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Abstract

Climate changes are growing environmental concerns which are much in the scientific
government and public eye at present. The potential impact on aquatic resources and livelihood
are immense. From local to global levels, fisheries and aquaculture play important roles for food
supply, food security and income generation. Some 43.5 million people work directly in the
sector, with the great majority in developing countries. Adding those who work in associated
processing, marketing, distribution and supply industries, and the sector supports nearly 200
million livelihoods. Aquatic foods have high nutritional quality, contributing 20 percent or more
of average per capita animal protein intake for more than 1.5 billion people, mostly from
developing countries. They are also the most widely traded foodstuffs and are essential
components of export earnings for many poorer countries. Extreme events will also impact on
infrastructure, ranging from landing and farming sites to post-harvest facilities and transport
routes. They will also affect safety at sea and settlements, with communities living in low-lying
areas at particular risk. Livelihood diversification is an established means of risk transfer and
reduction in the face of shocks, but reduced options for diversification will negatively affect
livelihood outcomes.
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INTRODUCTION

The scientific evidence is now overwhelming that climate change has increasing becoming a
reality. Scientific studies indicate that the emissions from economic activity, particularly the
accumulated of carbon dioxide emitted from burning of fossils fuel from energy, are causing
changes to the Earth surface temperature [1].While climate change is already being experience
across the globe, it is expected to have a disproportionate effect on those living in poverty in
developing countries are in tropics and sub- tropical regions, area predicted to be seriously
affected by the impact of climate change: Africa, Asia, Latin America and small island
(Mauritius) have all been identified as regions of concern.

By 2020, up to 250 million people in Africa could be exposed to greater risk of water stress that
could lead to food insecurity. Sea level will rise as a result of climate change, this could lead to
inundation of coast worldwide with some island states possibly facing complete inundation and
people living with the constant threat of tropical cyclones now face increased severity and
possibly increase frequency of the events with all associated risks to life and livelihoods .The
UNFCCC secretariat has estimated that by 2030 developing countries will require USD 28-67
billion in funds to enable adaptation to climate change [1].This corresponds to 0.2-0.8 percent of
global investment flows, or just 0.06-0.21 percent of projected global GDP, in 2030.

Africa is already feeling the hard realities of climate change with extensive droughts having
terrible impacts on nomadic agriculture and temperature rise contributing to sea level and food
security is threatened. Africa's population contributes marginally to the production of greenhouse
gases and yet it is being impacted far more harshly than the developed countries that as yet have
barely checked their prolific release. As Africa includes some of the world's poorest nations, its
resilience to combat weather-related disasters and climatic uncertainty is far from strong.

Africa is such an enormous landmass, stretching from about 350c N to 350c, the climate effect
are different to location within the continent. Some areas are drier, others wetter, and some
regions may derive economic benefit, while most are adversely affected. Climate change is
projected to have far reaching effects broadly across aquatic resources, economies, increasing
pressure on livelihoods and food supplies in Africa.

Africa is already a continent under pressure from climate stresses and is highly vulnerable to the
impacts of climate change. Many areas in Africa are recognized as having climates that are
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among the most variable in the world on seasonal and decadal time scales. Floods and droughts
can occur in the same area within months of each other. These events can lead to famine and
widespread disruption of socio-economic well-being. For example, estimates reported at the
workshop indicate that one third of African people already live in drought- prone areas and 220
million are exposed to drought each year. Many factors contribute and compound the impacts of
current climate variability in Africa and will have negative effects on the continent’s ability to
cope with climate change. These include poverty, illiteracy and lack of skills, weak institutions,
limited infrastructure, lack of technology and information, low levels of primary education and
health care, poor access to resources, low management capabilities and armed conflicts. The
overexploitation of water resources, increases in population, desertification and land degradation
pose additional threats [2] Developed countries have so far committed to cutting emissions by,
on average, 15 per cent by 2020. This could lead to global average temperature rises of 4°C or
higher above pre-industrial levels by 2060. Without strategies in place for adapting to a change
of this magnitude, Africa will be seriously affected — particularly its agricultural sector. This will
in turn have serious implications for the continent’s food production and livelihoods. Economic
growth and development could be disrupted, ultimately giving rise to severe social and
environmental problems.

