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There are two main approaches to addressing the undesirable impacts of  climate change: mitigation and 
adaptation. Climate change mitigation, through reducing greenhouse gas emissions, largely concerns the 
protection and promotion of  carbon sinks, through land-use and habitat management, and can thus impact 
biodiversity. Climate change adaptation is vital in order to avoid unwanted impacts and to maintain or restore 
ecosystem resilience to single or multiple stresses. The Intergovernmental Panel on Climate Change recognizes 
two types of  adaptation: autonomous (or spontaneous) adaptation and planned (or societal) adaptation. In the 
case of  biodiversity, the former occurs at the level of  species and habitats and includes the various responses to 
climate change that have already been observed and the latter includes human management and policy actions 
aimed at facilitating adaptation.  
 
Most adaptation and mitigation studies tend to focus on their particular domain and few analyse secondary 
consequences, such as the effects of  mitigation measures on climate change impacts and adaption options. More 
importantly, these studies do not examine the wider implications of  measures undertaken in a particular sector 
for other sectors. Yet, biodiversity could be affected by adaptation and mitigation measures in many sectors. 
These have been investigated in the EU-funded MACIS project (www.macis-project.net) for eight key sectors: 
agriculture, forestry, energy, built environment, river and coastal flood management, health, tourism and leisure, 
and conservation (Paterson et al. 2008, Berry 2009).  
 
One example from this work is reduced tillage or no-tillage. As a mitigation measure, reduced tillage operations 
will result in lower fossil-fuel use and increases in carbon sequestration in the soil pool through less disturbance 
of soil organic matter. As an adaptation measure, increased organic matter content and reduced compaction 
improves water retention and nutrient cycling, thereby improving soil resilience to the climatic effects of drought 
and floods. Impacts on biodiversity can be both positive and negative. Soil biota levels usually increase with soil 
conservation methods like no-tillage, reduced water runoff lessens the likelihood of watercourse pollution and 
eutrophication from nutrients and sediments, and bird and mammal numbers can increase due to the presence of 
over-winter stubble habitat, crop residues and seed presence long after harvest. However, conservation tillage 
systems have also been shown to have some negative effects, including increased dissolved phosphorus and 
herbicide runoff because of an accumulation in the soil surface, increased groundwater leaching and problematic 
slug levels which can result in additional pesticide usage. 
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Results for all mitigation and adaptation strategies have been synthesized to illustrate how adaptation and 
mitigation measures can interact synergistically or antagonistically with conservation objectives. Figure 1 shows 
the known and potential relationships between mitigation and adaptation measures and their impacts across 
different sectors. The position of the boxes on the biodiversity axis is based on the literature review of the 
biodiversity impacts of various mitigation and adaptation schemes and represents the typical outcome; the 
whiskers demonstrate the potential range of impacts. For example, not all afforestation projects are the same: 
monoculture plantations with high water demands could have detrimental effects, whereas encouraging natural 
regeneration around existing species-rich woodland could be beneficial. Alternatively, green roof tops benefit 
both mitigation and adaptation by reducing energy usage through cooling buildings and increasing water storage 
or reducing runoff rates. Green roofs have also been used as a part of wildlife corridors or as stepping stones in 
urban areas and provide increased (island) habitat availability, and homes to sensitive plants that are easily 
damaged by trampling and to ground-nesting birds. They thus represent a win–win–win situation for mitigation, 
adaptation and biodiversity. Such graphs can also be used to identify those mitigation and adaptation measures 
which pose high risks to biodiversity and should be avoided or minimized.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Known and potential relationships between mitigation and adaptation measures and their impacts on biodiversity. 
Order of the win–lose trilogies is mitigation–adaptation–biodiversity. Source: Paterson et al. (2008). 
 
 
To avoid mitigation and adaptation measures which are antagonistic to biodiversity, it is essential to persuade 
decision-makers that biodiversity is worth conserving. The ecosystem services concept is a useful approach for 
increasing knowledge and awareness of the services provided by biodiversity and ecosystems, and the importance 
of conserving them for maintaining our own quality of life. The EU-funded RUBICODE project 
(www.rubicode.net) has developed the Framework for Ecosystem Service Provision (FESP) to assess the 
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impacts of environmental change drivers on ecosystem services and identify the mechanisms of either mitigation 
or adaptation that would derive from policy and management responses (Rounsevell et al. 2010). A simple 
example which highlights the need to identify the biological units that provide services, how quantitative changes 
in these service providers impact on service provision and human well-being, and how these changes may 
interact with adaptation and mitigation measures is shown in Table 1.  
 
A new EU-funded project, CLIMSAVE (www.climsave.eu), aims to extend FESP to look more specifically at 
climate change adaptation and vulnerability for ecosystem services and test it more comprehensively against a 
wider range of cross-sectoral examples. CLIMSAVE will also analyse the policy and governance context for 
adaptation, develop an integrated assessment platform which stakeholders can use themselves to explore 
impacts, vulnerability and adaptation, analyse the cost-effectiveness of adaptation strategies, and identify 
vulnerability hotspots through metrics of impacts and adaptive capacity across sectors.  
 
Table 1. Simple case study for quantifying ecosystem services for the service of recreation in Stockholm National Urban Park, 
Sweden. Adapted from Harrison et al. (2010). 
 

Service  Recreation in the Stockholm National Urban Park, Sweden 

 
Description 

 
The Stockholm National Urban Park is an oak forest which forms the largest green area in 
northern and eastern Stockholm. It is 26 km2 in area with a unique and well-known 
biodiversity with many rare species. The park is protected by law and the area has to be 
maintained in its natural state or at least kept essentially unchanged. 
 

 
Ecosystem Service 
Beneficiaries (ESB) 

 
The park is an important recreational area, being the most visited urban park in Sweden 
by both the inhabitants of Stockholm and tourists. 
 

 
Ecosystem Service 
Providers (ESP) 

 
The oak forest provides a direct cultural and aesthetic service to the ESBs in the use of 
the park for recreation. The Eurasian Jay Garrulus glandarius provides a seed dispersal 
service for the oaks. It collects and hides acorns during the autumn for later winter 
consumption at the ideal depth for germination. Such dispersal is responsible for 85% of 
oak regeneration and also enhances the gene pool of the oaks.  
 

 
Quantification of the 
Service Providing Unit 
(SPU; Luck et al. 2009) 

 
Minimum species abundance is 12 pairs of Jays for the park (the current Jay population is 
estimated at 42 pairs). This results in the establishment of 33 148 oak saplings per year 
(over a 14-year period), which is required for forest maintenance (Hougner et al. 2006). 
 

 
Valuation 

 
Alternatives to the service provided by the Jays include humans actively seeding acorns or 
planting saplings. Seeding methods would cost €11 560 per year, whilst planting by 
humans would cost €50 390 per year. Thus the replacement cost of losing the Jays would 
be €16 880 per pair (Hougner et al. 2006). 
 

 
Exogeneous drivers 

 
Macroeconomics, global climate change, consumer trends and EU policies. 
 

 
Endogeneous pressures 

 
Local climate and changes in visitor numbers to the park. 
 

 
Possible responses 

 
Continued investment in management that buffers the Jay population at a level suitable 
for the future successful regeneration of the oak forest in the Stockholm National Urban 
Park. 
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To conclude, there is an urgent need to identify how climate change and biodiversity policies can be brought 
together to ensure that opportunities for conservation are realized and to incorporate an ecosystem services 
approach into conservation policy (see Haslett et al. 2010). This will require the adaptation of present strategies 
and policies, a focus on governance and institutions, and increased communication and integration across the 
different policy sectors. 
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