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1. Introduction 
 

The Norfolk Coast Area of Outstanding Natural Beauty (AONB) covers the coastal strip and intertidal 

land that runs from the eastern Wash to Winterton-on-Sea. It comprises three component parts: a 

western outlier that includes Sandringham Estate and the south-eastern corner of the Wash; the 

almost continuous coastal strip, which extends eastwards from Old Hunstanton to the edge Bacton; 

and an eastern outlier that stretches from Sea Palling to Winterton. The natural beauty of the area 

relates to the scenic qualities of its landscape/seascape and to its geodiversity, biodiversity, 

archaeology, built heritage and other cultural qualities. It is the unique relationship between sea and 

coast, and the rising land behind, which creates the evocative wilderness character for which the 

area is renowned. 

 

The AONB’s geological and geomorphological heritage includes the glacial landforms around 

Blakeney and the eroding sand and gravel cliffs that extend from Weybourne to Bacton. 

Contemporary geomorphological processes are active along the coast, with dune systems, mud flats, 

shingle banks and vast sandy beaches being subject to continuous and rapid change due both to the 

effects of marine erosion and deposition and the often strong onshore winds. Large areas of 

saltmarsh, grazing marsh and reed bed fringe the gently shelving beaches, with heathland, woodland 

and arable farmland characterising the rolling landscape behind. Important communities of rare and 

characteristic plant and animal species are found throughout the area. However, the coast is best 

known for its birdlife, particularly breeding waders on the marshes in summer months and 

internationally important numbers of wildfowl and waders in winter.  

 

The significance of the area’s wildlife and wild places is reflected in the plethora of international, 

national and local conservation designations that serve to protect its special features. The 

international importance of a large part of the Wash and North Norfolk Coast is recognised in its 

designation as a European Marine Site. Much of the area is also designated under the European 

Nature Directives as Special Areas for Conservation or Special Protection Areas (for birds).  

 

The Norfolk Coast Partnership (NCP) recognises that climate change will have a significant effect on 

the special qualities of the AONB and, through this study, wishes to gain a better understanding of 

how its species and habitats and seascapes and landscapes are likely to change over time and under 

different climate change scenarios. 
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2. Climate change: recent evidence and future projections  
 

The Fourth Assessment Report (AR4) of the Intergovernmental Panel on Climate Change (IPCC, 2007) 

is the most up-to-date global synthesis of scientific evidence of the impacts of climate change on 

natural, managed and human systems and of the vulnerability of these systems to unprecedented 

rates of change and climatic extremes (AR5 is due to be published in 2013). It shows how global air 

temperatures and atmospheric greenhouse gas concentrations have both risen since the Industrial 

Revolution. The report states that the “warming of the global climate system is unequivocal, as is 

now evident from observations of increases in global average air and ocean temperatures, 

widespread melting of snow and ice, and rising global mean sea level”. Anthropogenic greenhouse 

gas emissions are now well-established as a major cause of climate change and, because these gases 

remain active in the climate system for many decades and political attempts to reduce and stabilise 

emissions have yet to be realised, rapid increases in global temperatures will continue to be 

experienced over the coming decades. 

 

In the UK, after a period of relative stability for much of the 20
th

 Century, temperatures in Central 

England rose by about 1°C since the 1970s, and slightly less in Wales, Scotland and Northern Ireland. 

A slight increase in winter rainfall and decrease in summer rainfall was recorded over the last 250 

years and severe windstorms have become more frequent in the past few decades. Sea levels rose 

by about 1mm per year over the 20
th

 Century, with rates being slightly higher in the last 20 years. 

Coastal sea surface temperatures have risen by 0.7°C in the last 30 years (Jenkins et al., 2009). 

 
The UK Climate Impacts Programme (UKCIP) produced climate projections in 1998 and 2002 (Hulme 

et al., 2002), with its most recent set having been published in 2009 (Jenkins et al., 2009). These 

show likely changes in the UK’s climate during the 21
st

 Century if the world follows certain 

greenhouse gas emissions pathways. UKCP09 presents data using a medium scenario, but puts these 

projections into context by comparing them with high and low scenarios – the former of which 

seems increasingly likely given current emissions trends.  

 

The projections point to mean summer temperatures in East Anglia rising by up to 5°C within the 21
st

 

Century (UKCP09), with the region’s climate becoming more seasonally variable. Winter rainfall 

could increase by up to 30% and summer rainfall decrease by up to 50%, leading to an overall 

decrease in annual precipitation (UKCIP02). Extreme weather events (floods, droughts, storms & 

heat waves) are likely to become more frequent. Sea levels will continue to rise, with maximum 

estimates relative to 1980-99 varying from 68cm (UKCP09) to more than 80cm (UKCIP02). Coastal 

sea surface temperatures could be over 4°C warmer (UKCP09). 

 

The North Atlantic Ocean Circulation (sometimes referred to as the Gulf Stream) is partly responsible 

for the climate of the UK being more temperate than other regions of the same latitude. Climate 

models project that the ocean circulation will weaken gradually in response to increasing 

greenhouse gases - by up to 50% by 2100. The effect of such weakening is included in the UKCP09 

projections. Although additional freshwater from rapid melting of the Greenland ice sheet could 

further weaken the North Atlantic Ocean Circulation, no comprehensive climate model produces a 

complete or abrupt shutdown in the 21
st

 Century (Jenkins et al., 2009). 
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3. Climate change and the natural environment  
 

IPCC’s AR4 cites the increasing extinction risk to plant and animal species and substantial changes in 

the structure and function of both terrestrial and marine ecosystems as global temperatures rise 

towards a critical threshold of 2-3°C above pre-industrial levels. There is now convincing evidence 

that climate change is already having impacts on biodiversity, such as changes in wild species’ 

distributions, phenology and survival rates. Climate change is, arguably, becoming the most 

profound threat to global biodiversity, leading to new impacts and exacerbating existing pressures 

on many vital ecosystems. In reviewing the effects of climate change on the physiology, phenology 

and distribution of plant and animal species in Europe, the composition of ecological communities 

and the functioning of ecosystems, AR4 concludes that “For the first time, wide ranging impacts of 

changes in current climate have been documented in Europe” and it can be anticipated with high 

confidence “that Europe’s natural (eco)systems and biodiversity will be substantially affected by 

climate change”.  

 

Recent changes in the UK’s climate have led to changes in the distribution, migration, phenology 

(cyclic and seasonal natural phenomena), physiology, productivity and reproduction of species and 

the composition of habitats. Changes are occurring more slowly than expected for some species (e.g. 

butterflies), and generalists are tending to respond more quickly than specialists. The MONARCH 

project (Modelling Natural Resource Responses to Climate Change) simulated the future impacts of 

climate change on terrestrial, freshwater, coastal and marine species and, by inference, their 

habitats in Britain and Ireland. Whilst certain species are likely to be unaffected by climate change, 

some are projected to gain and others to lose suitable climate space (Harrison et al., 2001; Berry et 

al., 2005; Berry et al., 2007
1
; Walmsley et al., 2007). The realisation of range shifts will be dependent 

on a number of factors, including habitat availability and dispersal capacity of species, both of which 

are affected by land use and land cover changes. 

 

In East Anglia, climatic changes are likely to affect the region’s biodiversity and ecosystems in a 

number of ways (Berry & Harley, 2006). Species sensitive to rising air and water temperatures could 

suffer stress leading to local extinctions, whereas calcareous grassland plants and arable field margin 

species should continue to thrive. Sea level rise could lead to significant losses of coastal habitat. The 

ability of saltmarsh and grazing marsh to adapt to rising sea levels by moving landward may be 

reduced by topographic factors, coastal protection policies (e.g. hard sea defences) and built 

development limiting movement. Climate change, coastal processes and sea level rise are likely, in 

combination, to adversely affect coastal sand dunes. Decreasing moisture could deprive dunes of 

stabilising vegetation, thereby increasing their vulnerability to storms, while the desiccation of pools 

could result in the loss of breeding habitat required by the natterjack toad. 

