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Executive Summary
Multiple mechanisms link ecosystem services to human well-being. Tanzania hosts a variety
of ecosystems including aquatic (ie. freshwater wetlands, coastal and marine) and terrestrial
(ie. forests, savannah, drylands or deserts, and mountains), many of which are transboundary
like the Lake Tanganyika ecosystem, which is shared between four countries, or share
transboundary migratory species (eg. flyways, wildebeest, elephants, etc). The services and
resources provided by these ecosystems directly and indirectly support the livelihoods of the
human population and much of the country’s economy.
Although Tanzania is characterized by rich, diverse and distinct terrestrial and aquatic
ecosystems, modification of habitat due to the demands of demographic and socio-economic
processes is exceeding natural carrying capacity of the ecosystems in the country causing
disruption of the services they provide and leading to biodiversity loss and degradation in
services. Tanzania’s current population of 44 million is growing at 2.9%/year, will be in excess
of half a billion by the turn of the end of this century. This ten fold increase will accelerate and
exponentially increase the demand for natural resources and ecosystem services that support
the needs of the economy, sustain livelihoods and serve as poverty safety nets in terms of
security in food, water, energy, fibre and shelter. Four critically stressed ecosystem services
in Tanzania that need immediate attention are: i) maintenance of biodiversity; ii) food and
fiber provision; iii) water supply, purification and regulation; and iv) fuel or energy provision.
Some of the main direct drivers of environmental change in the country are: land-use change
linked to deforestation, encroachment and land conversion to agriculture leading to
degradation; sedimentation and water pollution linked to water consumption, agricultural runoff and soil erosion; and over harvesting of natural resources for small- and large-scale
markets and industry.
Climate change is expected to put ecosystems at severe risk affecting biodiversity, ecological
functions, and the services and resources ecosystems provide. As temperature rises, stress
on ecosystems is expected to escalate quickly, compounded by other pressures such as
infestation of invasive species, over harvesting, land-use change, and water scarcity, among
others. These pressures will be driven directly or indirectly by forces such as widespread
poverty, and human population and consumption growth, which will increase the demand for
food, water, energy and land within the next decades. Future changes in rainfall and
temperature are likely to contribute to changes in plant and animal species composition,
range and diversity, as well as to shifts of carrying capacity and productivity of the agroecological zones in the country.
Ecosystems are likely to show poor recovery when affected by climatic stressors and natural
disturbances, in particular if they have been exposed to continuous human activity and they
are in degraded state. This is because persistent stresses on ecosystems weaken their
resilience making ecosystems more susceptible to natural disturbance that otherwise could
have been absorbed. If ecosystems resilience is lost, future climate change effects on
ecosystems could lead to irreversible changes in their state. An example of abrupt
environmental change in Tanzania that could be considered a signal of the potential effects of
climate change and rising sea surface temperatures is the 1998 Indian Ocean coral bleaching
event which reduced coral cover in most reefs of the country.
Current and potential impacts of climate change on ecosystems are experienced very
differently by the various sectors, communities and households across Tanzania. Currently,
large portions of the population are particularly vulnerable to climate change because of their
near total dependence on natural resources for survival and poverty coping and limited
livelihood base. This is compounded by poor access to markets and services, and
weaknesses in the institutions that govern and support them. Moreover, the country’s
economy is largely dependent on multiple ecosystems and the services and goods these
provide. As a result, effects caused by climate change on ecosystems will have both negative
and positive implications for human populations and economic sectors in the country and
generate different responses that will in turn have effects on the dynamics of the socialecological system.
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Some of the implications of temperature increase and changes in rainfall pattern may be
changes in the length of the growing season affecting agricultural activities in the country. In
addition, increase in the duration and incidence of droughts associated with climate change
are likely to further decrease the area of grazing land available to livestock-keeping
communities in Tanzania. Conversely, floods will damage wetlands natural water storage
capacity affecting not only agriculture, but hydro-power generation, wildlife and livestock
grazing and pose a threat to settlement and agricultural encroachment in wetlands.
Climatically induced changes can have implications for settlements and the industrial and
tourism sector. Rising sea level and flooding can affect tourist and urban facilities, causing
losses and well as salinization of ground water, etc.
Applying an ecosystem-based approach to climate change adaptation relates to the
management of ecosystems within interlinked social-ecological systems to enhance
ecosystem processes and services that help people and ecosystems adapt to the adverse
impacts of global change, such as changing climatic conditions and growing human
population pressures. This approach depends highly on healthy and resilient ecosystems,
which are able to deliver a bundle of ecosystem services to support adaptation in the face of
various pressures. At the core of this approach lays the recognition of dynamic interactions
and feedbacks between human and ecological systems and the need to understand these to
enhance benefit flows from the system, and to ensure sustainable management of natural
resources. Ecosystem-based adaptation (EbA) has the potential to generate multiple
environmental and societal benefits, while reconciling short and long-term priorities. For
instance, EbA can be a synergistic approach that reconciles mitigation objectives by
enhancing carbon stocks, with cost-effective management of climatic risks, and conservation
objectives by preserving natural ecosystems and biodiversity.
Enhancing the capacity of ecosystems to generate essential services for climate change
adaptation requires that they be managed as components of a larger landscape of which
human activities are part. The Dynamic EbA Pathways Framework is a conceptual framework
based on an adaptive management approach to enhance and maintain ecological processes
and ecosystem services at the landscape level. It combines multi-functional land uses and
1
conservation of natural capital to enhance multi-scale benefits from ecosystems that help
social-ecological systems adapt to changing and multiple stressors, including climate change.
To this end, the Dynamic EbA Pathways Framework combines EbA strategies with flexible
enabling mechanisms and adaptive processes.
Given the high uncertainty involved in long-term planning, the Dynamic EbA Pathways
Framework uses a step-based approach to explore the range of potential EbA pathways that
can be adopted over time. This approach recognizes that not all adaptation decisions are
needed now and enables socio-institutional learning, adaptive management, and better
understanding over time. By doing so, it deals with the uncertainty inherent to possible
futures, overlaps between EbA pathways, synergistic and antagonistic cross-sectoral
interactions of adaptation actions, and multiple stressors affecting the social-ecological
systems. The step-based approach is also closely linked to an economic rationale for action,
whereas no-regret options can generate benefits at lesser costs than investing in pilot actions
and multi-scale processes necessary to adapt to and transform with potential future
thresholds and tipping-points.
Ecosystem-based adaptation costs relate to expenditure associated with actions taken to
enhance or buffer ecosystem services that can help avoid or minimize the negative impacts of
climate change on both ecosystems and human societies. It is based on the premise that
autonomous adaptation of ecosystems and consequently, of species may not be sufficient to
withstand future impacts of climate change and therefore human planned actions are
indispensable to maintain or enhance those ecosystem processes and services necessary for
climate change adaptation specifically related to human survival linked to key socialecological systems. Estimating the costs of EbA is complicated due to several reasons. The
1

‘Natural capital’ refers to the components of nature that can be linked directly or indirectly with human
well-being. In addition to traditional natural resources, it also includes biodiversity and ecosystems that
provide goods and services (TEEB 2009).
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first one relates to the uncertainty associated with the direct and indirect costs of climate
change impacts. The second challenge is valuing “soft” measures as EbA relies heavily on
“soft” adaptation measures through flexible mechanisms. A third challenge is that EbA largely
depends on the adaptive capacity of social-ecological systems, which is based on interactions
and feedbacks between social and ecological systems that are not well understood yet. A
fourth challenge is the poor understanding of the full economic value of ecosystem services,
on which benefits from EbA are based. A fifth challenge is the close interaction between
ecosystems and other sectors, as different sectoral adaptation strategies can interact
synergistically or antagonistically affecting ecosystem processes that enable or prevent
ecosystem services, thus reducing or adding to the costs of EbA.
Several no-regret EbA measures can be implemented in the context of Tanzania. This report
describes one measure, which comes from a pool of adaptation options for the Zanzibar
archipelago identified through a participatory process in a recent study. The option relates to
restoring the natural coastal vegetation to enhance coastal forest buffer zones in chosen
locations along the coast. This option can be considered a no-regret ecosystem-based
adaptation measure because it would produce multiple benefits even in the absence of
climate change impacts. First, it would function as shoreline protective barrier, for instance,
against tsunami waves. Second, it would help prevent excessive erosion by stabilizing beach
sand and absorbing wave energy. Third, it would help maintain the ecosystem services to
support local livelihoods and essential goods such as firewood, building poles and sawn
timber, herbal medicines, edible fruits, mushrooms, plant-derived oils, leaves and beverages,
fodder, fibre, honey, ornamental plants, household utensils and handicrafts, tourism and the
fishery, providing a vital, inter-tidal purification function, a feeding, breeding and nursery
ground for fish and shellfish.
Although costs for enhancing coastal forest buffer zones have not been estimated, no-regret
benefits are clear and could be increased if this approach would be extended to the coastal
wetland forest area in Tanzania. This strategy would not only have benefits for climate
adaptation and social development, but would also have the potential to benefit biodiversity
conservation. It could also be explored in terms of reduced emissions from deforestation and
degradation (REDD+) through coordinated partnerships between government, nongovernment and community-based agencies. First steps to implement a national strategy to
enhance coastal forest buffer zones would involve: harmonization of institutional conflicts
especially in respect to revenue collection/benefit sharing; harmonization of legal issues
especially ownership of the coastal zone venegation to be rehabilitated so as decisions that
are made on coastal forests or wetlands should not be conflicting (eg. with tourism requiring a
cleared beach) and benefit streams to the implementing communities, from the initiative, are
clearly defined; work on energy policies to promote alternative and more efficient sources (eg.
biomass briquettes) at affordable prices so as to reduce pressure on biomass; capacity
building to develop coastal forest management plans and supportive infrastructure for
nurseries, planting stations, etc; development of criteria, indicators, and mechanisms for
managing and monitoring forest resources in coastal forest buffer zones using a participatory
approach, and supportive research to identify key hot spots that would allow replanting with
minimal costs for nurturing the plants until established.
Moreover, this report elaborates on a recent study that analyzes a novel PES scheme
implemented in Simanjiro plains to support community-based conservation outside state
protected areas in Tanzania. This approach could also be used to develop an alternative
financing arrangement for ecosystem services that are valued for climate change adaptation
but not directly consumed in the market. Incorporating future climate risks in their design, PES
schemes could be used to support ecosystem-based adaptation and could be piloted in
different local contexts across the country drawing from the lessons learned in the Simanjiro
plains and other locations in the Global South where PES schemes have been implemented
successfully to enhance ecosystem services through the promotion of more sustainable
natural resources management practices.
Ecosystem-based adaptation is gaining interest among different communities of practice
because it can bring multiple benefits and be a synergistic approach that reconciles different
objectives. Over time and through practice, important knowledge relevant to EbA has been

Page 5 of 45

The Economics of Climate Change in Tanzania - Ecosystems
generated. However, this knowledge is incomplete and fragmented across disciplines.
Although current information and knowledge is useful, it is insufficient to simulate possible
EbA outcomes and costs. More adaptive and applied research and actions are needed to
understand better the unknowns that are source of uncertainty in EbA decision-making,
planning, and costing. The needs identified in this report require collaborative research and
action supported by innovative feedback approaches to monitoring and modifying strategies
implementing based on an EbA approach. Progress in addressing these needs will enrich
ongoing policy-science dialogues and generate knowledge for information based decisions for
adaptation to future global changes.
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Tanzania: the Role of Ecosystem Services for Human Well-Being and
Climate Adaptation
The United Republic of Tanzania is the second largest country in the SADC Region
and the largest in East Africa. It lies in the African east coast between latitudes 1 and
11 degrees south of the Equator. It covers 945,234 sq km comprising mainland and
the three major coastal islands of Mafia, Pemba, and Zanzibar. Tanzania hosts a
variety of ecosystems that support the livelihoods of the local populations and much
of the country’s economy.
This report highlights the role of ecosystem services for human well-being and socioeconomic development, and reviews some of the future likely impacts of climate
change and demography on ecosystems services in the country, and related
economic consequences. On this basis, it proposes the adoption of an ecosystembased approach for climate change adaptation and provides an example of no-regret
measures that could be adopted under this approach.
1. The Role of Ecosystems Services for Human Well-being in Tanzania
Multiple mechanisms link ecosystem services to human well-being. This section
describes some of these links and provides an overview of the main ecosystems in
Tanzania and the importance of the resources and services they provide for local
livelihoods and the national economy.

