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UNDERSTANDING COMPLEXITY

The Adaptation & Resilience Framework (A&RF) is an ‘experimental’ initiative to engage 
and help multiple organisations understand land-use planning at a catchment scale. 
The objective is to collaboratively develop a co-ordinated approach across different 
disciplines to deliver sustainable spatial planning. The Framework has no status in planning 
and has been developed through voluntary participation by senior representatives of 
the organisations outlined on page 4. It is a technical and multi-disciplinary collaborative 
initiative to identify and coordinate responses to risks and opportunities presented 
by climate change, development pressure, resource and budgetary pressures and 
infrastructure vulnerability. This report summarises the work developed over the past three 
years by Wessex Water’s catchment adaptation and resilience specialist.  It is hoped that 
this is helpful to inform policy including the West of England Joint Spatial Plan (JSP) and 
Local Plans by highlighting where collaboration through partnership working of the
authorities and key stakeholders can better review and identify risk, increasing the region’s
resilience to the impacts of climate change.  

By sharing responsibility for decisions around shared risks, multi-organisational objectives
can be aligned and multifunctional benefits realised. Greater cross-sectoral integration
enables understanding and planning for complexity so that decisions can be based on
wider identified risks, wider costed solutions and routes to delivery. By using current and
consistent data, policies can be developed from a wide perspective by multidisciplinary
‘technical teams’ working across organisations that begin to address some of these
challenges and interdependencies, avoid locking in long-term costs and risks to the
region.

There is growing awareness of the dependence of the West of England (WoE) and 
Wiltshire on natural capital1 . Risks from increasing climate change impacts, development 
pressures and resource constraints, as well as wider global pressures, present a threat to 
the delivery of services, and ultimately the success of our region. The UK Government’s 
25 year Environment Plan sets out its aspiration to protect and improve the environment, 
to show leadership on climate change, land use and international biodiversity2 . This 
creates a critical opportunity for the West of England Joint Spatial Plan (JSP) to set out a 
prospectus for sustainable growth to help the region meet its housing and transport needs 
for the next 20 years, to 2036. The four WoE Councils – Bath and North East Somerset, Bristol 
City, North Somerset, and South Gloucestershire – are working together to produce the 
Joint Spatial Plan, which will become a Statutory Development Plan Document guiding 
the four councils in the development of their own Local Plans. Wiltshire Council is also 
currently undertaking a Local Plan review up to 2036. 

Organisations are evolving to keep pace with the pressures to deliver more for less, which 
has been a catalyst for collaborative working both within organisations and externally. 
Partnerships are helping to deliver shared outcomes. There is an understanding that 
‘place making’ offers a multitude of opportunities to deliver the priorities of the region. 
This could be through attracting and retaining investment which can be used to address 
inequality through access to high quality climate adaptive green spaces, housing, 
sustainable transport and to manage the natural environment to adapt and be resilient to 
the ever-increasing pressures.
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INTRODUCTION

1
The Bristol Avon Catchment spans an area 
of approximately 2,221 square kilometres.  
From the Cotswold Hills in the north east 
to Bristol and the Severn Estuary to the 
southwest.3   It spans the majority of the 
WoE as well as parts of north west Wiltshire. 
It is also a strategic location in terms of 
overland transport with access to and 
from London, Wales and the South West, 
and north to the Midlands.  Bristol Port and 
Airport provide a gateway to the rest of the 
world.  It is made up of twenty-three sub 
catchments (including the Lower Severn 
Vale and the North Somerset Streams 
Catchments).  See map in appendix 1 
which also outlines the broad Unitary 
Authority boundaries.

An integrated landscape scale approach 
is generally considered desirable in order 
to manage the natural environment 
at a larger scale.  A catchment based 
approach considers a hydrological 
catchment as a beneficial scale to 
understand the interactions of land use 
management, cutting across political 
boundaries. Water is the ideal medium 
to understand (and improve) land use 
management. The catchment provides 
an effective scale to demonstrate the 
cause and effect, and the contributor and 
beneficiary within the catchment system, 
and manage complex interdependent 
ecosystems.  