 

The Defra-funded REGIS study (Regional Climate Change Impact and Response Studies in East Anglia 

and North West England) (Holman et al., 2002) integrated a range of climate change and socio-

economic scenarios to create a set of storylines describing plausible futures in relation to coastal and 

river flooding, agriculture, water and biodiversity in the two regions. Despite uncertainties, the study 

clearly showed that socio-economic factors are likely to have a major influence on the scale of 

climate change impacts. Society has an important responsibility to manage these impacts through 

informed policy choices and adaptation.   
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4. Methodology: climate change impact assessment 
 

The NCP anticipates that climate change will have a significant effect on the special qualities of the 

Norfolk Coast AONB and, in order to develop a vision for the AONB and guide a number of actions, it 

wishes to gain a better understanding of the likely future impacts on the area’s species and habitats 

and seascapes and landscapes (including farmland and crops). 

 

Whilst a number of reports have been published on the impacts of climate change on species and 

habitats at European, UK and regional scales, there is no existing assessment of climate change 

impacts on the Norfolk Coast AONB. The purpose of this study is to review, evaluate and interpret 

available data and information in order to determine how the species, habitats and associated 

features of the AONB might be affected by climate change (notably temperature and precipitation 

changes, and sea level rise) during the 21
st

 Century.  

 

The sources of data and information used in this study included the specialist knowledge of NCP 

members and other local contacts, together with the outputs of simulation models and existing 

research reports relating to potential impacts. Simulation models use complex algorithms to 

manipulate the many layers of data required to ‘predict’ the future with any degree of certainty. 

Whilst uncertainties inevitably still remain, the outputs of simulation models are significantly more 

robust than those of analogue approaches.  

 

Assembly of data and information 

Baseline data and information on the AONB’s key species and habitats (particularly those that relate 

to the area’s distinctive landscape character) were assembled by NCP members, with additional 

input being provided by other local contacts. The resulting list is based on Norfolk’s BAP species and 

habitats and also includes survey information drawn from other sources. The aim was to focus on 

reasonably well-known ‘representative’ species that typify the AONB, together with some 

‘characteristic’ species.  

 

The study also required access to data and information relating to the impacts of climate change on 

the species and habitats that are found on the AONB. A number of research projects of particular 

relevance to the study have been completed over the last decade and were able to provide the 

required information. These include: 

 

• The MONARCH project, which simulated the future impacts of climate change on some 170 

terrestrial, freshwater, coastal and marine species and, by inference, their habitats in Britain 

and Ireland (Harrison et al., 2001; Berry et al., 2005; Berry et al., 2007; Walmsley et al., 

2007) 

• The REGIS study, which integrated a range of climate change and socio-economic scenarios 

to create a set of storylines describing plausible futures in relation to coastal and river 

flooding, agriculture, water and biodiversity in two regions (East Anglia and North West 

England) (Holman et al., 2002; Holman et al., 2007) 

• Climate change and migratory species, a study of the implications of climate change for the 

Convention on Migratory Species, which includes birds and marine mammals (Robinson et 

al., 2005) 

• The BRANCH project, which complemented MONARCH and modelled the future impacts of 

climate change on 386 species in NW Europe under similar scenarios (Berry et al., 2007) 
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• England Biodiversity Strategy - towards adaptation to climate change, a study of the 

potential impacts of climate change on England’s biodiversity and of adaptation options to 

reduce adverse effects (Mitchell et al., 2007) 

• Climate change and biodiversity in North East England, a study of the impacts of climate 

change on the region’s species and habitats and implications for adaptation policy and 

practice (Harley et al., 2010) 

• The European Environment Agency (EEA) review of climate change impacts, vulnerability 

and adaptation on European coasts (Hodgson et al., 2010) 

• The UK Climate Change Risk Assessment (CCRA), which undertook detailed analyses of over 

100 climate change impacts across 11 key sectors - including ‘Biodiversity and Ecosystem 

Services’ (Brown et al., 2012)  

• Natural England’s National biodiversity climate change vulnerability assessment (Taylor & 

Knight, 2012).  

 

Assessment of climate change impacts 

The baseline data and information for the AONB and the outputs of relevant research projects were 

brought together to enable assessments of the potential impacts of climate change to be made. The 

assessments encompassed terrestrial, freshwater, coastal and marine environments, and included 

consideration of the AONB’s key species and habitats (as listed by the NCP, above). The assessment 

process targeted only those listed species and habitats that could be related to existing research 

outputs and from which comparative interpretations could be made. 

  

Despite the UK Climate Impacts Programme having published its most recent set of climate scenarios 

in 2009 (UKCP09), much of the impacts research that is relevant to this study predates UKCP09 (and 

used UKCIP98 and UKCIP02 scenarios) or was of a wider geographic extent (and used related climate 

models from the Met Office’s Hadley Centre). Given that current greenhouse gas emissions trends 

are exceeding the highest scenarios and model estimates, and in order to capture a realistic range of 

possible futures, it was agreed that three temperature scenarios (1.5, 3.0 and 4.5°C above the 1961-

90 average) should be used independently of time horizons in this study, together with ‘high end’ 

rainfall and sea level rise projections.  

 

The impact assessments evaluated the exposure and sensitivity of the AONB’s target species and 

habitats to warming temperatures, changing precipitation patterns and rising sea levels, together 

with the increasing frequency of extreme events (e.g. floods, droughts and storms). The species 

assessments were based on model outputs (i.e. climate space maps and sea level rise impact 

projections) from MONARCH and BRANCH and contextual information from Robinson et al. (2005) 

and Harley et al. (2010). The habitat assessments were based on MONARCH and REGIS outputs and 

contextual information from Mitchell et al. (2007), Taylor & Knight (2012), the CCRA (Brown et al., 

2012) and the EEA coastal review (Hodgson et al., 2010). 

 

The results of the climate change impact assessments are captured in the composite table below 

(Section 5). The notes that follow should aid navigation through the table’s various elements. The 

results are then discussed in Section 6. 
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5. Results: climate change impact assessment 
 

The results of the climate change impact assessment are tabulated below and then discussed in 

detail in Section 6. The table should be read in conjunction with the accompanying explanatory 

notes that follow. 

 

Impacts
3
 of 

increasing air 

temperature & 

related effects on 

species
4,5 

Main climate-related impacts on habitat integrity 

caused by exposure
8
 to changing temperatures, 

rainfall patterns, sea levels & weather extremes
9,10 

  

AONB’s habitats & 

representative 

species
1
 (incl. data 

sources for each 

species
2
) 

 

1.5°C 3°C 4.5°C 

Overall 

habitat 

sensitiv

ity
6,7 

to 

climate 

change Soil 

moisture 

decease  

Water 

quantity 

decrease  

Water 

temp 

increase  

Sea level 

rise (SLR) 

Species 

gains & 

losses 

ARABLE FARMLAND (20,770ha) 

Arable field margins 

Species assessments Low Low - - Mod Low 

Field poppy (B) ↔ ↔ ↔ 

Small-flowered catchfly 

(M3B) 
↔ ↔ ↔ 

Corn bunting (M3) ↔ ↔ ↔ 

Eurasian tree sparrow 

(B) 
↔ ↔ ↔ 

Grey partridge (B) ↔ ↔ ↓ 

Linnet (M3B) ↔ ↔ ↔ 

Turtle dove (M1M3B) ↔ ↔ ↔ 

Brown hare (B) ↔ ↔ ↓ 

Skylark (M3B) ↔ ↔ ↓ 

Golden plover 

(wintering) (M1, 

Robinson et al.) 

Likely to be affected  by 

changing prey distributions 

& habitat shifts  

Away from areas likely to be impacted by SLR, habitat unlikely to be affected by 

climate change. Most species unlikely to be affected by > temperature, although 

some animal species could suffer losses at higher temperatures (M1M3B).  

 

Market conditions & loss of farm subsidies will continue to determine changes 

in agricultural practices (REGIS). 

Hedgerows 

Species assessments Low Mod - - - Low 

Blackthorn (B) ↔ ↔ ↔ 

Crab apple (B) ↔ ↔ ↓ 

Hawthorn (B) ↔ ↔ ↔ 

Hazel (B) ↔ ↔ ↔ 

Habitat likely to suffer from < soil moisture as rainfall patterns change. Most 

plant species unlikely to be affected by > temperature (B). 