1.1 Ecosystem Services for Human Well-being
Although people’s livelihoods, local and global economies depend on a reliable flow
and interaction of multiple ecosystem services, it is oftentimes difficult to link between
specific ecosystem services and social outcomes. This is mainly because there is a
general lack of before-and-after data of verified evidence on the relationship between

incremental change in ecosystem services and human well-being/development. This
relationship is difficult to quantify because it is influenced by multiple stressors and
because relationships between ecological and socio-economic systems are dynamic
and non-linear, and ecosystem services do not operate in isolation, but interact with
one another in complex, and often unpredictable ways. According to the Millennium
Ecosystem Assessment (2005), the range of ecosystem services enjoyed by humans
can be divided into four main categories (see Figure 1 below).
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Figure 1. Categories for ecosystem services. Adapted from the MA 2005.

•

Provisioning services: include the production of basic goods such as crops,

•

Regulating services: include benefits obtained as ecosystem processes
affect the physical and biological environment around them; these include
water storage, flood protection, coastal/tsunami protection, regulation of air
and water quantity/quality, regulation of water flow, absorption/biodegradation of wastes, absorption of carbon dioxide, control of disease
vectors, and regulation of climate

•

Cultural services: include non-material benefits that people derive from
ecosystems through spiritual enrichment, recreation, tourism, outdoorsrelated sports, education, heritage, bequest value and aesthetic enjoyment.
These services also include societies whose cultural identities and religions
are tied closely to particular habitats or wildlife

•

Supporting services: these services are necessary for the production and
maintenance of the three other categories of ecosystem services. Examples
are water cycle, nutrient cycling, production of atmospheric oxygen, soil
formation, and primary production of biomass through plant photosynthesis

livestock, water for drinking/washing, industry, hydro-power and irrigation;
fodder/or pasture/grazing, timber, biomass fuels, fibers such as cotton and
wool; minerals for energy, construction, transport; and wild plants and animals
used as sources of foods, hides, building materials, and medicines

Human intervention and dominant patterns of transformation brought about by
demographic, social and economic change can affect the interaction between
ecosystems and thus affect the flow of multiple ecosystem services directly and
indirectly, with implications for the resilience of ecosystems. In turn, changes in
ecosystems functioning and ecosystem services can lead to changes in human wellbeing (see Figure 2). The Millennium Ecosystem Assessment (2005) highlights two
specific policy-relevant interactions among ecosystem services: synergies and
tradeoffs.

Page 8 of 45

The Economics of Climate Change in Tanzania - Ecosystems

Figure 2. Drivers of change and interactions between ecosystem services and human wellbeing. Adapted from SAfMA 2004.

Trade-offs in ecosystem services occur when the provision of one ecosystem service
is reduced as a consequence of increased use of another ecosystem service. Tradeoffs may arise from management choices made by humans, which can change the
type, magnitude and relative mix of services provided by one ecosystem, and as a
consequence affect the flow of other ecosystem services. For instance, human
exploitation of ecosystem services for the production of consumptive goods (e.g.
provisioning ecosystem services for food or energy resources) can reduce the longterm quality of regulating and/or supporting ecosystem services (e.g. renewal of soil
and soil fertility, maintenance of biodiversity, water regulation). In some instances,
trade-offs can be a consequence of planned actions; in others, trade-offs may be
unpredictable (Swallow et al. 2009). In the context of East Africa, for example, highly
extractive ecosystem management in Lake Victoria may have lead in a first instance
to benefits from provisioning services in the form of fish and agricultural products, but
in the longer term this has lead to adverse effects on regulating services resulting in
eutrophication problems.
In contrast, synergies are defined in the context of the provision of ecosystem
services as a situation in which the combined effect of several drivers operating on
ecosystem services is greater than the sum of their separate effects. Synergies can
also occur when changes in ecosystem services interact with one another in a
multiplicative way leading to positive or negative effects on human-well-being (MA
2005). For example, synergies can relate to both the synergistic impacts of increased
temperature and overfishing which in combination, can be devastating on coral
ecosystems; and/or the beneficial synergistic effects of reef provisioning of products
(eg. fish) and reef moderation of waves force (eg. dampening Tsunamis) both
contributing to improved well-being of coastal communities.

1.2 Ecosystems Services and their Importance in Tanzania
Tanzania hosts a variety of ecosystems including freshwater rivers (e.g. the country
is made up of 9 major catchments), mountains (e.g. Eastern Arc Mountains),
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drylands, wetlands (e.g. Usangu, Malagarsi), savannah (e.g. Selous-Ruvuma),
coastal and marine ecosystems (e.g. Tanga, Rufiji-Mafia-Kilwa), many of which are
trans-boundary (e.g. the Lake Tanganyika ecosystem, which is shared between four
countries or share transboundary migratory species (e.g. flyways, wildebeest,
elephants, flamingos). These ecosystems directly and indirectly support the
livelihoods of populations of humans, livestock and wildlife and therefore much of the
country’s economy, providing goods and services that support different sectors.
Although economic benefits of ecosystem services will not be estimated in this paper,
it is important to mention that benefit flows of enhancing ecosystem services for
human well-being will mostly been recognized some time after implementation,
therefore these should be reported on a gradual basis. For example, the TEEB study
(2009) accounted benefits of restoration efforts starting at 10% in the second year
and then increasing them every year until they eventually stabilize in the sixth year at
an 80% of undisturbed ecosystem benefits. The assumptions on the value of
ecosystem services are illustrated in Figure 3 below.

Figure 3. Economic value of ecosystems. Source: IUCN 2007.

Several studies have been conducted to value different ecosystem services
attributable to protected areas in the context of Africa, such as tourism value, genetic
prospecting, wildlife viewing, community uses, etc (see examples in Table 1 below).
The majority of the studies were based on contingent valuation methods. Other
economic valuation studies have estimated services provided by mangrove
ecosystems at US$4,290 annually per hectare, benefits from lagoons and
seagrasses at around US$73,900 per year per hectare, and services provided by
coral reefs at US$129,000 per year per hectare (TEEB 2009).
Table 1. Estimated Values for Ecosystem Services Attributed to Protected Areas in Africa
Country

Description
(if available)

Zimbabwe
Zimbabwe
Uganda

Mana Pools &
Hwange
(Wankie)
Rainforest

USD2000
/ha/year

Study Source
year

0.89

1991 Zimbabwe, Dept. 1991
of National Parks
1994 Brown G, M
1995
Ward, DJ Jansen

Existence and option values:
elephants and NWFP
TEV WTP Protected areas in
Zimbabwe

1994 Simpson R D, R
A. Sedjo, J W

Pharmaceutical

10.05
0.45
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Reid
Tanzania

Tarangire NP

3.43

South Africa Hotspot:Cape
Floristic
Province
South Africa Kruger NP
extended to
Mozambique
South Africa All Pas

1.85

Rwanda

Volcans NP

85.58

Nigeria

HadejiaJama’are

145.48

Namibia

Sossusvlei

Madagascar

Hotspot

Madagascar
Kenya

1994/ Clark C, L
5
Davenport, P
Mkanga
1994 Simpson R D, R
A. Sedjo, J W
Reid
1994 Agostini P.

1995

WTP Tarangire park

1996

WTP hotspot preservation

1995

CVM: WTP Recreation

1994 Turpie JK, WR
Siegfried
1989 Djoh E and van
der Whal M.
1989/ Barbier, E. B.
90

1996

Nature tourism

2001

1.28

1997 Krug

2003

MP Total permits Gorilla
viewing
Partial valuation agriculture,
fisheries and fuelwood
benefits
Total CS Avoid congestion

7.64

1994 Simpson R D, R
A. Sedjo, J W
Reid
1989 Munasinghe M.

1996

Pharmaceutical

1993

Production function: Reserves

1991 Navrud S. and
Munganata, E.D.
1989 Norton-Griffiths
M, C Southey
1994 Simpson R D, R
A. Sedjo, J W
Reid
1989 Ruitenbeek HJ

1994

CVM: WTP use value

1995

Tourism

1996

Pharmaceutical

1989

Tourism value

19.06
7.38

1.25
477.24

Kenya

Lake Nakuru
NP
Total

Ivory Coast

Hotspot

1.27

Cameroon

Korup NP

24.39

Cameroon

NTFP Humid
forests
Total PA

0.07

Bostwana

6.28

12.49

1993

1995 Ndoye O, M Ruiz 1997
Perez, A Eyebe
1992 Barnes J.I.
1996

MP: NTFP Humid forest
CVM, TCM: Total PA
Wildlife viewing

NP=National Park, PA=Protected area, CVM=Contingent Valuation Method, TCM=Travel
Cost Method, WTP=Willingness to pay, MP=Market price, CS=Consumer Surplus,
NTFP=Non Timber Forest Products, NWFP=Non-Wood Forest Products, TEV=Total
Existence Value.
Source: FAO 2002, EVRI 2002, adapted from Velarde et al. 2004

Although it is difficult to estimate the total economic value of ecosystems and the
services they provide, Box 1 below highlights some of the formal (i.e. valued in the
market as revenues from activities such as tourism, hunting, fishing), and informal
(i.e. unmeasured, unmanaged and under-valued activities) earnings generated in
Tanzania by wildlife, ecosystems and nature-related sectors and industry between
2005 to 2007.
Box 1. Formal and informal earning related to wildlife and ecosystems in Tanzania (MNRT
2008, TRAFFIC 2008).
•
•
•

1.3 USD billion economy (33% GDP) depends on wildlife and wetlands tourism in 2007
75% tourism is wildlife-based in 2007, growing at 30%/yr
USD 125 million/year State revenue in 2006 from levies, fees, concessions, hunting, live
sales, etc.
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Tanzania’s forests employed approximately 3 million officially in forest industries,
government, and forest administration in 2006 and about 5 to 10 times more unofficially
Forest products contributed 10-15% to the country’s registered export earnings in 2006
Forest provide more than 90% of Tanzania’s energy supply through fuelwood and
charcoal with the amount of unaccounted woodfuel being estimated over 30 million m3
per year
Approximately 75% of construction materials used in the country come directly from
forests
USD 12.5 million State revenue (tax and permit fees) in 2006 was from tourist hunting
25% returns to communities from hunting blocks, in 41 districts, 143 sites
Tsh 165 million revenue from wildlife live exports
Tsh 2 billion to districts from 1000s/year locally issued resident hunting licenses
142 million USD exports in 2005 is from marine & freshwater
100 million USD is the export value of Nile Perch alone
120 000 artisanal fishermen in 2003, roughly doubled since 1995 (30 000 in aquaculture)
9.8 Tsh billion earnings from domestic freshwater and marine fish production
7.5 kg/capita fish contribution, is 45% of animal protein consumption
Illegal off-take of ivory, rhino horn, skins, bones, etc (unmeasured).
USD 50 million/year was the estimated illegal off-take of bushmeat in 1998. It was
subsistence for 66% of people, and twice the size of the formal tourism industry
(TRAFFIC 2000)

According to the recent Global Forest Resources Assessment (FAO 2010), about 6%
of the national territory has been designated as protected area. The latest SOER
(2008), however, indicates that about 40% of the country is set aside for conservation
and wildlife management. The latest World Database on Protected Areas (2009)
reports 565 nationally designated protected areas in Tanzania, including IUCN
categories I-V and other. In terms of internationally recognized sites, there are 3
Biosphere Reserves, 4 Ramsar Wetland sites, and 4 World Heritage Sites. A
significant national achievement in terms of conservation was the development and
implementation of the Environmental Management Act in 2004, which addresses the
issues of protected areas, environmental impact assessment, genetic resources, in
situ and ex situ conservation, genetically modified organisms, and ecosystem
conservation and management. The list below indicates the different protected and
wildlife conservation areas in Tanzania.
•
•
•
•
•
•
•
•
•