‘‘A river catchment comprises a core set of 
natural capital assets, which function as an 
integrated system. The ecosystems 
interact: rivers form natural corridors for 
plants and animals to move along, and 
the functions of rivers to provide sources of 
drinking water supplies and to act as waste 
disposal systems depend upon the 
underlying biological processes.’’4   

A catchment approach is particularly 
relevant in order to maximise the 
effectiveness of many of the issues key to 
the sustainable development of the region, 
such as flood risk management, soil health, 
woodland creation, biodiversity protection 

and enhancement, biosecurity risks and 
improved access to high quality green 
spaces for health and recreation in close 
proximity to urban areas.  It can be cost 
effective to mitigate against downstream 
impacts on urban settlements in rural 
upstream areas.  

All organisations face increasing risks 
from climate change impacts whether 
these are increased rainfall and intensity, 
sea level rise, extreme weather events or 
increased heat-stress, water scarcity and 
drought from increased temperatures.  This 
is a multi-organisational challenge where 
a coordinated, collaborative and long-
term approach is needed to respond to 
future acute shocks, chronic stresses and 
uncertainty.

There is growing recognition that 
sustainable land use management is 
central to the stewardship of our water 
quality and flows.  There are a number of 
organisations with interests and operations 
affected by the land use management 
decisions made within the Bristol Avon 
Catchment. The organisations that support 
this initiative and that have provided sign 
off for the document are: 

The Environment Agency (EA),  
Natural England (NE), Forestry Commission 

England (FC),Bristol City Council 
(BCC), South Gloucestershire Council 

(SGC),Wiltshire Council(WC), 
Bath & North East Somerset Council 

(BANES), North Somerset Council (NSC), 
West of England Combined Authority 
(WECA), the West of England LEP and 

the West of England Nature Partnership 
(WENP), Wessex Water (WW), Bristol 

Water (BW), the Bristol Avon Catchment 
Partnership (BACP), 

Swindon & Wiltshire LEP(S&WLEP) and 
Wiltshire Wildlife Trust (WWT).  

These organisations have different levels 
of engagement in this work and there 
are considerable structural, political and 
technical complexities.   
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KEY ISSUES & OPPORTUNITIES

There is an aspiration set out in the 25 
year Environment Plan ‘‘that all policies, 
programmes and investment decisions 
take into account the possible extent of 
climate change this century.’’5  In order 
to implement this aspiration there needs 
to be an understanding of the long-term 
climate change trends which are placing 
new demands on planning policies, 
programmes and investment decisions.  

Climate change impacts have complex 
interactions that change over time and 
are experienced differently.  For example, 
it is recognised that the impacts of climate 
change risks are amplified for people from 
low socio- economic backgrounds in urban 
areas6, who typically have lower access 
to high quality green spaces, and lower 
health and well being outcomes.7 

 •  Addressing inequality is a key priority 
for our region as stated in the Strategy for 
the West of England Combined Authority.  
There is recognition that growth must be 
within environmental limits and the benefits 
shared by all.8   
•  There is recognition that our regional 
traffic congestion is currently amongst 
the highest in the UK, contributing to 
dangerous levels of air pollution and 
presenting a real threat to the region’s 
productivity.  
•  There is a desire to develop infrastructure 
that is sustainable for future generations. 9  

Spatial planning provides an opportunity 
to address some of these issues and 
potentially at a lower cost than reactive 
retrofitting.  Adaptation measures are 
significantly cheaper if considered at 
design stage. Every £1 spent on adaptation 
represents four times its value in potential 
damages avoided.’’ 10  Adaptation 
measures through spatial planning 
can help to deliver the UN Sustainable 
Development Goals (SDGs).  The Business 
& Sustainable Development Commission 
has estimated that the economic prize to 
business of implementing the SDGs could 

be up to £9 trillion globally by 2030.11 
There are two major drivers currently 
presented to improve standards of 
development in our region:

1.  West of England (WoE) Joint Working 

The four Unitary Authorities of the WoE 
have an opportunity to work on Strategic 
Planning Programmes to develop coherent 
consistent approaches to climate change.  
As well as the Joint Spatial Plan and 
updates to the Unitary Authority Local 
Plans, there are opportunities through the 
WoE Green Infrastructure Strategy and 
the WoE Regional Strategy and how it will 
address the Clean Growth Plan.

2.  The increasing risks of climate change 
impacts

This provides the motivation and evidence 
to improve standards so that the design 
of developments, infrastructure and the 
public realm will deliver multi- benefits and 
be well adapted to a changing climate, 
addressing the clean growth agenda. 

Ideally, through these two drivers 
organisations would collectively develop 
(static and flexible) criteria that new 
developments should meet to incorporate 
adaptation measures and avoid locking in 
future costs.
 

