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BOX 1. DEFINITIONS OF TERMS
Vulnerability Degree to which a system is susceptible 

to, or unable to cope with, adverse effects 
of climate change, including climate 
variability and extremes (IPCC, 2007).

Exposure  Represents the important climate events 
and patterns that affect the system, 
but it also includes other changes in 
linked systems that might be induced 
by climate effects. In a practical sense, 
exposure is the extent to which a region, 
resource or community experiences 
changes in climate. It is characterized by 
the magnitude, frequency, duration and/
or spatial extent of a weather event or 
pattern (IPCC, 2007).

Sensitivity The degree to which a system is affected, 
either adversely or beneficially, by climate-
related stimuli. The effect may be direct 
(e.g. a change in crop yield in response to 
a change in the mean, range or variability 
of temperature) or indirect (e.g. damages 
caused by an increase in the frequency 
of coastal flooding due to sea level rise 
(IPCC, 2007).

Adaptive The ability of a system to adjust to
Capacity  climate change (including climate 

variability and extremes) to moderate 
potential damages, to take advantage 
of opportunities, or to cope with the 
consequences (IPCC, 2007).

Adaptation The adjustments of natural or human 
systems in response to actual or expected 
stimuli, or its effects to moderate the 
harm or exploit beneficial opportunities 
(IPCC, 2007). 
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ARCTIC TUNDRA 

Continued and widespread increases in dominance of deciduous shrubs in tundra communities.

Decreases in abundance of herbaceous, bryophyte and lichen species. 

Boreal forest will heavily invade tundra over large areas by the end of the century.
Permafrost melting.

Changes in game availability with serious impacts on some indigenous populations.

MEDITERRANEAN FOREST AROUND THE WORLD

Significant reduction in species diversity. 

High heterogeneity in land use will be reduced if fire brings about more uniform vegetation cover. 

Higher costs and negative impacts on infrastructure, health and ecosystem services due to e.g. expansion of successional 
communities.

AMAZONIAN FOREST IN SOUTH AMERICA
Higher reductions in species abundance and increased number of extinctions of plants and animals associated with 
diEBAck of humid tropical forest.

Massive degradation of ecosystem services due to widespread fires and forest diEBAck.

Losses of carbon stored in vegetation and soils would be large enough to significantly influence global climate.

SAHARA, SAHEL AND GUINEAN REGION IN WEST AFRICA

Reduction in species richness due to land degradation in semi-arid areas.

Negative impacts of massive ecosystem degradation on human population. 

MIOMBO WOODLANDS IN SOUTHERN-CENTRAL AFRICA

Climate change, rising CO2, altered fire regimes and increased herbivory could shift savannas (grasslands) with sparse 
woody cover to dense forest.

COASTAL TERRESTRIAL SYSTEMS

Loss of nesting, nursery and forage habitat for numerous species groups (e.g. fish, shellfish, seabirds, sea turtles, 
crocodiles, manatees). 

By the end of 21st century, 10 to 20% of total estimated losses of mangroves on Pacific Islands will be lost due to sea 
level rise.

Coastal hazards to human settlements and water quality will increase due to reduced coastal ecosystem cover and 
changed conditions.

Table 1. Examples of reported potential impacts of climate change in some main biomes and regions on Earth. Adapted from IPCC (2007) 
and Leadley et al. (2010).
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Figure 1. Vulnerability elements and links. Adapted from IPCC (2007).
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People and biodiversity are already being affected by climate change. The Arctic is seeing some of the greatest impacts, where species 
such as the Arctic fox (Alopex lagopus) are especially vulnerable. 
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Colombia

Introduction

Chapter 2

In the Colombian Andes, the high mountain ecosystems located above 2,740 m, are very 
vulnerable to the anticipated impacts of climate change. Existing models have predicted 
that 56% of the Andean moorlands could disappear by 2050. The associated loss of 
many ecosystem services such as soil protection and water supply and regulation, 
together with a reduction in the area’s hydropower potential, will affect cities like Bogotá. 
The latter relies heavily on water provided by the Chingaza highland massif. To cope 
with these threats, Colombia is implementing its Integrated National Adaptation Plan 
(INAP), a GEF project developed with support from the World Bank. It makes use of 
ecosystem-based adaptation approaches and policy interventions necessary to address 
climate change impacts in specific pilot areas. Four adaptation measures are currently 
being implemented locally with participation of local communities. These projects are 
embedded into national, regional and local policy making efforts and spatial planning. It 
is suggested that these adaptation measures might be replicated in other areas of the 
country, as well as in high mountain ecosystems in other countries along the tropical 
Andes.  

Keywords: Climate change, Colombia, Ecosystem-based adaptation, Ecosystem 
services, High mountain ecosystems, Tropical Andes

Ecosystem-based Adaptation 
Lessons from the Chingaza Massif in the High 
Mountain Ecosystem of Colombia
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Figure 1. High mountain ecosystems in Colombia. Data source: INAP Project. 

Ecosystem-based Adaptation
Lessons from the Chingaza Massif in the High Mountain Ecosystem of Colombia
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1 Páramos are tropical Andean ecosystems present in the Northern Andes, ranging from northern Peru to Ecuador, Colombia 
and Venezuela, and occur in isolated patches in Panama and Costa Rica. They are usually located above the Andean forests, 
at elevations over 3,000 m above sea level.
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Results

Ecosystem-based Adaptation
Lessons from the Chingaza Massif in the High Mountain Ecosystem of Colombia
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Storm damage from water or wind is one of the impacts of 
climate change affecting communities around the world in 
mountain and coastal ecosystems.

High mountain ecosystems, such as here in Colombia, are 
particularly vulnerable to the impacts of climate change.
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Sahel Region

Introduction

Chapter 3

“We used to wait with sowing our millet until we found the soil had been wetted to the 
depth of our elbow when we dug a hole by hand. Now, we sow when the soil has been 
wetted only to the depth of our wrist. The way the rains are now, we cannot afford to 
wait any longer than that. We feel that drought periods during the rainy season are also 
more common than they used to be.“ (Quoting an old farmer in south-west Niger in 1994, 
previously cited by Brouwer and Bouma, 1997).