SEMI-NATURAL GRASSLAND (4,108ha) 

Lowland calcareous grassland (90ha) 

Species assessments Low Mod - - Low Mod 

Common rockrose (M1) ↔ ↔ - 

Horse-shoe vetch (B) ↑ ↑ ↑ 

Habitat likely to suffer from < soil moisture as rainfall patterns change. Small 

gains in one representative plant species likely as temperatures > (B). 
 

HEATH (2,635ha) 

Lowland heath (781ha) 

Species assessments Mod Mod - - - Mod 



 

 

- 7 - 

 

Impacts
3
 of 

increasing air 

temperature & 

related effects on 

species
4,5 

Main climate-related impacts on habitat integrity 

caused by exposure
8
 to changing temperatures, 

rainfall patterns, sea levels & weather extremes
9,10 

  

AONB’s habitats & 

representative 

species
1
 (incl. data 

sources for each 

species
2
) 

 

1.5°C 3°C 4.5°C 

Overall 

habitat 

sensitiv

ity
6,7 

to 

climate 

change Soil 

moisture 

decease  

Water 

quantity 

decrease  

Water 

temp 

increase  

Sea level 

rise (SLR) 

Species 

gains & 

losses 

Bell heather (B) ↔ ↔ ↔ 

Heather (B) ↔ ↔ ↔ 

European gorse (B) ↔ ↔ ↔ 

Western gorse (B) ↔ ↔ ↓ 

Silver birch (B) ↔ ↔ ↓ 

Downy birch (B) ↔ ↔ ↓ 

Dartford warbler (B) ↑ ↑ ↑ 

Nightjar (B) ↑ ↑ ↑ 

Woodlark (B)  ↑ ↑ ↑ 

Silver-studded blue (B)  ↔ ↔ ↔ 

Whilst being susceptible to drying & soil moisture deficit, biggest threat to 

habitat is land use change & competition with arable farming (REGIS). 

 

Plant species unlikely to be affected by > temperature, although three 

representative species could suffer losses at higher temperatures. Bird species 

likely to see gains as temperatures > (B).   

 

WOODLAND (8,277ha) 

Species assessments Low Mod - - - Mod 

Common oak (B) ↔ ↔ ↔ 

Small-leaved lime (B) ↑ ↑ ↑ 

Beech (M1B) ↑ 

↑ 

↓ 

↑ 

- 

 ↑ 
English yew (M1B) X 

↔ 

X 

↔ 

- 

 ↓ 
Field maple (B) ↔ ↔ ↔ 

Bluebell (B) ↔ ↔ ↔ 

Red campion (B) ↔ ↔ ↓ 

Nuthatch (M1) ↔ ↓ - 

Large skipper (M1) ↔ ↔ - 

Beech & Yew woodland introduced to parklands & estates susceptible to < soil 

moisture & likely to decline with continuous drought (temperature results for 

Beech anomalous). Of two native tree species exposed to > temperature, 

Common oak unlikely to be affected & Small-leaved lime likely to see gains (B).  

WATER & WETLANDS (8,456ha) 

Rivers (254ha) 

Species assessments Mod - High Mod - Mod 

Otter (B) ↔ ↔ ↓ 

Water vole (B) ↓ ↓ ↓ 

Brown/sea trout (NEast 

study) 

Likely decline due to > 

water temperatures & < 

summer flow rates & 

oxygen levels 

Despite > winter rainfall/flooding, > summer evaporation & < recharge could 

result in < summer river flows. Water quality likely to decline due to < dilution of 

agro-chemical run-off, but levels of usage will vary according to prevailing socio-

economic conditions (REGIS). 

 

Charismatic mammal species likely to suffer losses as temperatures > (B). 

Other water bodies (675ha) 

Species assessments Mod - Mod Mod - Mod 

Great crested newt 

(M1B) 
↔ ↔ ↓ 

Azure damselfly  (M1) ↔ ↔ - 

Despite > winter rainfall/flooding, > summer evaporation & < recharge could 

result in < summer river flows & water availability, & water quality likely to 

decline due to < dilution of agro-chemical run-off (REGIS). 

Valley mire (Dersingham Bog) 

Species assessments Mod Mod Mod - - Mod 
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Impacts
3
 of 

increasing air 

temperature & 

related effects on 

species
4,5 

Main climate-related impacts on habitat integrity 

caused by exposure
8
 to changing temperatures, 

rainfall patterns, sea levels & weather extremes
9,10 

  

AONB’s habitats & 

representative 

species
1
 (incl. data 

sources for each 

species
2
) 

 

1.5°C 3°C 4.5°C 

Overall 

habitat 

sensitiv

ity
6,7 

to 

climate 

change Soil 

moisture 

decease  

Water 

quantity 

decrease  

Water 

temp 

increase  

Sea level 

rise (SLR) 

Species 

gains & 

losses 

Bog asphodel (B) ↔ ↔ ↔ 

Bog orchid (B) ↔ ↔ ↓ 

White-beaked sedge 

(M1) 
↔ ↔ - 

Despite > winter rainfall/flooding, > summer evaporation & < recharge could 

result in < water availability, & water quality likely to decline due to < dilution of 

agro-chemical run-off (REGIS). 

Coastal & floodplain grazing marsh (1,724ha + potential 1,292ha) 

Species assessments High Mod High - High Mod 

Brackish water-

crowfoot (B) 
↔ ↔ ↔ 

Pink-footed goose 

(wintering) (Robinson et 

al.) 

Likely to be affected by < 

water tables & > droughts 

Northern lapwing 

(wintering/breeding) 

(M1, Robinson et al.) 

Likely to be affected by < 

water tables 

Pintail (wintering) (M1, 

Robinson et al.) 

Likely to be affected by < 

water tables & > droughts  

↔ ↔ ↔ Redshank (breeding) 

(M1M2, Robinson et al.) 
Likely to be affected by 

SLR, < water tables & > 

droughts  
Teal (wintering) (M1, 

Robinson et al.) 

Likely to be affected by < 

water tables & > droughts 
Wigeon (wintering) 

(M1, Robinson et al.) 

Likely to be affected by < 

water tables & > droughts 

Highly sensitive to climate change, with habitat integrity likely to be impacted by 

SLR, < in freshwater quantity due to changing rainfall patterns, & < summer river 

flows & inputs from springs. 

 

Representative plant species likely to show little change as temperatures >, 

whereas characteristic bird species likely to be affected by a range of climate-

related impacts (M1M2B, Robinson et al.). 

Reedbeds – tidal/coastal (4,436ha) 

Species assessments High Mod High - High Mod 

Common reed ↔ ↔ ↔ 

Bearded tit (B) ↔ ↔ ↓ 

Bittern (B) ↓ ↓ ↓ 

Reed bunting (B) ↔ ↔ ↓ 

Reed warbler (M1) ↔ ↔ - 

Highly sensitive to climate change, with habitat integrity likely to be impacted by 

SLR, < in freshwater quantity due to changing rainfall patterns, & < summer river 

flows & inputs from springs. 

 

Representative plant species likely to show little change as temperatures >, 

whereas characteristic bird species likely to be affected by a range of climate-

related impacts (M1M2B, Robinson et al.). 

COASTAL HABITATS 

Coastal saltmarsh (2,430ha) 

Species assessments High Low - Low High Mod 

Common saltmarsh 

grass (M1B) 
↔ 

↔ 

↓ 

↔ 

- 

↔ 
Common sea lavender 

(B) 
↔ ↔ ↔ 

Sea aster (B) ↔ ↔ ↔ 

Sea purslane (M1B) ↔ ↔ ↔ 

Shrubby sea-blite (B) ↑ ↑ ↑ 

Brent goose (wintering) 

(Robinson et al.) 

Likely to be affected by 

SLR, < water tables & 

habitat shifts 
Curlew (wintering) 

(M1M2, Robinson et al.) 