80% of the life cycle costs 
of an asset are locked in at the 
design stage12 
There is also the need to understand how 
actions at a local and regional scale relate 
to global pressures and how these global 
pressures influence the form of our regional 
landscapes.  Responses and choices made 
at national, regional and local level can 
have an important bearing on adaptation 
and mitigation measures.13 
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The Adaptation & Resilience Framework 
can help to raise an awareness of the 
latest climate change evidence and 
‘mainstream or embed’ adaptation and 
resilience measures into policies and 
plans.  It can help test out how national 
policies can be translated locally and 
regionally and where there may be gaps 
or weaknesses in policies or guidance.  
These ‘gaps’ can begin to be addressed in 
collaboration with the relevant authorities 
or organisations. It may also include 
forming collaborations to build up local 
evidence that can inform local policy.  

The strategy for the West of England 
acknowledges current and future 
partnership working across private, public 
and voluntary sectors is needed to identify 
priorities for action that are widely shared.14    

In 2015, all member states of the United 
Nations signed up to the 17 Sustainable 
Development Goals. They set measurable 
aims for improving our world.  The UK must 
now implement the goals.  

The goals that the Adaptation & Resilience 
framework can help support regional 
implementation are: 

Clean Water and Sanitation; 
Ensure availability and 
sustainable management of 
water and sanitation for all.

Sustainable Cities and 
Communities; Make cities and 
human settlements inclusive, 
safe, resilient and sustainable.

Climate Action; Take urgent 
action to combat climate 
change and its impacts.

Life on Land; Protect, restore 
and promote sustainable 
use of terrestrial ecosystems, 
sustainably manage forests, 
combat desertification, 
and halt and reverse land 
degradation and halt 
biodiversity loss.15 

Good Health and Wellbeing; 
Ensure healthy lives and 
promote wellbeing for all at all 
ages.
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THE ADAPTATION & RESILIENCE FRAMEWORK
A SYSTEMS APPROACH

2
• Potentially offer a vision for the 
transformational change of our built 
environment.16 

   
It can help organisations to expect and 
account for change and uncertainty.  
It uses best practice and evidence to 
support local policy interventions as well 
as highlighting where there are gaps in 
evidence and how to provide policies that 
support adaptive management.  

The Framework is a technical piece of 
work to support and enable relevant 
organisations to incorporate collaboration 
and best practice into local and regional 
plans.  This may be through support in 
the delivery of the JSP  Place Shaping 
Principles, Clean Growth Agenda or  Green 
Infrastructure Plan.  As well as piloting 
innovative land use management at a sub 
catchment scale through the Bristol Frome 
feasibility study.

Key Focus:

Adaptation to climate change has less 
clearly defined policies and guidance for 
delivery than climate change mitigation 
and is the main area of focus of the 
Framework.  Climate change mitigation 
is not part of the scope of this work as it 
is being further developed by the Local 
Planning Authorities.

The Initial focus has been raising awareness 
across organisations of the latest climate 
change evidence, such as the UK Climate 
Change Risk Assessment (see Appendix 
3), and exploring the specific Natural 
Environment Risks, that are identified as 
high risk now and where more action 
is needed in the next five years.  This 
has identified gaps in local evidence 
and the need to find opportunities to 
collaboratively provide consistent and 
quantified evidence to inform local and 
national policies and guidance.

Collaboration:

• The Adaptation & Resilience Framework 
is a technical and multi-disciplinary 
collaborative initiative to identify and 
coordinate responses to risks and 
opportunities presented by climate 
change, development pressure, resource 
and budgetary pressures and infrastructure 
vulnerability.  
• These challenges affect our ability to plan 
and deliver solutions for housing, economic 
growth, infrastructure, public health and 
maintain access to high quality natural 
environments.  
• Collaboration and strategic multi-sector 
planning is necessary to address these 
cross-cutting challenges and to improve 
efficient and effective expenditure, 
recognising the technical, structural and 
political complexity.
 
Key Aims:

The Adaptation & Resilience Framework 
develops a systems approach, drawing on 
research and adaptation best practice to 
enable:

• Greater integration between sectors to 
identify possible solutions and trade-off’s  

•  The identification of opportunities to 
provide low regret adaptation actions 
through the enhancement of our regional 
natural capital in key locations, to 
deliver multi-beneficial outcomes from 
collaborative investment.  Steps that 
deliver immediate or short-term benefits 
and where projections of climate change 
only make the case for action stronger.

