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Issues of scale and sensitivity lie at the heart of making robust 

adaptation strategies for conservation. Resources should be prioritised 

to the most vulnerable situations, driven by conservation interest and 

environmental sensitivity to change (climate in particular). To achieve 

this we must strive for a far greater understanding of sensitivity or 

resilience of lakes across, in our case, Scotland. Whether we consider 

an individual lake to be a primary habitat, or part of a wider landscape 

assemblage, will have consequences for ways in which we are able to 

manage that change. Allowing flux within a dynamic system might be 

possible at a larger ecosystem scale, but is most likely untenable if we 

attempt to manage at the site scale. Given the implications of global 

climate change for the natural environment, there is pressure on 

environmental managers to fully understand the complexity and 

dynamic nature of the resource base in order to be able to protect 

native habitats and species. Climate changes as described are highly 

likely to impact on the ecology and hydrology of standing freshwaters 

over the coming century and beyond. For Scotland, as elsewhere, we 

must embrace adaptation management for conservation if species and 

habitats of conservation priority are to remain a functional part of our 

natural heritage. 
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Global climate change is predicted to be a major cause of change across all ecosystems and there are particular concerns about impacts on freshwater systems 

due to the coupling of direct impacts on both hydrology and ecology (Bates et al. 2008; Wilby et al. 2010). Predicting how standing freshwater systems, and 

ecological interests in particular, will respond to climate-driven changes greatly amplifies uncertainties already implicit in their environmental management. 

Subsequently, this increases the challenge of developing adaptation strategies and management targets for species and habitats of conservation priority 

(Kernan et al. 2010). Scotland’s lakes (termed lochs in Scotland) contain more than 90% of Great Britain’s total freshwater resource. They are distributed 

across the country, occurring in a wide variety of types and sizes, together providing habitats of international importance for numerous species. There is a 

pressing need across all geographic scales to conserve these environments in the face of changing water body, catchment and global pressures, including 

climate change in particular.  

 

Here, we introduce a new conceptual framework (ESVRA), designed to inform climate change adaptation 

strategies for standing freshwaters at multiple spatial and temporal scales. We suggest that practical actions 

should be identified by working through the framework’s four key stages:  

 understanding exposure to the pressure (external drivers);  

 considering the sensitivity of the system at multiple scales (internal functions); 

 exploring areas of vulnerability and risk (a measure of sensitivity plus exposure); and  

 consideration of multiple possible responses. 

 

Adaptation actions will be contingent on the nature and scale of the climate changes, the sensitivity of different 

lake types to change and the resilience of the specific conservation interests involved. Following the ESVRA 

framework, we present an analysis of climate projections for Scotland; discuss potential climate impacts on the 

physico-chemical, hydromorphological and ecological processes within lakes; offer a spatial risk assessment for 

the conservation of Scottish lakes; and advance the adaptation discussion, moving from broad adaptation 

principles to specific adaptation actions protecting the conservation interests of individual lakes.  

Lake Characteristic Total Resource 

  N = 5167 

Surface area  

Very Small (2-10 ha) 3624 

Small (10-50 ha) 1205 

Large (50+ ha) 338 

Mean depth  

Very Shallow (<3m) 225 

Shallow (3-15m) 4878 

Deep (>15m) 64 

Altitude  

Low altitude (<200m asl) 3664 

Mid altitude (200-800m asl) 1492 

High altitude (800m+ asl) 11 

Alkalinity  

Marl 54 

Brackish 36 

Peat 737 

Low Alkalinity 2407 

Mid Alkalinity 1278 

High Alkalinity 655 

WFD 'Overall status' class N = 340 

High 61 

Good / Good Ecological Potential 150 

Moderate / Moderate Ecological Potential 68 

Poor / Poor Ecological Potential 43 

Bad / Bad Ecological Potential  18 

EXPOSURE SENSITIVITY VULNERABILITY 

RESPONSE ACTION 

Increasingly policymakers and site managers will be confronted 

with choices between building resistance or greater resilience to 

climate change. Adaptation management requires a proactive 

approach tackling management at multiple spatial and temporal 

scales. While there will be win-win solutions in the short term that 

tackle current issues and increase system resilience to future 

change, we also need to open discussion around harder, longer 

term management options. The figure above shows where we 

believe 14 specific adaptation actions can be made, highlighting 

the need for actions on both spatial and temporal scales. 

The ESVRA Framework for adaptation 

management showing the four stages (Exposure, 

Sensitivity, Vulnerability and Response) that 

should be assessed in order to create well-

informed adaptation actions 

Projected changes to mean summer and winter 

temperatures and precipitation are illustrated for Scotland 

in the 2050s, based on a 50% probability and mid-

emissions scenario Source: Data from UKCP09 analysed 

in ARCGIS 10 

Projected changes to average 

monthly air temperature (°

C), rainfall (mm) and 

potential evapotranspiration 

(mm) from MET Office 

baseline period data (1961– 

90; solid line) to UKCP09 

2050s (2040–69) projection 

(50%probability mid 

emissions scenario (dashed 

line) at Kingside Loch—a 

small (6.4 ha surface area) 

mid altitude (348 m asl) lake 

in the Scottish Borders, 

designated as a Site of 

Special Scientific Interest. 

2050 high-risk zone 

N = 388 % of category 
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N = 43  
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14 33 
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Mean depth 
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Shallow (3-15m) 

Deep (>15m) 

Altitude 

Low altitude (<200m asl) 

Mid altitude (200-800m asl) 

High altitude (800m+ asl) 
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Brackish 
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Low Alkalinity 

Mid Alkalinity 

High Alkalinity 

WFD 'Overall status' class 

High 

Good / Good Ecological Potential 

Moderate / Moderate Ecological Potential 

Poor / Poor Ecological Potential 

Bad / Bad Ecological Potential  

Where we have used exposure to refer to external character, 
magnitude and rate of change, we have used sensitivity to reflect 
innate characteristics of a species or system. Vulnerability to 
climate change, as the term is used here, is the meeting of these 
two factors – sensitive systems or species likely to face extremes of 
climate changes will be most at risk and most vulnerable (Glick et 
al. 2011). Using GIS techniques we can start to map where areas of 
highest projected temperature and precipitation changes (or other 
relevant climate variables) coincide. Where known, it is possible 
to include data on the distribution of species or habitats of 
conservation concern and interest, or which we believe to be most 
sensitive to climate-induced change. 

Dependent on the underlying philosophy of environmental 

managers, the political will and timescale in which decisions can 

be made and funding put in place, there are many possible 

adaptation options. The likelihood is that as pressures continue to 

rise, management actions will move from left to right along the 

adaptation continuum as visualised below. Given current 

paradigms in environmental management, we believe that in the 

first instance management of freshwater should make use of low-

regret, evidence-based adaptation techniques, which are 

consistent with reducing other anthropogenic pressures at the 

catchment scale. 
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