Likely to be affected by 

SLR, < water tables & > 

droughts 

Highly sensitive to climate change, with SLR & > frequency & severity of storms 

likely to > hydro-period & affect sediment supply/accretion & onshore 

movement of marshes (M1). 

 

Some plant species likely to be affected by > air temperature & drought; 

characteristic bird species likely to be affected by a range of climate-related 

impacts (M1M2B, Robinson et al.). 
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Impacts
3
 of 

increasing air 

temperature & 

related effects on 

species
4,5 

Main climate-related impacts on habitat integrity 

caused by exposure
8
 to changing temperatures, 

rainfall patterns, sea levels & weather extremes
9,10 

  

AONB’s habitats & 

representative 

species
1
 (incl. data 

sources for each 

species
2
) 

 

1.5°C 3°C 4.5°C 

Overall 

habitat 

sensitiv

ity
6,7 

to 

climate 

change Soil 

moisture 

decease  

Water 

quantity 

decrease  

Water 

temp 

increase  

Sea level 

rise (SLR) 

Species 

gains & 

losses 

Little egret (breeding) 

(B) 
X ↑ ↑ 

Shelduck (wintering) 

(M1, Robinson et al.) 

Likely to be affected  by 

SLR & changing prey 

distributions 
Twite (wintering) (B) Breeding distribution in N 

Britain projected to lose 

climate space; wintering 

distribution in AONB likely 

to be similarly affected 
Coastal vegetated shingle (214ha) 

Species assessments High Low - - High Mod 

Sea campion (B) ↔ ↓ ↓ 

Sea kale (B) ↔ ↔ ↓ 

Yellow horned poppy 

(B) 
↔ ↔ ↔ 

Oystercatcher 

(breeding) (M1M2) 
↔ ↔ ↔ 

↔ ↔ ↔ Ringed plover 

(breeding) (M1M2, 

Robinson et al.) Likely to be affected by 

SLR, > droughts & habitat 

shifts 
Snow bunting 

(wintering) (M1) 

Breeding distribution in N 

Britain projected to lose 

climate space; wintering 

distribution in AONB likely 

to be similarly affected 

Highly sensitive to climate change, with SLR & > frequency & severity of storms 

likely to affect sediment supply/erosion & onshore movement of shingle (M1). 

 

Breeding colonies of Ringed plover likely to be affected by SLR, > droughts & 

habitat shifts; some plant species likely to suffer losses as temperatures > 

(M1M2B, Robinson et al.). 

 

Coastal sand dunes (1,039ha) 

Species assessments High Low - - High Mod 

Marram grass (B) ↔ ↔ ↔ 

Sea holly (B) ↔ ↔ ↔ 

Natterjack toad (M1B) X 

↔ 

X 

↔ 

- 

 ↔ 

Highly sensitive to climate change, with SLR & > frequency & severity of storms 

likely to affect sediment supply/erosion, aeolian transport of sand & onshore 

movement of dunes (mobile less-vegetated dunes more susceptible than fixed 

dunes) (M1).  

 

Drought & > air temperature likely to affect plants & animals (M1B). 

Intertidal mudflats & sandflats (6,738ha) 

Species assessments High - - - High Mod 

Bar-tailed godwit 

(wintering) (M1, 

Robinson et al.) 

Likely to be affected  by 

SLR, changing prey 

distributions, > droughts & 

habitat shifts 

↔ ↔ ↔ Dunlin (wintering) 

(M1M2, Robinson et al.) 
Likely to be affected  by 

SLR, changing prey 

distributions & habitat 

shifts 
Grey plover (wintering) 

(M1, Robinson et al.) 

Likely to be affected  by 

SLR, changing prey 

distributions & habitat 

shifts 
Knot (wintering) 

(M1M2, Robinson et al.) 

Likely to be affected  by 

SLR, changing prey 

distributions & habitat 

shifts 

Habitat highly sensitive to climate change, with distributions of invertebrate 

prey species likely to be affected by > air & sea water temperatures (4°C > in 

coastal sea surface temperature possible).  

 

Sea grass communities likely to be affected by > sea water temperatures & 

erosion due to > frequency & severity of storms; characteristic bird species likely 

to be affected by a range of climate-related impacts (M1M2, Robinson et al.). 
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Impacts
3
 of 

increasing air 

temperature & 

related effects on 

species
4,5 

Main climate-related impacts on habitat integrity 

caused by exposure
8
 to changing temperatures, 

rainfall patterns, sea levels & weather extremes
9,10 

  

AONB’s habitats & 

representative 

species
1
 (incl. data 

sources for each 

species
2
) 

 

1.5°C 3°C 4.5°C 

Overall 

habitat 

sensitiv

ity
6,7 

to 

climate 

change Soil 

moisture 

decease  

Water 

quantity 

decrease  

Water 

temp 

increase  

Sea level 

rise (SLR) 

Species 

gains & 

losses 

Sanderling (wintering) 

(M1, Robinson et al.)) 

Likely to be affected  by 

SLR, changing prey 

distributions & habitat 

shifts 
Maritime cliffs & slopes (435ha) 

Species assessments Mod Low - - Mod Mod 

Kidney vetch (B) ↔ ↔ ↔ 

Marsh helleborine 

(M1M3B) 
↔ ↔ ↔ 

Primrose (B) ↔ ↔ ↔ 

Barbastelle bat (M3B) ↔ 

↑ 

↔ 

↑ 

↔ 

↑ 

SLR likely to have a moderate impact on softer cliffs & slopes; representative 

plant species likely to show little change as temperatures > (M1M3B). 

Beaches/sand above MHW (364ha) 

Species assessments High - - - High High 

Little tern (breeding) 

(Robinson et al.) 

Likely to be affected by 

SLR & > storms 

Sandwich tern 

(breeding) (Robinson et 

al.) 

Likely to be affected by 

SLR & > storms 

Eastern Atlantic harbour 

seal (Robinson et al.) 

Likely to be affected by 

SLR (haul-out sites), > sea 

water temperatures & 

changing prey distributions 

(fish & cephalopods) 
Grey seal (Robinson et 

al.) 

Likely to be affected by 

SLR (haul-out sites), > sea 

water temperatures & 

changing prey distributions 

(fish & cephalopods) 

Highly sensitivity to climate change, with SLR & > frequency & severity of storms 

likely to affect sediment supply/erosion & onshore movement of shingle.  

 

Breeding colonies of Little tern & Sandwich tern, & haul-out sites for seals, likely 

to be affected by SLR & storms (Robinson et al.).  

MARINE 

Species assessments High - - High Mod Mod 

Harbour porpoise 

(Robinson et al.) 

Likely to be affected by > 

sea water temperatures & 

changing prey distributions 

(fish , incl. sandeels) 
Common scoter 

(wintering) (M3B) 

Breeding distribution in N 

Britain projected to lose 

climate space; wintering 

distribution in AONB likely 

to be similarly affected 

Lesser sandeel (NEast 

study) 

Distributions already 

changing due to > sea 

water temperatures 
Sabellaria spinulosa 

reefs (M1) 

Unlikely to be affected by 

> sea water temperatures, 

but could be damaged by 

extreme storm events 

Observed N shifts in fish & plankton communities, & occurrence of algal blooms, 

likely to > as sea water temperatures rise (4°C > in coastal sea surface 

temperature possible); changes in availability of prey species likely to affect 

birds & mammals (EEA study). 

 

Acidification of sea water due to > atmospheric CO2 levels already observed in 

shallow parts of N Sea (EEA study). 