14 National Parks (NP), 4.4 % of land area.
1 Ngorongoro Conservation Area, 0.9 % of land area.
34 Game Reserves (GR), 13 % of land area.
46 Game Control Areas (GCA), 5.5% of land area.
815 Forest Reserves (FR), 15 % of land area (3% overlap with wildlife PA’s).
143 Hunting Blocks disaggregate by number in PA and non-PA.
33 Wildlife Management Areas (WMA), 35 000 km2, 200 villages, 9 with user
rights
10 900 Village Reserved lands, in 133 districts.
143 Hunting Blocks

In addition, about 2.5 % (2266 km2) of land area is in 5 key Marine Protected Areas,
namely: 750 km2 Tanga Coastal MPA, 822 km2 Mafia Island Coastal MPA, 668 km2
Mnazi Bay MPA, 36 km2 Dar es Salaam Reserve, and Chumbe private Marine Park.
This section provides some examples of ecosystems in Tanzania, namely mountain
ecosystems, wetlands and mangrove ecosystems, and marine ecosystems, as well
of some of the key services that these ecosystems provide for the Tanzanian
population, namely biomass resources for energy generation, water resources for
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domestic consumption, agriculture, industry and energy generation, and services for
nature-based tourism, one of the main economic activities in the country.
Mountain Forest Ecosystems
The forest ecosystem of the Eastern Arc Mountains (EAM) is one of 25 global
biodiversity ‘Hot Spots’. One quarter of the EAM plant species are endemic, which
constitutes about 60% of all endemic species of Tanzania (NEMC 2006). The forest
provides about 40% of the total household consumption of forest and woodland
products such as firewood, building materials, medicinal herbs, wild fruits and other
food materials in nearby communities (ibid). The EAM forests are major catchments
providing water to the population of Dar es Salaam and several industries. About
70% of Tanzania’s electricity is generated from hydropower sources in these
catchments.
The mountain ecosystems of Mount Kilimanjaro are also a key feature of Tanzania’s
mountain forests. With a large altitudinal range (700-5,895m) Mount Kilimanjaro has
a very rich biodiversity. Vegetation types range from savannah bushland, grassland,
pastureland and cropland (mainly maize, wheat, coffee and bananas) in the low-lying
areas, through indigenous forest in the mid-altitudes, to alpine vegetation on the
higher slopes. The mountain is the primary source of water for domestic supply,
agriculture and hydropower, food, fuel, non-timber forest products (including
medicinal plants) and building materials for the people of Kilimanjaro region in
northern Tanzania. It also provides cultural benefits and is one of the major tourism
attractions in Tanzania.
Wetland Ecosystems
Wetlands in Tanzania, including mangroves, support a range of ecosystem services,
harboring over 654 associated species, such as mollusks, crustaceans,
echinoderms, and fish (Payet and Obura 2004). About 115 different wetlands
ecosystems occupy 10% of Tanzania’s territory, with 60% extending over village
land, and 40% over state land (SWMP 2009). Wetlands play a crucial role in the
livelihoods of people and animals like livestock, fish and wildlife in Tanzania (see Box
2). These ecosystems are one of the most productive supporting numerous natural
resource user groups such as fishermen, pastoralists, farmers (i.e. irrigation, crops
and vegetables), hunters (Bushmeat) and producers of non-timber products (SWMP
2009). Some of the services wetlands provide include provision of water, food,
energy, utensils, construction material, economic and habitat security to the rural
poor. In addition, they provide feeding, breeding and nursery areas for prawns,
shellfish and many other commercial fish species. Wetlands are also key to wildlife
habitats and serve as important wildlife corridors.
Indirectly, wetlands play an important role in flood control, water purification and
waste management. Wetlands interrupt freshwater discharge, are sink for organic
and inorganic materials as well as pollutants, and can generate an environment with
clear, nutrient poor water (Moberg and Folke 1999). Moreover, wetlands store
rainwater captured by mountain forest ecosystems and contribute to the provision of
water resources during the dry season, accounting for most of the all hydro-power
generation, rural, urban and industrial water supply and the dry season water and
grazing of livestock and wildlife, which together with coastal wetlands, is fundamental
to sustain the tourism economy, which is the highest contributor to Tanzania’s GDP.
The Integrated Ecosystems Assessment in Tanzania report (NEMC 2006) describes
the importance of the mangrove ecosystems of the Jozani Chiwaka Bay National
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Park; the wetland ecosystem of the Malagarasi; the river ecosystem of the Great
Ruaha; and the Lake Tanganyika ecosystem.
Box 2. Some figures to highlight the services provided by wetlands to the economy and
livelihoods in Tanzania (SWMP 2010):
•
•
•
•
•
•
•
•
•
•
•
•
•
•

95 % electricity is from wetlands from hydro-electric power (HEP) (eg. Usangu)
95 % of domestic, irrigation, industrial and livestock water is from wetlands
80% of irrigation is traditional schemes in wetlands
95% of our rice is grown in wetlands
95 % of vegetables are grown in wetlands
850 000 ha of wetlands have potential for future rice irrigation conversion
95 % of wildlife depend on wetlands for grazing and water
95 % of all game corridors/wildlife migration routes are between wet and dry season
wetlands
66 % rural animal protein is derived either from livestock grazing in wetlands, or from
illegal poaching of Bushmeat, or local inland or coastal fishery
95% of the 25 million livestock is maintained through dry season pastoralism in wetlands
50% of non-forest products, medicines, clays, coral lime, salt and sand mining, house
building materials, fibers for mats, etc is from wetlands
90 % of wetlands are susceptible to climate change & catchment degradation
95% table salt is from 197 salt works in coastal and inland modified wetlands
95% of tourism (coastal and wildlife) depends on wetlands

Marine Ecosystems: Coral Reefs and Sea Grasses
Coral reefs are among the most productive and biologically diverse ecosystems.
They provide goods such as seafood and reef mining, and services like recreational
possibilities, coastal protection, as well as aesthetic and cultural benefits. Coral reefs
serve as physical buffer for oceanic currents and waves, creating a suitable
environment for seagrass beds and mangroves. Sea grasses serve as breeding,
nursery and feeding areas for many invertebrates and vertebrate species; they are a
source of food for herbivorous invertebrates, fish and turtles; they trap and bind
sediments thereby reducing particulate pollutants over coral reefs; and they provide
protection to shorelines by dissipating wave energy (NEMC 2006). A marine
ecosystem of great importance in Tanzania is the reef system close to Zanzibar. For
example, the Menai Bay Conservation Area, situated in the southwest coast of
Unguja Island, extends 470 sq km and attracts tourism associated with diving and
snorkelling around coral reefs and sand banks in Fumba, and with dolphins and
whales watching in Kizimkazi.
Ecosystem Services: Woodfuel and Charcoal
In Tanzania, traditional biomass fuels make up a large proportion of the total energy
supply. Even where electricity is provided, paraffin, liquid petroleum gas or coal are
available as substitutes. Non-traditional biomass fuels are less affordable, or in some
cases an open fire is preferred for cooking and domestic space heating (SAfMA
2004). In 2006, biomass made up 91% of the total national energy supply in
Tanzania, followed by far by imported petroleum products (IEA 2009). In 2005, only
11% of the national population had access to electricity (IEA 2006). Charcoal is the
preferred fuel in urban areas, while wood tends to be used when the wood source is
close to the place of consumption, i.e. mostly in rural locations (SAfMA 2004).
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Ecosystem services: Water Resources
Tanzania is made up of 9 major catchments. Although Tanzania has a variety of
surface water resources (6% of land area is covered by lake surface and numerous
rivers), surface water is limited throughout the country for most of the year due to
uneven distribution of rainfall, a prolonged dry season and arid or semi-arid
conditions (CEP 2006). There are five broad categories of water use in Tanzania:
domestic consumption (including home gardens), industry (including mining and coalfired electricity generation), hydroelectric power generation, irrigated agriculture, and
the maintenance of aquatic and terrestrial ecosystems (e.g. all fish, wildlife and
livestock depend on wetland ecosystems for dry season water and grazing). In terms
of water withdrawals, Tanzania consumptive use of almost all water resources is for
irrigation and livestock (89.5 %), 10.1% for domestic consumption, and much less for
industry (0.4). Water resources play a main role in the electricity supply of Tanzania,
contributing about 60% to the total production (IEA 2008). Although hydropower is
considered non-consumptive, evaporation losses from dams are high as shown in
Figure 4 below, representing a loss from the system.
Access to safe water has improved over the past decades covering a bit more than
half of the population. However, as population growth increases, according to WHO
standards, Tanzania will experience water scarcity of less than 1700m 3/capita/year
by 2025. The situation is aggravated by the encroachment of about 50% of wetland
ecosystems, which has out at risk half of Tanzania’s “natural water storage capacity”.
Moreover, with 90% of wetlands reported as polluted, purification of water supply is
an additional challenge. The situation is further complicated with changes in the
water cycle caused by deforestation and erosion in the catchments (DENRM 2010).

Figure 4. Water loss by human activity in the Great Ruaha Hydrological Complex

Ecosystem services: Nature-based Tourism
The Government of Tanzania views tourism as a significant industry in terms of job
creation, poverty alleviation, and foreign exchange earnings. Currently, the tourism
sector is valued at USD 1.3 billion, accounting for 33% of the GDP (MNRT 2008).
The main tourist attraction in Tanzania is associated to the natural assets of the
country. Tourism in wildlife contributes to employment, anti-poaching, community-

based management of natural resources and to secondary and commodity trade (ie.
supplies, equipment, vehicles, fuel, drinks, cutlery, linen, alcohol, etc.). Most visited
sites include the great Serengeti plains, the Ngorongoro Crater, Lake Manyara and
Africa’s highest mountain, Kilimanjaro, in the north, Mikumi, Udzungwa and Ruaha
National parks and Selous game Reserve in the south. Additional natural attractions
include the sandy beaches in the north and south of Dar es Salaam and the deep-
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sea fishing at Mafia. Furthermore, Tanzania has a rich heritage of archaeological,
historical and rock painting sites, a number of which have been designated World
Heritage Sites.
2. Current Drivers of Environmental Change
Although Tanzania is characterized by rich, diverse and distinct terrestrial and marine
ecosystems, modification of habitat due to demographic and socio-economic
processes is transforming the environment and often resulting in degrading
ecosystems in the country causing disruption of the services they provide and
biodiversity loss. By the turn of this century, Tanzania’s population will be in excess
of half a billion. This 10 fold increase from current numbers will accelerate and
exponentially increase the demand for natural resources that sustain the economy
and livelihoods in the country, and serve as poverty safety nets in terms of food,
water, energy, and shelter security (DENRM 2010). The future demand of a rapidly
growing population will be the single greatest threat to the environment with the
potential to exceed ecosystem carrying capacity, unless natural resources are
managed more sustainably. For example, at current rates of water consumption and
with the population doubling in the next 20-30 years, Tanzania will reach a situation
of water scarcity in 2025 (based on WHO standards). The pressure on water
resources will most likely exceed the carrying capacity of wetland ecosystem leading
to a possible collapse of wetland functions and services (see Figure 5). This will be
exacerbated by changes in climatic conditions discussed later in this report.