•  Avoid locking- in long-term climate 
change costs and risks.  Carbon costs, 
flooding impacts, heat stress - changes 
to the built environment that will lock 
future generations into increasing climate 
impacts, or that will be costly to avoid or 
reverse.  As well as the escalating costs of 
emergency response and recovery.
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The ultimate aim of the framework is the 
implementation of the aspiration set out 
in the 25 year Environment Plan, ‘‘that all 
policies, programmes and investment 
decisions take into account the possible 
extent of climate change this century.’’17 

By enabling partnership projects to find 
innovative solutions to implement and  
monitor progress towards implementation 
of the Plan.  

Aligned with this work is the long-term 
aspiration of the Committee on Climate 
Change (CCC) to provide consistent 
and quantified adaptation reporting.  
The Framework is currently exploring 
the possibility of ‘piloting geographic 
reporting’.  

The Framework supports collaborative  
‘experimentation’ on how to  integrate 
resilient principles18  into spatial planning 
through ‘place-making’.  For information 
on integrating Resilience Principles into 
Spatial planning (see Appendix 4). 

As this is a long-term approach emergency 
response is not part of the scope of this 
work although it is linked.  

Desired Outcomes:

• West of England Joint Spatial Plan 
(JSP) incorporating adaptation and 
resilience principles.

• Translation between the Joint Spatial 
Plan principles to the application within the 
four Local Plans and where appropriate 
supplementary planning guidance 
documents and other relevant guidance 
documents including:

• A resilient West of England Green 
Infrastructure Plan.

• West of England Infrastructure  
Delivery Plan recognising the challenges 
and potential collaborative and 
sustainable solutions of all the partners and 
statutory delivery agencies.

• Application of adaptation and 
resilient principles in updating the Wiltshire 
Local Plan.

Work to date:

The proposal for an Adaptation & 
Resilience Framework for the Bristol Avon 
Catchment was developed in February 
2016 following consultation between 
Wessex Water, West of England Local 
Enterprise Partnership and the West of 
England Local Nature Partnership, and 
was presented to a range of organisations 
at a West of England  Strategic Solutions 
Meeting in April 2016.  

It was widely recognised that organisations 
need to ensure that our infrastructure, 
environment and local population are 
protected and adaptable to a changing 
climate, increasing development, transport 
and communication pressures.  This is often 
undertaken in isolation and restricted by 
political or organisational boundaries. 

It was agreed that a working group should 
be formed to help develop this work 
stream and the organisations present put 
forward senior representatives to be on 
that group. It was envisioned that through 
the process of engagement other partners 
involved with strategic planning could join 
the working group.  The Working Group has 
met three times to develop the initiative 
further.  

This approach has been presented at some 
key meetings including: 

• The Planning Housing and Communities 
Board and Joint Transport Executive 
Committee Meeting in October 2016

• The South West Region Association of 
Directors for Environment Planning and 
Transport October 2016

• Local Adaptation Advisory Panel in 
November 2016.
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Key Outcomes Delivered include:

• Providing technical input into 
Consultation responses to the Joint Spatial 
Plan and updated Local Plans.

• Ongoing input into the Local Adaptation 
Advisory Panel Meetings, which provide  
input into the next National Adaptation 
Programme 2018.

• Framework included in the Wessex Water 
PR19 Business Plan to inform the approach 
to resilience of the natural environment.  
Adaptation & Resilience Principles included 
in the Wessex Water PR19 Business Plan 
to demonstrate alternative thinking and 
options to promote natural resilience, an 
OFWAT requirement.

Table 1: Ongoing engagement through partnership working:
ENGAGEMENT OUTCOME
Bristol Avon Strategic Water Group: 
West of England Strategic Directors of Place, Environment 
Agency Area Manager, Natural England COO.

Broad support from the organisations to 
continue to develop this approach.

In February 2017 the Adaptation & 
Resilience Framework was included as a 
demonstration pilot for the region in the 
West of England’s response to the National 
Infrastructure Commission consultation. 

Extensive consultation has taken place with senior 
technical officers  from : The Environment Agency, Natural 
England, Bristol City Council South Gloucestershire Council, 
Wiltshire Council, Bath & North East Somerset Council, 
Wessex Water, and Bristol Water.