 

 

Notes 

 
1
 AONB’s habitats & key species 
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Key habitat types: BOLD GREEN CAPITALS 

BAP priority habitats: bold green italics & underlined 

Other habitats: bold green italics 

Species: blue  

 
2
 Data sources for climate change impacts on species 

 

M1 (MONARCH 1: Harrison et al., 2001)  

M2 (MONARCH 2: Berry et al., 2005)  

M3 (MONARCH 3: Berry et al., 2007
1
; Walmsley et al., 2007)  

B (BRANCH: Berry et al., 2007
2
)  

NEast study (Harley et al., 2010) 

Robinson et al. (2005)  

 
3
 Definition of ‘impact’  

 

“All impacts that may occur given a projected change in climate, without considering adaptation” 

(IPCC, 2007)  

 
4
 Increasing air temperature 

 

Temperature projections used in this study (1.5, 3 and 4.5°C w.r.t. 1961-90 average) capture a range 

of possible futures - based on ‘high end’ scenarios used in MONARCH 1 (UKCIP98), MONARCH 2 & 3 

(UKCIP02) and BRANCH (HadCM3). Because of uncertainties surrounding potential rate of 

temperature rise (particularly recent/current greenhouse gas emissions levels, which are exceeding 

highest scenarios used in climate models), time horizons have not been considered. Additional 

contextual information sourced from NEast study and Robinson et al. 

 
5
 Key to symbols used in capturing potential changes in available ‘climate space’  

 

↔: no change 

↑: gain 

↓: loss 

X: shown to be absent from AONB in reference study 

-: assessment not undertaken in reference study 

 
6
 Definition of ‘sensitivity’  

 

“The degree to which a system is affected, either adversely or beneficially, by climate change” (IPCC, 

2007)  

 
7
 Habitat sensitivity to climate change 

 

Assessments based on Taylor & Knight (2012) & Mitchell et al. (2007), which classify BAP habitats in 

terms of their climate sensitivity: 

• High = significant loss of extent/increase in unfavourable condition  

• Medium = some loss of extent/increase in unfavourable condition  

• Low = predominately influenced by other factors, robust or losses offset by gains 

 
8
 Definition of ‘exposure’  
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“The nature and degree to which a system is exposed to climatic variations” (IPCC, 2007)  

 
9
 Climate-related impacts on habitat integrity 

 

Assessments based on a combination of CCRA (Brown et al., 2012), habitat sensitivity assessments 

(7, above) and expert judgement. 

 
10

 Specific impacts on AONB habitat integrity 

 

Soil moisture decrease: Many habitats and species are likely to be impacted by soil moisture deficit 

as drier summers become more frequent and water availability decreases. Winter rainfall could 

increase by up to 30% and summer rainfall decrease by up to 50%, leading to an overall decrease in 

water availability. Some habitats and species are particularly sensitive to even small changes in 

moisture. These impacts will be exacerbated with repeated exposure to ‘extreme’ dry conditions.  

 

Water quantity decrease: Changing rainfall patterns (see above), particularly as summers become 

warmer and drier, and increasing demands for water are likely to result in lower river flows. 

Reduction in flow levels combined with higher temperatures will decrease oxygen supplies within 

aquatic habitats and are likely to be accompanied by less dilution of harmful pollutants. These 

impacts will be exacerbated during periods of repeated drought. 

 

Water temp increase: Many freshwater and marine species are sensitive to changes in water 

temperature, with their life cycles linked to specific thermal requirements. Rising temperatures will 

increase both thermal and saline stratification of water bodies and reduce mixing of surface and 

subsurface layers. This is likely to have significant impacts on the supply of oxygen and nutrients. 

 

Sea level rise: Coasts are dynamic environments whose evolution and reconfiguration will be 

accelerated by rising sea levels and an increase in extreme storm events. Sea levels will continue to 

rise, with maximum estimates relative to 1980-99 varying from 68cm to more than 80cm. Rapid 

coastal change is likely to result in gains and losses of habitats and the species they support. 

Intertidal habitats may be ‘squeezed’ against existing sea defence structures and lost if these are not 

realigned to allow landward habitat migration. Freshwater habitats may also be lost if sea defences 

are realigned. Saltmarsh and sand dunes have the potential to provide natural coastal protection 

from rising sea levels and coastal flooding, providing that sediment accumulation is able to keep 

pace with the rate and extent of sea level rise.  

 

Species gains & losses: Climate change is likely to have a wide range of impacts on species 

distributions and populations. These include: 

• Increase in the spread of invasive non-native species, pests and diseases, particularly as 

winters become milder 

• Inability of species to track changing ‘climate space’ due to limits on dispersal and habitat 

availability  

• Shifts in migration patterns, notably of birds, as more-favourable habitat and food sources 

are sought 

• Generalist species with less specific habitat requirements adapting to change at the expense 

of habitat specialists, leading to a reduction in biological diversity.  

 

Additional contextual information sourced from: 

M1 (MONARCH 1: Harrison et al., 2001)  

REGIS (Holman et al., 2002; Holman et al., 2007) 
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EEA study (Hodgson et al., 2010) 

  

 

6. Discussion: climate change impact assessment 
 

The AONB’s habitats define the special qualities of its landscape. A set of seven detailed habitat/land 

use maps have been produced for the AONB by Norfolk Biodiversity Information Service. These are 

reproduced for illustrative purposes only in the annex at the end of this report. Higher resolution 

copies are available for use alongside the report from NCP. 

 

 

Arable farmland (20,770ha) 

 

Arable farming is the predominant land use in the coastal hinterland of the AONB and a key 

component of the landscape. Large fields with hedged boundaries are interspersed with small mixed 

copses and shelterbelts. The main crop types are cereals (particularly winter wheat and malting 

barley), root crops (notably sugar beet, potatoes and carrots), and industrial crops (such as linseed 

and oil seed rape). Recently, the area has seen an increase in vegetable production on light soils, this 

having been made possible by investment in irrigation - boreholes, watercourse extraction and, 

latterly, winter storage reservoirs. Of 142 farm holdings in the AONB, a small number are involved in 

livestock production - 16 in lowland grazing and nine specialising in pigs (Defra, 2011). 

 

Whilst some arable farmland is likely to be lost due to coastal flooding as sea levels rise, it is 

important to recognise that market conditions and loss of farm subsidies are likely to predominate 

over climate change impacts in determining changes in agricultural practices within the AONB. 

However, crop yields are likely to be affected by climate change, with models projecting increases 

under lower temperature scenarios and declines occurring under higher scenarios. Winter wheat, for 

example, will begin to suffer from drier summer soils and earlier maturity, which could substantially 

reduce yield increases in some years and drive a change towards spring crops. Climate change is also 

likely to increase yields of sugar beet and potatoes, especially where water is available for irrigation 

in drier summers. Models suggest that the area of irrigated potatoes could double as a result of 

climate change (Holman et al., 2002).  

 

Arable field margins and Hedgerows have a low sensitivity to climate change and low to moderate 

levels of climate-related impact on habitat integrity. Impacts on the representative plant and most 

animal species are likely to be correspondingly low under all temperature rise scenarios. However, 

Skylark (Map 1) and Grey Partridge are likely to suffer a significant loss of potentially suitable climate 

space across the AONB under the 4.5°C scenario, with Brown Hare losing potentially suitable climate 

space close to The Wash. Wintering populations of Golden plover are likely to be affected by 

changing prey distributions as rising sea levels cause intertidal habitats to shift. 

 



 

 

- 14 - 

 

 

Map 1: Projected change in simulated climate space for Skylark under the 4.5°C temperature rise scenario 
(Berry et al., 2007

2
) 

 

 

Semi-natural grassland (4,108ha) 

 

Semi-natural grassland is found in river floodplains within the AONB, with dry grassland occurring on 

steeper slopes. Lowland calcareous grassland occupies only a small area (90ha); it has a low 

sensitivity to climate change and low to moderate levels of climate-related impact on habitat 

integrity. Of the two representative plant species assessed with regard to temperature rise, Horse-

shoe vetch shows small gains in potentially suitable climate space towards the east of the AONB 

under all three scenarios, whilst Common rock rose shows no change.  

 

The area of intensively managed grasslands and the number of grazing livestock are likely to decline 

as temperatures rise and yields fall in hotter drier summers (Holman et al., 2007; Dinsdale, 2012). 

 

 

Heath (2,635ha) 

 

Lowland heath is moderately sensitive to climate change, with moderate levels of climate-related 

impact on habitat integrity. Its representative plant species show no change under low to moderate 

increases in temperature, with Silver birch (Map 2), Downy birch and Western gorse showing losses 

of potentially suitable climate space only under the 4.5°C scenario. 
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Map 2: Projected change in simulated climate space for Silver birch under the 4.5°C temperature rise 

scenario (Berry et al., 2007
2
) 

 

The three representative bird species - Dartford warbler (Map 3), Nightjar and Woodlark - each 

shows a gain in potentially suitable climate space under all temperature rise scenarios. 