Figure 5. Projections for water availability and population growth in Tanzania, 1960-2125.
Source: SWMP Policy Brief 2010

The scoping study prepared by the International Institute for Sustainable
Development for the United Nations Environment Programme in 2005 identified four
human induced critically stressed ecosystem services in Tanzania that need
immediate attention: 1) maintenance of biodiversity; 2) food and fiber provision; 3)
water supply, purification and regulation; and 4) fuel provision. Table 2 below
highlights the main issues related to ecosystem degradation caused by human
activities in different regions of Tanzania. This section describes some of the humaninduced drivers of environmental change in the country, namely land-use change
(linked to land conversion to agricultural use, deforestation and land degradation due
to unsustainable practices), sedimentation and water pollution (linked to water overconsumption, agricultural run-off and soil erosion), and over harvesting/exploitation of
natural resources (for small- and large-scale market and industry).
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Table 2. Main issues related to human induced ecosystem degradation in different regions of
Tanzania
Region

Desertification
and land
degradation

Deforestation

Overexploitation

Water
shortages
and drought

Water
pollution

Deteriorating
fisheries

Arusha
Dar es
Salaam
Dodoma
Iringa
Kagera
Kigoma
Kilimanjaro
Lindi
Mara
Mbeya
Morogoro
Mwanza
Pwani
Rukwa
Shinyanga
Tabora
Tanga

Source : UNEP and IISD 2005.
Land-use change
Changes in land-use and production systems (e.g. extensification and intensification
of agricultural production, transformation from subsistence use of natural resources
to commercial practices) have consequences for ecosystems functioning and
biodiversity, as habitats are transformed and fragmented. In Tanzania, changes in
land use to agricultural conversion have caused a chronic loss of natural forest in
river basins. The average annual rate of deforestation has increased over the past
decades from -1.02% between 1990 and 2000, to -1.1% between 2000 and 2005,
and to -1.16% between 2005 and 2010 (FRA 2010). In 1990, the forest area in
Tanzania was about 41.5 million hectares. This area has now decreased to 33.4
million hectares or about 38% of the total national territory. If the past 20 years rate of
loss of 400 000 ha/year escalates, demographic and economic pressures will mean
Tanzania will consume its forest cover in the next 50-80 years. An example of
deforestation is the loss of 41 sq km of natural forest cover in the southern slopes of
Mount Kilimanjaro over the past decades. This loss is mainly due to expansion of
intensive crop cultivation, growing population settlements, logging, burning for
charcoal production, livestock grazing, and land slides due to logging on steep slopes
(Yanda and Shishira 2001, NEMC 2006). Dam projects have also affected riverine
forests as a result of decreasing river flows in many areas, such as the Pangani River
and Delta.
Degradation of natural forests does not only modify habitat and impact wildlife, but
also climate and water catchment regulation capacity. For example, loss of 13% of
forest cover in the Uluguru mountains means that there is a corresponding drop in
rainfall catchment and consequent river flows affecting one of Dar es Salaam major
water supply rivers, the Ruvu River. In addition, stress and deterioration can also
undermine the forests’ buffer capacity increasing risk of floods in the rainy season
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and droughts in the dry season. Despite large deforestation between 1990 and 2010,
some efforts have focused on reforestation. Currently, the total area under planted
forest is 240,000 hectares, which relates to about 1% of the total forest area. The
entire forest area in Tanzania is under public ownership and administration (FRA
2010). The primary designated function of 71% of this area is production, 6% is
biodiversity conservation (protected forest reserves is equivalent to 15%), and 24% is
multiple use (FRA 2010).
Sedimentation and water pollution
Another issue affecting ecosystems in Tanzania is sedimentation and water pollution
due to catchment damage by deforestation, poor agricultural practice on steep slopes
and river banks, agricultural, livestock and settlement encroachment into wetlands,
agricultural run-off and related soil erosion, industrial waste disposal, and lack of
sanitation. This has resulted in pollution of 90% of waterways in Tanzania, degraded
wetland, river, and lake ecosystems, and habitat and ecosystem services loss. For
example, sedimentation processes along the Kikuletwa River have resulted in the
migration of several species of wildlife, including river crocodiles, and has negatively
impacted freshwater fisheries (Payet and Obura 2004). Around Lake Victoria, rising
agriculture and human settlement in the catchments increased the flow of silt,
nutrients, and pollutants into the lake, causing euthrophication problems and the
expansion of blue-green algae and water hyacinth (Balirwa et al. 2003). Nutrient load
gave rise not only to an increase in the smaller planktonic cichlids and barbus
species, but also to a detritus feeding shrimp which closed up the food chain of the
nile perch, an introduced fish species that expanded after introduction and put
pressure on the other 3240 species of fish, causing population declines. Another
example are coral reefs in Tanzania, which are also affected by high sedimentation
levels from the rivers, dynamite fishing, pollution from agriculture and industries,
sewage and solid-waste discharges along the coast, as well as pollution from
commercial port operations (Payet and Obura 2004).
Over harvesting of natural resources beyond sustainable carrying capacity
The multiple and excessive use of ecosystem services and extraction of goods is an
increasing stress for ecosystems in Tanzania. For example, over-exploitation of
mangrove services in the Ruvu-Wami basin has lead to the destruction of 10-16% of
the total mangrove cover by 1995 (World Bank and DANIDA 1995). Similarly, coral
reefs are stressed as a result of human extraction activities. . In 1998, an estimated
80,000 Tons of corals were mined for the production of lime in Lindi and Mtwara
(UNEP 2001). Coral reefs are also affected by the use of poison fisheries and coral
dynamite fishing (Payet and Obura 2004), uncontrolled tourism activities and oil
extraction (Moberg and Folke 1999). Moreover, overfishing and destructive fishing
are stressing reef fisheries (Grimsditch et al. 2009). For instance, a recent resilience
assessment of Pemba’s coral reef showed a high dominance of small fish and low
populations of commercially-valuable non-herbivores, which are clear indicators of
overfishing. The assessment also indicated clear evidence of destructive fishing
through beach seines and dynamite fishing (Grimsditch et al. 2009). The loss of key
functional species combined with other stresses can have serious implications for the
resilience of coral reef communities. If over-fishing continues in the area, the study
suggested that the reef ecosystems would be at serious risk of collapse with
possibility of a future phase shift to an algae-dominated reef (Grimsditch et al. 2009).
Similar risk of collapse is expected for wetland ecosystems (see Figure 5) if national
water consumption increases with population growth and more sustainable natural
resources management practices are not put in place (DENRM 2010).
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3. Climate Change and Implications for Ecosystems and Human Activities

3.1 Climate Trends and Projections
The climate varies across Tanzania because of the topography, inland lakes and
different types of vegetation, as well as proximity / topographic orientation to the
Indian Ocean. Two broad rainfall regimes can be identified. The southern and
western regions have one rainy season (unimodal rainfall) from November to April,
and the northern and coastal regions have two rainy seasons (bimodal rainfall) with
the short 'vuli' rains from October to December and the longer 'masika' rains from
March to May. Wetter areas around the northern highlands and Lake Victoria
contrast with semi-arid western and central regions.
Rainfall also naturally varies quite considerably between years because of feedbacks
in the climate system linked to large-scale changes in the temperature and pressure
of ocean surfaces, such as the Indian Ocean Dipole and El Niño. Although
differences exist between the exact effects of El Niño on the north and the south of
the country the broad pattern is that there is increased rainfall during El Niño years
and decreased rainfall during La Niña years, frequently associated with floods and
droughts. Flooding is particularly severe when El Niño year occurs in combination
with the positive phase of the Indian Ocean Dipole, as was the case for the major
floods in the north of the country in 1997, 2006, and 2010.
Analysis of observational data from 6 stations in Tanzania carried out by New et al.
(2006) as part of a larger assessment for Africa, showed clear evidence of
decreasing numbers of cold days and nights and a decrease in cold waves. There
has also been an increase in the number of heat-waves, and in the frequency of hot
nights. There has been an increase in the average intensity of rainfall, a small
increase in the maximum number of consecutive wet days (associated with flooding)
and a small increase in the maximum number of consecutive dry days (i.e. longer dry
spells).
There is significant uncertainty over climate projections for Tanzania. The information
presented below is derived from statistically downscaled climate projections using
data from the Climate Systems Analysis Group (CSAG) based at the University of
Cape Town, as well as projections from global climate models.
The results from statistically downscaling scenarios from 9 global climate models
agree that minimum and maximum temperatures are expected to increase, although
the size of the change varies. For the period 2046-2065 average minimum
temperatures are expected to increase in the range of 1-3°C, and for the end of the
century (2081-2100) average minimum temperatures are expected to increase in the
range of 2.1°C-5.2°C. Warming is greatest inland and in the northeast. These results
from downscaled scenarios are in agreement with projections from global models.
The pattern of changes in rainfall is less clear. Global climate models disagree over
whether there will be an increase or a decrease in precipitation over most of
Tanzania. This is particularly the case in the south, where the 20 global models used
are evenly spilt between an increase and a decrease in annual precipitation. For the
north of the country more models project an increase in precipitation than a
decrease, however this is still less than 75% of the models, meaning there is
significant uncertainty in the changes.
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Results from global models show that the intensity and the frequency of extreme
rainfall events is expected to increase in Tanzania. El Niño will continue to have a
large impact on inter-annual variability, however it is unclear how climate change will
affect the frequency and magnitude of El Niño events, and thus what effects this will
have in Tanzania. While some of the uncertainty in projections will be reduced as
climate models are refined there is a significant portion that will always remain due to
the complex nature of the climate system. This means that the uncertainty must be
accounted for in the planning processes.

3.2 Possible Climate Change Impacts on Ecosystems
Climate change is expected to put ecosystems, their functions and services at severe
risk. At the continental level, results using several scenarios show that around 5,000
African plant species and over 50% of bird and mammal species will be seriously
affected or even lost by the end of this century (Fischlin et al. 2007). McClean et al.
(2005) estimated substantial reductions in areas of suitable climate for 81-97% of the
5,197 African species examined, with 25-42% having lost all area by 2085. Moreover,
the IPCC (Fischlin et al. 2007) estimates that by 2100 the productivity of Africa’s
lakes will decline by 20 to 30%. As temperature rises, stress on ecosystems is
expected to escalate quickly, compounded by other stressors such as infestations of
invasive species, over harvesting, land-use change, water scarcity, etc (Gaston et al.
2003). All these stressors, including climate change, are driven by indirect drivers
such as population and economic growth, which will increase the demand for food,
water, and land within the next decades. Figure 6 below shows projections of
increasing impacts on biodiversity from different land uses associated with continued
agricultural expansion, pollution, climate change, and infrastructure development.

Figure 6. Projected land use changes (maps on the left) and loss of biodiversity (maps on the
right) using GLOBIO3, 2000-2050. Source: Alkemade and others (2009) in Nellemann and
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Corcoran (2010)

Table 3 below summarizes current effects on ecosystems and services they provide
related to multiple non-climatic stressors, and effects caused by current and future
climatic stressors.
Table 3. Current and future effects on ecosystems services caused by multiple non-climatic
and climatic stressors
Non-climatic stressors

Climate-related stressors

Ecosystems

Sedimentat
ion and
water
pollution

Land-use
change

Over
harvesting
of resources

Erratic or
changing
rainfall
pattern

Changing
temperature

Natural
disturbances
Extreme events

Freshwater
reserves

Water
scarcity for
consumption
and
production,
disruption of
hydrological
cycle and
water flows.
Pollution of
river and
lake
systems.

Increasing
sedimentation
loads
Water
shortage
Habitat
modification.

Water
shortage for
consumption
and
production of
goods and
energy.

Low rainfall can
stress further
freshwater
reserves, if
limited, affecting
water storage
capacity and
exacerbating
high water
pollution. This
can lead to
prolonged water
shortages.

Increase in
evapotranspiration can affect
water supply,
particularly when
level of water
supply is already
low and
stressed.

Severe and
prolonged droughts
affect water
availability.

Forests

Wetlands
become filled
in or die from
eutrophicatio
n disrupting
services.

Habitat
modification
and
biodiversity
loss due to
enchroachme
nt and
conversion,
degradation of
all ecosystem
services,

Destruction of
the
ecosystems,
disruption of
regulating and
supporting
ecosystem
services,
disruption of
provisional
services in the
long-term.

Changes in
rainfall pattern
affect water
regulation,
vegetation
cover, and
species
composition.

Changes in
temperature can
lead to changes
in vegetation
cover, species
composition and
range shift.

Inland and
coastal
wetlands

Degradation
of ecosystem
health,
enhanced
production if
organic
pollution.

Habitat
modification
and
biodiversity
loss due to
transformation
, degradation
of all
ecosystem
services,
disruption of
water
regulation,
purification,
and storage
capacity.

Destruction of
the
ecosystems,
disruption of
regulating and
supporting
ecosystem
services,
disruption of
provisional
services in the
long-term.

Changes in
temperature can
affect hydrologic
cycle and water
regulation
services, leading
to changes in
vegetation
coverI,
potentially
leading to
increase water
loss from
wetlands and
habitat
transformation.

Severe floods and
droughts can
modify habitat,
affect regeneration,
and change
species
composition.
Tsumanis would
damage coastal
wetlands and manmade aquaculture
facilities, irrigation
polders, etc,

Arid and
semiarid
ecosystems

Soil erosion
and/or
salinisation.

Soil erosion,
salinisation,
desertification,
land
degradation.

Soil erosion,
desertification.