The United Nations Environment Programme-sponsored Adapt Cost project has recently
investigated the economic costs of climate change adaptation in Africa, and will report on these
in the run-up to the Conference of the Parties 15 in December 2009. Its researchers modeled the
economic costs of a scenario where carbon dioxide or equivalent levels are at 450 parts per
million (ppm). This reduces the economic costs of climate change in Africa from 1.5-3 per cent
of GDP by 2030 to around 1 per cent of GDP by 2030. It also makes more likely average
temperature rises will be limited instead of exceeding 4°C or more.

The agricultural sector is critically important to Africa, both in terms of social and economic
development. Over 60 per cent of Africans depend directly on agriculture for their livelihoods
[3]. Production ranges from small-scale subsistence farming to large-scale export industries.
Agriculture contributes to about 50 per cent of Africa’s total export value and approximately 21
per cent of its total Gross Domestic Product (GDP) [4].

Agricultural activity is highly sensitive to climate change, largely because it depends on
biodiversity and ecosystems. Sufficient freshwater supplies, fertile soil, the right balance of
predators and pollinators, air temperature and average weather conditions all contribute to
continuing agricultural productivity. Human interventions, such as excessive extraction of
natural resources, forest clearance for pasture or cropland, large-scale mono cropping and use of
chemical fertilizers and pesticides, have resulted in biodiversity losses. These can ultimately
damage an ecosystem’s capacity to adapt naturally to changes in the climate [5].This paper
review current knowledge about the relationships between climate change, aquatic resources,
food security and livelihoods.

IMPACT ON AQUATIC RESOURCES

Aquatic foods provide 20% or more of average per capita animal protein intake for more than 1.5
billion people, the majority of whom live in developing countries. Climate change impacts, such
as warming of oceans, rivers and lakes and changes in precipitation, water salinity and ocean
acidity as well as the increases in extreme weather events, will increase the uncertainties in the
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supply of fish from capture fisheries and aquaculture. Climate change impacts on natural systems
can have profound effects on socioeconomic systems [6]. One example cited by [7] reported that
coral bleaching event in the Indian Ocean. This event was unprecedented in severity; mortality
rates reached as high as 90% in many shallow reefs, such as in the Maldives and the Seychelles.
Such severe impacts are expected to have long-term socioeconomic consequences as a result of
changed fish species mix and decreased fish stocks and negative effects on tourism as a result of
degraded reefs. Degradation of reefs also will lead to diminished natural protection of coastal
infrastructure against high waves and storm surges on low-lying atolls. [8] estimate the costs of
the 1998 bleaching event to be between US$706 million (optimistic) and US$8,190 million
(pessimistic) over the next 20 years. The Maldives and the Seychelles are identified as
particularly affected, because of their heavy reliance on tourism and fishery.

Impact on Coral Reef

Climate change is also clearly impacting on coral reef systems. Mass coral bleaching and
resulting mortalities due to increasing temperatures are already reducing the density and diversity
of coral reef fishes and other organisms [8]. It is becoming increasingly clear that coral reefs are
among those environments most threatened by this phenomenon. An increase in sea surface
temperatures, rising sea levels, and more frequent and severe storms are some of the effects of
climate change that can negatively impact coral reefs. These negative impacts lead to declines in
biodiversity, coastal protection and income from reef fisheries and tourism. The resulting
economic loss can total billions of dollars. Recent coral reef bleaching events around the world
have re-ignited the debate about the impacts of climate change on coral reefs [9] [7]. According
to [10], approximately 27% of the world’s coral reefs have been effectively lost; with over half\
of that loss being due to the massive climate-related coral bleaching event of 1998.A study by [9]
investigates the economic losses caused by reef destruction in the Philippines. Here coral reef
fisheries are worth around US$1billion per year, providing a living to around one million small
scale fishers. [10] annualized the pessimistic scenario, bleaching in the Indian Ocean is assumed
to lead to a decline in reef services of 50 per cent, starting from year 5, with a lineal growth from
0 per cent to 50 per cent in the first 5 years. In the pessimistic scenario, total damages over a 20-
year time period are valued at over US$8 billion, and arise primarily from coastal erosion
(US$2.2 billion), tourism loss (US$3.3 billion), and fishery loss (US$1.4 billion). In the
optimistic scenario described above, the losses are still considerable, but are of the order of
magnitude less than the damage in the pessimistic scenario, and stem mainly from a US$0.5
billion loss of tourism revenue.