 

Whilst being susceptible to drying and soil moisture deficit, the biggest threat to Lowland heath is 

land use change and competition with arable farming. More than 80% of Norfolk’s heathland has 

been lost to changing land use over the past 200 years. A reduction in arable farming in sensitive 

areas, driven by changing market conditions and/or an increase in environmental subsidies, could 

see the return of land to heath. Conversely, enhanced market conditions and incentives and less 

favourable environmental subsidies could result in intensification of agricultural activity, resulting in 

further loss of heathland - unless conservation bodies intervene to purchase marginal land (Holman 

et al., 2002).  
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Map 3: Projected change in simulated climate space for Dartford warbler under the 1.5°C temperature rise 

scenario (Berry et al., 2007
2
) 

 

 

Woodland (8,277ha) 

 

Woodland has a low sensitivity to climate change and shows moderate levels of climate-related 

impact on habitat integrity. The woodlands of the AONB include those associated with managed 

parklands and estates, where species not native to the area (e.g. Beech and Yew) have been 

introduced, and remnants of ancient woodland, where native Common oak and Small-leaved lime 

continue to thrive. Oak shows no change in potentially suitable climate space under all temperature 

rise scenarios, whereas Lime shows a gain in the east of the AONB under all scenarios, but with 

losses occurring further to the south under the 4.5°C scenario (Map 4). The results for Beech are 

inconclusive due to model output anomalies. However, as both Beech and, to a lesser extent, Yew 

are susceptible to reductions in soil moisture, these species could start to decline if they are exposed 

to a continuous sequence of drought years. Other representative woodland species show a 

predominantly neutral response to temperature rise, but with Red campion and Nuthatch showing 

losses of potentially suitable climate space under the 4.5°C and 3°C scenarios respectively.  
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Map 4: Projected change in simulated climate space for Small-leaved lime under the 4.5°C temperature rise 

scenario (Berry et al., 2007
2
) 

 

 

Water and wetlands (8,456ha) 

 

The AONB’s Rivers (254ha) and Other water bodies (675ha) have a moderate sensitivity to climate 

change and show moderate to high levels of climate-related impact on habitat integrity. An increase 

in winter flooding is likely as heavier seasonal rains lead to higher winter river flows, with extreme 

flood flows being 5% to 20% greater than today. Whilst groundwater aquifers will potentially benefit 

from heavier winter rainfall, increased summer (spring to autumn) evaporation and shorter recharge 

periods will, however, result in a decrease in ‘hydrologically effective rainfall’. This is likely to reduce 

summer river flows and cause a significant decline in groundwater resources - which will be 

compounded by rising demands from households and for agricultural irrigation, particularly under 

higher temperature scenarios, and will progressively increase potential supply deficit (Holman et al., 

2002; Holman et al., 2007). 

 

The overall effect of climate change on water quality is likely to be highly variable and will depend, in 

part, on prevailing socio-economic conditions. One storyline shows fertiliser applications in the area 

increasing by up to 60%. Despite greater plant uptake, some of this could pollute rivers and 
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groundwater. However, natural organic matter and pollutants are broken down more quickly in 

warmer water. But this puts extra demands on dissolved oxygen, increasing the risk of oxygen 

depletion and leading to declines in aquatic life. Other storylines show a decline in fertiliser use in 

the area during the 21
st

 Century (Holman et al., 2002). 

 

Fish species such as Brown/sea trout are likely decline as river water temperatures rise and summer 

flow rates and oxygen levels fall. Amphibians such as Great crested newt are projected to lose 

potentially suitable climate space across the AONB under the 4.5°C temperature rise scenario, with 

losses beginning close to The Wash under the 3°C scenario (Map 5).  

 

 

Map 5: Projected change in simulated climate space for Great crested newt under the 3°C temperature rise 

scenario (Berry et al., 2007
2
) 

 

Mammals are also projected to lose potentially suitable climate space as air temperatures rise. The 

Water vole shows a loss of potentially suitable climate space under all temperature rise scenarios, 

whereas the Otter show a loss in the east of the AONB under the 4.5°C scenario (Map 6). 
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Map 6: Projected change in simulated climate space for Otter under the 4.5°C temperature rise scenario 

(Berry et al., 2007
2
) 

 

Large areas of Coastal and floodplain grazing marsh (1,724ha + potential 1,292ha) and Tidal and 

coastal reedbed (4,436ha) are found within the AONB. These habitats have a high sensitivity to 

climate change and show predominantly high levels of climate-related impact on habitat integrity - 

notably sea level rise and a decrease in freshwater quantity due to changing rainfall patterns, lower 

summer river flows and reduced inputs from groundwater-fed springs. 

 

Whilst the representative plant species of both habitats show little change under all temperature 

rise scenarios, it is the bird species that characterise these habitats that will be most affected by 

climate change. Populations of wintering and/or breeding waterbirds are found on Coastal and 

floodplain grazing marsh, with the AONB being internationally important for the Pink-footed goose 

and the significant percentage of the global wintering population that it supports. Numbers have 

fluctuated in recent years, falling from 110, 000 in 2004/05 to less than 47,000 in 2009/10, and rising 

again to nearly 62,000 in 2011/12. In addition to Coastal and floodplain grazing marsh, arable 

farmland and Intertidal mudflats provide important habitat for the goose, with the latter being a rich 

source of invertebrates. The Pink-footed goose and other characteristic bird species are likely to 

suffer adversely as a combination of sea level rise, falling water tables and increasing drought affects 

the availability of suitable habitat and the supply of invertebrates upon which these species feed. 
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Of the bird species that characterise Tidal and coastal reedbed, Bittern shows a loss of potentially 

suitable climate space under all temperature rise scenarios (Map 7), and Bearded tit (Map 8) and 

Read bunting (Map 9) show losses under the 4.5°C scenario. 

 

 

Map 7: Projected change in simulated climate space for Bittern under the 1.5°C temperature rise scenario 

(Berry et al., 2007
2
) 
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Map 8: Projected change in simulated climate space for Bearded tit under the 4.5°C temperature rise 

scenario (Berry et al., 2007
2
) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map 9: Projected change in simulated climate space for Read bunting under the 4.5°C temperature rise 

scenario (Berry et al., 2007
2
) 
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Coastal habitats 
 

Coastal saltmarsh (2,430ha) is an important habitat on the AONB’s coastal plain and contributes 

significantly to the evocative wilderness character for which the area is renowned. Saltmarsh has a 

high sensitivity to climate change, with sea level rise likely to have a high level of impact on habitat 

integrity. Sea level rise, together with an increasing frequency and severity of storm events, is likely 

to increase marsh ‘hydro-period’, which will affect sediment supply/accretion and the onshore 

movement of marshes (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Conceptual model of the impacts of climate change on saltmarsh (Harrison et al., 2001) 

 

With the exception of Shrubby sea-blite, which shows gains in potentially suitable climate space 

under all temperature rise scenarios (Map 10), the representative plant species of the habitat shows 

little change as temperatures rise. However, an increase in droughts is likely to affect some plant 

species (Harrison et al., 2001). 

