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Exposure to climate change varies spatially 

Baettig et al. 2007 Geophysical Research Letters 

Woodridge and Done 2004 Coral Reefs 

• Environmental or biological 
attributes result in some areas 
being more/less likely to 
suffer the impacts of climate 
change 

• Can use differences to 
develop locally appropriate 
conservation strategies 



Conserving ecosystems and goods and 
services will rely on the capacity of 
human societies to manage resources 
and to cope with change 

Adaptive Capacity- the ability of 
people to anticipate and respond to 
environmental change, and to minimize 
& recover from the consequences. 

Incorporating human dimensions of climate 
change into policy 
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Social adaptive capacity 

Plotting exposure
 against social
 adaptive capacity
 distinguishes sites
 along four
 domains of policy
 and conservation
 requirements 

Linking Social & Ecological Systems for 
Climate Change 

McClanahan et al. 2008 
Cons. Letters 



Regions with low 
climate-related 
exposure may be 
most appropriate 
for protected 
areas 

However, differing 
socioeconomic 
conditions in these 
regions may limit 
viability 
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Social adaptive capacity 

Linking Social & Ecological Systems: Climate Change 

McClanahan et al. 2008 
Cons. Letters 



Communities can 
readily adapt to 

restrictions and take 
advantage of new 

opportunities, such as 
increased tourism  
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Social adaptive capacity 

Linking Social & Ecological Systems: Climate Change 

• Locations falling in 
this quadrant are 
the most likely to 
be able to maintain 
long-term social-
ecological resilience 

McClanahan et al. 2008 
Cons. Letters 



Poorly equipped to 
cope with changes & 

restrictions-  
unwilling or unable to 
comply with protection  
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Social adaptive capacity 

Linking Social & Ecological Systems: Climate Change 

McClanahan et al. 2008 
Cons. Letters 



• Regions with high 
climate-related 
exposure require 
strategies that 
don’t rely on 
natural resources 

• Again, differing 
socioeconomic 
conditions in these 
regions may limit 
the viability of 
certain 
management 
approaches 

Ex
po

su
re

 

Social adaptive capacity 

Linking Social & Ecological Systems: Climate Change 

McClanahan et al. 2008 
Cons. Letters 



Societal change & 
diversification-  

 active ecosystem 
engineering through food 

web restoration, 
aquaculture, etc  

• Adaptations 
developed in these 
regions may 
provide innovations 
ultimately used in 
the other 
quadrants 
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Social adaptive capacity 

Linking Social & Ecological Systems: Climate Change 

McClanahan et al. 2008 
Cons. Letters 



Human development &  
donor assistance to 

diversify livelihoods & 
reduce dependence on 

natural resources  

Do not currently 
have the resources 
or ability to adapt 
to climate change. 

Regions falling in 
this quadrant are 
likely to have high 
undesirable social-
ecological 
resilience. 
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Social adaptive capacity 

Linking Social & Ecological Systems: Climate Change 

McClanahan et al. 2008 
Cons. Letters 



Operationalizing the Framework: Coral Bleaching in the
 Western Indian Ocean  

29 sites in 5 Countries 
~30 million  people depend 
on reef resources 

Coral reefs extensively 
damaged by 1998 bleaching 
(up to 95% mortality) 

Exciting results 



Operationalizing  Exposure 

Synthesized 
into a single 
exposure 
map Maina et al. 2008 Ecological Modeling 

Developed region-wide model of susceptibility to coral bleaching 
•  sea surface temperature 
•  photosynthetically active radiation [PAR] 
•  ultraviolet radiation [UV] 
•  chlorophyll 
•  surface currents 
•  wind velocity 
•  in situ coral bleaching data for 216 sites collected between 1998 and 2005 
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Cinner et al. 2009 Ecology & Society 
McClanahan et al. 2008 Cons. Letters 

Operationalizing Adaptive 
Capacity 
  Infrastructure  
  Material assets  
  Gear Diversity   
  Occupational mobility  
  Occupational multiplicity  
  Social capital  
  Change anticipation  
  Recognition of causality  

1,564 household surveys 
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Adaptive capacity =  
  Infrastructure × 0.12  
+ Material assets × 0.15  
+ Gear Diversity × 0.13  
+ Occupational mobility × 0.11 
+ Occupational multiplicity × 0.19 
+ Social capital × 0.10 
+ Change anticipation × 0.11 
+ Recognition of causality × 0.10 

1,564 household surveys 

Operationalizing Adaptive 
Capacity 
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Mauritius 

Seychelles 
Kenya 

E. Madagascar 

W. Madagascar 
Tanzania 

Results: Preparing for Climate 
Change at a Regional Scale in the 

Western Indian Ocean 
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Area of 
coral 
reef 
(km2) 

No take 
area 
(NTA) 
(km2) 

NTA as 
% of 
reef 
area 

Madagascar 2230 10.4 0.5% 
Mauritius 870 8.5 0.9% 
Seychelles 1690 255 15% 
Kenya 630 54.3 8.6% 
Tanzania 3580 66 1.9% 

- 
* 

Mauritius 

Seychelles 
Kenya 

E. Madagascar 

W. Madagascar 
Tanzania 

The sustainability of this protection strategy 
under climate change scenarios is questionable  

Results: Preparing for Climate 
Change at a Regional Scale in the 

Western Indian Ocean 
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Reefs that are not highly degraded are 
likely to be highly valuable in the future.  



Expanding the framework to consider other dimensions: 

Different dimensions can be added to 
address key concerns: 

•  Sensitivity (dependence on 
resources) 

•  Ecosystem state 

•  Costs 



In WIO, current conservation 
strategies do not reflect adaptive 
capacity and are ill-prepared for 
climate change 

Areas with low AC will require 
governments and donors to move beyond 
common measures to involve 
stakeholders in protected areas (i.e., 
consultation, participation,  
compensation)  

Conclusions 



Thanks 

McClanahan TR, et al. (2008) Conservation action in a 
changing climate. Conservation Letters 1: 53-59 

McClanahan TR, Cinner JE (in press) Adapting to a 
changing environment. Oxford University Press.  