“When the millet yield has been bad, we put more effort into recession agriculture near the 
wetland. We can also dig up lungfish and water lily tubers there.“

Dryland and wetland (agro-)ecosystems are closely intertwined. Trying to develop one 
ecosystem without taking into account the other will likely lead to problems. So far, relatively 
little has been done to prepare both drylands and wetlands in southern Niger for climate 
change. The situation in other parts of the Sahel is arguably little different. What is needed is 
development of participative integrated natural resource management (PINReM) of individual 
wetlands and their associated drylands, or the other way round. However, even more 
important is the PINReM of entire systems of wetlands and drylands, since links between 
drylands and wetlands are often unclear, and because of the varying importance of wetlands 
as a result of differing rainfall from place to place and from year to year.

Keywords: Agriculture, Climate Change, Drylands, Participative integrated natural 
resource management (PINReM), Pastoralism, Risk reduction, Sahel, Wetlands

Climate Change in Dryland and 
Wetland Ecosystems in the Sahel 
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Figure 1. Fish production in the Region of Tahoua in tons/ha/year, as a function of wetland size (after Brouwer and Mullié, 1994a).
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Tilapia nilotica are one of the main species fished in the Sahel, 
seen here being smoked. 

Climate Change in Dryland and Wetland Ecosystems in the Sahel Region
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Figure 2. Relationship between isolated wetland size and waterfowl density (from Mullié et al., 1999).
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Kobadié wetland, 50 km SW of Niamey along the road to Ouagadougou, ca. 20 ha: 
1992–1997: the wetland in October-November with presence of water lilies.
2006: all large trees (Khaya senegalensis) and most medium size trees (Mitragyna inermis) were cut; more people are 
present, lots of disturbance, though few birds.

IBA Kokoro wetland, 30 km NE of Téra and 150 km NW of Niamey, max. 2,100 ha: 
1992–1997: up to 13,108 water fowl of 44 species in a glorious setting of flooded grassland surrounded by patches of 
Acacia nilotica forest, red dunes, huge granite boulders and palm trees.
2008: large areas of fringing Acacia nilotica forest has been cleared; a lot more vegetable gardens has been constructed; 
and grazing pressure by livestock on the aquatic vegetation has increased enormously (perhaps in part because of the poor 
rains the preceding year, but most likely because of an increase in population and livestock size); birds are concentrated 
in a much smaller area of the original wetland and are less in number.

IBA Namga or Namaga wetland, 40 km NE of Téra and 150 km NW of Niamey, max. 500 ha:
1992–1997: up to 13,190 water fowl including 54 species of bird.
2008: the wetland has been mostly dried due to poor rains in 2007, but still quite a few birds are observed; the adjoining 
village, from which the wetland received its name, has grown significantly.

Mari wetland, 10 km NE of Tillabéri, 100 km NNW of Niamey, max. 270 ha: 
1992–1997 up to 4,266 water fowl. 
2006: no water fowl present because an earthen dam had been constructed to raise the level of the outflow of the wetland, 
while the (former?) wetland had been almost completely taken over by farmers.

Yaya wetland, 40 km W of Birni N’Konni:
1992–1997: a total of 122 water fowl was counted in this nice little wetland, next to a village.
2006: although still quite nice and with some water fowl, now there is an apparent increase in population and human 
activity when compared to the situation ten years earlier.

IBA Dan Doutchi wetland, 80 km NW of birni N’Konni, max. 1800 ha; originated in 1975 after a huge rainfall event which 
followed the drought of 1973–1974:
1992–1997: up to 55 species of water fowl.
2006: an earthen dam had been built to raise the level of the outflow of the wetland; still a lot of water present, with people, 
fishing activities and vegetable growing and some other human influence, but now with very few water birds present in the area.

IBA Tchérassa reservoir, 6 km NE of Birni N’Konni:
1992–1997: 15,000 Cattle Egrets and 3,000 other water fowl (mostly ducks) present in January 1994.
2006: large areas of Acacia nilotica were cut, especially in the areas where the Cattle Egrets used to roost; an increase in 
human population and activity is obvious.

Galmi reservoir, 60 km E of Birni N’Konni:
1992–1997: up to 1,033 of water birds.
2006: few water fowl present, while the population pressure and fishing activities appear to have increased.

Tabalak wetland, 25 km NE of Tahoua along the road to Agadez, max. 1,150 ha:
1992–1997: up to 5,464 water fowl including 48 species; Tabalak used to have quite a few trees along its northern end 
(Acacia nilotica, A.albida, Prosopis juliflora, and Balanites aegyptiaca), but in 1993 many of these were cut; in 1993–1994, 
about 20% of the perimeter was covered by vegetable gardens, while 80% was accessed by livestock.
2007: much less water fowl, in combination with a big increase in human population and human activities; now, it appears 
that 80% of the perimeter is covered by vegetable gardens (with some narrow passages for livestock that want to reach 
the water, and 20% freely accessible to livestock). 

The Liptako-Gourma region, where the countries of Niger, Burkina Faso and Mali meet:
The Liptako-Gourma is an area with (still) lots of great wetlands, threatened by population increases, migration and climate 
change. Some of the wetlands are probably also threatened by the construction of a dam in the Niger River at Kandadji, 
just south of Ayorou, about 80 km south of the Niger-Mali border. Dam construction implies employment and (temporary) 
settlement of labourers; this condition attracts people that provide goods and services to these labourers, causing, e.g.:
-  construction of housing, for which timber is cut; in dry areas much of the timber grows in drainage lines and around wetlands;
-  provision of firewood, for which wood is cut;
-  growing of vegetables, mostly around wetlands, which means less access to those wetlands for pastoralists and 

destruction of the bordering vegetation.