 

As with the AONB’s Coastal and floodplain grazing marsh, wintering and/or breeding waterbirds 

characterise its Coastal saltmarsh. This includes an internationally important wintering population of 

Brent goose. Numbers have fluctuated in recent years, falling from nearly 9,200 in 2002/03 to less 

than 5,700 in 2010/11. These species are likely to be affected by a combination of sea level rise, 

falling water tables, increasing drought affects, changing prey distributions and habitat shifts. The 

potentially suitable climate space for breeding populations of Little egret is likely to increase under 

the 3°C temperature rise scenario (Map 11). 
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Map 10: Projected change in simulated climate space for Shrubby sea-blite under the 1.5°C temperature rise 

scenario (Berry et al., 2007
2
) 

 

 

Map 11: Projected change in simulated climate space for Little egret under the 3°C temperature rise scenario 

(Berry et al., 2007
2
) 

 

 

Coastal vegetated shingle (214ha) has a high sensitivity to climate change, with sea level rise likely to 

have a high level of impact on habitat integrity. Sea level rise and an increasing frequency and 
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severity of storm events are likely to affect sediment supply/erosion and the onshore movement of 

shingle (Figure 2). The habitat supports important breeding colonies of Ringed plover, which are 

likely to be affected by sea level rise, an increase in droughts and habitat shifts. Of the plant species 

representative of the habitat, Sea campion (Map 12) and Sea kale are projected to lose potentially 

suitable climate space under the 3°C and 4.5°C temperature rise scenarios respectively.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Conceptual model of the impacts of climate change on vegetated shingle (Harrison et al., 2001) 

 

 

Map 12: Projected change in simulated climate space for Sea campion under the 3°C temperature rise 

scenario (Berry et al., 2007
2
) 

 

 

Coastal sand dunes (1,039ha) have a high sensitivity to climate change, with sea level rise likely to 

have a high level of impact on habitat integrity. Sea level rise and an increasing frequency and 

severity of storm events are likely to affect sediment supply/erosion, aeolian transport of sand and 

onshore movement of dunes (mobile less-vegetated dunes will be more susceptible to adverse 

effects than fixed dunes) (Figure 3). The representative plant species of the habitat show little 

change as temperatures rise. However, an increase in droughts and decreasing moisture is likely to 
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affect some plant species and deprive dunes of stabilising vegetation, thereby increasing their 

vulnerability to storms, while the desiccation of pools could result in the loss of breeding habitat 

required by the Natterjack toad (Berry & Harley, 2006). 

 

 

Figure 3: Conceptual model of the impacts of climate change on sand dunes (Harrison et al., 2001) 

 

 

Intertidal mudflats and sandflats (6,738ha) are important feeding grounds for wintering waterbirds. 

They have a high sensitivity to climate change, with sea level rise likely to have a high level of impact 

on habitat integrity. The waterbird species are likely to be affected by a combination of sea level rise, 

changing prey distributions and habitat shifts, with a combination of increasing air and sea water 

temperatures being likely to have an adverse effect on the distributions of invertebrate prey species. 
 

Sea grass beds (largely dominated by eelgrasses, Zostera) occur on the mudflats. Whilst sea grasses 

are naturally dynamic, they are nonetheless sensitive to changes in environmental conditions and 

likely to be adversely affected by increasing sea water temperatures and erosion due to an 

increasing frequency and severity of storm events (Harrison et al., 2001). 

 

 

Maritime cliffs and slopes (435ha) include the stable red chalk cliffs of Old Hunstanton and the 

eroding sand and gravel cliffs close to and to the east of Weybourne. They are home to nesting 

colonies of Fulmar. The softer cliffs and slopes have a moderate sensitivity to climate change, with 

sea level rise likely to have a moderate level of impact on habitat integrity. The representative plant 

species show little change as temperatures rise. Whilst the Barbastelle bat also shows little change 

across most of the AONB, there is the potential to see a locally significant gain in potentially suitable 

climate space under all temperature rise scenarios (Map 13). 
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Map 13: Projected change in simulated climate space for Barbastelle bat under the 1.5°C temperature rise 

scenario (Berry et al., 2007
2
) 

 

 

Beaches and sand above mean high water (364ha) have a high sensitivity to climate change, with sea 

level rise and an increasing frequency and severity of storm events likely to affect sediment 

supply/erosion and the onshore movement of shingle. These habitats support important breeding 

colonies of Little tern and Sandwich tern, both of which are likely to be affected by sea level rise and 

storm events. Colonies of Eastern Atlantic harbour seal and Grey seal are found in the coastal water 

and on the beaches of the AONB. Sea level rise is likely to have an adverse effect on the haul-out 

sites used by these species. Prey distributions (fish and cephalopods) are likely to change as sea 

water temperatures increase and this could result in shifts in the area’s seal populations. 

 

 

Marine 

 

The average temperature of the Greater North Sea has risen by 0.5°C since 1955 (Jol et al., 2008) 

and of coastal waters by 0.7°C in the last 30 years, with a further rise in coastal sea surface 

temperature of over 4°C being possible during this century (Jenkins et al., 2009). Rising sea water 

temperatures have already affected biological activity in the region and this is likely to become more 

significant as water temperatures continue to rise. Northerly shifts in distributions of benthic and 

pelagic fish (including sardines and anchovies) have been recorded, with changes in the availability 

of prey species affecting marine mammal and seabird populations. Many plankton species have 

moved north by as much as 1000km in the last 50 years and the incidence of harmful algal blooms 

has increased, particularly in less-saline waters, and their timing has advanced within the growth 

season (OSPAR, 2009).  

 

Acidification of sea water linked to increasing atmospheric CO2 levels has already been observed in 

the shallower parts of North Sea. It is projected that the pH value of the Greater North Sea will 
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decrease as atmospheric CO2 levels continue to rise and that this will differ according to depth and 

salinity, with the potential impacts on ecosystems being significant (Hodgson et al., 2010). 

 

The presence of Harbour porpoise in the AONB’s coastal waters is likely to decline as increasing sea 

water temperatures cause the distributions of its prey species to shift. Distributions of the Lesser 

sandeel, a key prey species, have already moved northwards due to rising sea water temperatures. 

Sabellaria spinulosa reefs, found on the western fringes of the AONB and in The Wash, is unlikely  to 

be affected by changes in water temperature, but could be damaged by extreme storm events and 

the increasing acidy of sea water. 
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7. Conclusions 
  

The study used the best available evidence to assess the likely impacts of climate change on the 

species, habitats and characteristic landscapes of the Norfolk Coast AONB.  

 

Climate impact assessments 

 

Lists of representative species for key habitats were provided by the NCP and these were compared 

with lists of species for which simulation model outputs (i.e. MONARCH; BRANCH) and/or other 

relevant climate impacts data (e.g. Robinson et al., 2005) were available. Those of relevance to the 

AONB were then assessed to give an indication of the likely impacts of rising air temperatures and 

other related effects on these species. Their responses to temperature increases were 

‘individualistic’ in nature, with some showing gains, some showing losses, and yet others showing no 

change in potentially suitable climate space. The study was limited in that it was wholly dependent 

on data from existing projects that covered wider geographic areas (e.g. Britain and Ireland; NW 

Europe). Species-level results could be enhanced if additional models were run for a wider range of 

species specific to the AONB. 

 

The sensitivity of the AONB’s habitats to climate change was determined by expert judgement and 

informed by generic sensitivity assessments in Natural England and England Biodiversity Strategy 

guidance (Taylor & Knight, 2012; Mitchell et al., 2007). The main climate-related impacts on habitat 

integrity caused by exposure to changing temperatures, rainfall patterns, sea levels and weather 

extremes were again determined by expert judgement and informed by the sensitivity assessments, 

by CCRA outputs (Brown et al., 2012) and by data from existing research. The species-level results 

are illustrative of the sorts of impacts that might be experienced within habitats. However, 

additional models for a wider range of AONB-specific species could, in combination, be used as more 

robust proxies in the habitat assessment process.  

 

Whilst the results of the study show how climate change is likely to impact on many of the AONB’s 

special  qualities, it does not go as far as assessing their vulnerability to change. For this, the impacts 

on an ‘asset’ would be assessed in the context of that asset’s ability to adapt to change (its ‘adaptive 

capacity’). This level of assessment was beyond the scope of the study, but was suggested as a 

possible ‘project extension’ in Annex 1 of the author’s proposal document. However, early outputs 

from Natural England’s Biodiversity Climate Change Vulnerability Assessment model, when run for 

priority habitats in the AONB, affords a high aggregated vulnerability score to the coastal plain (Map 

14). This relates not only to the ‘high’ sensitivity, exposure and impact status of these habitats, but 

also to their ‘low’ capacity to adapt to the climate-related changes that are likely to affect the area. 

