the
catastrophic drought of the early 1970s [48].

1.3. Climate Change in Ethiopia

Ethiopia is an agrarian country located in the Horn of
Africa where agriculture constitutes 52 percent of the gross
domestic product, absorbs 80 percent of labor force and
generates more than 85 percent of the foreign exchange
earnings [17]. The sector is the principal source of food
production and prime contributor to food security [15].
Agriculture is often rain fed, traditional subsistence small-
scale mixed crop and livestock production (8 million
households) with minimal agricultural productivity; where
irrigation accounts only one percent of the arable land area of
the country. Trends like traditional farming system, soil
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degradation, poor complementary services like extension,
credit, marketing, infrastructure and climatic factors, such as
recurrent drought and flood have been identified as the major
limiting factors that hinder agricultural productivity in the
country [20, 3, 5, 75]. These factors are responsible to lessen
adaptive capacity by increasing the vulnerability of farmers
to forthcoming uncertainty such as climate change that affect
the efficiency of the agriculture [19]. Due to its limited
adaptive capacity, the country has been placed as among the
most vulnerable countries in Africa in recent mapping of
vulnerability and poverty in Africa [61].

Historically, Ethiopia has experienced five major droughts
since 1980s [1].The effects of climate change in Ethiopia are
not restricted only to recurrent droughts [40]; instead
fluctuations in other critical climatic variables are apparent
highlighting the multifarious consequence of climate [61].
For instance, the average minimum and maximum
temperature of the country has risen by 0.25°C and 0.1°C,
respectively during the last decades. Climate prediction
models show that temperature in Ethiopia continues rising in
the next years [59].1t is projected that the mean temperature
will rise by 1.7-2.1°C by 2050 and 2.7-3.4°C by 2080 [60].
Most models are consistent with increasing patterns of
temperature. However, depending on the type of models
used, both increasing and decreasing patterns are projected in
precipitation forecasts [59]. However, [19] disclose that
rainfall pattern has showed an extreme variability during the
last 50 years. Furthermore, the occurrence and spatial
distribution of drought has been intensified during the last
decades as well as projected to continue in the upcoming
[40].

This study was designed to highlight the current states of
climate change and variability with a special emphasis in
developing countries including in Ethiopia as well as to
assess the potential of ecosystems in mitigating the effects of
climate change and in building system resilience. Review
approach was used to compile this study and more than 168
literatures were collected where most relevant 75 of them
were selected and analyzed in this study.

2. Managing Landscapes for Ecosystem
Resilience

The etymology of the word “resilience” comes from Latin
“resilire” to mean “to spring back” or “to rebound” and
described as springiness or elasticity. The term resilience was
introduced into ecological studies in late 1950s and denoted
as the amplitude of changes brought about by disturbance
and the dynamics of post disturbance recovery [25].

The landmark for the application of resilience to
ecosystems is laid by [30]. Nowadays, the term has different
definitions and applied in various disciplines, including:
ecology, sociology, economics, psychology and political
science and engineering science [27, 9]. It is the capacity of
an ecosystem to absorb change and re-organize itself, whilst
undergoing change, in order to retain its character and

ecological functioning [10].The basic notion for resilience
thinking is the likely of ecosystem crossing a threshold or
tipping point, beyond which it will become fundamentally,
and often irreversibly different [70].

Resilience in social-ecological systems refers the capacity
of a system to absorb disturbances and identifies the ongoing
changes so as to still maintain the same function, structure,
identity and feedbacks [70]. It is the tendency to avoid basic
long term changes in main characteristics, like level of
primary productivity and to maintain fertile soil (ecological
system) or the presence of efficient livelihood alternatives
and health care (social system) [50].

Ecosystem resilience is also defined as the capacity of an
ecosystem to withstand perturbations without losing any of
its functional properties. Currently, resilience denotes the
capacity of a system (e.g. a community, society or
ecosystem) to cope with disturbances (e.g. financial crises,
floods, drought, hurricane, tsunami or fire) without shifting
into a qualitatively different state [29]. A resilient system has
the potential to cope with shocks, surprises and recover from
disturbances; as resilience is both the capacity of a system to
deal with change and continue functioning [8, 9].

2.1. Characteristics of Resilient Ecosystem

Basic  characteristics of resilient
summarized as follows [4].