Modeling Studies of Climate Change on Aquatic Resources

Considerable progress in estimating the potential impacts of climate change on aquatic
ecosystems, in particular with respect to modeling has been reported. Several approaches are
now in use in order to forecast the effects of climate change on aquatic resources [11]. These
include global static models, global dynamic models, dynamic downscaling approaches and
statistical downscaling approaches.[11] noted that statistical time-series analyses can describe
previous patterns of variability but may be less useful for forward projections.[12] have made
significant quantitative advances on projecting the impacts of climate change on distributions of
fish populations, commercial fish and invertebrate biodiversity, and fisheries catch potential
using a statistical bioclimatic envelope approach (based on the ranges of temperature and other
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physical conditions within which species occur combined with trophic energetic and allometric
scaling of metabolism[12]. Models of climate change impacts on aquatic ecosystems have had
variable results; with some projecting slight decreases in global average production (e.g. [13])
and others slight increases e.g. 0-7—8-1%; [14], although with large spatial variability.

CLIMATE CHANGE AND FOOD SECURITY

Food production is of course a direct correlate of agricultural productivity. There have been
substantial increases in agricultural productivity in recent years [15]. From an average of 100
around 1990, the index of agricultural productivity increased to 186.8 in Benin, to 167 in Ghana,
to 156 in Nigeria, to 142.9 in Burkina Faso and to 142 in Guinea in 1999. In these same
countries, increases in per capita agricultural output were equally robust.

Agriculture, on which we all depend for our food is under threat from climate change. There is
no doubt that systems worldwide will have to adapt, but while consumers may barely notice in
developed countries, millions of people in developing countries face a very real and direct threat
to their food security and livelihoods. The food price crisis of 2008 has led to the re-emergenceof
debates about global food security [16] and its impact on prospects for achieving the first
Millennium Development Goal (MDG): to end poverty and hunger. On top of a number of
shorter-term triggers leading to volatile food prices, the longer-term negative impacts of climate
change need to be taken very seriously.

Agriculture constitutes the backbone of most African economies. It is the largest contributor to
GDP; the biggest source of foreign exchange, accounting for about 40% of the continent’s
foreign currency earnings; and the main generator of savings and tax revenues. In addition, about
two-thirds of manufacturing value-added is based on agricultural raw materials. Agriculture
remains crucial for pro-poor economic growth in most African countries, as rural areas support
70-80% of the total population. More than in any other sector, improvements in agricultural
performance have the potential to increase rural incomes and purchasing power for large
numbers of people to lift them out of poverty [17] [16].

World Bank, Commodity Price Data reported tough prices on international markets for food and
energy raw materials came down quickly from their mid-2008 peaks, they rose again in

2010-11 and they remain high by historical standards. More than that, the trend in food prices
has been noticeably upward over the past decade, in contrast to its downward trend over most of
the 20th century; and, since the introduction of biofuel subsidies and mandates particularly in the
US and EU a few years ago, food prices seem to be closely tracking fossil fuel prices — again in
contrast to most of the second half of the 20th century. (Fig.1).
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Fig 1.International price indexes for food and fossil fuel energy raw materials,
1960 to 2011a
The 2011 data refer only to the first 2 months (January and February). Source: World Bank,

Commodity Price Data (Pink Sheets, see [19] http://go.worldbank.org/SAT3JHWYUO).

LIVELIHOODS DIVRSIFICATION AS A RISK MANAGEMENT APPROACH.

One way to reduce vulnerability of poor households is to support them in managing risks by
assisting them to diversify their livelihood strategies. As well as supporting diversification within
agriculture, it may also involve creation of opportunities for diversification to income sources
outside agriculture, such as handicraft production and sale or work as trades’ people. Strategies
for livelihood diversification must be planned based on the traditional and indigenous knowledge
of the communities involved, capturing the full range of hazards people are exposed to, how
these hazards interact with each other, and how they affect existing and planned livelihood
activities. There are two potential alternative approaches that need to be explored. The first is
whether rural livelihoods can be diversified sufficiently to enable adaptation (i.e. within the rural
economy) through the diversification of crops and extension to non-farming livelihoods. The
second is the need to recognize that in some locations and circumstances, rural agriculture and its
livelihoods may become impossible, requiring retreat or abandonment of some areas.