Broadening awareness of the work 
stream and opportunities to integrate 
adaptation and resilience measures 
into planning documents.  Attended JSP 
Environment Work stream meeting  and 
provided feedback.  Officers from the JSP 
technical teams provide an update on the 
incorporation of green infrastructure within 
the JSP.

Attend Local Adaptation Advisory Panel meetings
(DEFRA London)

Share best practice on Adaptation to help
inform the next National Adaptation
Programme (2018).

Adaptation & Resilience Working Group:
Senior Technical Leads Environment Agency, Bristol Water, 
Wessex Water, West of England Head of Planning Policy

Reviewed Issues of water and the environ-
ment in terms of adaptation and resilience 
and implications of the Joint Spatial Plan.

West of England Directors of Place and Heads of Planning 
Policy, Senior representatives from external organisations

Invited to attend, a series of round table
discussions were held to review the 
emerging JSP policies.

European Climate Change Adaptation Conference:
Conference Attendees

This approach was presented at the 
conference

Forest Research site walkover Bristol:
West of England Nature Partnership, Bristol City Council, 
Forest Research Researchers

The lack of quantifiable local evidence 
on the cooling benefits of local green 
infrastructure instigated the development of 
a research proposal to provide evidence to 
mitigate heat stress.

Meeting with Natural England, Natural England Regional 
Manager and staff, WENP Manager

Broad agreement that there is a need to 
address climate change adaptation in the 
region.  Support proposal to work together 
to develop climate change risk review for 
the region to be led by Natural England,

• Development of a Research Proposal  
with Forest Research.  This project aims to 
develop our understanding of the way 
street trees provide regulating benefits 
in UK urban conditions, the scale of the 
benefits that they can provide and how 
this may affect people’s thermal comfort 
and well-being.

• Supporting the Partnership project: Bristol 
Frome Improvement Feasibility Study
(‘ River Frome Reconnected’) which 
will ‘experiment’ with cross sector land 
use management at a sub catchment 
scale. As with the A&RF process, we have 
thought that a sub catchment scale may 
be a more effective scale for multiple 
organisations to understand cross sector 
land use management and climate 
change impacts.
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The lack of quantifiable local evidence 
on the cooling benefits of local green 
infrastructure instigated the development 
of a research proposal with Forest 
Research.  

Forest Research is the Forestry Commission’s 
research agency and is Great Britain’s 
principal organisation for forestry and 
tree related research. It is internationally 
renowned for the provision of evidence 
and scientific services in support of 
sustainable forestry.  

The current proposals take a pragmatic 
approach; studying urban areas with 
limited space primarily to understand the 
urban cooling service and thermal comfort 
influence of street trees, vacant lots and 
green roofs on the surrounding urban 
environment.  The air quality and noise 
mitigating services are desirable additions 
to the study.19   

There may also be potential to test out 
remote sensing with Technology Innovation 
Delivery at DEFRA.

© M66roepers (CC BY 2.0)
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Key Outcomes Delivered in January 2018:

The West of England Joint Spatial Plan- 
Publication November 2017 has now been 
submitted.  https://www.jointplanningwofe.
org.uk/consult.ti/JSP Publication/
consultationHome

Progress has been made as demonstrated 
in Policy 5 Place Shaping Principles :

5 Mitigate and adapt to climate change 
and use a catchment based approach to 
water management.

8 Maintain and enhance the Green 
Infrastructure network to deliver multiple 

benefits for people, place and the 
environment.

Policy 5 Place Shaping Principles should be 
supported by linked detailed policies in the 
updated individual Unitary Authority Local 
Plans.

Policy 6  Strategic Infrastructure 
Requirements in the West of England Joint 
Spatial Plan - Publication November 2017  

Policy 6 makes a commitment to deliver 
the environmental ambitions in the WoE 
Green Infrastructure Plan.

The image below shows how the public space in Hammarby in Sweden, which has been 
designed to accommodate future rainfall events.  Providing sufficient space and subtle 
grading within the public space, different surface and edge treatments, i.e. low walls, 
grass, planting and hard surfacing are designed to direct water away from buildings and 
walkways and towards water features within the development.  This is a high quality green 
space in a high density development which has been designed from the outset to be 
adaptable to the potential impacts from climate change.  