Changes in
rainfall pattern
affect water
regulation,
vegetation
cover, and
species
composition
stressing
livestock,
fisheries and
wildlife. If
wetlands are
degraded,
changes in
rainfall pattern
can lead to
floods and/or
droughts,
potentially
reducing ground
water recharge
rates.
Changes in
rainfall pattern
and intensity
affect water
availability, soil
quality and
conditions for
production. Low
rainfall or heavy
rainfall can lead
to degradation of
land and
production
systems.

Higher
evapotranspirati
on can reduce
water availability
in these
ecosystems, and
affect production
systems.

Severe droughts
and floods can lead
to land degradation
and desertification.
Increased winds
would spread
sands over
productive
ecosystems.
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Coral reefs

Degradation
of ecosystem
health,
habitat
modification.
Rising seas
level may
add
sedimentatio
n

Increasing
mining, and
dynamite
fishing leads
to habitat
modification.

Reduction of
reef fisheries,
reduction of
species
diversity and
alteration of
species
composition.

Thermal stress
can transform
reef
communities..
with cascading
negative effects
on reef fisheries.
Acute warm
water events can
cause bleaching
and mortality of
corals.

Rising sea level
will change
productivity, storms
erode beaches and
Tsunamis increase
sedimentation.

Adapted from McClanahan 2009, Cinner et al. 2009, SafMA 2004, Payet and Obura 2004.

Ecosystems are likely to show poor recovery when affected by climatic stressors and
natural disturbances if they are in degraded state. This is because persistent
stresses on ecosystems weaken their resilience making ecosystems more
susceptible to natural disturbance that otherwise could have been absorbed.
According to Parry et al. (2009), unprecedented global change disturbances are likely
to affect ecosystems that are already stressed by multiple non-climatic stressors
undermining even further their capacity to respond and adapt. If ecosystems
resilience is lost, future climate change effects on ecosystems could lead to
irreversible changes in the state of ecological and social systems (Thompson et al.
2009).
An example of abrupt environmental change in Tanzania that could be considered a
signal of the potential effects of climate change and rising sea surface temperatures
is the 1998 Indian Ocean coral bleaching event which reduced coral cover in most
reefs of the country, with mortalities of up to 90% in many shallow areas (Wilkinson
et al. 1999, McClanahan et al. 2001). The year 1998 saw the strongest El Nino ever
recorded in the region, resulting in very high water temperatures in the tropical Indian
Ocean, with temperatures of 3 to 5 degree C above normal. Despite not all fisheries
were susceptible to the immediate effects of coral bleaching and mortality, loss of
habitat structure following coral mortality can be expected to affect up to almost 60%
of species resulting in changes in the structure of reef habitats and in considerable
reduction of the goods and services provided by reefs (Jones et al. 2004, Pratchett et
al. 2008, Cinner et al. 2009). There is strong international consensus that climate
change and ocean acidification are already affecting shallow water corals (Eakin et
al. 2009).
Concerning climate change effects on terrestrial ecosystems, future changes in
rainfall and temperature are likely to result in changes in plant and animal species
composition and diversity, and shifts of species range (UNEP 2004). Historically,
climate fluctuation has lead to remarkable shifts in the evolution and geographical
distributions of species and ecosystems in order for species to adapt (Malcolm et al.
2002, Jansen et al. 2007). Ecosystems are dynamic and plant and animal species
evolve and adapt in-situ or migrate or shift in order to find suitable habitats
requirements (e.g. evolutionary examples are galapagis finches and Lake Malawi
cichlids); this may mean that in some locations the geographical range of suitable
habitats will shift outside protected area boundaries. Shifts in species range could
have impacts on species population size and could lead to numerous localized
extinctions or expansions, depending on favourable conditions. These consequences
could be exacerbated if climate change restricts the range of a species to just a few
key sites and an extreme weather event occurs, thus driving up extinction rates even
further (Erasmus et al. 2002). Moreover, fragmentation of habitats could easily
disrupt the connectedness among species and increase the difficulties for migrating.
If some key functional species are not able to respond to climate change, the result
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could be large changes in ecosystem composition and function and increased
vulnerability of ecosystems to natural and anthropogenic disturbance. This could
result in further species diversity reductions (Malcolm et al. 2002) and possible
collapse or change in the state of ecosystems (e.g. 75% of the world’s Lesser
flamingo breed in lake Natron, Northern Tanzania, derive nourishment from the East
Africa Rift Valley soda lakes, which are in fragile, semi-desert conditions. If rainfall
were to fail, or rainfall were excessive, habitat would flood, and birds would neither
feed nor breed).
Furthermore, increases in temperature and changes in rainfall are expected to alter
the distribution of the agro-ecological zones. For example, under climate change
most of the forests across Tanzania are expected to shift towards drier regimes: from
subtropical dry forest, subtropical wet forest, and subtropical thorn woodland to
tropical very dry forest, tropical dry forest, and small areas of tropical moist forest
respectively (Tanzania First National Communication 2003). Currently, assessments
of climate change impacts on forests do not explicitly account for the potential effects
of climate change on disturbances such as fire. Altered fire regimes could lead to
contribute to warmer and drier conditions intensifying the risks for forests (Agrawala
et al. 2003). For example, decline in precipitation coupled with a local warming can
increase the intensity and risk of forest fires on Mount Kilimanjaro. Forest fires have
already affected cloud forests in the mountain, which play a key role in the
hydrological balance of the water catchment. According to Agrawala et al. (2003), a
continuation of current trends in climatic changes, fire frequency, and human
influence could result in the loss of most of the remaining subalpine Erica forests and
the water budgets of the high altitude basins in Mount Kilimanjaro, putting at risk the
long-term sustainability of the valuable resources of this ecosystem. Fire in wetlands
during excessive dry periods would have the similar detrimental effects.
Finally, uncertainty around potential impacts of future climate change on ecosystems
is compounded by possible increases in productivity due to climate change, which
may also have effects on ecosystems resilience, as these may occur in certain
terrestrial ecosystems through likely atmospheric CO2-fertilisation effects and/or
modest warming. Monitoring ecological changes related to climate change will help
understanding better possible thresholds and tipping-points and allow informed
decision making on wise management of natural ecosystems.

3.3 Implications for Human Activities
Current and potential impacts of climate change on ecosystems are experienced very
differently by the various sectors, communities and households across Tanzania.
Currently, large portions of the population are particularly vulnerable to climate
change because of their limited livelihood base, poor access to markets and services
(notably economic dependence on nature for food, water supply, energy, transport,
healthcare and social welfare), and weaknesses in the institutions that govern them
(for a detailed analysis see Paavola, 2003). Tanzania is one of the poorest countries
in the world with a GNI per capita of USD 280 (World Bank 2002). In 2000, some
42% of the total population and 50% of the rural population lived below the poverty
line with 20% of the entire population surviving on less than USD1 per day (World
Bank 2002). In 2000, 92% of the population was considered to have vulnerable
employment and in 2009 about 34% of the population was considered
undernourished (World Bank 2010).
Moreover, Tanzania’s economy is heavily dependent on sectors that are closely
linked to the country’s natural capital. One of the most important economic sectors
are primary production from agriculture, which accounted for 26.6% of GDP in 2009,
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and industry/manufacturing based on agro-processing and mining accounting for
22.6% of GDP in 2009. Equally important, the nature-based tourism sector
accounted for 1.3 USD billion in 2007 equivalent to about 33% of the GDP (MNRT
2008). Tourism in wildlife contributes to income and corporate tax, employment, antipoaching, community-based management of natural resources, and secondary and
commodity trade (ie. supplies, equipment, vehicles, fuel, drinks, cutlery, linen,
alcohol, etc.). Similarly, the annual value of the forestry sector contribution to the
GDP is between 4 % and 10% of the country’s registered exports.(CEP 2006), with
about 3 million person-years of employment in forest industries, government forest
administration and self-employment in forest related activities (MNRT 2008, Blomley
and Idd 2009). In addition, fish and fish products export to the EU25 totaled around
€245 million in 2004 (CEP 2006). As such, the country’s economy as a whole and the
MKUKUTA’s aim is to stimulate growth and reduce poverty are largely dependent on
multiple ecosystems and the services and resources these provide. As a result,
effects caused by climate change on ecosystem services will have both negative and
positive implications for human populations and economic sectors in the country and
generate different responses that have in turn effects on the social-ecological system
(see feedbacks in Figure 7).

Figure 7. Diagram of climate risks, effects and feedbacks in social-ecological systems

Increases in temperature and changes in rainfall may change the length of the
growing season affecting agricultural activities in the country. Changes in climate
combined with changes in pest populations and plant disease outbreaks may
negatively impact crop yields. There are projections of large declines in maize
production across many parts of Tanzania (Mwandosya et al. 1998). This could lead
to increased food insecurity in many parts of the country, given that maize is a staple
crop grown by half of Tanzanian farmers for domestic consumption. Model runs using
the Crop Environment Resource Synthesis model (CERES-Maize) show yield
decrease for maize over the entire country ranging from decreases of 10 to 25% in
the southern highland areas of Mbeya and Songea, the Lake Victoria region, and the
northeastern highlands, to decreases higher than 80% in the central regions of
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Dodoma and Tabora. Estimates relate to 30-year climate scenarios form the basis
climate data that covers the period 1951 to 1980. These simulations also estimated
that changes in climatic conditions and in agro-ecological zones may potentially
increase coffee and cotton yields (Tanzania First National Communication 2003).
These changes would also means farmers may grow more drought resilient crops
like millet/sorghum, as is currently the practice in more dryland areas of
Tabora/Shinyanga. These changes will differentially impact commercial, emerging
and small-scale farmers.
In addition, increase in the duration and incidence of droughts associated with
climate change is expected to further decrease the area of wetlands, and
consequently of grazing land and water available to livestock-keeping communities in
Tanzania. This will put more pressure on water resources, exacerbating the water
scarcity situation estimated for 2025 (see Figure 5). Furthermore, there is already
considerable pressure on the land in many parts of the country and this may
aggravate conflicts between pastoralists and agriculturalists, notably in the Morogoro,
Mara and Kilimanjaro regions, leading to more invasions of wetlands and protected
areas.
Similar to agriculture and water resources, climatically induced changes can have
implications for the tourism sector. Changes in the spread and growth of natural
vegetation due to climate change present a risk to the habitats of Tanzania’s wildlife,
an important source of cultural identity within the country, as well as being central to
Tanzania’s tourist economy and to poverty reduction as provisioning local bushmeat.
This plays out in the context of increasing habitat fragmentation associated with
human interventions and land use changes preventing migration to greener pastures.
Tourism activities may also be affected by the severity and frequency of extreme
events experienced across the country and the loss of ecosystems resilience to
absorb these disturbances. Ecosystem degradation would lead to a decline or a
change in biodiverstity with multiple negative feedbacks (e.g. loss of coral reefs can
jeopardize tourism and shoreline protection). Tourism and other economic sectors
may also be affected by the threat of certain areas experiencing more intense rain
events which increases the risks associated with flooding and resultant damage to
housing, public and tourism-oriented infrastructure. Extreme events may also
damage hydro-electric plants (e.g. along the Rufiji River) and electricity down time
affects tourism services like hotels, restaurants, night spots, and other. Moreover, the
loss of sandy beach areas associated with sea level rise and increased storm surges
can have large implications for tourism, especially for the islands on which the
economy depends, and coral siltation.
4. Ecosystem-based Approaches for Adaptation
Enhancing the capacity of ecosystems to generate essential services for climate
change adaptation, meanwhile being buffered for changes in social-ecological
systems requires ecosystems to be managed as components of a larger seascapelandscape of which human activities are part and where changes are factored in the
management plans. This section will introduce the concept of ecosystem-based
adaptation and discuss some example of this approach in the context of Tanzania.

