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Do habitat compensation schemes to offset losses from sea level rise and 
coastal squeeze represent a robust climate change adaptation response? 
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A B S T R A C T   

Habitat compensation schemes aim to offset unavoidable development-related losses at one site with replace-
ment habitat elsewhere. They have become prominent policy tools used to address coastal squeeze of intertidal 
habitats occurring from sea-level rise and ‘hold-the-line’ management approaches. This policy development is 
evaluated against scientific evidence and its broader ethical dimensions regarding conservation of the natural 
environment. A case study is provided from the UK (England) where the National Habitat Compensation Pro-
gramme aims to continue conservation obligations consistent with the EU Habitats Directive and Natura 2000. 
Progress is also referenced against Shoreline Management Plans and aspirations for a greater proportion of the 
coast to shift to managed realignment in response to sea level rise. Important barriers are identified, and issues of 
monitoring, transparency, and robustness are highlighted regarding habitat compensation and general coastal 
policy. At present, habitat compensation is based upon a simple area-based balance sheet approach which 
overlooks key uncertainties and gives a misleading indication of progress. Climate change adaptation planning 
needs to include more flexibility based upon alternative scenarios and response pathways, especially regarding 
recent evidence for higher future sea-level rises. Robust responses also require more emphasis on improved 
interpretation of ecological functioning, integrity, and coherence, as essential concepts to facilitate ecosystem- 
based adaptation consistent with international conventions and application of the precautionary principle.   

1. Introduction 

Coastal ecosystems are typically rich in biodiversity and provide 
many ecosystem services, with key locations designated as protected 
nature conservation areas underpinned by statutory regulations (UNEP, 
2006). However, in addition to development pressures, coastal ecosys-
tems are increasingly at risk from climate change (Wong et al., 2014; 
Defeo and Elliott, 2021). This risk is particularly manifest through global 
sea level rise, which satellite data strongly indicates has accelerated in 
recent decades (Veng and Andersen, 2021). Future sea-level projections 
now suggest potentially greater increases than previously assessed due 
to enhanced susceptibility of polar ice sheets (Edwards et al., 2021; 
Fox-Kemper et al., 2021). At regional level, relative sea-level change is 
also modified by oceanographic variations and land movements 
(Stammer et al., 2013). Climate change may also influence coastal 
processes through changing storm, wave, and tidal regimes (Pickering 
et al., 2017; Reguero et al., 2019), or altered river flows in estuaries 
(Robins et al., 2016). 

Potential advantages from adopting flexible ecosystem-based 

adaptation responses to manage risks have been highlighted (UNEP 
2016), but significant barriers remain. Current planning mechanisms 
have been criticised as hiding behind an illusory ‘safety barrier’ pro-
vided by conventional static ‘tools of trade’ (Lawrence et al., 2018). 
Conversely, robust adaptation planning requires risk assessment pro-
cedures and contingent responses that recognise inherent complexity 
and uncertainty, as for example through multiple scenarios spanning the 
range of possible future changes (Hinkel et al., 2019; Nicholls et al., 
2021). This requires transparent transdisciplinary communication be-
tween science, policy, and practice, to ensure problems are being 
defined consistently, including characterisation of risks and un-
certainties linked to specific actions and strategies (Dale et al., 2019; 
Thorén et al., 2021). However, adaptation responses are also influenced 
by diverse attitudes to risk and uncertainty amongst decision makers, 
and by political agendas and public expectations (Adger et al., 2018). 
The present study further investigates these interactions for coastal 
management policies, and specifically habitat compensation initiatives 
for nature conservation. 

Healthy ecosystems provide a dynamic functioning mosaic of 
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habitats and species that can naturally adjust to changes in abiotic 
conditions (Sheaves, 2009). Therefore, depending on parameters, 
climate change may not necessarily be a threat, and even provide op-
portunities in some circumstances. The key influence in determining 
ecosystem response is usually the degree of human modification and the 
extent to which natural adaptability has become constrained (Brown, 
2018). Coasts are often major foci for human interests, with infra-
structure and land use reliant on a fixed static coastline rather than a 
dynamic transition zone between land and sea. As a consequence, 
climate change adaptation responses on the coast have often been 
dominated by pressures to maintain the status quo to protect property 
and infrastructure (Haasnoot et al., 2021; McEvoy et al., 2021), with a 
resulting preference for ‘harder’ compared to ‘softer’ adaptive measures 
(cf. Sovacool, 2011). Hence, the accommodation space required by 
coastal habitats to naturally adjust to changing abiotic properties (hy-
drodynamic forces, salinity, sediment supply etc.) becomes limited, 
most notably by the presence of hard-engineering defence structures 
that maintain a fixed coastline to the specific detriment of intertidal 
wetlands (Schuerch et al., 2018; Cooper et al., 2020). Losses of up to 
38% of global coastal wetlands have been reported from 1970 to 2008 
(Dixon et al., 2016). 

Resilient and naturally functioning intertidal wetlands may be able 
to adapt in situ to sea-level rise by capturing and accreting sediment at a 
similar rate (Kirwan et al., 2016). This capability is strongly dependent 
on sediment supply which is also often heavily constrained by defence 
structures on the adjacent coastline that prevent sediment release and 
movement (Tӧrnqvist et al., 2021). Alternatively, coastal ecosystems 
can potentially dynamically migrate inland, maintaining an equivalent 
position with regard to the tidal frame and associated inundation and 
salinity levels. However, this response too is also often constrained by 
fixed coastal defences that prevent landward migration (Cooper et al., 
2020). 

An intertidal zone constrained by coastal defence structures there-
fore typically experiences changing abiotic properties detrimental to 
existing vegetation communities and becomes vulnerable to degradation 
and erosion (Timmerman et al., 2021). Vulnerability is also exacerbated 
because loss of intertidal vegetation also acts to reduce vegetative 
buffering of wave energy (e.g., Möller et al., 2014), and the coastal zone 
becomes increasingly at risk of erosion and flooding during extreme 
events (Zhang et al., 2021). In consequence, the intertidal zone becomes 
narrower as its low-water limit migrates landwards whilst the 
high-water limit remains fixed at the coastal defence. This process is 
often termed ‘coastal squeeze’ (Doody, 2004, 2013), although the ter-
minology has been used in a variety of contexts and more generally 
applied in a diagnostic sense to reference anthropic processes that do not 
allow coastal ecosystems (including those beyond the intertidal zone) to 
adapt to global climate change drivers (Silva et al., 2020). Some studies 
have also included the ‘natural’ squeeze effects occurring from steeper 
inland topography constraining coastal habitat migration, rather than 
just coastal squeeze from fixed defences (Pontee, 2013). As will be dis-
cussed, these distinctions become significant when identifying and 
attributing habitat affected or lost, including resulting responsibilities, 
because distinguishing ‘human’ from ‘natural’ causes has important 
policy, legal, and ethical implications. 