Table 1. Examples of changes happening at isolated wetlands in Niger, from 1992–1997 to 2006–2008. IBA = Important Bird Area 
according to BirdLife International (Fishpool and Evans, 2001).
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Millet growth in the Sahel can vary enormously within a single 
field. Climate change increases the importance of farm-level 
diversity to adapt to uncertain weather patterns.  

Conclusions and 
Recommendations
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Introduction

Chapter 4

Fiji and many of the Pacific Island Countries are likely to experience increases in the 
frequency and height of storm surges as well as other extreme events due to current and 
projected climate change risks and climate variability. The Nadi River Basin, located in the 
western division of Fiji suffers from regular flooding, causing serious social, economic and 
environmental damages in the lower floodplain and coastal area, including the river estuary. 
The increased frequency of floods over the last few decades, combined with an increasing 
population pressure and unsustainable urban development has increased the vulnerability of 
the basin to projected climate change impacts. To adapt successfully to increased flood and 
water induced changes it is essential for Nadi Basin communities and individual villages to 
better manage water resources. Management reforms require both changes in catchment 
land use practices, institutional governance, infrastructure development and the need to 
mainstream risk management within Integrated Water Resources Management (IWRM). 
Implementation of a combination of these measures provides a holistic approach to water 
management and long term adaptation. This paper provides summary perspectives on 
water-based adaptation through IWRM practices that provides options to address climate 
change in small island developing states (SIDS) such as Fiji.

Keywords: Catchment Committee, Climate Change Adaptation, Integrated 
Water Resources Management, SIDS
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Figure 1. Nadi River basin topography and watershed area. Inserted map shows case study area with key marked villages and 
environmental features (Source: DTCP, 2010). 

1 This World Bank supported Government of Fiji (2000) study of the economic and social implications of climate change and 
variability for selected Pacific islands concludes that in the absence of adaptation practices, high islands such as Viti Levu, Fiji, 
could experience damages of US$ 23 million to 52 million/yr by 2050, (equivalent to 2 to 3% of Fiji’s GDP in 1998) (IPCC 2007b). 



Vulnerability to and 
impacts of climate change 
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2 Shellfish forms an important diet and source of protein for local villages and settlements and a regular sale commodity at the 
Nadi market. It is customary for women and young children to take the lead role in the collection, marketing and sales of shellfish. 
Conversations with locals reveal that kai is now in decline after regular floods, siltation of the river and presence of waste oil and 
plastic litter in the Nadi River.

Mainstreaming Adaptation within Integrated Water Resources Management (IWRM) in Small Island Developing States (SIDS)
A Case Study of the Nadi River Basin, Fiji Islands

Figure 2. Strands of mangrove cleared for development in the lower catchment area of Nadi River Basin (Chandra, 2010).

3 The term Vanua refers to the connection of Fijians with the land through their ancestors, customs and guardian spirits. 



4 Most rivers and streams in Fiji are relatively small in size (<1,000 km2) and flow from steep mountainous terrain. High intensity 
rainfall together with the small size and steepness of streams and rivers lead to a swift rise and fall of water levels. The time 
between rainfall and floods can be as short as three to four hours. Flash floods are thus pretty common especially during the 
wet season (November to April).
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5 These funds are subject to release to Fiji by the European Union based on the election of a democratically elected government.
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Figure 3. Nadi Basin Catchment Committee (NBCCC) meeting 
comprising multi-stakeholders from national and local levels 
(Chandra, 2010).

Mainstreaming Adaptation within Integrated Water Resources Management (IWRM) in Small Island Developing States (SIDS)
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6 The LMMA is a network of marine conservation projects across coastal communities that began in 2000 in partnership 
with NGOs and government departments. Traditional taboo or protected areas were established in qoliqoli’s and community 
management groups have worked with scientific researchers to monitor and manage the coastal biodiversity over a period of 
two to three years. Coral reef rehabilitation and resilience measures have been applied to design a network of marine protected 
areas to help the marine ecosystems withstand the impacts of a warming ocean and continue to provide food and other 
resources to local villages and markets (Veitiyaki et al., 2003).  
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Intact mangrove systems with grooves, channels, wet riverbank areas, extensive muddy areas and drier areas provide protection for 
villages and resort properties.
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Madagascar

Chapter 5

The project presented in this chapter tests adaptation recommendations emerging from 
a two year, multi-organizational effort to assess the vulnerability of biodiversity and rural 
livelihoods to climate change in Madagascar. The focus of the project is a series of pilot tests 
to further our understanding on ecosystem adaptation and Ecosystem-based Adaptation 
(EbA) for communities. The highest priority needs for enhancing ecological resilience to 
climate change for terrestrial systems is to maintain existing habitats and increase forest 
connectivity throughout Madagascar. This is particularly true for future zones of similar climate 
areas to allow for species’ range shifts and ecosystems critical for the continued provision of 
vital services. Thus, in addition to protecting existing forests, facilitating species adaptation 
will involve restoring habitats in degraded landscapes to increase forests connectivity. One of 
the important zones for protection and restoration identified are riverine forests based upon 
the hypothesis that these forests could play an important role in facilitating the movement of 
species in response to climate change. Through this project we are conducting an inventory 
of the existing riverine forests and the extent of fragmentation to identify those that could 
serve as potential migratory corridors for species. 

We are analyzing lessons learned from different forest restoration efforts implemented across 
the island to identify the most promising approaches to enable scaling up of restoration 
efforts. Applying lessons learned on forest restoration costs, techniques and community 
benefits derived in representative ecosystem types across the country will inform the 
development of detailed, site specific restoration plans for improving forest connectivity. 
We assess the effectiveness of sustainable livelihood activities in supporting livelihoods 
as a means of enhancing socio-economic resilience, and reducing pressure on existing 
forests. Some of the test activities under review include facilitating market access for 
farmers, demonstrating the feasibility of eco-agricultural techniques as alternatives to tavy 
and introducing agricultural diversification options. Finally, our project considers the potential 
increase in pressure on natural forests as a result of human adaptation needs in response 
to climate change driven food security risks. This analysis is based upon agricultural crop 
models of future distributions and community experiences of productivity changes driven 
by climate change. The results from this component will help identify priority regions where 
human needs and conservation planning under climate change will need to be addressed 
jointly.