4.1 The Dynamic Ecosystem-based Adaptation Pathways Framework
The Ecosystem-based Adaptation (EbA) approach relates to the management of
ecosystems within interlinked social-ecological systems to enhance ecosystem
processes and services that are essential for adaptation to multiple stressors,
including climate change (CBD 2009, Chapin et al. 2009, Piran et al. 2009). In other
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words, EbA integrates the management of ecosystems and biodiversity2 into an
overall strategy to help people and ecosystems adapt to the adverse impacts of
global change, such as changing climatic conditions (Colls et al. 2009).
This approach depends highly on healthy and resilient ecosystems, which are able to
deliver a bundle of ecosystem services to support adaptation and well-being of
societies in the face of various pressures. These pressures can be internal to the
social-ecological system (e.g. population and economic growth), or external, such as
climate variability in the short term or climate change in the longer term (Piran et al.
2009). At the core of this approach lays the recognition of existing interactions and
feedbacks between human and ecological systems and the need to understand
these to enhance benefit flows from the system (UNEP-WCMC 2010). EbA has the
potential to generate multiple environmental and societal benefits, while reconciling
short and long-term priorities (TEEB 2009). For instance, EbA can be a synergistic
approach that reconciles mitigation objectives by enhancing carbon stocks, with costeffective management of climatic risks, and conservation objectives by preserving
natural ecosystems and biodiversity (TEEB 2009).
Enhancing the capacity of ecosystems to generate essential services for climate
change adaptation requires that they be managed as components of a larger
seascape-landscape of which human activities are part. The Dynamic EbA Pathways
Framework is a conceptual framework based on an adaptive ecosystem
management approach to enhance and maintain ecological processes and
ecosystem services at the landscape level. It combines multi-functional land uses
and conservation of natural capital3 to enhance multi-scale benefits from ecosystems
that help social-ecological systems adapt to changing and multiple stressors,
including climate change. It is based on the recognition that the ability of ecosystems
to adapt naturally can be affected by the quality, quantity and nature of changes in
the landscape, and that beyond certain thresholds natural ecosystems may be
unable to adapt at all, hence active human intervention for planned adaptation is
necessary. To facilitate the adjustment of human societies and ecological systems to
changing conditions and multiple stressors, the Dynamic EbA Pathways Framework
combines EbA strategies (active core, in blue), with flexible enabling mechanisms
and adaptive processes (supportive milieu, in green) (see Figure 8).

2

This paper acknowledges that biodiversity is closely linked to ecosystem services and resilience by
mediating ecosystem processes and functions (see Piran et al. 2009, Thompson et al. 2009).
3
‘Natural capital’ refers to the components of nature that can be linked directly or indirectly with human
well-being. In addition to traditional natural resources, it also includes biodiversity and ecosystems that
provide goods and services (TEEB 2009).
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Figure 8. Principles of adaptation and concept of ecosystem services brought together under the
Dynamic EbA Pathways Framework.

Following this approach, a number of potential ecosystem-based adaptation
strategies are available, which include:










To maintain and increase ecosystem resilience: enhancing the ability of
ecosystems to absorb and recover from change while maintaining and increasing
biodiversity (e.g. identifying resilient coral reefs that can recover from
disturbances such as bleaching events or storms, while at the same time
protecting the shorelines from wave forcing and tsunamis).
To accommodate the potential impacts of climate change: considering both
gradual change and extreme events (e.g. planning projects and programmes that
consider the ensemble of possible future climate scenarios for the specific
location, while building socio-institutional and ecological adaptive capacity).
To facilitate knowledge transfer and action between partners, sectors and
countries: successful adaptation requires ecosystem and biodiversity
conservation to be integrated with other sectoral and local government
management activities (e.g. mainstreaming community-based natural resources
management – CBNRM – in all sectors as indicated by the Environment
Management Act introduced in 2004)
To develop the knowledge/evidence base and plan strategically: to effectively
plan for an uncertain future, the best available evidence is needed to help socialecological systems adapt (e.g. developing a knowledge management system that
will help share up-to-date and credible information among decision-makers and
practitioners and promote an open-dialogue to promote social learning and
collective generation of knowledge)
To use adaptive management: to deal with uncertainty using a flexible approach
for effective conservation and adaptation planning, based on iterative processes

Page 27 of 45

The Economics of Climate Change in Tanzania - Ecosystems



of learning by doing, reviewing, and refining (e.g. considering the dynamic
interactions between social and ecological systems, lessons learned, and
changes over time in land-use planning processes, both in reserve land and in
common land)
To enhance vulnerability assessments and monitoring systems: to allow evidence
to be collated, existing schemes to be strengthened and new requirements
incorporated (e.g. introducing programmes to study response of species to
climate change (i.e. physiological, behavioral, demographic) into CBNRM in order
to create awareness, while systematically obtaining data on key indicators of
change over continued periods of time)

Moreover, there is a range of potential ecosystem-based adaptation measures that
relate to the management of ecosystems to address existing and future climate risks.
They include:
















Reducing and managing existing stresses, such as fragmentation, pollution, over
harvesting, population encroachment, habitat conversion and invasive species
(e.g. applying an ecosystem-based approach to land-use planning such as
integrated coastal management, where interactions between different land-use
types are recognized and negative effects from one to the other are minimized).
Maintaining ecosystem structure and function as a means to ensure healthy and
genetically diverse populations able to adapt to climate change (e.g. adopting a
landscape-level approach, where ecosystems are managed as components of a
mosaic of multiple land-uses and human settlements).
Increasing the size and/or number of reserves
or increasing habitat
heterogeneity within reserves and between reserves (e.g. expanding state
reserves to include more gradients of latitude or altitude to help for species
migration, or by reaching agreements with communities to set aside some land
for conservation using economic incentives such as payment for ecosystem
services)
Building in buffer zones to existing reserves (e.g. protecting land around
wetlands, rivers, or other ecosystem that are key for climate adaptation and
vulnerable to climate and social change).
Increasing connectivity and landscape permeability (e.g. developing biological
corridors or stepping stones to link areas, removing barriers for dispersal, linking
of reserves and refugia, or encouraging and up-scaling sustainable management
practices such as agro-forestry, community-based tourism wildlife management)
Assessing, modelling, and experimenting at different spatial scales for improved
predictive capacity and simulation outcomes (e.g integrating dynamic vegetation
modelling and bio-climate envelope modelling with social behaviour modelling)
Conducting restoration and rehabilitation of habitats and ecosystems with high
adaptation value (e.g identifying ecosystem services that are key for climate
adaptation, and introducing regulation or economic incentives to maintain or
enhance these services with the involvement of relevant actors that would ensure
sustainable natural resource management at the lowest appropriate governance
level).
Translocation or reintroduction of species at risk of extinction to new areas that
are climatically suitable for their existence (e.g. establishment of seed banks with
climate-resilient species, zoos, captive breeding for release into wild).

These EbA measures can be implemented through a series of mechanisms that have
the potential to enhance ecosystem services, including:


Regulation: robust regulatory frameworks and enforcement mechanisms,
including standards, codes, compliance and liability regimes, that can help reduce
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threats to biodiversity and ecosystems, while enhancing ecological services for
climate adaptation. For example, the National Environmental Policy, Forestry
Policy, Wildlife Policy, National Forest Programme, Integrated Coastal Zone
Management Strategy, Agricultural Sector Development Strategy, Forestry
Management Act (2002), and the Environmental Management Act (2004) are
regulatory mechanisms that aim at conserving natural resources in the country.
These mechanisms need to be flexible to accommodate new available
information, and moving targets based on better understanding of the dynamics
between biophysical and social systems.
Economic instruments: that can influence or incentivize markets, practitioners,
and society to adopt them. The pool of economic instruments includes
mechanisms such as innovative tax and fiscal policies, performance standards,
verification systems, compensation, subsidies, intergovernmental fiscal transfers,
government spending, debt-for-nature swaps, among others. For example,
tourism at USD 1.3 billion in 2008/9 is the single highest contributor to the GDP in
Tanzania, generating substantial tax revenue (i.e. 18% = VAT alone = USD 250
million). This revenue collected from nature’s services could be earmarked as a
fixed % for re-investment back into the natural resource base that drives tourism
(DENRM 2010).
Integration: integration of policies and mainstreaming of ecosystem management
into the planning process would need to adopt a multi-scale (i.e. national,
regional, local) and cross-sectoral approach. Integrating policies would increase
the cost-effectiveness of investment aimed at enhancing the flow of ecological
services with co-benefits that would support multiple objectives shared across
different stakeholder groups. In the context of Tanzania, this is particularly
important in what is commonly known as Decentralization by Devolution (D*D),
showing movement towards decentralization of natural resources management at
the lowest appropriate governance level, and a more programmatic and crosssectoral approach, which corresponds with the concept of Decentralised
Environment and Natural Resource Management (DENRM 2010). It also relates
to mainstreaming the ecosystem-based approach into climate adaptation and
development planning. For example several targets under the MKUKUTA are
directly and indirectly environmental targets. Examples of environmental targets
include: reduced negative impacts on environment and peoples’ livelihoods;
increased contributions to rural incomes from wildlife, forestry, and fisheries;
reduction in land degradation and biodiversity loss; natural resources and
ecosystems that people depend upon for production and reproduction conserved;
reduction in harmful industrial and agricultural effluents; 95% of people access to
basic sanitation by 2010; and reduced vulnerability to environmental disasters
(NEMC 2006). Despite this, the significant contribution of natural resources to the
national economy and to poverty reduction is under-valued in MKUKUTA and this
has lead to disproportionately low government investments in the natural capital
of the country. Mainstreaming sustainable natural resources management and an
ecosystem-based approach into sectoral policy and national-level development
strategies like MKUKUTA would improve this situation.
Market-based mechanisms: create incentives and reward efforts for maintaining
or enhancing multiple ecological services. These mechanisms are highly flexible
and can be established and used by different actors and at different scales. For
example, market-based mechanisms in the form of payment for ecosystem
services can be applied to maintain the flow of one or a bundle of services
provided by ecosystems. Such a mechanism can be implemented to promote
REDD+ in Tanzania, or to encourage soil conservation practices for the
protection of water catchments, or to support the protection of refugia for the
conservation of wildlife.
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Green Investment: finance flows targeting green investment are growing (e.g.
global carbon fund). Green investment can enhance ecological functions and
services supporting initiatives such as bio-commerce (e.g. organic production, fair
trade, eco-tourism); certification and labeling schemes (e.g. ecologically certified
production, sustainable management of forests with the FSC); corporate social
responsibility (e.g. private and public businesses monitoring compliance with
ethical standards and international norms like ISOs); green public procurement
(e.g. contracting entities that take environmental issues into account when
tendering for goods or services); among others.

To deal with uncertainty, these mechanisms will support the implementation of EbA
measures and strategies through adaptive processes that include:








Building research capacity and supporting knowledge sharing: orchestrating a
number of processes that help to improve multi-disciplinary research capacity, to
monitor relationships and feedbacks, to generate and share new information and
knowledge, and to integrate new understandings into practices.
Promoting technology and innovation: technology innovation, commercialization
and transfer have the potential to support adaptation processes, while at the
same time capturing economic value ‘at home’ through entrepreneurship, job
creation and new venture development. Technology deployment and transfer do
not only depend on technological means and financial investment, but also on the
decision context, systems of thought, belief and knowledge that will determine the
capacity of a society to innovate and adopt this approach to find solutions or
support decisions for adaptation.
Applying adaptive governance: this involves an iterative process that facilitates
flexibly adjusting decisions, plans and actions to the changing environmental and
social contexts, considering the complex dynamics between ecosystems and
interactions of social-ecological systems. A robust way of starting the learning
process under this approach in the context of EbA is to build on ‘no-regret’
actions that would lead to multiple benefits in ecological, social, and economic
terms under different possible futures. Adaptive governance for EbA would
require closer links and collaboration between actors and organizations at
different governance levels, integration of policies, better coordination of sectoral
plans, and assimilation of the ecosystem-based approach into planning
processes.
Supporting socio-institutional change: governance and planning of EbA pathways
across multiple governance levels will trigger social and institutional
reorganization, particularly in face of rapid change. In this context, bridging
organizations will evolve to bring together a range of actors and formal and
informal institutions with a diversity of knowledge. Such organizations will
stimulate the development of interactive spaces where actors and social networks
will coalesce around common interests and share and produce collective ideas
and knowledge that will enhance the process of social learning. Better
understanding and new configurations of EbA pathways stemming from this
process and through the implementation, evaluation and adjusting of EbA
strategies will lead to the development of new institutions and/or organizational
change within existing institutional arrangements and social networks.