Planned retreat of the coastal zone as implemented through managed 
realignment (MR) provides a mechanism to move flood and erosion 
defences inland therefore providing space for migration of the intertidal 
zone (Turner et al., 2007). In addition to other benefits, notably for flood 
protection, MR has considerable potential to deliver new replacement 
habitat that may offset losses elsewhere, although it is not a universal 
panacea (Morris, 2013). Nevertheless, although MR implementation has 
increased worldwide in a variety of formats (Esteves and Williams, 
2017; Mach and Siders, 2021), proposed MR schemes have often met 
with significant local resistance (Ledoux et al., 2005; De la Vega-Leinert 
et al., 2018; Schernewski et al., 2018). 

1.1. The European Union (EU) Habitats Directive and rationale for 
habitat compensation 

The Natura 2000 (N2K) network combines Special Areas of Conser-
vation (SACs) designated under the EU Habitats Directive (1992) and 
Special Protection Areas (SPAs) from the EU Birds Directive (1979 and 
2009). Article 3 of the Birds Directive requires EU member states to take 
measures “to preserve, maintain or re-establish a sufficient diversity and 
area of habitats for all the species of birds referred to in Article 1”. 
Article 6 of the Habitats Directive requires that an Appropriate Assessment 
(AA) is produced by the competent authority when a plan or project is 
likely to have a significant effect upon the integrity of a N2K site 
(including plans or projects outside the site). As part of AA, if a possible 
Adverse Effect On Integrity cannot be excluded, the plan or project should 
only be approved conditional on no alternative, less 
ecologically-damaging, responses being available and there are Imper-
ative Reasons of Overriding Public Interest (IROPI) provided by social or 
economic priorities. In these circumstances, before a plan can proceed, 
compensatory measures should be secured to ensure continued coher-
ence of the N2K network. Integrity of a protected area has been defined 
as “the coherence of the site’s ecological structure and function, across 
its whole area, or the habitats, complex of habitats and/or populations of 
species for which the site is or will be classified”, also including “the 
sense of resilience and ability to evolve in ways that are favourable to 
conservation” (European Communities, 2000). 

A key principle of AA is that it should follow a ‘mitigation hierarchy’, 
with replacement compensatory habitat to offset residual impacts only 
implemented as a final step in the hierarchy when avoidance or miti-
gation of those impacts at the designated site cannot occur (Schoukens 
and Cliquet, 2016). Compensatory measures are intended to be secured 
only after AA has concluded that there are no less damaging alternatives 
and damage justified based upon IROPI. However, in practice, de-
velopers often propose compensatory measures early on in the process, 
alongside consideration of the plan or project itself, as part of the 
negotiation procedure associated with final approval. Habitats Directive 
obligations stipulate compensatory actions should be targeted to be 
ecologically effective, sufficient, well-located, and well-timed so that 
they become fully functional before the damage at the initial site occurs 
(European Communities, 2000). 

Guidance indicates that all development plans or projects should be 
assessed for impacts. In a coastal context, compensatory requirements 
are especially pertinent for intertidal habitat losses associated with 
coastal squeeze. However, they may also apply to plans to move coastal 
defences inland (or potentially abandoned completely) through MR 
because in some locations intertidal migration may incur increased risk 
to the integrity of terrestrial or freshwater habitats. In both these con-
texts, compensatory obligations require a forward-looking dynamic 
approach, linked to ongoing climate change, that is distinct from a one- 
off compensation that may be incurred by a new commercial develop-
ment for example. 

The Habitats Directive can involve difficulties of interpretation and 
implementation regarding consistency and effectiveness of actions, 
especially due to varying knowledge of underlying coastal and ecolog-
ical processes. Hence, compensation procedures have been used in some 
AA in a way that would seem more appropriate for mitigation measures, 
highlighting requirements for improved guidance (Schoukens and Cli-
quet, 2016). These implementation challenges are accentuated when 
interpreted in a forward-looking context. Climate change is increasing 
the likelihood that future conditions will be different from the past, 
requiring anticipatory adaptation responses that may differ from pre-
vious approaches. Concepts of habitat ‘compensation’ (interpreted in 
both time and space) also highlight a range of policy, legal, and ethical 
issues associated with decision-making objectives for climate change 
adaptation, and hence the underlying norms and values that are 
endorsed (implicitly or explicitly). These include attitudes towards 
protection of the natural environment and the rights of future human 
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generations compared to the present. 
Habitat compensation schemes can be positioned within a general 

policy debate on the use of biodiversity offsetting as a market-based 
instrument for sustainable development and enhancement of natural 
capital (Morris et al., 2006). The rapid rate of policy development in this 
domain has been contrasted with the limited research and evaluation of 
their design or impact (Taherzadeh and Howley, 2017). Concepts of 
impact neutrality for biodiversity are increasingly framed in terms of ‘no 
net loss’ or ‘net gain’, as defined based upon a tangible measure, such a 
habitat area or potentially more advanced metrics also including habitat 
distinctiveness and condition (Reid, 2011; McGillivray, 2011). This has 
led to offsetting schemes that implement a balance-sheet approach to 
reconcile habitat losses with new habitat creation schemes. However, 
some of these schemes that allow developers to buy credits in return for 
development consent (e.g., habitat banking; mitigation banking) have 
been described as ‘Faustian bargains’ due to concerns regarding time 
lags, additionality, uncertainty, and quantification of habitat creation 
outcomes compared to the initial habitat loss (Maron et al., 2012). 

Habitat compensation and offsetting initiatives therefore raise 
important questions regarding notions of commensurability and fungi-
bility, together with the role of regulators regarding legal enforcement, 
discretion, monitoring, and long-term strategy (McGillivray, 2012). 
Such questions further highlight the need for transparency regarding 
policy objectives and assumed outcomes, especially when obligations 
require forward planning with significant additional uncertainties. 
Important analogies also exist with ongoing debates in climate change 
mitigation over the scientific and ethical validity of land or marine 
offsets in carbon markets as loosely associated with objectives to reach 
Net Zero emissions in coming decades (e.g., Lenzi, 2018; Brown, 2020). 

1.2. Case study 

To further explore these issues, a case study is presented from the UK 
where, despite leaving the EU in 2020, government policy has indicated 
a continued commitment to the obligations of the Habitats Directive and 
Birds Directive (defined in UK law by the Conservation of Habitats and 
Species Regulations 2017) in combination with other international 
agreements, notably UN Convention on Biological Diversity (CBD) and 
Ramsar Convention on Wetlands. The UK has extensive coastal habitats 
of international importance and has more than 30% of estuarine area 
and more than 30% of saltmarsh area in Europe; coastal habitats also 
provide an estimated £48 billion of ecosystem services at least (Jones 
et al., 2011). However, from 1945 to 2010 a 16% overall reduction in 
coastal margin habitat area occurred, including a 15% reduction 
(8205ha) in saltmarsh area, whilst between 2000 and 2010 saltmarsh 
loss was estimated at 865ha (Beaumont et al., 2014). 