Keywords: Climate Change Adaptation, Conservation, Biodiversity, Forest 
Connectivity, Forest Regeneration and Restoration, Madagascar, Sustainable 
Livelihood 
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Figure 1. Minimum and maximum temperature changes projected for Madagascar during the period 2046–2065 (Tadross, 2008). Lowest 
expected temperature changes are presented in the map at the left, while highest changes are presented in the map at the right. For an 
interpretation of both maps, please see the corresponding text section.
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Figure 2. Map of sites surveyed for riverine forest corridor restoration study and community consultations on forest use, agricultural 
production and climate change observations.
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Harvesting rosy periwinkle (Catharanthus roseus) for use as anti-cancer medicine provides income for communities in the Berenty Private 
Reserve, Madagascar.
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Chapter 6

The Long Island shores of New York, USA, have highly developed lands in the coastal 
zone. Much of this private property is only inches above sea level, putting millions of dollars 
in public and private funds at risk. This also puts coastal wetlands and other ecosystems 
at risk that provide habitat, natural buffers to storms and other services. Despite a growing 
awareness global climate change, local decision makers – the primary regulatory authorities 
on coastal development – still lack the tools to transparently examine different management 
objectives such as coastal hazards and conservation. Critical information shortfalls limit 
the options for coastal managers to address climate change-related risks. The costs to 
human and natural communities are increasing as development continues and natural 
buffers, such as coastal wetlands and dunes, are lost. Adaptation to coastal hazards 
has traditionally been undertaken – often unsuccessfully – using shoreline hardening and 
engineered defences. An alternative approach to built infrastructure, Ecosystem-based 
Adaptation (EbA), is sorely needed as part of an overall strategy for creating human 
community resilience in the face of climate change. To address this, the Coastal Resilience 
project was designed to provide a decision support platform and information to better 
inform local decision making and the implementation of EbA approaches.

EbA facilitates coastal resilience, the self-organizing ability of a coast to respond in a 
sustainable manner to morphological, biological and/or socioeconomic pressures. The 
goal of this project was to design, build and discuss alternative future scenarios that 
address sea level rise, storm surge, social and ecological vulnerability and conservation 
priorities. The Nature Conservancy led this effort, working with project partners including 
the Center for Climate Systems Research (CCSR) at Columbia University and the 
National Aeronautics and Space Administration’s (NASA) Goddard Institute for Space 
Studies, Association of State Floodplain Managers (ASFPM), the Pace Land Use Law 
Center, the National Oceanic and Atmospheric Administration’s Coastal Services Center 
(NOAA-CSC), the Department of Geography and Geology at the University of Southern 
Mississippi (USM) and the Marine Science Institute of the University of California Santa 
Barbara (UCSB). Through interactive decision support, a web mapping application called 
the Future Scenarios Mapper allowed local decision makers to examine current ecological, 
biological, socioeconomic, and management information, alongside coastal inundation 
scenarios developed from widely accepted climate and hazard models. 

The first phase of the Coastal Resilience project, conducted over an 18-month period 
from January 2008 to July 2009, was guided by the following primary objectives: a) build 
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a spatial database and interactive web mapping application http://www.futurescenarios.
org/ that provides decision support for meeting both biodiversity conservation and coastal 
hazard mitigation objectives, b) construct a website http://www.coastalresilience.org/ 
that explains the approach, methods, and strategies for EbA to climate change; and c) 
identify reasonable and viable alternatives that reduce losses and vulnerability of coastal 
communities for people and ecosystems. At the same time, we conducted an analysis of 
selected local land use ordinances, regulations, and legal precedent that include specific 
mention of sea level rise or that incorporate appropriate policy responses that may be used 
to address the rising seas. Finally, we convened meetings of stakeholders throughout this 
phase to begin discussing how through interactive decision support important social and 
ecological characteristics can be compared with sea level rise and storm surge events and 
visualized within local and state planning processes. 

The information presented by the Coastal Resilience Project’s web mapping application are 
intended to advance land use, natural resource management, and emergency response 
planning when considered and applied according to the needs of local communities on 
Long Island. We are actively pursuing a five-part approach for designing and implementing 
EbA strategies on Long Island and in other geographies: 1) amending and passing key 
legislation; 2) promoting voluntary land acquisition; 3) relocating vulnerable infrastructure 
and development; 4) engaging in comprehensive, post-storm redevelopment planning; 
and 5) restoring and protecting natural resources.

Keywords: Climate change, Coastal resilience, Community vulnerability, 
Conservation, Decision support, Ecosystem-based adaptation, Geographic 
information systems, Multiple objective planning, Sea level rise
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Introduction

Figure 1. Study area along the southern shores of Long Island, New York, USA. The boundary of the study area is shown in yellow.

1 Climate change here refers to a change in the state of the climate that can be identified (e.g. using statistical tests) by changes in the mean and/or 
the variability of its properties, and that persists for an extended period, typically decades or longer (IPCC, 2007, 2008). 



Methodology
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Vegetation plays an important function in stabilizing sand dunes, as 
here at the Fire Island National Seashore, Long Island, New York.
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Figure 2. Comparing present-day mean high water (left) at Mastic Beach, Long Island, New York, USA, to an A2 sea level rise scenario as 
provided by the Intergovernmental Panel on Climate Change (IPCC).
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Results

Figure 3. Overall community vulnerability index illustrating the Mastic Beach area, Long Island, New York, USA.
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Figure 4. Potential population protection index for marshes illustrated in the Mastic Beach area, Long Island, New York, USA.