Diversity and redundancy

Diversity is recognized as the most determinant factor to
contribute resilience and more frequently cited by several
authors [13, 27, 30, 55]. Sustaining diverse functional groups
within ecosystem maintains ecosystem health and assists
sustainability [30].The existence of different groups of
organisms performs different functions and balance major
components of an ecosystem which will be supportive in
preventing the loss of key ecological resources [4]. [7]
explained the concept of response diversity pointing that
higher functional diversity enhances an ecosystem to be more
resilient to disturbances; hence different organisms respond
to disturbances in different mechanisms. Redundancy is the
ability of different species to carry out similar activity. This
redundancy property of a system is instrumental as the loss of
certain system components doesn’t jeopardize the whole
system; instead it allows sustaining the function of a system
to continue even with shocks [24].

Participation and community engagement

The contributions of community engagement, ownership,
participation and indigenous/local knowledge to social-
ecological resilience have been reported in different scholars
[44, 45, 52, 6, 54, 7]. Studies underline that community
participation is supportive in building legitimacy, promoting
monitoring and enforcement, enhance recognition of system
dynamics as well as encourage system’s capacity to sense
changes [7]. Therefore, participation of local communities,
particularly who largely benefited from ecosystem services,
influence the success of ecosystem management [7];
promotes belongingness [4] and is essential to maintain
ecosystem health [54].

ecosystem  are
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Polycentricism, decentralization and flexibility

Ecosystems exhibiting flexible, decentralized and well
integrated management of different local and regional
institutions maintain sustainability and resilience [27, 54, 56,
7]. Unlike the command and control approach of ecosystem
management, decentralized management allows the
incorporation of scale specific knowledge in major decisions
to regulate ecosystem health [7]. This strategy is supportive
for management flexibility of ecosystems and maintains the
system not to tip over dis-functionality [52].

Learning, experimentation and innovation

Ecosystem management and associated resilience of
ecosystem is critically determined by learning and
experimentation. It is understood that change and uncertainty
are an unavoidable in any ecosystems. Consequently,
continual learning and knowledge revision is essential to
effective ecosystem management [7]. This characteristic is
especially important where ecosystems are restored from
disturbances, as they are more vulnerable to similar shocks.
Learning from experiences ensures that a system capable to
bounce back better and resist if similar disturbances exist
again [18].

Connectivity, networks and cross-scalar linkages

Connectivity is the extent in which resources, species or
social actors disperse, migrate or linked to ecological and
social landscapes [7]. In the context of ecosystem
management, connections and networks can build resilience,
as it enables a system to quickly either restore or prepared for
changes [52]. In building community resilience to disasters,
great interrelation across scales of governance during early
warning systems results in enhanced resilience to disaster [63].

2.2. Resilience, Vulnerability and Adaptive Capacity

Vulnerability is antonym to resilience and refers to the
degree of sensitivity that associates the ecosystem services to
global changes and also the degree to which sectors, such as
agriculture, forestry, water management, energy and nature
conservation relying on ecosystem services is unable to adapt
to the changes [37, 33]. Anthropogenic disturbances such as
rigorous land use change makes species and their habitats
vulnerable [46].Vulnerability to climate change is the degree
to which a system is subject to/or unable to acclimatize
adverse effects of climate change, including climate
variability and extremes [33].

Vulnerability is central concept to adaptation and is
dependent up on exposure, sensitivity, and adaptive capacity
of a system. For instance, high exposure or sensitivity and
low adaptive capacity induces high vulnerability of a system
to environmental changes [41]. Sensitivity is the degree to
which a system is affected, either adversely or beneficially,
by climate-related stimuli. Adaptive capacity is the ability of
a system to adjust to climate change (including climate
variability and extremes), to moderate potential damage, to
take advantage of opportunities, or to cope with the
consequences [33, 35]. Adaptive management is not only
maintains ecological stability but also builds more flexible
institutions for resource management [31].

Resource management strategies through ecosystem-based
approaches are crucial to lessen vulnerability of ecosystems
and promote resilience of the communities who depend on
natural resources [31]. The ecosystem concept argues that
proper planning along with ecosystem changes whilst
considering the role of human behavior on the environment is
essential over temporal and spatial scales [62].

3. Working on Ecosystems to Mitigate
Environmental Changes

Ecosystem approach is a strategy for the integrated
management of land, water and living resources that promotes
conservation and sustainable use in an equitable way. It is
instrumental in increasing ecological connectivity with a view
to increasing resilience, and contributes to address
conservation objectives [21]. Ecosystem-based approaches are
cost-effective, accessible to rural poor, contribute to relieve
poverty and promote sustainable development [26, 49].
Ecosystem based approach is a win-win approach with
multifaceted benefits and summarized as follows.