The case study places its emphasis on the current and evolving po-
sition for England, where more than 95% of the new coastal habitat in 
the UK has been created and habitat compensatory planning most 
developed in conjunction with Shoreline Management Plans (SMPs). 
The Environment Agency in England has proffered a position during the 
recent UK Climate Change Risk Assessment that it has developed a 
‘robust’ programme of coastal habitat compensation which would fulfil 
statutory obligations despite additional climate change pressures (Berry 
and Brown, 2021). The present study therefore further evaluated this 
position in terms of science and policy rationale, together with broader 
ethical issues raised, as also associated with policy commitments to 
deliver ‘net gain’ for biodiversity and the environment. Continuing 
statutory obligations of AA through Habitats Regulation Assessments 
(HRAs) are also intended to apply the precautionary principle, meaning 
that plans and projects should only be permitted where it can be safely 
concluded that there will be no adverse effect on the integrity of Euro-
pean (N2K) sites (Davies and Dodds 2017). 

The structure of the paper is firstly to describe the current situation 
regarding coastal policy and habitat conservation in England, notably by 
reference to the National Habitat Compensation Programme (NHCP). 

Progress is then further contextualised and evaluated regarding barriers 
and enablers associated with: (i) shoreline management planning; (ii) 
monitoring of habitat changes; (iii) attribution of coastal squeeze effects; 
(iv) habitat functionality, integrity, and coherence; (v) transparency and 
ethical issues; (vi) robustness (i.e., whether current policy can deliver 
objectives in the face of climate change parameters and uncertainties). 
This structure provides a basis for identifying additional recommenda-
tions to enhance coastal management policies and environmental 
sustainability. 

2. Policy context and status 

2.1. Coastal policy in England 

General relationships between coastal and biodiversity policies in 
the context of climate change are presented in Fig. 1. SMPs have a key 
role in coastal planning by providing long-term strategies for flood and 
erosion risk management consistent with a sustainable coastline, using 
natural boundaries defined by region-scale sediment cells (Nicholls 
et al., 2013). Strategies are intended to be developed across three 
management epochs: short (0–20 years), medium (20–50 years) and 
long-term (50–100 years), which for current (second generation) plans 
generally refer to time horizons of 2025, 2050, and 2100 respectively. 
Evaluation of SMPs has found that they can provide a constructive 
procedure for coastal management when developed using an 
evidence-based process in combination with active coastal partnerships, 
although existing plans have varied considerably in practice (Nicholls 
et al., 2013; Ballinger and Dodds, 2020). 

Local management units in SMPs define discrete coastal segments 
primarily based upon specific present-day hazards, or the urban or rural 
characteristics of the hinterland, rather than other socio-economic or 
environmental risk factors or existence of compound hazards (Townend 
et al., 2021). Recommended policies for SMP management units may 
apply one of four alternative strategies: Hold the Line (HTL), Advance 
the Line (ATL), Managed Realignment (MR), or No Active Intervention 
(NAI). The dominant SMP policy at present (short-term epoch) is HTL 
(47% of the coast) indicating the coastline should be maintained in its 
current position, with a much smaller proportion recommended as MR 
(9%), and the remainder being NAI (43%) (Adaptation sub-Committee, 
2013). For future SMP epochs, the policy balance changes, although not 
greatly, both for medium-term (HTL:41%, MR:14%, NAI: 44%) and 
long-term (HTL: 39%, MR:16%, NAI: 44%). However, there is consid-
erable regional variation in SMP policies: for example, much of 
South-West England has a NAI recommendation, whereas much of 
South-East and Eastern England remains as HTL from the short-term into 
the long-term epoch. 

Impact assessment of SMP policies on N2K areas through HRAs is 
used to identify compensatory habitat requirements over the three 
management epochs. For HTL policies associated with coastal squeeze, 
guidance states: “where it is proposed that the line of defence is main-
tained in the face of sea level rise, experience has shown that it is 
difficult to conclude that there is not likely to be a significant effect …” 
and hence “projects should only be approved if sufficient compensatory 
measures are in place that will provide fully the ecological functions that 
they are intended to compensate for” (Defra, 2005). 

Quantification of expected habitat losses and gains from SMPs then 
provide the habitat balance sheet for the NHCP at area level (Fig. 2; 
Table 1). These include separate targets for major estuary complexes 
based on assumed minimum habitat needed for N2K site recovery (Royal 
HaskoningDHV, 2020). Obligations in the NHCP have been retrospec-
tively applied to include recent habitat losses assuming a 1994 baseline 
(when the Habitats Directive became statutory UK law), although this 
obviously excludes the often-considerable changes preceding this time. 
Compensatory habitat creation targets in the NHCP are intended to be 
subject to regular review to include potential losses identified through 
further assessments (including from new plans or projects), from new 

I. Brown                                                                                                                                                                                                                                           



Ocean and Coastal Management 219 (2022) 106072

4

monitoring data, and from new climate change projections (Environ-
ment Agency, 2018). 

Following EU exit, a new policy statement on flood and coastal 
erosion risk management in England was issued (Defra, 2020), and a 
new strategy that recognises existing approaches are a legacy of “our 
response to flood events in the past rather than the climate challenges 
we will face in the future”, and hence that continued incremental raising 
of coastal defences will become more technically and socially chal-
lenging (Environment Agency, 2020). The new policy statement recog-
nises the key role of natural processes in risk reduction, as exemplified 
by a commitment to “double the number of government-funded projects 
which include nature-based solutions to reduce flood and coastal erosion 
risk” (Defra, 2020). Policy is intended to be implemented through a 
‘Refresh’ of existing SMPs consistent with new scientific evidence and 
legislative commitments, and also for SMPs to become ‘living docu-
ments’ that are more regularly reviewed and updated than they have 
been in the past, including in conjunction with Local Development 
Plans. Emphasis is also placed on scheme co-funding through partner-
ships, although engaging private partners has become more difficult in 
recent years (House of Commons, 2019). 

Government policy also commits to common principles for envi-
ronmental protection, including Biodiversity Net Gain, the 

Precautionary Principle (i.e., as defined by the UN 1992 Rio Convention, 
that uncertainty should not be used to favour development over envi-
ronmental sustainability: cf. Read and O’Riordan, 2017), and main-
streaming of environmental issues into other policy agendas (HM 
Government, 2019). This commitment includes recognition, following a 
key policy review (Lawton et al., 2010), that the network of protected 
nature conservation areas needs to be ‘bigger, better and more join-
ed-up’ in order to meet challenges from climate change. 