Figure 5. Using the Future Scenarios Mapper tool to identify vacant parcels (light orange) for the conservation of salt marshes (red and 
dark orange) in the Mastic Beach area, Long Island, New York, USA.
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Conclusions and 
Recommendations

Coastal settlements, such as the Long Island Barrier Islands, are particularly vulnerable to sea level rise.
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Chapter 7

Zambia is a vulnerable country to the impacts of climate change, and some regions, 
such as the Chiawa area are already experiencing direct impacts such as reductions and 
uneven distribution of rainfall, increasing frequency and intensity of droughts, occasional 
flooding, increasing temperatures and environmental degradation. Impacts of climate 
change and variability, and particularly extreme weather events, are already affecting the 
viability of fishing and farming through reduced water availability for crop production, 
livestock and domestic use. 

The current study was undertaken in the Chiawa area, located in the Lower Zambezi Game 
Management Area (GMA), which forms a natural buffer between the Lower Zambezi National 
Park and the open areas that surround it. Research findings provide a clear understanding 
of the climate hazards affecting communities and how these communities in Chiawa are 
coping with the impacts of climate change. Through this understanding the community 
members, policy makers and other stakeholders are better informed to introduce effective 
measures to reduce vulnerability and enhance the adaptive capacity at the individual, local 
and national levels in Zambia.

This chapter takes a close look at the many underlying factors causing community 
vulnerability to climate change and how these interact with the community’s variable ability 
to adapt to current and predicted future climate changes. Recommendations are suggested 
regarding the strategies needed for the community to adapt to current and projected climate 
change impacts, and for integrating climate change adaptation approaches into planning 
and policy processes.

Keywords: Adaptation, Adaptive capacity, Agro-ecological regions, Climate 
change, Climate sensitivity, Coping strategies, Hazards, Livelihoods, Vulnerability
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Climate Change Adaptation Strategies in the Chiawa Community of the Lower Zambezi Game Management Area, Zambia

Methodology and Study Area

BOX 1. OVERVIEW OF CRISTAL
Introduction:  IUCN, IISD, SEI-US and Intercooperation 

have developed and tested a project 
planning and management tool called 
CRiSTAL (Community-based Risk 
Screening Tool – Adaptation & Livelihoods). 
The tool seeks to help project planners and 
managers to integrate risk reduction and 
climate change adaptation into community-
level projects.

Goal:  To promote the integration of risk reduction 
and climate change adaptation into 
community-level projects.

Objectives:  (a) Help users to systematically understand 
the links between local livelihoods and 
climate; (b) Enable users to assess a 
project’s impact on community-level 
adaptive capacity; (c) Assist users in 
making adjustments to improve a project’s 
impact on adaptive capacity. 

Approach:  (a) Draw on environmental impact 
assessment model; (b) Use the sustainable 
livelihoods framework to enable users to 
focus on elements of coping and adaptive 
capacity at the community level; (c) Offer 
the tool in multiple formats (e.g. hard-
copy, Excel) and in several languages; and 
(d) Encourage users to adapt the use of 
CRiSTAL to suit specific needs.

Intended  Enhanced local adaptive capacity through
results:  a better understanding of: (a) How current 

climate hazards and climate change affect 
a project area and local livelihoods; (b) 
How people cope, looking specifically at 
the resources needed to cope with climate 
stress; (c) How project activities affect 
livelihood resources that are vulnerable 
to climate risk and/or important to local 
coping strategies; and (d) How project 
activities can be adjusted so they enhance 
adaptive capacity (www.cristal.org).

BOX 2. TOOLS USED FOR DATA COLLECTION AND ANALYSIS

Historic Time Line and 
Seasonal Calendar

CRiSTAL (Community 
Based Risk Screening 
Tool – Adaptation and 
Livelihoods) 
www.cristaltool.org

CVCA (Climate 
Vulnerability and 
Capacity Analysis) http://
www.careclimatechange.
org/cvca

CEDRA (Climate change 
and Environment 
Degradation Risk and 
Adaptation assessment) 
mike.wiggins@tearfund.
org

- To examine key changes affecting the community over the years (incl. social, 
environmental, political, economical changes)

- To examine trends in rainfall and temperature from the community’s perspectives

- To understand major climate hazards experienced in the community

- To record the major impacts of climatic hazards on the livelihoods of the community

- To better understand linkages between livelihoods and climate 

- To identify which livelihood resources are most vulnerable to climate hazards, and which 
resources are important for adaptation

- To analyze options for improving existing coping strategies

- To understand which other factors are causing similar impacts than climate change

- To better understand who has control and access to resources and services in the 
community

- To understand what social, political or other factors that may have implications for 
vulnerability

- To give consideration to both climatic and environmental hazards which impact on 
livelihoods and development projects

- To ensure a deeper awareness of environmental degradation risks that affect 
development work are full assessed and an integral part of development planning

- To examine what type of environmental degradation affects livelihoods

- To analyze how environmental degradation needs to be taken into account in improved 
coping strategies

BOX 3. COMMUNITY CONSULTATION FRAMEWORK

Climate context (Exposure)

-  What climate related events do 
people remember from the past?

-  What are the current climatic 
hazards that affect people’s 
livelihoods?

- What are the main impacts of these 
hazards?

Livelihood context (Sensitivity)

-  What are the key livelihood 
resources that people depend on in 
terms of natural, physical, financial, 
human and social or other assets?

-  What other factors lead to the 
same impacts on livelihoods as the 
climate hazards?

-  Which factors are more influential 
between climate hazards and the 
other factors?

Coping strategies (Adaptive 
Capacity)

-  What do people do when climate 
hazards impact their lives? 

-  How do they cope?

-  What other than the current coping 
strategies people know that could 
be practiced? 