© La Citta Vita Hammarby public space(CC BY-SA 2.0)

Deeper grading to retain 
water in high rainfall events 

Large grassed areas to absorb rainfall 

Water feature to transport excess water
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CONCLUSION3
and whole catchment scale.  Appendix 
1 outlines the specific workstreams that 
have been informed by the Adaptation 
and Resilience Framework.  The initiative 
has successfully delivered the following 
outcomes.

• The Framework has positively influenced 
Policy 5 Place Making Principles in the West 
of England’s Joint Spatial Plan. 

• It has been used to inform the approach 
to resilience of the natural environment in 
Wessex Water’s Price Review 19 Business 
Plan. 

• The Framework has been integrated into 
ongoing partnership projects.  Principally 
the River Frome Reconnected project 
which supports cross sector land use 
planning  at a sub catchment scale and 
the Forest Research proposal on thermal 
cooling benefits of street trees in an urban 
environment of a temperate climate.

•It is also supported by all three 
organisations (Environment Agency, 
Natural England and Forestry Commission 
England) in their joint working outlined in 
the Wessex Area Integrated Plan.

As the new UK Climate Projections 
UKCP18 become available there will be 
opportunities to enable better planning 
to respond to risks.  “The new climate 
projections for short duration heavy rainfall 
will enable an understanding of how 
surface water flood risk or flooding from 
small watercourses that respond to short 
duration heavy rainfall may be affected 
by climate change for the first time, and 
enable better planning to respond to this 
risk.”21  

As data evolves and improves there is a 
need for planning policy to refer to live 
documents (i.e. DEFRA climate change 
guidance for planning and the 25YEP) 
that effectively communicate climate 
change risks (not just flood risk), such as 
rising temperatures and low flows.  These 
need to be available and accessible to a 
wide range of stakeholders involved with 
the design and planning of the natural 
and built environment.  It is now up to the 
organisations as to how they wish to take 
this work forward. 

The Adaptation and Resilience Framework
is ambitious, it illustrates a potential 
closer collaboration between multiple 
organisations working across sectors to 
develop better coordinated spatial plans 
and governance of our regional Natural 
Capital systems (or complex adaptive 
systems).   

The work of adaptation and resilience 
is disruptive by its nature.  It requires a 
change of the dominant ‘world view’ to 
one which acknowledges complexity and 
interconnection and by its nature will raise 
competing pressures. 

The challenge with institutional 
collaboration is that it requires multiple 
actors operating at multiple levels within 
Institutions, working at different paces and 
facing different pressures and priorities.  

The task is to find alignment of objectives 
by facilitating improvements between 
organisational communication and 
planning.  It involves the ‘reworking of 
boundaries’ which inherently brings 
conflict.  But it is important to bring these 
conflicts to the surface so that they can 
be resolved in a transparent way which 
acknowledges the trade-off’s that have 
been made, improving legitimacy, 
maximising funding, capacity and delivery 
opportunities for all organisations.  This 
approach enables issues to be addressed 
at source rather than by end of life costly 
solutions.

The Adaptation & Resilience Framework 
is an ‘experimental’ initiative which has 
raised the issue of competing institutional 
pressures. However it has also gained 
traction across multiple organisations with 
a desire to explore the opportunities to 
‘mainstream or embed’ adaptation and 
resilience measures into policies and plans 
to address the Natural Environment Risks 
identified in the latest UK Climate Change 
Risk Assessment.  

The Adaptation & Resilience Framework 
for the Bristol Avon Catchment has been 
delivered.  Appendix 3 illustrates how 
to potentially support cross sector land 
use management and the integration of 
resilience principles20  in spatial planning at 
an individual water body, sub catchment 
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Table 2: Specific workstreams informed by the Adaptation & Resilience Framework      
ADAPTATION & RESILIENCE ENABLING ROLE: To provide support on integrating adaptation & resilience 
principles into Local/Regional Partnership Workstreams.
PROJECT/WORKSTREAM LEAD ORGANISATION KEY CONTACT UPDATES
Feedback on consultations 
for the West of England 
Joint Spatial Plan and 
updated Local Authority 
Plans

West of England 
Nature Partnership 

Bristol Avon 
Catchment 
Partnership

Wessex Water

Partnership 
Manager

Catchment 
Coordinator

Regulatory 
Scientist

Provided detailed consultation
responses to support the embedding
of adaptation and resilience
measures into local/regional
planning policy through suggested
detailed policies linked to the JSP
place shaping principles.
Completed January- May 2018

Support Forest Research 
Proposal

Forest Research

(in Partneship)

Urban Forest 
Scientist

Bristol 
Sustainability 
Project 
Manager

Initial data collection from a mobile
weather station has supported the
proof of concept that street trees
have a cooling effect. The project is
still to be formally agreed accross 
departments at BCC with the aim for 
on site data collection summer 2019.