2.2. Habitat loss and creation 

Of 98 N2K coastal sites in England, 58 are currently affected, or at 
risk from, coastal squeeze, whilst 34 are affected, or at risk from, inap-
propriate coastal management (Natural England, 2015). Regarding 
coastal squeeze, the NHCP overall estimated 1021ha saltmarsh/mudflat 
habitat (not separately distinguished) will be lost from N2K areas 
(Table 1) during the current management epoch (1994–2025). Nation-
ally, the NHCP identifies saltmarsh/mudflat habitat creation schemes 
totalling 1317 ha (903ha with high confidence; 414ha of medium con-
fidence); therefore, the cumulative working assumption is that habitat 
losses and gains are being offset (Environment Agency, 2018). However, 
this disguises regional variations, with shortfalls remaining for impor-
tant locations such as the Thames and Severn estuaries, despite notable 
gains for the Humber estuary. Another 886ha of intertidal habitat 
created nationally (Miles and Richardson, 2018) is not included in NHCP 
accounts as it was created for reasons other than compensatory habitat 
(e.g., flood protection; shoreline ‘naturalisation’). 

Current NHCP accounts (Table 1) show an overall loss of saltmarsh/ 
mudflat area for future epochs 2025–2050 (557ha) and 2050–2100 
(2605ha), and this loss is likely to be underestimated due to missing data 
for some regions (North-West; East Anglia; North-East). The NHCP 
itemises a ‘pipeline’ of potential compensation areas (currently 3577ha) 
that may address future deficits, covering sites where land has been 
purchased or in negotiation, or a larger majority of sites that remain at 
the exploratory stage pending clarity on assumed ‘demand’ to offset 
defined losses through the balance-sheet approach. Current accounting 
for future epochs beyond 2025 therefore remains incomplete and in 
some cases rather speculative. For example, North-West area does not 
currently identify any compensatory requirements, partly due to an 
assumption that the coast is generally accreting sediment (Environment 
Agency, 2018) although the validity of this assumption in the context of 
future sea-level rise projections remains to be demonstrated. 

For other habitats (Table 1), the NHCP estimates 106ha freshwater 
grazing marsh, and a further 274ha of various habitats (mainly 

Fig. 1. Relationship between coastal and biodiversity policies in the context of habitat compensation and climate change, including the role of ecosystem- 
based adaptation. 

Fig. 2. Habitat Compensation Programme areas for England.  
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reedbeds, but also some saltwater habitats) will have been lost to 2025 
but this is offset by 448ha and 292ha of replacement habitat respectively 
(of which 65ha and 60ha are of ‘medium’ confidence). The assumed net 
positive gain for freshwater grazing marsh is carried forward to also 
provide a gain for future epochs (to 2050 and 2100). However, the 
NHCP also recognises that some new compensation areas in the ‘pipe-
line’ are very likely to incur a loss of this habitat type due to intertidal 
conversion, which would significantly change the balance sheet; a loss of 
872ha is currently estimated from these projects but some regions are 
yet to provide an assessment. For various other habitats, an estimated 
small net loss in future epochs may be offset by new replacement habitat 
from ‘pipeline’ areas, but this will depend on the specific biophysical 
requirements. 

The NHCP does not report on habitat condition, but other sources 
indicate coastal habitats are often in degraded ecological condition. 
Assessment of ‘good ecological status’ for the EU Water Framework 

Directive in 2016 found that saltmarsh in the majority of transitional/ 
coastal water bodies surveyed was either poor (1) or moderate (24), with 
a minority (15) achieving good status (Miles and Richardson, 2018). The 
factor preventing good status for most water bodies was reduction in 
saltmarsh area compared to historic levels and domination of the 
existing saltmarsh by one vegetation zone, typically upper saltmarsh 
dominance due to lower zone degradation from coastal squeeze effects. 
Previous reporting on conservation status of priority intertidal habitats 
also concluded that the main cause of degradation was coastal squeeze 
(72% of cases: Adaptation sub-Committee, 2013). The NHCP groups 
together saltmarsh and mudflat, because dynamic processes make dis-
tinctions between saltmarsh and mudflat difficult to manage, but this 
means that loss of one type may be disguised by gains in the other, 
despite the habitats being very different in terms of both biodiversity 
and ecosystem services (section 4.4). Regarding implementation of the 
Habitats Directive, this is particularly relevant for extent and condition 

Table 1 
Habitat balance sheet (in hectares) from the National Habitat Compensation Programme (Environment Agency, 2018).  

Area Habitat Type(s) Projected Epoch Change Habitat Creation (High*, Med*) Balance per Epoch Habitat in ‘Pipeline’ 

2025 2050 2100 2025 2050 2100 

North-West Saltmarsh/Mudflat − 162   162 (162,0) 0? 0? 0? ? 
Severn Saltmarsh/Mudflat − 300 − 318 − 765 288 (288,0) − 12 − 330 − 1095 1697 
Devon & Cornwall Saltmarsh/Mudflat 

Grazing Marsh 
− 25 
− 13 

0 
0 

0 
0 

44 (0,44) 
45 (0,45) 

+19 
+32 

+19 
+32 

+19 
+32 

26 
0 

South Wessex Saltmarsh/Mudflat 
Grazing Marsh 
Other 

− 37 
− 2 
− 21 

− 86 
− 3 
− 11 

− 313 
− 4 
− 30 

0 (0,0) 
0 (0,0) 
0 (0,0) 

− 37 
− 2 
− 21 

− 123 
− 5 
− 32 

− 436 
− 9 
− 62 

92 
1 
62 

Solent & South Downs Saltmarsh/Mudflat 
Grazing Marsh 
Other 

− 80 
0 
0 

− 88 
− 70 
− 4 

− 207 
− 6 
0 

104 (104,0) 
69 (69,0) 
10 (10,0) 

+24 
+69 
+10 

− 64 
− 1 
+6 

− 271 
− 7 
+6 

240 
− 45 
0 

South-East Saltmarsh/Mudflat 
Grazing Marsh 
Other 

− 64 
0 
− 16 

− 97 
− 4 
? 

− 148 
0 
? 

16 (0,16) 
164 (0,164) 
6 (6,0) 

− 48 
+164 
− 10 

− 145 
+160 
− 10? 

− 293 
+160 
− 10? 

? 
− 160 
0 

Thames Saltmarsh/Mudflat 
Grazing Marsh 

− 58 
0 

− 105 
0 

− 615 
0 

74 (18,56) 
0 (0,0) 

+16 
0 

− 89 
0 

− 704 
0 

976 
− 779 

East Anglia Saltmarsh 
Grazing Marsh 
Other 

− 21 
− 91 
− 212 

? 
? 
− 32 

? 
? 
? 

21 (0,21) 
170 (150, 20) 
251 (216,35) 

0 
+79 
+39 

0? 
+79? 
+7 

0? 
+79? 
+7? 