Results
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Climate Hazard Drought Extreme Cold Floods

 
Table 2. Climate Change Hazards and Impacts on Fishing in Chiawa

• Reduced fish catch

• Reduced fish size

• Reduced income

• Overfishing

• Food scarcity

• Water scarcity

• Reduced fish catch

• Outbreak of diseases

• Damage to horticultural 
crops and fruit trees

• Crop damage

• Damage to houses and 
toilets

• Increase in diseases

• Soil erosion

Impacts

Wetland ecosystems, such as here along the Zambezi River, are particularly important for regulating flooding from excessive rainfall 
events.

Climate Hazard Drought   Floods Extreme Heat

Table 1. Climate Change Hazards and Impacts on Farming in Chiawa

• Crop failure

• Water scarcity

• Increase in human 
 and livestock diseases

• Reduced energy to work

• Reduced income

• Crop damage

• Damage to infrastructure

• Increases in human and 
livestock diseases

• Soil erosion

• Disruption of movement

• Crop failure, also in gardens

• Water scarcity

• Physical fatigue

• Increased human diseases

Impacts
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The sustainable management of river basins requires that all users are involved in decisions relating to water use. Climate change will 
exacerbate the variability of water availability for all users.
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Conclusion and 
Recommendations
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San Andres Archipelago

Introduction

Chapter 8

The Seaflower Marine Protected Area (MPA) around the San Andres islands is Colombia’s 
first MPA, the largest in the Caribbean, and protects the Caribbean’s most extensive open-
ocean coral reefs. It covers 65,000 km2 in the San Andres Archipelago and is managed 
by the regional representative of Colombia’s National Environment System, CORALINA. 
This entity worked together with local stakeholders on MPA planning, using an ecosystem-
based approach to marine management (EBM). A proper balance between conservation 
and sustainable use is promoted through multiple-use zoning of entire ecosystems and MPA 
objectives that integrate conservation with local development. Community participation and 
adaptive, decentralized management – key EBM principles – are emphasized. However, 
climate change now threatens the ecosystems the MPA was designed to protect, in 
turn threatening the very survival of the community. Dependence on coastal and marine 
resources, isolation, poverty, and high population density make the San Andres islands 
particularly vulnerable to impacts of climate change. Ecosystem-based adaptation (EbA), 
which relies on recovering and maintaining ecosystem services and the resilience of natural 
resources rather than on costly engineering solutions, is the most viable way forward. Putting 
EbA into practice in Seaflower is rooted in achieving the MPA’s sustainable development 
objectives by strengthening adaptive management, implementing multiple-use zoning, 
ensuring on-going stakeholder involvement, and monitoring MPA effectiveness. Although 
EbA was not a consideration during planning, the Seaflower MPA’s reliance on ecosystem- 
and community-based approaches effectively laid the groundwork for climate change 
adaptation. Nonetheless, serious challenges remain; poverty must be alleviated to reduce 
pressure on fragile resources, local capacity must be built, and adequate financial support 
must be secured.

Keywords: Ecosystem-based adaptation, Climate change, Marine protected 
area, San Andres Archipelago, Seaflower
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Figure 1. Location, boundaries, and sections of the Seaflower Marine Protected Area (MPA), Colombia. Courtesy: A. Mitchell, CORALINA.
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Ecosystem-based Adaptation in the Seaflower Marine Protected Area, San Andres Archipelago, Colombia 
A Community-Based Approach

Year Population size Population density
  (total number of inhabitants) (individuals per km2)

1789 220 8

1793 393 15

1835 644 24

1851 1,275 47

1912 3,124 116

1938 4,261 158

1951 3,705 137

1953: Declaration of Free Port

1964 14,413 307

1973 20,359 754

1984 31,290 1,159

1993 49,663 1,839

2005 65,627 2,431

 
Table 1. Increase in population density at San Andres Island (1789–2005).
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Ecosystem-based Adaptation in the Seaflower Marine Protected Area, San Andres Archipelago, Colombia 
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Shoreline vegetation plays a crucial role in protecting coastal communities and reducing shoreline erosion.
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Methodology
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Ecosystem-based Adaptation in the Seaflower Marine Protected Area, San Andres Archipelago, Colombia 
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Results and Discussion

Zone type Primary purpose Size

No-entry Preservation/ conservation 116 km2

No-take Conservation 2,214 km2

Artisanal fishing Sustainable use 2,015 km2

Special use Sustainable use 68 km2

General use Buffer area*  60,587 km2 

Total  65,000 km2

Table 2. Area (km2) per zone type in the Seaflower Marine Protected Area (MPA), Colombia.

* Buffer area: Sustainable uses allowed that are compatible with the protection of conservation zones.
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Ecosystem Southern Section Central Section Northern Section

Coral reefs 51 % 35 % 72 %

Mangrove forests 100 % 100 % No mangroves present

Seagrass beds 74 % 48 % No sea grass beds present

Algal beds 52 % 26 % 81 %

Table 3. Percentage of main marine ecosystems (habitats) included in conservation zones by Section, Seaflower Marine Protected Area 
(MPA), Colombia. Further explanation is presented in the main text of this chapter.

Ecosystem-based Adaptation in the Seaflower Marine Protected Area, San Andres Archipelago, Colombia 
A Community-Based Approach
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Biodiversity conservation is often a co-benefit of managing 
ecosystems to help people adapt to climate change.

Ecosystem-based Adaptation in the Seaflower Marine Protected Area, San Andres Archipelago, Colombia 
A Community-Based Approach
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Mali

Introduction

Chapter 9

Climate change impacts in West Africa are extensive and profound. This has become 
evident during the 1970s and 1980s when the Sahel was struck by catastrophic droughts. 
For instance, the flood dependent ecosystems of the Inner Delta of the Niger River and its 
Faguibine System in Northern Mali suffered significantly from changes in the climate over 
the last few decades. In the past, this area was annually much flooded by the Niger River. 
However, low amounts of annual rainfall that started to occur in the 1970s have caused 
reduced lake levels and the consequent gradual decline of the Faguibine System. This 
phenomenon has affected livelihood opportunities in agriculture, livestock production and 
fisheries, as well as a reduction in waterfowl abundance.