West of England Green 
Infrastructure Plan

West of England 
Unitary Authorities

Planning 
Officer West 
of  England 
Combined 
Authority

WECA have requested to cross
reference the A&RF into the West of
England Green Infrastructure
Strategy as evidence to support their
WoE GI Strategy and the work on the
WoE JSP.

Input into Environment 
Agency Natural Capital 
Approach Pilot in the Bristol 
Avon Catchment

Environment Agency Senior Advisor 
Natural 
Capital 
Programme

Attended regular telecoms and a
webinar on the project progress. To
support evidence for the
Environment Agency on the
application of the Natural Capital
Approach.

Bristol Frome Improvement 
Project Feasibility Study- 
New name ‘ River Frome 
Reconnected’

South Gloucestershire 
Council 
(in partnership)

Project 
Steering 
Group

To support cross sector land use
management at a sub catchment
scale. Project Started, attended 3
steering group meetings.

Climate Change Risk 
Review of Regional Area 
with Natural England

Natural England Manager 
Somerset, 
Avon and 
Wiltshire

To support NE to review local areas
in terms of specific risks outlined in
latest UK Climate Change Risk
Assessment. Initial meeting in
January- no involvement as yet.

West of England Combined 
Authority Regional 
Strategy

West of England 
Combined Authority

Strategy 
Officer

Attended Clean Growth
workshop October 2018.

Contribute to Local 
Adaptation Advisory Panel

DEFRA Policy 
Officer, 
Climate 
Change 
Adaptation 
Team

Contributed to the 2018 National
Adaptation Programme (July)
through participation on the
bi-monthly meetings of the LAAP
since 2016.

Input into Wessex Water 
Business Plan (PR 19)

Wessex Water Director of 
Environmental 
Strategy

The Adaptation & Resilience
Framework was included in the
Wessex Water PR19 Business Plan to
inform the approach to resilience of
the natural environment. 

Adaptation Reporting Wessex Water Director of 
Sustainability 
and 
innovation

Helped to develop sector templates
with DEFRA on the form of Water
Industry adaptation reports for ARPIII.

APPENDIX 1: SPECIFIC WORKSTREAMS       



APPENDIX 2: UK CLIMATE CHANGE RISKS ASSESSMENT

See Chapter 2 of the Evidence Report for more details of the urgency scoring 
methodology used.

Figure 3 Urgency scores for each of the 56 individual risk and opportunities identified in the 
UK climate change risk assessment 2017 Evidence Report.
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APPENDIX 3: MAP OF THE BRISTOL AVON SUB CATCHMENT
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APPENDIX 3: MAP OF THE BRISTOL AVON SUB CATCHMENT
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PARTNERSHIP PROJECT WESTON S MARE 
SUPER-POND, WW, NSC, EA,INTEGRATED URBAN 
DRAINAGE MANAGEMENT

THROUGH MULTIPLE DISTRIBUTED SOLUTIONS
WATER SENSITIVE URBAN DESIGN INTEGRATED INTO 
NEW RESIDENTIAL & INFRASTRUCTURE  DEVELOPMENTS 

RAINWATER HARVESTING AND RETROFITTING SUDS 
INTO EXISTING DEVELOPMENT ‘MY RAIN WATER CITY’

IMPROVED HEALTH & WELL BEING OUTCOMES 
LINKED TO ACCESS TO HIGH QUALITY GREEN 
SPACES

GREEN INFRASTRUCTURE DESIGNED TO ACCOMMODATE 
FLEXIBLE USE FOR RECREATION AND FLOOD STORAGE

KEYNSHAM

1

1

2

SALT MARSHES & RECREATIONAL TRAILS ADJACENT TO BUSINESS & 
RESIDENTIAL AREAS IMPROVE HEALTH & WELL BEING & BIODIVERSITY GAIN
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©La Citta Vita An eco-city in Sweden 
(CC BY-SA 2.0)