50 
100 
32 

Humber Saltmarsh/Mudflat 
Other 

− 254 
− 25 

− 159 
? 

? 
? 

586 (272, 314) 
25 (6,19) 

+332 
0 

+173 
0? 

+1730? 516 
? 

North-East Saltmarsh/Mudflat − 20 ? ? 22 (22,0) +2 +2? +2? ? 

* High or Medium Confidence levels. 
? – Figures speculative or not known. 

Fig. 3. Coastal realignment schemes in England including managed realignment (MR), tidal regulation (TR) and unmanaged realignment (UM) (data from 
ABPmer, 2021). 
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of mudflats in SPA areas because of their importance for supporting 
important waterbird species. 

Coastline reconfiguration schemes associated with habitat creation 
opportunities have increased in recent decades, totalling 47 MR projects 
(2488ha), 23 regulated tidal exchange projects (432ha), and 6 unman-
aged realignments (286ha) (Fig. 3). Tidal regulation schemes aim to 
create new intertidal habitat using structures such as sluices, tide-gates, 
or pipes, usually behind existing sea defences, typically as part of a 
proposed phased transition to longer term MR. Target areas for recon-
figuration have been those most at risk from coastal squeeze, therefore 
focussed on east, south, and south-west coasts. Many of these schemes 
have been small-scale interventions, leading to criticism that imple-
mentation was not meeting strategic objectives (Esteves, 2013). How-
ever, size has increased in recent years including major schemes at 
Wallasea (Essex), Alkborough (Humber estuary), Medmerry (Sussex), 
and Steart (Severn estuary). Most of the habitat created has been 
intertidal saltmarsh and mudflat but, in some cases, a diverse range of 
habitat types has been targeted, especially within the larger schemes, 
including transitional brackish habitats and freshwater grazing marsh. 
In addition, artificial recharge of sediments was used at several sites to 
enhance sediment accretion and facilitate ‘natural’ adaptation. 

3. Policy evaluation and interpretation 

3.1. SMPs and managed realignment 

Nature conservation goals are interdependent with wider coastal 
policies. However, in England, SMPs act as advisory plans rather than 
statutory policy instruments, which in practice can mean recommen-
dations are not necessarily funded or implemented. Hence, recommen-
dations in current SMPs would imply that the length of English coast 
moving from HTL to MR policy would average ca.30 km/yr to 2030 but 
this has been closer to 6 km/yr in reality, whilst similarly the implied 
annual rate of habitat creation should be 400 ha/yr but has been closer 
to 130 ha/yr in practice (Committee on Climate Change, 2018). In 
addition, despite aspirations that SMPs become regularly-updated 
‘living documents’, in practice there are often institutional barriers 
(resource constraints etc.) that act against regular review (House of 
Commons, 2019). 

Difficulties often occur where strategic longer-term goals of SMPs are 
in conflict with shorter-term development goals, as defined in local plans 
(Milligan and O’Riordan, 2007; Coates and Tapsell, 2019). Analysis has 
shown about one third of coastal local plans in England show no evi-
dence of using SMPs, with local plans operational only to 2036 at best 
despite SMPs extending to 2100 (Committee on Climate Change, 2018). 
The mismatch has been attributed to the dominance of particular vested 
interests in local planning procedures and associated fragmented de-
cisions that increases risks of negative impacts being transferred else-
where (Coates and Tapsell, 2019). Shifting away from HTL policies and 
associated reliance on structural defences towards alternative options 
has therefore been resisted (Esteves and Thomas, 2014; Day et al., 
2015). Consequently, coastal defence structures are typically prioritized 
over the viability of coastal ecosystems (Ballinger and Dodds, 2020; 
Cooper et al., 2020). Barriers to change are especially evident following 
damage from extreme events; at this time, institutional factors tend to 
act together to strongly favour re-building defences in the same location, 
notwithstanding that this usually perpetuates existing vulnerabilities 
(Brown et al., 2017). 

Despite UK government efforts to encourage a wider portfolio of 
approaches, current institutional processes typically define hard engi-
neering structures as the ‘normal’ solution as compared to softer or 
nature-based solutions that could be more adaptive (Harries and 
Penning-Rowsell, 2011; Nicholls et al., 2013; Challies et al., 2016; van 
Buuren et al., 2018). These institutional processes are reinforced by 
advice from engineering consultants that imply decision making re-
quires definitive predictions of risk excluding irreducible uncertainties 

(Kuklicke and Demeritt, 2016). This includes conventional 
prediction-based concepts such as ‘standard-of-service’ design criteria 
for coastal defences (e.g., ‘1-in-100 year’ protection) which cannot 
simply be applied to natural habitats and landforms that dynamically 
evolve and adjust. Over-reliance on reductive, predictive approaches has 
been identified as a common source of maladaptive decisions in a 
non-stationary climate (Dessai et al., 2009; Lawrence et al., 2018). 

For MR schemes, issues related to land ownership and purchase can 
be difficult to resolve, and the economic case difficult to justify under 
current funding arrangements which prioritise responses that can be 
assigned the largest cost-benefit ratios based upon notional standards- 
of-service for the built environment or infrastructure assets. This bar-
rier is also partly attributable to the inherent challenges in monetising 
benefits from the natural environment, but current SMPs are also limited 
in identifying multiple benefits (flood/erosion hazard alleviation, car-
bon storage, amenity value etc.) provided by coastal habitats (Ballinger 
and Dodds, 2020). 

3.2. Monitoring of habitat changes 

Long-term monitoring is crucial for understanding habitat compen-
sation issues but strongly reliant on data quality. Regular surveying and 
mapping of the intertidal zone at national scales has proved challenging, 
especially for countries such as the UK with an extensive coastline and 
frequent poor weather, combined with limited availability of aircraft or 
other data sources, although potentially improved through higher- 
resolution satellite data (Fitton et al., 2020). A key issue for intertidal 
habitats is the absence of fixed boundaries and difficulty in capturing 
habitats at their lowest tidal extent. Regarding compensation obliga-
tions, difficulties occur in distinguishing historic habitat losses from 
more recent changes, notably changes since the notional 1994 baseline 
used in England (Oaten et al., 2018). Monitoring has also largely 
concentrated on individual compensation sites, rather than N2K areas as 
a whole, which limits full evaluation of impacts, and although 
compensation sites are usually in close proximity to areas of habitat loss, 
this is not always the case (Morris et al., 2016). 

Habitat changes may be attributable to sea-level rise, or other causes, 
either through coastal processes or direct climate effects, and further 
confounded by lag effects and shorter-term cycles. The 18.6-year lunar 
nodal cycle has an important influence on local water levels and hence 
intertidal habitat extents, especially in estuaries, and monitoring needs 
to take account of this cycle (Oaten et al., 2018). Populations of 
waterbird species that support site designations often undergo consid-
erable inter-annual variations in response to both local and extraneous 
factors, hence using these to interpret trends in habitat availability is 
also very difficult. 