Diversification Strategy

An alternative strategy might be to diversify his livelihood into parallel activities, to keep
fishing, but diversify enough to get by, thereby exerting everyday and personal forms of agency.
The livelihoods literature is full of evidence of fishers doing just that, particularly to cope during
lean periods [19] [20] [21]. As [22] argue, fisher folk diversify their livelihood for very good
reasons such as the high risk of the occupation, seasonal fluctuation in the resource, and to
reduce the risk of livelihood failure by spreading it across more than one income source. As [23]
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illustrate in the context of a small-scale fishery in Cambodia, fishers emphasized that the ability
of household members to access multiple types of fishing gear and techniques, or to combine
livelihood skills such as raising animals, contributed to the adaptability of the household and
successful well-being. However, many fishers who diversify their livelihoods still keep one foot
in their fishing boats. This is particularly evident in studies from Indonesia and the Philippines
that describe the temporary diversification of fishers into seaweed farming, encouraged as a
means of reducing fishing pressure [24]. Many of the fishers involved moved back into fishing,
sometimes purchasing new boats with the additional profits from seaweed sales. In many
households the seaweed farms were tended by wives and children of fishers, with some women
reporting a reduction in household chores and childcare as a result of their involvement [25]. As
is documented by [26] (2001:531), through their work on job satisfaction among small-scale
fishers in the Philippines, Indonesia, and Vietnam, “most fishers would not leave fishing for an
alternative occupation, citing income as well as non income factors for resisting change.”

OPTIONS FOR CLIMATE ADAPTATION

There are no definitive ways to tackle climate change across a continent. Solutions must be
context specific. Selecting which adaptation options to implement must be based on knowledge
of local conditions. Funding for adaptation is not a question of aid: it is an obligation. While the
figures remain uncertain, the potential economic costs of climate change for Africa to be 1.5-3
per cent of its GDP by 2030.Africa’s potential adaptation financing needs to address these costs
are also highly uncertain, but they are likely to constitute a minimum of US$10 billion a year by
2030, and could be £30billion a year, or more.

Adaptation Measures

If adaptation strategies should reflect the dynamics of peoples’ livelihoods, then adaptation must
be seen as a process that is itself adaptive and flexible to address locally-specific and changing
circumstances. The responsibility for adaptation lies with those who stand to gain the most.
While those with the least capacity to adapt are the most vulnerable, they are also the most likely
and most motivated to take conscious adaptation actions. For the poor and vulnerable, the actions
that they take will be constrained by their limited assets and capabilities, but they will also be the
most appropriate given the specific local manifestations of climate change impacts. These
actions should be supported by external agencies to build up the asset base of the poor.

Mitigation Options

Human activities such as fossil fuel use and land use/land cover change have resulted in
substantial amounts of carbon being added to the atmosphere in the past 200 years. The total
annual emissions of carbon to the atmosphere from human activities is about 7.9 Gigatonnes
(Gt). About 1.6 Gt (17%) of this is from the land use and land cover change and the rest (6.3 Gt
C) from burning fossil fuels. The atmosphere retains about 3.3Gt of this and the rest, by present
estimates, is absorbed by the oceans and the terrestrial biosphere in equal quantities [27].
Substantial reduction of the greenhouse gas would be required for the CO2 concentrations in the
atmosphere to stabilize during the 21st century to less than twice the pre-industrial level [28]
Mitigation activities permitted under the Kyoto Protocol and Marrakesh Accords can affect
wetlands. Under the Kyoto Protocol, there is a provision for the Annex 1 countries (mostly
developed countries) to use land use and land use change and forestry activities (afforestation,



IIFET 2012 Tanzania Proceedings

reforestation and avoided deforestation and other land-management activities) to meet their
emission reduction targets (which overall is approximately 0.1Gt C to the atmosphere annually)
[29]. Consistency with national and/or international sustainable development goals could reduce
the risk of the negative impacts.

POLICY OPTIONS FOR RESILENCE AND ADAPTATION FOR FISHERIES AND
POOR FISHING COMMUNITIES

The policy implications are multidimensional both in terms of strategy and in terms of possible
stakeholder engagement. Perhaps the most important policy implication is the need to improve
the adaptive capacity of the peasant householder in terms of poverty reduction, higher levels of
educational attainment, improved public awareness. There is also the need to develop strategies
with the aim of building resilience into the fisheries and poor fishing communities systems and
make them less sensitive to climate variability and climate change. Resilience to climate change
impacts and an ability to adapt can be assessed in terms of the capacity of people and
communities involved in the sector to adapt to climate change. Impacts of climate change may be
felt by the catching sector, aquaculture, processors, and traders/marketers in post-harvest
activities, or in the wider national economy in countries with high fishery dependence. These
suggestions are drawn from earlier reviews of fishing peoples ‘existing strategies to adapt to
climate variability and change [22] [27] [30] [31]. In this respect, five main lines of activities
could be identified. These include:

Stimulating Adaptation Efforts Through Awareness and Scientific Awareness: Although
adaptation activity is beginning to take place, further efforts may be stimulated by increasing
awareness and education of the potential impacts of climate change. Increasing scientific
capacity by improving access to climate data, development of modeling capabilities, and having
mechanisms in place to process and disseminate the data for users; helps promote awareness of
potential climate change impacts. It also equips communities with climate information necessary
for resilience measures, hence increasing their capacity to adapt.