The present study assesses the ways in which the rural population of the Faguibine System 
have started to address the issue of climate change with its subsequent droughts, reduced 
river flows and decreased lake levels. Results show that local communities, mainly arabo-
berber livestock keepers and sonraï-speaking sedentary farmers, have been forced to 
abandon their traditional livelihoods over the past decades. Now, adaptation and mitigation 
actions are being taken to respond to these climate change impacts. The most promising 
responses seem to be the re-opening of clogged river channels, the stabilization of river banks 
and sand dunes, the improvement of water management in the Niger River catchment area, 
and capacity strengthening of communities and institutions in managing natural resources. 
Fortunately, some successes are already manifesting. For instance, channel clearing in 
the wetlands has led to flooding of previously dry riverbeds and increased water surface 
levels of Lake Faguibine, leading to improved food security (e.g. agriculture such as irrigated 
wheat and rice cultivation, and fisheries). It is hoped that with the implementation of these 
actions the livelihoods of over 200,000 people in the region will be restored. However, the 
development and implementation of user agreements among local stakeholders will be a 
key requirement to achieve long-term success.

Keywords: Adaptation, Agriculture, Climate change impact, Droughts, Flood 
dependent ecosystems, Mali, Mitigation, Niger River, Sahel
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Figure 1. Map of the Upper and Middle Niger River and the main current (S = Sélingué; M = Markala) and planned (F = Fomi; T = Taoussa) 
dams that (will) influence the Lake Faguibine System in Mali.
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Fighting to Cope with Climate Change and Drought in the Faguibine System, Northern Mali

Ras El Ma

Mbouna
Bintagoungou

Tin Aïcha

Goundam

Diré

Lake Télé

Lake Fati
Lake Horo

Tassakane channel

Lake Takara

Lake Gouber

Lake Kamango

Lake Faguibine

Daounas

Kondi channel Farabango

Niger River

Killi !oodplain

Kessou !oodplain

Figure 2. Connecting channels and main depressions that become “lakes” when filled in the Faguibine System downstream from Diré, Mali. 
The Farabango channel is the western branch of the Niger River that reconnects to the main river downstream of the Tassakane channel.

1 The “cercle” is the administrative unit between the “commune” (municipality) and the region. There are eight administrative 
regions in Mali, of which Timbuktu is by far the largest but has the lowest population density (less than two inhabitants/km²).
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Wetlands in drylands are especially important ecosystems to support people in the face of climate change. Well-managed wetlands can 
provide for people and biodiversity.
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Improved water management is often the most important 
adaptive response to the impacts of climate change.

Fighting to Cope with Climate Change and Drought in the Faguibine System, Northern Mali
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Introduction

Chapter 10

Adaptation is a relatively new concept in the management of the Antarctic region. There 
is little understanding of the concept among decision makers representing the Parties to 
the Antarctic Treaty and to the Convention on the Conservation of Antarctic Marine Living 
Resources (CCAMLR). The Antarctic and Southern Ocean Coalition (ASOC), which occupies 
the only NGO observer seat within the Antarctic Treaty System (ATS), has been the lead 
advocate for climate change adaptation in Antarctica. It has been working to bring examples 
of adaptation strategies from other parts of the world and develop prototype adaptation 
strategies that could initiate discussions in the Antarctic context. To date, management of 
non-native species is the most developed of adaptation strategies discussed within the 
ATS. A range of biosecurity measures, risk assessments and practical guidelines are now 
being discussed, although there is no systematic implementation. Discussions have also 
begun on how to adapt the Antarctic protected area system to ensure it has the ability to 
respond to changes in distributions and characteristics of values for protection. The first 
Marine Protected Area (MPA) was designated in 2009, with proposals for additional MPA(s) 
pending. Nevertheless, adaptation remains only one of many drivers behind the push for 
MPAs. The ATS is a consensus-focused body. Changes and decisions take place slowly. 
However, considering how fast some areas are warming and the ongoing trend of increasing 
human activity, it is important that climate change adaptation actions are developed and 
implemented quickly in order to help increase the resilience of Antarctica’s ecosystems.

Keywords: Antarctic, Antarctic protected area system, Antarctic Treaty 
System, Climate adaptation strategies, Convention on the Conservation of 
Antarctic Marine Living Resources, Marine Protected Areas, Non-native 
species, Southern Ocean
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Climate Change and Ecosystems
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Nassauvia magellanica is native to South America, and recently 
established in Antarctica. A warmer climate increases the risk of 
non-native species establishing in Antarctica.
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The changing seasonal break-up of sea ice is one of the greatest impacts on biodiversity in both the Arctic and Antarctic.
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Climate Change and Ecosystems
Impacts and Ecosystem-based Adaptation in the Antarctic and Southern Ocean

Climate change is expected to have impacts on both the habitats and food webs of Antarctic biodiversity.
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Results

An ice arch at Norsel Point, Anvers Island, just before it collapses.
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Introduction

Chapter 11

‘PRESENCE’ is a collaborative learning network in the Eastern Cape, South Africa, and 
stands for ‘Participatory Restoration of Ecosystem Services and Natural Capital’. It aims 
at guiding ecosystem management and restoration of ‘living landscapes’ in the Eastern 
Cape region. In this part of the country, the Baviaanskloof Mega Reserve (BMR) is 
located: a unique natural area which contains seven of the eight biomes found in South 
Africa. As a convergence point for three regional biodiversity hotspots, a section of the 
BMR was formally listed as a UNESCO World Heritage Site in 2004. However, over a 
number of decades, areas across the BMR have been subject to severe ecological 
degradation. This is largely a result of stock overgrazing, large-scale crop irrigation and 
human-induced modifications of the hydro-morphological system. Such activities have 
led to (river bank) erosion, a lowering of the groundwater table and a decline of water 
supply to the downstream nature reserve and Kouga Dam. This decline of natural capital 
and derived ecosystem services is causing greater socio-economic constraints upon the 
area and its people. In response, the South-North multi-stakeholder PRESENCE learning 
network was initiated to address these issues in an integrated manner. The current 
chapter provides a brief overview of PRESENCE’s approach and its achievements in 
guiding restoration actions meant to build resilience to climate change in Baviaanskloof, 
South Africa.