Inadequate data can lead to inconsistencies in interpretation and 
progress reporting. For the two estuaries shared between national ad-
ministrations of England and Wales (Dee and Severn), different in-
terpretations of change have arisen (Miles and Richardson, 2018). In 
Essex and south Suffolk, annual saltmarsh loss associated with SMP 
policies was adjusted from 44 ha/year to <1 ha/year in a recent 
assessment (Environment Agency, 2018), potentially undermining 
confidence in the assessment process. Evaluation of UK coastal data 
quality (ONS, 2016) has identified a series of problems related to: (i) 
wide variation in methodologies, habitat classifications, and definitions; 
(ii) severe data limitations on physical extents, except for some pro-
tected areas; (iii) outdated biodiversity reporting data for many habitats. 
For habitat compensation schemes, these data limitations have impor-
tant implications not only for interpreting current trends against 
changing drivers (sea-level rise etc.) but also confidence in projecting 
future trends and the required compensation response. Limitations of 
monitoring data have also been suggested to be a factor in constraining 
interpretation and acceptance of MR schemes, including their role in 
flood/erosion protection (Esteves and Williams, 2017). 
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3.3. Defining and attributing ‘coastal squeeze’ effects 

Progress reporting for habitat compensation is further complicated 
by inconsistencies in interpreting and quantifying ‘coastal squeeze’ ef-
fects. A recent report informing the ongoing SMP Refresh in England 
aims to distinguish habitats ‘squeezed’ due to coastal defences from 
‘natural squeeze’ losses where inland migration is topographically 
constrained (Pontee et al., 2021). Losses attributed to coastal defences 
are suggested to be overestimated because some assessments included 
‘natural’ squeeze effects, implying habitat compensation requirements 
could be reduced. 

Such distinctions raise further issues regarding policy rationale (see 
also ethical issues: section 4.5). As anthropogenic climate change is the 
primary driver for long-term sea-level rise, no type of coastal squeeze 
can ultimately be considered as ‘natural’ in origin, and without appro-
priate responses, in whichever context, habitat will be lost with resulting 
implications for coastal biodiversity and ecosystem services. Simple 
distinctions also become rather blurred in many circumstances. Habitat 
losses due to coastal protection structures can also occur in a downcoast 
position due to reduced sediment supply, which are very likely to be 
further exacerbated by accelerated sea-level rise, although not yet fully 
included in habitat change assessments. Furthermore, whilst other 
causal factors may also be responsible for habitat loss, and hence that 
coastal squeeze effects from sea-level rise may be potentially over- 
estimated (Pontee et al., 2021), separating out such inter-related 
causal factors is extremely difficult, even assuming good quality data 
that is not usually available (Oaten et al., 2018). Hence, confidence in 
attributing cause and effect will inevitably be constrained by irreducible 
uncertainties, although potentially referenced against diagnostic 
frameworks (Silva et al., 2020). This raises a fundamental issue: whether 
the balance of any error should be placed on the side of strict legal ob-
ligations or on ensuring the resilience and healthy functioning of the 
natural environment. This in turn raises important issues regarding 
application and implementation of the ‘precautionary principle’, as 
promoted as a key foundation for UK government policy delivery (Defra, 
2020). 

3.4. Habitat functionality, integrity and coherence 

The EU Habitats Directive emphasised continued integrity and 
coherence of the N2K network, and the UK government have acknowl-
edged this in ongoing policy commitments. However, current reporting 
through the NHCP in England uses areal extent as progress indicator 
(Environment Agency, 2018) rather than measures of habitat condition, 
functionality, integrity, or coherence. This has implications in terms of 
understanding continuing resilience of coastal ecosystems in the face of 
climate change. When functionality has been assessed in specific local 
cases, this has followed a relatively simple rationale, which has included 
an indication of habitat type (community or biotope) and data on 
abundance of target species utilising the site (Morris et al., 2016). 

It is therefore not clear to what degree the NHCP is achieving a ‘like 
for like’ habitat replacement, or even whether this is actually possible. 
This is compounded for intertidal habitats because the NHCP does not 
distinguish between saltmarsh and mudflat (section 3.2), despite 
important differences regarding biodiversity and ecosystem services. 
Habitat replacement and restoration is complicated by ecological pro-
cesses such as succession, particularly in highly dynamic ecosystems 
such as estuaries (Boerema et al., 2016), with predictive outcomes also 
challenged by the complex interaction of coastal processes, climate pa-
rameters, and other influences. Site-specific interaction of processes at 
local level also means it is difficult to derive general inferences that can 
be transferred from well-monitored sites to other locations, especially 
for habitats reliant on specific coastal conditions. 

Analysis at some MR sites suggests that breaching of defence struc-
tures can allow the intertidal zone to revert to a more natural process of 
erosion and accretion (Ni et al., 2014). However, dynamic natural 

processes are likely to further encourage ecological change and suc-
cession that differs from previous habitat compositions, and this may 
require reappraisal of legal obligations associated with ‘favourable 
conservation status’ based upon broader concepts of ecological resil-
ience (Broekmeyer et al., 2017). Most notably, MR may be unable to 
re-create the full suite of coastal habitats lost at the original site (Morris, 
2013). Long-term analysis has shown it can take many decades before 
recreated saltmarsh is fully comparable with existing established salt-
marshes (Boorman and Hazelden, 2017; Ladd, 2021). For example, in 
southern England, compositional differences include a higher propor-
tion of Spartina anglica at restoration sites compared to reference sites 
(Garbutt and Wolters, 2008). Mudflat habitats can be particularly 
difficult to recreate in the long-term due to sedimentation processes and 
evolutional succession into saltmarsh, especially where suspended 
sediment concentrations and accretion levels are high as realigned 
coasts shift towards a new equilibrium (e.g. Humber estuary: Mazik 
et al., 2010; Morris, 2013), yet as highlighted in section 3.2 these hab-
itats are especially crucial for supporting important waterbirds in SPA 
sites. Vegetative colonisation of mudflats from adjacent saltmarsh by 
S. anglica can also cause mudflat habitat loss. Moreover, the primary 
focus to-date has been on intertidal habitat and freshwater marshes, 
with less emphasis on other habitats, meaning the full implications of 
some habitat losses are yet to be factored into compensation planning (e. 
g., vegetated shingle; saline lagoons). 