3.1. Ecosystem-Based Approach Enhances Climate Change
Adaptation and/or Mitigation and for Disaster Risk
Reduction

Disaster risk reduction is a practice of reducing disaster
risks through reducing exposure to hazards, reducing
vulnerability of social-ecological system, wise management
of land and the environment and improves preparedness for
adverse events [68]. Adaptation contributes to disaster risk
reduction in being prepared for climate related impacts;
whereas, disaster risk reduction is crucial to adaptation and it
serves as a basis to achieve long-lasting climate impacts.
Both climate change adaptation and disaster risk reduction
rely on regulating services of ecosystems and are
instrumental to build ecosystem health and resilience [53,
69].

The IPCC defines climate change adaptation as an
adjustment in natural or human systems in response to
actual or expected climatic stimuli or their effects, which
moderates harm or exploits beneficial opportunities [33]. It
is the use of natural capital by humans to acclimatize to
climate change impacts; that in turn possesses manifold co-
benefits for mitigation, protection of livelihoods and
poverty alleviation [50].

The Dbasic objective of adaptation is to lower
humans/ecosystems vulnerability to the harmful effects of
climate change (sea level rise, rising temperature, rainfall
variability, drought, flood, etc.); instead creates an
opportunity on existing weather events (increasing ecosystem
productivity) [36]. It is a strategy designed to address the
fundamental relations between climate change, biodiversity
and sustainable resource management and can be functional
in both developing and developed nations [50].

Adaptation options range from technological like in
increasing sea defense or flood-proof houses on stilts, to
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behavioral changes at individual level, for instance reducing
water utilization during drought, using mosquito net
(insecticide-sprayed) to prevent mosquito bites. Besides,
improved water management system, improved risk
management, biodiversity conservation, early warning for
extreme events and establishing insurance options are also
adaptation strategies mostly recommended to the societies
[65, 66].

Mitigation is an anthropogenic intervention involving
reducing greenhouse gases concentration either by reducing
their generation (burning of fossil fuels, heat or transport) or
improving the potentials of their sinks (oceans, wetlands,
forests and soil) to reduce the impacts of climate change [34].
The main purpose of mitigation is to avoid the unsafe human
intervention in the climate systems and to maintain the

concentration of greenhouse gases in level where ecosystems
able to adapt naturally to climate change; so as to ensure the
health and productivity of social-ecological system [36].

Mitigation action is crucial to lessen new emissions and/or
enhance sinks. However, it should be integrated with
adaptation [35] and implemented in broader development
objectives, such as economic development, energy security,
public health, air quality and local environmental protection
for enhanced response to climatic impacts [67, 65, 64].
Sustainable management of key biological resources and
habitats through mitigation and adaption strategies is helpful
especially for rural poor, marginalized and indigenous
communities by regulating ecosystem services and their
access to the community in times of drought and disaster [74]
and summarized in Fig. 4.

Ecosystem Management

increases the resilience of ecosystems

and communities to climate change
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4

4

—
| —

N

Disaster Risk Reduction

increases the resilience of ecosystems to
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climate change adaptation efforts

Figure 4. Ecosystems as a foundation in Disaster risk reduction and Climate Change Adaptation [64].
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3.2. Ecosystem-Based Approach Conserves Biodiversity,
Maintains Ecosystem Services and Resilience

Maintaining high species diversity and functioning
ecosystems across the wider terrestrial, freshwater and
marine environment is essential to climate proofing and
building resilience [26]; as they are effective in storing
significant amount of carbon [64] and sustain unforeseen
disturbances [26]. In effect, it is understood that biodiversity
rich ecosystems are highly resilient to external shocks, such
as extreme climatic events [64].

One of the objectives of ecosystem management is to
maintain health and enhance resilience; whilst reducing
vulnerability in the face of climate change. It creates
substantial social, economic and cultural advantages, support
biodiversity conservation and build on traditional knowledge
and trends of indigenous people, including women
participation [49]. Resilient ecosystems have a greater
potential to mitigate and adapt to climate change and to
reverse global warming. They resist and recover more easily
from extreme weather events and provide a wide range of
ecosystem services [26] Fig. 5.

4. Conclusion

It is real that global climate is changing at unprecedented
rate resulting in considerable consequences on ecosystems and
human well-being. Anthropogenic releases of greenhouse
gases, mainly CO2 has warmed the Earth‘s surface; where its
concentration has risen more linearly for the last 100 year
(1906-2005) by 0.74°C than the corresponding period (1901-
2000) of 0.6°C. This has resulted in occurrences of extreme
weather events, such as rising sea-levels, recurrent droughts,
intensive hurricanes and floods, etc. It is uncertain to predict
the potential of developmental sectors if environmental change
continues. Unless ecosystems become resilient enough against
environmental disturbances, no life could exist on this planet.
Accordingly, ecosystem resilient should be built through
adaptation and mitigation strategies so as to reverse current
emissions as well as to adapt to live with uncertainty.
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