Public Awareness: A communication strategy is an effective way of elaborating and
communicating between knowledge providers and stakeholders on climate change risks and
adaptation needs, targeting actors ranging from those at the grassroots level to national and
regional policymakers, using appropriate language. This communication strategy could include
the preparation of a global awareness campaign on climate change, including video messages in
different languages.

Cooperation and Synergies: Given that many countries may experience similar effects from
climate change, sharing experience can broaden knowledge on how to address the adaptation
challenges. Climate change should be integrated into the work of different regional organizations
and networks, and in particular though partnerships of sectors such as water and agriculture in
order to share experiences and lessons learned by communities facing similar problems. New
funding and improved access to funding, is needed to effectively provide technical and financial
support and capacity building capabilities. Existing mechanisms on vulnerability assessment and
adaptation include forums of ministers, economic commissions, bilateral cooperation initiatives
and initiatives to share information and data. Collaboration between Southern institutions helps
to share experiences and lessons learned by communities facing similar problems; develop joint
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projects; carry out research and development on downscaling of climate scenarios; and conduct
workshops and training activities.

Building Capacity to Adapt to Climate Change: Improving social, economic and technical
resilience and increasing flexibility within systems is a form of adaptation and allows further
adaptation to take place more easily, for example by increasing water storage capacity and
extending water supply services. Increasing adaptive capacity may be achieved through
sustainable development, supporting the idea that adaptation activities can occur even in the face
of uncertainty.

Development plans that incorporate adaptive capacity provide the ability to respond to future
uncertainties. Governments and development agencies are beginning to treat adaptation to
climate change not as a standalone effort, but rather as an issue to be mainstreamed through all
development and environmental policies.

Building on Traditional Coping Mechanisms: Communities that rely on natural resources
have been developing methods to cope with environmental change for generations. Tribes in the

Turkana region of northwest, Kenya has adopted a nomadic lifestyle to cope with the harsh
environmental conditions. However, adapting to predict climate change presents a major
challenge. Adaptation should aim to strengthen traditional coping mechanisms: optimizing
current systems whilst building flexibility to cope with the uncertainties posed by climate
change. Introducing new technology can be sustainable where it strengthens and builds on
traditional approaches and reinforces local knowledge.

CONCLUSION

The impacts of climate change will not be felt evenly across the world, and may not all be
negative. Some agricultural systems, mainly at higher latitudes and higher altitudes, may benefit
at least in the short term from higher temperatures. Some dry areas may get more rainfall. But
the most vulnerable — the many millions of people who survive by rainfed agriculture in the dry
lands of Africa, the millions more who make up the world’s small-scale fishing communities,
and those who make their livelihoods in low-lying regions like the Indo-Gangetic Plains, for
example — look likely to face some of the most severe impacts, which will probably overwhelm
their current coping capacities. Climate change promises serious negative impacts on agricultural
systems. These same systems and the aquatic resources that support them are already under
severe strain from over-exploitation, the current climate, and multiple other stresses. Many of the
world’s most vulnerable people depend directly on these systems for their food and livelihoods;
and many countries’ economies are also highly dependent on them. Such a system would be well
positioned to develop resilience and build adaptive capacity in both the natural ecological and
human social systems to address the uncertainties of climate change and to sustain the security of
aquatic food supplies. We are at a crossroad in the development of our planet. The decisions we
make now, for agriculture and aquatic resources as well as livelihoods sustainability, may prove
to be the most important decisions humankind ever collectively makes.

Food security is one of the basic human rights that are in jeopardy. Today, an estimated one
billion people among 9 billion world population — more than one person in six — do not enjoy
that right; without significant changes to mitigate climate change vis a vis agriculture and other
natural resource-based systems, hunger and poverty will be perpetuated long into the future, and
affect our livelihoods .
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