A review of a sample of compensation schemes has shown that in the 
majority of cases a time lag occurred between loss of N2K habitat and 
the time where compensatory habitat became functionally effective 
(Morris et al., 2016). Habitats Directive guidance previously stated that 
a time lag in functionality should only be allowed in exceptional cases, 
and if consented, that good practice should provide a greater amount of 
compensatory habitat in relation to the original area affected. In the 
NHCP, compensatory habitat replacement to offset coastal squeeze los-
ses have to-date used a general area-based equivalence of 1:1 (Envi-
ronment Agency, 2018) although larger ratios have been used for 
compensation incurred by some other types of development (Morris 
et al., 2016). Uncertainty of outcome, including challenges of delivering 
continued ecological integrity and coherence suggests that this 1:1 ratio 
requires reappraisal, together with improved clarity in explaining when 
replacement habitat will become functionally viable. To support this, 
general frameworks for habitat compensation ratios (e.g. Moilanen 
et al., 2009) may be further refined for coastal environments. 

Ultimately, this issue points to a need to create substantially larger 
landscape-scale restoration sites to facilitate a suite of inter-connected 
habitats consistent with established notions of ecological integrity, 
coherence, and resilience (Morris, 2013). Recent larger-scale MR ini-
tiatives in England, such as at Medmerry, Steart and Wallasea, are pio-
neers in this regard with the potential to provide accomodation space for 
sediment retenion and habitat transition as an ecosystem service (Mor-
ris, 2012). However, habitat creation initiatives remain relatively small 
compared to the scale of historic habitat losses before the 1990s 
(Beaumont et al., 2014). In addition, regional disparities in habitat 
creation remain and not all areas show a net gain in themselves, notably 
because much of the new habitat has been in the Humber estuary. 

3.5. Transparency and ethical dimensions 

A key principle of democratic governance is an expectation that 
government policies are justified, and actions made publicly account-
able. For coastal policy in England, in addition to transparency de-
ficiencies previously identified with SMPs (Ballinger and Dodds, 2020), 
similar problems recur for habitat compensation procedures. A trans-
parent process would provide a clear audit trail showing how particular 
compensation sites were chosen, referenced against strategic policy 
goals and the local ecological and geomorphological context. However, 
required information is often missing or inaccessible, which hinders 
independent scrutiny and research (Morris et al., 2016; Miles and 
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Richardson, 2018). This means that it is not possible to dispel sugges-
tions that compensation areas were primarily chosen based upon so-
cioeconomic factors (e.g., favourable landowners or cost factors), rather 
than biophysical potential for habitat creation, indicating an opportunist 
rather than strategic approach to nature conservation. Elsewhere in 
Europe, implementation of the Habitats Directive has had similar de-
ficiencies regarding lack of transparency (Broekmeyer et al., 2014), 
suggesting a common problem and highlighting a need for further aca-
demic scrutiny to advance collective understanding on challenges and 
potential solutions. 

Lack of transparency on coastal policy responses is particularly 
noteworthy because of underlying ethical issues that are not being 
exposed to open societal debate. From a natural environment perspec-
tive, concepts such as ‘net gain’ for biodiversity and its implementation 
through procedures such as habitat balance sheets indicate a trend to-
wards simplification based upon fungible units that can be used to 
promote investment and show policy progress. Similar accounting pro-
cedures to habitat compensation are being developed through natural 
capital valuation and for ‘blue carbon’ stocks (e.g., Beaumont et al., 
2014; ONS, 2016), although apparently with only limited 
cross-validation between initiatives. 

In addition to general concerns regarding commoditisation of nature 
(Castree, 2003), these accounting approaches can be criticised for 
overlooking the role of ecosystems as complex adaptive systems based 
upon mosaics of inter-related functioning habitats. For habitat 
compensation schemes, as in England’s NHCP, this is clearly demon-
strated by current over-reliance on measures of habitat extent rather 
than function, integrity, or coherence, although natural capital ac-
counting is now aiming to incorporate such features in a unifying 
biodiversity metric, also including a risk factor representing difficulties 
of habitat creation (e.g., Crosher et al., 2019). Compensation re-
quirements are also currently only interpreted based on habitat losses in 
designated N2K sites rather than in the wider landscape. For example, a 
broader perspective on habitat availability will be required to accom-
modate changing bird migratory patterns (therefore also under the 
scope of the Birds Directive). Furthermore, compensation schemes are 
yet to account for the wider suite of ecosystem services provided by 
coastal habitats, although some coastal MR schemes that have provided 
compensatory habitat have been assessed for other benefits, notably 
flood risk reduction (e.g., Kiesel et al., 2020; Stafford, 2021). Broader 
inclusion of ecosystem services could provide additional transparency 
and justification for habitat compensation schemes by demonstrating 
wider scheme benefits, extending beyond the select group of stake-
holders usually involved in coastal decisions. This could also address 
issues regarding lack of public awareness of dynamic coastal habitats 
and their associated benefits (e.g., McKinley et al., 2020). 

As noted above, these ethical issues have implications when inter-
pretating and responding to future habitat change projections related to 
sea level rise and other drivers, and regarding implementation of general 
concepts such as ‘net gain’ and the precautionary principle. Further 
debate is required as to whether government responsibilities and legal 
requirements are defined minimally, excluding sources of uncertainty, 
or whether a stronger precautionary approach should be adopted that 
gives greater priority to ensuring the resilience of the natural environ-
ment in the face of climate change and other stressors. 

3.6. Robustness 

The England case study demonstrates the problems arising from 
development of NHCP plans and SMP policies based on only one 
assumed global sea-level rise projection (derived from guidance origi-
nally associated with the UKCIP 1998 climate scenarios: Oaten et al., 
2018), when combined with an inflexible approach that runs the risk of 
constraining future options. Compensation planning therefore does not 
yet include contingencies for higher sea-level rise projections suggested 
by more recent assessments (section 1) including the UK Climate 

Projections 2018 (Lowe et al., 2018). Furthermore, SMPs and related 
planning documents (e.g., flood plans for tidal estuaries) also contain 
significant inconsistencies when interpreting previous climate change 
guidance (Kuklicke and Demeritt, 2016) which also feed through to 
habitat compensation plans. Similar inconsistency problems in planning 
for sea-level rise have been highlighted from several other countries 
(McEvoy et al., 2021). As highlighted above, problems of interpretation 
in England have been related to prevailing decision-making attitudes 
that risk assessments should use ‘definitive’ figures to reinforce the use 
of ‘expert’ knowledge in assessments, despite the contradictions this 
incurs regarding climate change as defined through multiple future 
scenarios (Kuklicke and Demeritt, 2016). A further problem arises due to 
use of simple linear extrapolation to derive future intertidal habitat 
losses based upon sea-level rise increments, ignoring the high likelihood 
of threshold effects at higher rates of sea-level rise, especially in existing 
vulnerable areas such as southern and eastern England (Horton et al., 
2018). 

An alternative strategy would build adaptability and flexibility into 
coastal management and habitat plans, such as by defining multiple 
adaptation pathways (Haasnoot et al., 2021). Adaptation actions would 
then be adjusted in the light of new information, as notably for sea-level 
rise projections, consistent with a different strategic pathway (Lawrence 
et al., 2018). Pathways would then include capacity to provide addi-
tional new habitat as anticipatory insurance ‘headroom’ in the case of 
higher sea-level rise and other factors, including ecological 
uncertainties. 