Keywords: Catchment, Ecosystem services, Learning network, Natural 
capital, Participatory, PRESENCE, Restoration
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Study Area and Methodology

Figure 1. Study area showing the western sector of Baviaanskloof, South Africa.
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BOX 1. 
LIST OF CRITICAL ECOSYSTEM 
FUNCTIONS AND SERVICES 
PROVIDED BY EASTERN CAPE 
BIOMES THAT ARE PARTICULARLY 
RELEVANT TO PRESENCE
Provisioning:  - Supply of material for horticultural 

activities
 - Resource harvesting (medicinal plants, 

fuelwood, timber)
 - Supports commercial and subsistence 

pastoralism 
 
Cultural: - Wildlife-based tourism, hunting and re-

creation 
 - Cultural and spiritual activities (biocultural 

diversity)
 - Contribution to economic diversification

Regulating:  - Erosion and sedimentation control 
 - Climate regulation (provision of clean air)
 - Sustaining water quality (purification)

Supporting: - Provision of habitat (biodiversity)
 - Maintenance of nutrient, carbon and 

water cycles
  - Soil formation and retention 

Based on: STEP, 2006; De Groot et al., 2006; 
Wiersum and Shackleton, 2005; Milton et al., 2003; 
and MA, 2005. 
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Figure 2. Cause-effect cycle of vegetation loss and water security in influencing ecosystem resilience (based on Jansen, 2008).
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Figure 3. PRESENCE in the Baviaanskloof approach: TAIF Framework.
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Climate change can compound the degradation brought about from stock over-grazing. Active managment of landscapes is an essential 
element of ecosystem restoration. 
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Canada

Chapter 12

Resource-based communities, especially those in northern or rural regions of Canada, 
such as Greater Sudbury, will face unique challenges due to the impacts of climate 
change. Reliant on natural resources to support economic activities, these communities 
are highly sensitive to changes in the environment. With a changing climate, the City 
of Greater Sudbury can expect warmer summers and winters, with more frequent and 
severe extreme events, including floods and storms. Changes in seasonal precipitation 
are uncertain; however, the city is likely to see an increase in precipitation as rainfall. 
Various sectors of the community will be impacted, including the natural environment, 
its infrastructure, industries such as tourism and agriculture, and its drinking water. We 
can expect a decrease in water quality with more algal blooms and lower lake levels, 
impacts that may be worsened by increased development on waterfront properties. 
Following a Case Study on Climate Change Vulnerabilities and Potential Adaptations 
conducted during 2005–2007, a position paper approved in March 2009 by the Nickel 
District Conservation Authority (NDCA) served as a basis for the “Sudbury Consortium 
on Climate Change”.

Through NDCA, the consortium was created and approved by the municipal council 
in November 2009 to assess the potential impacts of climate change on municipal 
infrastructure and water resources and to determine what adaptation strategies would 
be needed to address these impacts in the City of Greater Sudbury and its watershed. 
The consortium brings together the various partners who have a stake in ensuring the 
City of Greater Sudbury ecosystem can adapt successfully to changes. The consortium 
is communicating on a regular basis with the general public to educate and inform them, 
so they know what is happening and that it is a problem, tied in with specific actions they 
could take. In addition, the consortium has moved to compile recent climate/weather 
data to update information and understand how the area/planet has changed in the past 
fifty years and what the projections are for this area. Information and data are currently 
being assembles into a geographic information system (GIS) database and will be 
available to the various partners. In addition, at the level of the City of Greater Sudbury, 
there is a new study available that determines and adds to the GIS the locations of 
the most vulnerable populations and vulnerable infrastructure, in order to be able to 
improve response time in case of extreme events. Already, the City of Greater Sudbury 
has moved into actions with the maintenance of the programs to burry all electrical and 
phone wires in case of ice storm. While the Consortium is relatively new, strategies are 
taking shape and a charter is being developed to enhance public participation. 
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Introduction

Figure 1. Map of Greater Sudbury, Canada, and its surrounding (Courtesy: Growth & Development Department, City of Greater Sudbury, 
Ontario, Canada).

Study Area: The City of 
Greater Sudbury 
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Figure 2. Changes in age composition in the population of Great Sudbury, Canada, between 1986 and 2001, as well as the projected 
changes between 2001 and 2021 (Source: City of Greater Sudbury, 2006).
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Methodology 

Figure 3. Photos illustrating the re-greening of a subdivision of the City of Greater Sudbury, Canada, between 1978 (left) and 2001 (right) 
(Courtesy: City of Greater Sudbury).
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Figure 4. Photo of the managing partners at the March 30, 2010 workshop. Front Row (from left to right): L Vasseur, J. Landry-Altmann, 
S. May, J. Hamr, I. Kaletka and C. Orlando-Mathur. Second Row: R. Arbour-Gagnon, E. McMillan, I. Vetoretti, V. Morrow, D. Talbot-
Lariviere and D. Robinson. Third Row: S. Monet, B. Hawkins, B. Rogers, I. Filion and P. Sajatovic.
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The case studies presented and discussed in this publication cover a wide range of 
communities and ecosystems with different biophysical and socioeconomic conditions 
and varying degrees of transformation and vulnerability to climate change. Cases come 
from around the world and address communities living in or depending on ecosystems 
such as the tropical highlands of South America, the wetlands in the African Sahel, urban 
settlements in Canada, coral reefs in the Caribbean, and cold systems in Antarctica, 
among others.

This overview of case studies is an attempt to contribute to the knowledge linking the 
management of ecosystems for biodiversity and ecosystem services, and societal 
adaptation to climate change.
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