Given the high uncertainty involved in long-term planning, and the non-linear
behaviour of complex social-ecological systems, the Dynamic EbA Pathways
Framework uses a step-based approach to explore the range of potential EbA
pathways that can be adopted over time. This approach recognizes that not all
adaptation decisions are needed now and enables socio-institutional learning,
adaptive management, and better understanding over time. By doing so, it deals with
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the uncertainty inherent to possible futures, overlaps between EbA pathways,
synergistic and antagonistic cross-sectoral interactions of adaptation actions, and
multiple stressors affecting the social-ecological systems. The steps relate to actions
that can be grouped in four categories: 1. actions that can be considered no regrets
measures, 2. actions that relate to building institutional capacity, 3. pilot actions, 4.
actions that account for ecosystem-based transformation. These categories and
examples for actions and mechanisms in each category are plotted in Figure 9 as a
coloured matrix. The green bottom left area relates to no-regret options and capacity
building. No-regret options are early priorities for sustainable resources management
that have the potential to accelerate development and build adaptive capacity. In the
Tanzanian NAPA, for instance, early priorities in this regard are activities such as
participatory reforestation in the Kilimanjaro Mountain. Capacity building relates to
strengthening institutions and improving inter-institutional cooperation, for instance
through the process of decentralised environment and natural resource
management.
The mid yellow area corresponds to pilot actions that need testing and refining before
up-scaling and full sectoral implementation. Over two decades, there have been many

lessons learnt with pilot community-based natural resources management programmes
in Tanzania like Participatory Forest Management (PFM = 2000 villages), Sustainable
Wetlands Management (SWM = 170 villages), Wildlife Management Areas (WMA =
210 villages), Beach Management Units (BMU = 700 villages), Water Users
Associations, Beekeeping Associations, etc. Based on this experience, each sector is
adapting its approach, its toolkits, practices, materials, and guides and refining them
over time. This is a dynamic and iterative process of learning necessary for up-scaling
or replicating successful initiatives across the country. On this basis, actions will start
moving towards the right red area, which represents more integrated responses to
possible climate risks, thresholds, and tipping-points. This area demands a crosssectoral approach implemented at larger scales that in some instances will require
transformation in the way ecosystems are managed and in the governance system
itself. The matrix also illustrates flexible mechanisms that can be used to implement
the measures and strategies that combined make up the EbA pathways.
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Figure 9. Illustrative matrix of ecosystem-based adaptation pathways following a step-based
approach. Note: R=Regulation; PES=Payment for ecosystem services; PI=Integration into
planning processes; EI=Economic Instruments; KS=Knowledge Sharing; GI=Green
Investment. The matrix is based on the concept of ‘adaptation signatures’ used in adaptation
cost studies conducted in Kenya, Rwanda and Burundi.

The step-based approach adopted by the Dynamic EbA Pathways Framework is
closely linked to an economic rationale for action, whereas no-regret options (in
green) can generate benefits at lesser costs than investing in pilot actions (in yellow)
and pro-active larger-scale processes necessary to adapt to and transform with
potential future thresholds and tipping-points (in red). The need to move towards a
resource efficient economy, and the role of ecosystems and biodiversity in this
transition are still to be explored and better understood. The Dynamic EbA Pathways
Framework provides a window for this exploration with the flexibility to develop and
accommodate strategies tailored to specific contexts and interests that account for
social-ecological interactions across spatial and temporal scales. The next section
provides a short explanation of the challenges associated with costing EbA
strategies. The following section describes two case studies of EbA strategies that
could be implemented in the context of Tanzania. One relates to a no-regret
measure, and the other one to a pilot action supported by a PES approach.

4.2 Costs of Ecosystem-based Adaptation
Ecosystem-based adaptation costs relate to expenditure associated with actions
taken to enhance ecosystem services that can help avoid or minimize the negative
impacts of climate change on both ecosystems and human societies. It is based on
the premise that autonomous adaptation of ecosystems and species will not be
sufficient to withstand future impacts of climate change and therefore human planned
actions are indispensable to maintain or enhance the ecological processes and
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ecosystem services necessary for climate change adaptation of social-ecological
systems.
Estimating the costs of EbA is complicated due to several reasons. The first one
relates to the uncertainty associated with the direct and indirect costs of climate
change impacts (e.g. direct costs of increased natural disasters, indirect costs for
development, as climate impacts can become obstacles in the achievement of the
MDGs and other development processes). Without knowing with certainty the
expected damage, it is difficult to calculate the level that could be avoided by
adaptation. Most impacts are projected to increase non-linearly with climate change,
and adaptation costs to increase correspondingly (Parry et al. 2009). In this context,
it is helpful to analyze costs of adapting to varying amounts of impact, thus providing
a choice range for preparedness to pay and the residual impact that adaptation is not
likely prevent, indicating residual damage costs that need to be anticipated (ibid).
Estimating costs of actions that can facilitate adaptation considering multiple possible
futures needs to recognize: 1) synergies with mitigation; 2) the limits to adaptation
(e.g. impacts that cannot be avoided even if unlimited funding is available due to, for
example, lack of technology); and 3) the boundaries of willingness to pay for
adaptation (e.g. priority actions that are economically feasible, budget constraints,
national and global visions).
A second challenge that complicates the assessment of EbA costs is valuing “soft”
measures (Parry et al. 2009). While it is easier to estimate the costs of measures like
infrastructure to avoid soil erosion in water catchment areas, it is more difficult to
assess behavioral change and organizational capacity that lead to a decrease of
deforestation and introduction of more sustainable production practices. EbA
combines both measures, but relies heavily on “soft” adaptation measures through
flexible mechanisms.
A third challenge is that EbA largely depends on the adaptive capacity of socialecological systems, which is based on interactions and feedbacks between social
and biophysical systems that are not well understood yet. Nor are thresholds and
tipping-points that could transform the state of these systems and the nature of
interactions.
A fourth challenge is the poor understanding of the full economic value of ecosystem
services. Benefits from EbA are based on services provided by ecosystems for
climate change adaptation. Although economic valuation methods for specific
ecosystem services exist, efforts to value multiple services of ecosystems for a range
of users at different scales are still in their infancy, and work to integrate these results
into economic assessments for planning at the landscape-level is only starting.
A fifth challenge, and probably one of the most important ones, is the close
interaction between ecosystems and other sectors. It is probably easier to cost
adaptation actions that focus on preserving the existence of particular ecosystems
and species (e.g. setting or expanding the network of protected areas) than actions
that enhance ecosystem services at the landscape-level to facilitate climate
adaptation (e.g. increasing permeability of the wider landscape matrix encompassing
multi-functional land-uses). The latter is more complicated because it can incur in
double counting, as land-use changes or different sectoral adaptation strategies can
interact synergistically or antagonistically affecting ecosystem processes that enable
or prevent ecosystem services (Berry 2007, Parry et al. 2009). This interaction can
reduce or add to the costs of EbA.
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Recognizing the above complexities is important when costing ecosystem-based
adaptation. Their acknowledgment leads to more robust decisions that can be
improved through iterative processes of learning and refinement over time. Under
this approach, it is also important to account for current financial deficits, sensitivities
and differentiated vulnerabilities of social and ecological systems, which need to be
addressed as the first step to build adaptive capacity.

4.3 Case studies for Possible EbA Strategies in Tanzania
No-regret EbA Measure for Zanzibar and other Coastal Areas in Tanzania
Unguja Island is the largest island of the Zanzibar archipelago, located 40 km from
the Tanzanian mainland. The coastal platform in Zanzibar stretches from the coral
reef landward to a cliff or beach ridge plain 2-3 meters above the mean water level.
The stability of the beach ridge plain is influenced by patterns of beach erosion and
sedimentation that depend on the East African Coastal Current. Although losses of
beach sediment are subject to temporal variation, presently it appears to be
exacerbated by coastal storms and anthropogenic alterations to the shoreline
(Arthurton et al. 1999).
Coastal communities living on the island depend on multiple livelihood strategies that
are closely linked to services provided by the coastal ecosystems, such as fishing,
subsistence farming, seaweed farming, tree planting, coconut farming, firewood and
building pole collection. Tourism-related livelihoods have also developed in recent
years (Mustelin 2007). Nevertheless, the employment opportunities for locals
expected from international tourism have not materialised partly due to low levels of
education, low investments in tourism education, and lack of knowledge of foreign
languages and tourism-related skills among the local communities (Mustelin 2007).
Pressures that have direct impact on the Zanzibar shoreline relate mainly to
uncontrolled growth of the tourism industry, which has caused demand for coastal
land and lead to disputes for land rights, ownership and sales among the tourism
industry, government institutions and local communities (Mustelin 2007). Pressures
such as removal of beach sand for construction, obstruction of natural water and
sediment flow, destruction of protection against wave activity, as well as development
of hotels and villages too close to the beach have all contributed to erosion along the
Zanzibar shoreline (Nyandwi 2001). In addition, land scarcity has aggravated trends
of deforestation in Unguja, compounded by increasing demand for firewood. There is
also an increasing pressure on water resources due to growing demand (Gossling
2001).
Zanzibar is likely to experience climate change impacts similar to those of the small
island states (Paavola 2006). Some of the projected impacts suggest increases in
rainfall on the Tanzanian coast, which indicates more severe flooding on coastal
areas and the possibility of more frequent storm surges (Paavola 2003). In general,
the pressures described above are fractioning the natural system in the island
leaving both the communities and the environment highly vulnerable to future
stressors such as climate change (Mustellin 2007). The Tanzanian NAPA (2006)
recognizes the current vulnerability of coastal communities and the need to develop
adaptation strategies for the coastal areas.
A recent study conducted by Mustelin et al. (2010) identified a number of adaptation
measures for Unguja Island using semi-structured interviews with local community
members and questionnaire interviews with hotel managers and staff. The array of
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proposed measures reflect the adaptive capacity of the local communities, as they
are perceived as possible and effective. Four out of the six mostly cited measures
relate to ecosystem-based adaptation options linked to “soft” adaptation measures,
involving: vegetation planting/restoration (trees, shrubs and creepers), prohibiting
sand mining (hotels extracting beach sand), awareness raising (harmful effects of
tree cutting), and cooperation (working on environmental issues with hotels). About
80% of all the informants propose planting/restoring vegetation as the most important
adaptation measure. This would involve restoring the coastal forests and thicket,
which comprise wooded, secondary and edaphic grassland. The other two
mostly cited options relate rather to “hard” adaptation measures and are not directly
liked to ecosystem-based approaches. The options include seawalls building
(physical structures) and debris deposition (placing litter on the beach).
The option of restoring the natural coastal terrestrial vegetation to enhance coastal
forest buffer zones in chosen locations along the coast can be considered a no-regret
ecosystem-based adaptation measure because it would produce multiple benefits
even in the absence of climate change impacts. First, it would function as shoreline
protective barrier, for instance, against tsunami waves. Second, it would help prevent
excessive erosion by stabilizing beach sand (Turker et al. 2006, Forbes and
Broadhead 2007). Third, it would help maintain the ecosystem services to support
local livelihoods and essential goods such as firewood, building poles and sawn
timber, herbal medicines, edible fruits, mushrooms, plant-derived oils, leaves and
beverages, fodder, fibre, honey, ornamental plants, household utensils and
handicrafts.
In addition, it is important to consider that the local population suggested restoring
the coastal terrestrial vegetation as an adaptation option. This means that this option
is the manifestation of local perceptions on multiple stressors that consider the
existing societal, political, environmental and economic contexts, which will largely
determine its adoption and implementation by the local population. In this regard, this
option is context-specific and carries different values as local communities see in it a
way to protect their livelihoods, while the tourism industry would benefit from
maintaining an aesthetically pleasing landscape (Mustelin et al. 2010). This measure
also goes in line with national policies such as: 1) the Forest Policies of 1995 and
1998 that encourage participatory forest management and set up an institutional
framework for forest management in Tanzania; 2) the National Integrated Coastal
Environment Management Strategy; and 3) and the Development Vision 2025 and
the MKUKUTA to reduce the widespread poverty in the Tanzanian society (Mustelin
et al. 2009).
Although costs for enhancing coastal forest buffer zones have not been estimated,
no-regret benefits are clear and could be increased if this approach would be
extended to cover the entire coastal forest area in Tanzania. The coastal forests in
the country are remnants of the once extensive lowland forests of East Africa
covering about 59,000 km2. These forests, which comprise wooded, secondary and
edaphic grassland, are part of the Zanzibar-Inhambane Regional Mosaic. Currently,
coastal forests in Tanzania cover about 350km 2 (CEP 2006). As coastal forests are
habitat to endemic tree species, this strategy would not only have benefits for climate
adaptation and socio-economic development (as highlighted above), but would also
benefit biodiversity conservation. It could also be explored in terms of reduced
emissions from deforestation and degradation (REDD+) through coordinated
partnerships

between

government,

non-government

and

community-based

agencies

(Burgess et al. 2010). The development of an adaptation strategy based on a coastal
forest buffer zone enhancement entails basic processes that have already started in
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Tanzania, such as:
1) harmonization of institutional conflicts especially in respect to revenue
collection/benefit sharing;
2) harmonization of legal issues so as decisions that are made on forests or forest
land should not be conflicting;
3) work on energy policies to promote alternative sources at affordable prices so as
to reduce dependence and pressure on biomass;
4) capacity building to develop coastal forest management plans;
5) development of criteria, indicators and mechanisms for managing and monitoring
forest resources in coastal forest buffer zones using a participatory approach.