Although this adaptive approach has been scoped for a few major 
projects, notably the Thames Estuary 2100 project in England (Ranger 
et al., 2013), more general uptake has been limited. Significant barriers 
have been identified in transitioning to adaptive management, espe-
cially in recognising key uncertainties amongst different coastal stake-
holders and their consultants, indicating requirements for improved 
knowledge exchange (Creed et al., 2018). Robustness and adaptability 
will also require more systematic coastal surveys to better target new 
opportunities for larger-scale habitat restoration. A recent broad-scale 
UK study (Miles and Richardson, 2018) identified 34,250ha of poten-
tial intertidal habitat opportunity (13,450ha as ‘priority’ areas) and a 
programme for target areas was defined (MMO, 2019). Further work is 
necessary to cross-validate such initial assessments using more detailed 
source data (field and earth observation) and against a range of climate 
change projections. 

4. Conclusions 

Assessment of coastal habitat compensation procedures in the 
context of climate change, coastal squeeze, and SMPs, has identified 
important deficiencies using an England case study (Table 2). Adoption 
of an area-based habitat balance sheet to record and offset losses from 
coastal squeeze is hindered by difficulties in consistently monitoring and 
attributing cause-effect relations, and in projecting future changes. Use 
of a 1:1 ratio for balancing gains and losses neglects inherent challenges 
and uncertainties in recreating new habitat of the same quality and 
composition as that which is lost. Simple area-based metrics also do not 
adequately represent ecological functioning, integrity, and coherence, 
which were intended as key principles for the EU Habitats Directive and 
N2K network. Current habitat compensation planning in England cannot 
also be considered robust against future climate change because it is 
based upon a single outdated global sea-level rise projection that ne-
glects recent evidence indicating higher rises are increasingly possible. 
This would mean that biodiversity would be at increased risk of further 
losses. 

An alternative, more robust, planning approach (Table 2) would 
incorporate alterative adaptation pathways based on a range of future 
projections, including higher sea-level rise estimates that will very likely 
make some current coastal policies increasingly unviable. Robust 
adaptation planning will also require long-term strategies and 

I. Brown                                                                                                                                                                                                                                           



Ocean and Coastal Management 219 (2022) 106072

9

interventions on a landscape scale to emphasise ecological functioning, 
integrity, and coherence, consistent with an ecosystem-based approach. 

Progress on delivering a sustainable coastline in England, including 
integrating nature conservation and climate change actions into SMPs, 
has been constrained by political and other socioeconomic factors that 
have impeded practical delivery of a longer-term transition towards 
sustainability. This has meant continuation of HTL policies rather than 
alternatives such as MR that can often better accommodate sea-level rise 
and reduce coastal squeeze risks. Lack of transparency on habitat 
compensation schemes has also constrained academic scrutiny and so-
cietal debate on the important ethical issues that underlie the current 
position, including implementation of ‘net gain’ concepts. Compensa-
tion schemes have also only been evaluated in relation to habitat-based 
biodiversity targets rather than other ecosystem service benefits such as 
carbon storage (‘blue carbon’), flood and erosion alleviation, and ame-
nity value. Significant potential therefore exists to better link compen-
sation schemes with related initiatives such as for carbon accounting, or 
through natural capital assessments where it is it is increasingly 

recognised that indicators of habitat condition, configuration, adja-
cency, connectivity, and functioning are required to assess sustainability 
of ecosystem services (Philips, 2017). 

The problems diagnosed here are certainly not unique to the UK and 
have parallels in many other countries. For example, evaluation of the 
European’s Commission’s position in implementing the Habitats Direc-
tive has identified similar problems and the need for a stronger regu-
latory regime (Dodd, 2008; McGillivray, 2012). Climate change is 
further exacerbating a need to reconcile policy development and good 
practice with evolving scientific evidence and the underlying moral and 
ethical implications. This highlights the importance of continued dia-
logue and knowledge exchange related to implementation of key prin-
ciples. For a credible approach to nature conservation, this includes 
added importance of following the ‘mitigation hierarchy’ so that 
ecological damage is avoided, if at all possible, with offsetting and 
compensation as a genuine last resort. It also requires strengthened 
application of the precautionary principle consistent with this hierarchy 
so that the onus is on the development plan to adjust to uncertain out-
comes rather than these falling by default on ecological objectives. 
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Table 2 
Summary of current position for England case study and an alternative vision 
towards coastal sustainability and nature conservation.   

Current Status (England) Alternative vision 

Characteristics Inflexible with Lock-in effects; 
Biodiversity and Ecosystem 
Services loss despite policy 
aspirations. 

Adaptable; Integrated; 
Systematic; Ecosystem- 
based; Evidence-based. 

Policy Integration Lack of coherence between 
SMPs, biodiversity policy and 
local development plans. 
Interventions typically 
piecemeal, and opportunist, 
dominated by specific local 
vested interests. 

Stronger strategic policy 
links based upon shared long- 
term sustainability outcomes. 
Improved inclusion of 
biodiversity and ecosystem 
services in SMPs. 
Stronger, inclusive public 
engagement with SMPs. 
Resource SMPs 
appropriately, including 
implementation, regular 
review. 

Scale Primarily local and small- 
scale, despite region-scale 
aims of SMPs. 

Cross-scale, with increased 
focus on large scale 
restoration/realignment. 

Recognising 
Uncertainty 

Predictive approach using a 
single global sea level rise 
scenario. 

Flexible approach using 
Adaptation Pathways and 
multiple scenarios. 

Uncertainty in 
Nature 
Conservation 

Limited allowance for 
changing drivers and variable 
ecological/geomorphological 
processes. 

Precautionary approach. 
Apply ‘mitigation hierarchy’ 
to avoid ecological damage 
wherever possible. 

Compensatory 
Habitat 
Schemes 

Area-based metric. 
Replacement ratios of 1:1 for 
coastal squeeze effects. 

Emphasis on maintaining 
ecological function, 
coherence, integrity, and 
resilience across the full suite 
of coastal habitats. 
Increase compensation ratios 
to allow for uncertainty. 
Recognise topographic 
‘natural’ squeeze effects are 
also anthropogenic (sea-level 
rise). 

Multiple Benefits Current SMPs primarily 
focused on coastal defence. 

Include all ecosystem service 
benefits in SMPs (including 
blue carbon etc.) and for 
engagement with local 
communities on future 
outcomes. 

Monitoring Limited spatial & temporal 
data; inconsistencies. 

Step-change increase in 
monitoring and analysis 
across full range of habitats 
and designated areas. 

Transparency Limited; not exposed to open 
scrutiny. 

Full audit trail for decisions 
available for evaluation and 
deliberation.  
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