By considering the likely impacts of climate change alongside other drivers of change, and in the 

context of Natural England’s Biodiversity Climate Change Vulnerability Assessment model outputs, it 

is possible to draw out some conclusions that should help inform the policy/decision-making process 

in the AONB.  
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Map 14: Climate change vulnerability model for Norfolk Coast AONB - aggregated priority habitats (source: 

Sarah Taylor, Natural England) 

 

Habitats away from the coastal plain 

 

Many of the AONB’s habitats (essentially those away from the coastal plain) are likely to experience 

low to moderate levels of climate-related impact, with other drivers of change having much 

greater effects on habitat integrity and landscape character than climate. Socio-economic factors 

associated with agricultural land use and land management decisions are significant drivers of 

change in arable farmland, grassland, heathland and non-native woodland. The adaptive capacity of 

these habitats and landscapes will largely be a function of such factors, with their resulting 

vulnerability or resilience ultimately being determined by prevailing market conditions and EU/UK 

agriculture policy. Similarly, water quality within the AONB’s rivers and water bodies (which are 

likely to experience moderate to high levels of climate change impact) has a strong relationship with 

agro-chemical usage and related run-off, which depends upon land management decisions driven by 

both policy and the market. Clearly, the effective use of market and policy instruments will be 

needed to ensure a balance between intensive and extensive land management practices and the 

long term resilience of these assets (Holman et al., 2002; Holman et al., 2007; Dinsdale, 2012). 

 

The marine environment 

 

The marine environment is likely to experience moderate to high levels of climate-related impact 

and, without effective adaptation strategies, many species and habitats will be susceptible to 

change or loss. EU policy instruments, such as the Marine Strategy Framework Directive 

(2008/56/EC) and Birds (79/409/EC & 2009/147/EC) and Habitats (92/43/EC) Directives, which seek 

good environmental status of the marine environment and the protection of birds and habitats 

(including marine) respectively, should help facilitate adaptation to climate change. The OSPAR 

Commission has considered ways of incorporating both climate change and ocean acidification into 

its future work. However, identifying adaptation measures to increase the resilience of marine 

species and habitats can be challenging as few ‘tested’ options exist. Examples include the 

establishment of fishing quotas and protection for species and habitats most likely to suffer the 

adverse effects of climate change (Hodgson et al., 2010). 
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Habitats that characterise the coastal plain 

 

The majority of habitats that characterise the AONB’s coastal plain are likely to experience high 

levels of climate-related impact. These include coastal habitats per se, landward reedbeds and 

grazing marsh, and areas of farmland within the coastal floodplain. Most of these have a high 

sensitivity to climate change and all are likely to be exposed to the effects of rising sea levels. 

Maximum estimates for sea level rise in the area relative to 1980-99 vary from 68cm (UKCP09; 

Jenkins et al., 2009) to more than 80cm (UKCIP02; Hulme et al., 2002). The UKCP09 estimate is based 

on IPCC’s AR4 (IPCC, 2007), which factored down previous global estimates. Subsequent modelling 

and research has suggested that AR4’s estimates are too low and it is expected that sea level rise 

projections in IPCC’s forthcoming AR5 will show a marked increase (Adaptation Sub-Committee, 

pers. comm.). Other habitat-specific impacts, such as droughts, storms and increasing sea water 

temperatures, are also likely to be experienced. 

 

The AONB’s coastal plain not only defines the intricate and dynamic relationship between landscape 

and seascape in the area, but also supports internationally important populations of wintering and 

breeding waterbirds. These species are likely to be adversely affected by rising sea levels and 

related impacts on prey distributions and habitat availability. Much of the coastal plain is protected 

under international nature conservation designations (Special Areas for Conservation, Special 

Protection Areas and Ramsar sites). 

 

A complex set of relationships exists between the spatial distribution and extent of the AONB’s 

coastal habitats, the geomorphological processes operating in coastal waters and intertidal areas 

(responsible for the erosion and deposition of mobile sediments), the current location of sea 

defences and the proximity of rising land. These relationships have affected the evolutionary history 

of these habitats, with subtle changes having resulted in notable gains and losses. The North Norfolk 

Coastal Habitat Management Plan (CHaMP) (Pethick & Cottle, 2003) addresses the significant 

challenges associated with coastal habitat management (including restoration and creation), but 

does not consider the added complexity of climate change. Accelerated sea level rise, coupled with 

an increasing frequency and severity of storm events, is likely to progressively alter the existing 

dynamic and exacerbate changes that are already taking place within the AONB. 

 

Sea level rise is likely to lead to significant losses of coastal habitat in the AONB. The ability of 

these habitats to adapt to rising sea levels by moving landward will be constrained by topographic 

factors, existing sea defences, and the rate and extent of sea level rise, and outside the AONB, built 

development. Areas of saltmarsh could be lost as they are squeezed against sea walls by the 

advancement of intertidal habitats. On poorly or undefended stretches of coast, saltmarsh could 

replace grazing marsh where the coastal plain meets rising land. The ultimate effect of sea level rise 

will be to substantially reduce the available space on the coastal plain for the current range of 

habitats. Clearly, an adaptation strategy for these habitats is needed. This will require some difficult, 

and possibly controversial, decisions to be made in order to prioritise what should be retained (and 

where) and what could be lost.  

 

As part of the BRANCH project (Berry et al., 2007), case studies on the coasts of southern England 

and northern France examined a similar range of coastal habitats to those found in the AONB and 

modelled the likely impacts of sea level rise during the 21
st

 Century. Some of the findings from the 

case studies are relevant to the AONB and are these summarised below: 

 
1. Coastal saltmarsh is likely to be progressively replaced by Intertidal mudflats and sandflats as 

sea levels rise, with losses of both habitats ultimately occurring. Such losses could threaten existing 

coastal defences, as these habitats have an important function in buffering waves and dissipating 
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tidal energy. However, intertidal habitats and significant areas of saltmarsh could be sustained by a 

combination of managed realignment and soft engineering measures (such as using dredged 

sediment to aid accretion). In areas low in the tidal frame, managed realignment has resulted in the 

creation of less saltmarsh and more mudflats. A better understanding of the functionality of and 

dynamic interactions between these habitats is needed when undertaking schemes of this type.  

 

2. Coastal and floodplain grazing marsh and other habitats that occur behind existing sea defences 

will be protected from sea level rise provided that these defences are maintained. However, 

managed realignment and regulated tidal exchange can threaten these habitats, with plans to 

sustain intertidal habitats through managed realignment potentially resulting in their loss. An 

alternative strategy, which is consistent with Defra’s policy on ‘Making Space for Water’, could be to 

create grazing marsh on fluvial flood plains in adjacent catchments - where sufficient land is 

available. Land banking and spatial planning will play an important role here, although compliance 

with nature conservation legislation (or interpretations thereof) would also need to be ensured. 

 

3. Coastal vegetated shingle and Coastal sand dunes are already fragmented and degraded by 

human pressures, with further declines due to climate change and sea level rise being likely and 

little scope for expansion of designated areas. 

 

4. Maritime cliffs and slopes are likely to change little as a result of climate change and sea level 

rise. Substantial lengths are now degraded behind coastal defences, although some undefended 

sections still remain. The habitat would benefit if space were created to allow cliff tops to retreat.  

 

Clearly, as sea levels rise and coastlines retreat, it will not be possible to retain the existing range 

or distribution of habitats on the AONB’s coastal plain. Conservation managers have long dealt with 

the inevitabilities of change on the coast, but climate change presents new challenges in terms of 

the rate, intensity, diversity and geographic implications of change. To address these challenges, a 

more-dynamic approach to habitat conservation is required, in which stocks of coastal habitats are 

maintained in broad areas relative to prevailing conditions (with less emphasis being placed on 

rigidly-defined protected areas). By maintaining a regional stock of coastal habitats, the varying 

requirements of important species (both current and future) would continue to be met. Such an 

approach is consistent with the relative mobility of many of the coastal species for which the AONB 

is important. The approach would, however, raise questions about compliance with the Nature 

Directives and whether current interpretations should be reviewed in the context of climate change. 
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Annex: Habitat/land use maps of the AONB 
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