Piloting Payment for Ecosystem Services to promote Community-base
Conservation in the Simanjiro Plains of Tanzania
Tanzania’s Maasai Steppe covers approximately 35,000 km2 of the north-central part
of the country in the central Rift Valley. The ecosystem is characterised by the
movement of wildlife between dry-season refuges with permanent water sources and
wet-season dispersal areas on poorly drained volcanic plains. The most abundant
large mammals are wildebeest (Connochaetes taurinus) and zebra (Equus quagga),
both of which move between dry-season and wet-season ranges. During the dry
season, these species gather along the Tarangire River inside Tarangire National
Park, together with large herds of elephants (Loxodonta africana) and buffalo
(Syncerus caffer). During the wet-season, wildebeest and zebra move to the
Simanjiro plains in the Maasai, which lie between 25 and 40 km to the east of
Tarangire National Park. During the past 10–15 years, wildlife populations in the
Tarangire–Simanjiro ecosystem have undergone a substantial decline as a result of
habitat loss and illegal hunting (Stoner et al. 2007).
The Simanjiro plains are situated on lands under the authority of local communities.
Three villages cover most of the Simanjiro plains dispersal area: Emboreet, Sukuro,
and Terrat. The population of these villages is predominantly Maasai pastoralists who
manage their lands as a mixture of communal rangelands and individualized
properties. A key component of Maasai range management is the designation of
large areas as dry-season grazing reserves. Although traditionally the Maasai rely
mainly on livestock, they are using more agricultural cultivation as a livelihood
strategy over time. As a result, the area of farmed land has increased considerably in
the Maasai Steppe with an increasing amount of land in the key wet-season dispersal
being converted to cultivation. Maasai communities are facing internal conflicts in
allowing pastures to be converted to farming, because they recognize the future
implications that this may cause in the long-term livestock production, which is their
main livelihood (Nelson et al. 2009).
Historically, formal conservation efforts in the region have been characterized by
conflicts between local communities and wildlife conservation interests (Igoe 2004),
including government agencies, non-governmental organizations, and private tourism
and hunting companies. When the Tarangire National Park was created in 1970,
local pastoralists lost access to important permanent sources of water in the park
(Igoe 2004), and later efforts to expand protected areas intensified tensions between
state protected area managers and local communities over land and resource rights
and access (Sachedina 2008). To mitigate these tensions and promote conservation
outside protected areas, several private tourism companies developed a working
model for community-based conservation through private-community tourism
concession agreements. These agreements are based on annual lease payments
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and per-client daily payments provided from the operators to the villages, in
exchange for villages to conserve a concession area where cultivation and tree
felling for charcoal production are prohibited (Nelson et al. 2009). This way local
communities could directly manage and benefit from wildlife-based tourism activities.
BY the late 1990s, this model for community-based conservation was spreading
outside of Tarangire National Park’s eastern boundary. However, due to conflicts
between community-based tourism ventures and centrally managed hunting
concessions, from 1999 onward these ventures have been restricted by central
regulatory and administrative actions either through their prohibition or by diverting
payments from the village level to higher levels of government (Nelson et al. 2009).
In this socio-institutional context and with agricultural expansion increasing across
the Simanjiro plains, alternative strategies were sought to generate local incentives to
conserve wildlife and key habitats in the area. A study conducted by Nelson et al.
(2009) analyzes the deployment of a novel payment for ecosystem services (PES) in
the Simanjaro plains that has demonstrated to be an effective way to promote
community-based conservation, while distributing the benefits in equitable ways and
addressing the conflicts above mentioned. This novel PES has been implemented for
4 years in the Terrat village, one of the three main villages in the Simanjiro plains.
Terrat is a community of about 3500 residents and has a land area of about 40,000
ha, which includes the eastern portion of the Simanjiro plains (see Figure 10).

Figure 10. Village boundaries, and area under the payment for ecosystem services
agreement in Terrat village. Location of the Simanjiro plains, and the key wildlife-migration
area east of Tarangire National Park, and the 10% and 50% kernal home ranges for the
migratory zebra and wildebeest relative to agricultural land cover.
Source: Nelson et al. 2009

The pilot initiative started when in 2004 a group of tourism operators in Tarangire
National Park and the larger Maasai Steppe ecosystem organized themselves into a
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consortium that agreed to act as the contracting party of the PES scheme. These
companies agreed to share the annual costs of the agreement with Terrat, on the
basis that this expense is a collective investment in the conservation of an ecosystem
on which their businesses ultimately depend (Nelson et al. 2009). The basic initial
concept was to develop a PES contract with Terrat village as a pilot initiative that
over time could be scaled up to cover other areas with key wildlife habitats in the
neighbouring villages. After about 3 years of operation in Terrat, Sukuro village also
expressed interest in joining the scheme, which would mean expanding coverage of
the PES scheme to include nearly 75% of the plains.
The PES agreement consisted of the designation of Terrat village’s portion of the
plains as a concession or “easement” area. This area, which covers about 9300ha,
had been used traditionally as dry-season grazing for livestock and was managed by
the community under jurisdiction of the village council. The agreement provides for
an annual payment by the contracting party of US$4500 in exchange for the village
agreeing to formally exclude agricultural cultivation or permanent settlements from
the concession area (Nelson et al. 2009). The agreement allowed seasonal livestock
grazing to continue because it was agreed that such uses did not conflict with wildlife
conservation objectives and comprise a large economic value of the area to the
community. Another important provision of the contract is the commitment of the
community to prevent activities such as charcoal burning and unlicensed hunting in
the concession area. In exchange for the community assuming these enforcement
responsibilities, salaries and equipment for four village scouts were provided,
requiring approximately US$300 in additional expenditures per month (Nelson et al.
2009). Scouts would also be in charge of conducting wildlife monitoring activities
using a modified version of the community-based system developed for Namibia’s
communal conservancies (Stuart-Hill et al. 2005).
Although the PES approach is limited in its coverage in the region at present and
data are not yet available to demonstrate positive impacts on local wildlife
populations, the experience has been positive and presents an opportunity for further
learning and experimentation. Nelson et al. (2009) identified several contextual
factors that played a central role in enabling deployment of this PES arrangement:
the local framework for village governance and land tenure, low opportunity costs,
and the existence of village-tourism operator concession contracts in other villages.
Tanzania’s system of village governance is helpful in that local communities in the
country have a clear statutory and corporate form. On this basis, village councils,
their accountability to the village assembly, and the formal rights of villages over
defined land areas all contributed to the establishment of a PES scheme that is
based principally on land-use criteria (Nelson et al. 2009). Furthermore, the PES
scheme in Terrat village faced limited opportunity costs for the local community
because the easement area was already traditionally managed for dry-season
livestock grazing. In addition, the community was already concerned with growing
pressure to convert village land allocations to farming, as cultivation expanded in
surrounding areas.
Finally, Nelson et al. (2009) also suggest that this framework is potentially a relatively
cost-effective one. Cost of the annual village payment plus the village scout salaries
is about US$8000. This seems a small amount when compared to other initiatives
like the US$152,353 that was spent as park-revenue sharing within the Tanzania
National Parks (TANAPA) in Simanjiro area during the 6-year period 2000–2005,
including an average of US$6540/year in Emboreet village on community projects
designed to generate local support for conservation. The latter investments, however,
did not result in any land being specifically protected for wildlife because these
revenues were given to communities as an unconditional form of park-revenue
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sharing (Sachedina and Nelson 2010), while the PES scheme has proven to be
effective in protecting land for wildlife while benefiting the local community.
PES schemes represent a potential mechanism for supporting community-based
conservation, creating local incentives for conservation outside state protected areas
in Tanzania. This approach could also be used to develop an alternative financing
arrangement for ecosystem services that are valued for climate change adaptation
but not directly consumed in the marketplace at the point of production. Incorporating
future climate risks in their design, PES schemes could be used to support
ecosystem-based adaptation and could be piloted in different forms and in varying
local contexts across the country drawing from the lessons learned in the Simanjiro
plains and other locations in the Global South where PES schemes have been
implemented successfully to enhance ecosystem services through the promotion of
more sustainable natural resources management practices.
5. Future Informed Decision Making Needs
Ecosystem-based Adaptation is gaining interest among different communities of
practice because it can bring multiple benefits and be a synergistic approach that
reconciles different objectives. Over time and through practice, these communities
(e.g. conservation, disaster management, adaptation, development, and resilience
communities) have generated important knowledge relevant to EbA. However, this
knowledge is incomplete and fragmented across disciplines. Although current
information and knowledge is useful, it is insufficient to simulate possible EbA
outcomes and costs. More research and actions are needed to understand better the
unknowns that are source of uncertainty in EbA decision-making, planning, and
costing. Some of the steps required to fill in the gaps and push the knowledge
boundaries for effective EbA involve:
1) Conducting a strategic assessment for understanding better the value of
multiple ecosystem services for human well-being and the benefits of EbA in
economic, environmental, and social terms:


Developing approaches and methods and apply them to assess in
quantitative and qualitative terms the use and non-use value of ecosystem
services, particularly when considering ecosystem configurations that
deliver multiple services to different users. This process needs to consider
that the value of ecosystem services varies according to scale of use and
over time.



Developing approaches and methods and apply them to measure tradeoffs and synergies that account for interactions among ecosystems and
between biophysical and human systems at different temporal and spatial
scales.

2) Understanding how EbA strategies can be facilitated through different
mechanisms and processes allowing for effective EbA pathways at the
landscape level:


Verifying evidence on the positive relationship between incremental
change in ecosystem services and adaptation of social-ecological
systems through monitoring systems, assessment of effectiveness, and
pilot actions. This will help developing reference systems and evidencebase knowledge.
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Strengthening knowledge sharing systems and social networks that
enhance collaboration, dissemination and integration of useful
information, tools, and methods, and co-generation of new knowledge.



Exploring innovative approaches and technologies that support decisionmaking processes and help up scaling successful pilot actions.

3) Learning and generating knowledge on how to effectively enhance ecosystem
functions and services for adaptation of socio-ecological systems:


Researching the role of biodiversity and the effects of species extinctions
in the maintenance of ecosystem services and how this is critical for
ecosystems functioning, and thus for adaptation. Improve representation
of species function for migration within current Dynamic Global Vegetation
Models (DGVMs).



Improving the integration of climate models with different biophysical and
socio-economic/land-use models to project responses of species and/or
ecosystems to climate change across heterogeneous landscapes
(including feedbacks such as CO2 fertilization effects). This helps
simulating possible macro-level outcomes resulting from a compound of
multiple drivers.



Developing approaches and methods to assess and simulate complex
interactions between social and ecological systems across space and
time. This helps understanding better strategies that address current
vulnerability and pro-active multi-scale processes necessary to build
resilience to potential future thresholds and tipping-points.



Improving models that account for non-linear relationships with complex
feedbacks across spatial extents and time horizons. Simulating non-linear
systems can help understanding unexpected behaviors at macro-levels
based on micro-level dynamics. Simulating non-linear interactions of
social and ecological systems can help exploring possible EbA outcomes
at the landscape level. This can also help predicting possible thresholds
and tipping-points and exploring factors that control abrupt changes and
threshold probabilities.

The needs listed above require collaborative research and action supported by
innovative approaches. Progress in addressing these needs will enrich ongoing
policy-science dialogues and decisions for future adaptation to global changes.
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