12

MAXIMISING MULTIPLE BENEFITS FROM COLLABORATIVE INVESTMENT

10

APPENDIX 4: POTENTIAL MULTIPLE BENEFITS FROM COLLABORATIVE INVESTMENTS FOR ILLUSTRATION ONLY* 
* ILLUSTRATED ARE THE TYPES OF PROJECTS THAT COULD FEATURE IN URBAN & RURAL LOCATIONS DUE TO THEIR CHARACTERISTICS AND DO NOT REFER TO SPECIFIC PROJECTS

©Lauren Jolly Roberts (CC BY-2.0)

©Aaron Volkening (CCBY2.0)

©Benjamin Linh (CC BY-SA 2.0)

©La Citta Vita (CC BY-SA 2.0)

©Steve Reynolds (CC BY2.0) ©Gordon Joly (CC BY-SA 2.0)
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MAXIMISING MULTIPLE BENEFITS FROM COLLABORATIVE INVESTMENT
APPENDIX 4: POTENTIAL MULTIPLE BENEFITS FROM COLLABORATIVE INVESTMENTS FOR ILLUSTRATION ONLY* 
* ILLUSTRATED ARE THE TYPES OF PROJECTS THAT COULD FEATURE IN URBAN & RURAL LOCATIONS DUE TO THEIR CHARACTERISTICS AND DO NOT REFER TO SPECIFIC PROJECTS

© Andy Hay(CC BY 2.0)

FARMER’S IMPROVED SOIL MANAGEMENT 
& WATER RETENTION CAPACITY TO REDUCE 
SOIL EROSION AND CONTRIBUTION TO 
SEDIMENT LOADING & DOWNSTREAM 
FLOODING

FARMER’S PAID FOR PROVIDING 
TEMPORARY WATER STORAGE CAPACITY

UPGRADE & MAINTAIN HARD ENGINEERED 
FLOOD RISK MANAGEMENT STRUCTURES

RECREATIONAL TRAILS ADJACENT TO URBAN CENTRES THAT PROVIDE 
WATER STORAGE, BIODIVERSITY & LOW CARBON TRANSPORT

UPSTREAM TREE PLANTING TO ABSORB WATER, 
REDUCE RUN OFF, AND IMPROVE BIODIVERSITY

PARTNERSHIP PROJECTS WITH LARGE LANDOWNERS & 
OPPORTUNITIES TO ENGAGE LOCAL COMMUNITIES

UPSTREAM WATER STORAGE , BIODIVERSITY 
GAIN & RECREATIONAL ACCESS

LACOCK

BRADFORD ON AVON

YATE NUTRIENT TRADING & OTHER MECHANISMS (PEATLAND CODE 
MODEL )FOR ADDITIONAL  INVESTMENT IN THE CATCHMENT

SMALL TARGETED GREEN, BLUE 
AND GREY INVESTMENTS
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Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, 
NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China 
(Hong Kong), swisstopo, © OpenStreetMap contributors, and the GIS User Community

©Tejvan Pettinger (CC BY 2.0)

©Nakae (CC BY 2.0)

©La Citta Vita (CC BY-SA 2.0)

©Rob Glover (CC BY-SA 2.0)
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APPENDIX 3:INTEGRATE RESILIENT PRINCIPLE22 INTO SPATIAL PLANNING
The table below is an attempt to translate the theoretical ‘‘Principles for Building Resilience - Sustaining 
Ecosystem Services in Social-Ecological Systems.’’ into practise in spatial planning.  Further 
definition of the terminology can be found in the glossary of terms.

Resilience Principles Purpose Application
1.   Maintaining Diversity & 
Redundancy 

Functional diversity arises 
when different species 
that perform a similar 
function exploit different 
aspects of a habitat. For 
example, different grass 
species all tap water in 
soil but do so at different 
depths. These 
species thus all contribute 
to evapotranspiration 
(an important part of the 
water cycle) but their 
contributions to 
evapotranspiration 
will be more or less 
sensitive to changes in 
rainfall or groundwater 
levels.23  Within a given 
ecosystem, several 
different species may 
perform a particular 
function – for example, 
pollination, nitrogen 
fixation, seed dispersal, 
short-grass grazing, or 
degradation of woody 
biomass. This is referred to 
as functional redundancy 
(sometimes also called 
ecological redundancy)24 

Redundancy must be valued 
and conserved.   Diversity should 
be maintained and diversity 
and redundancy should be built 
into planning and governance 
systems.
       
Maintain ecological diversity:  
Natural biodiversity can provide 
a reservoir of redundancy and 
response diversity.  For example 
by maintaining structural 
complexity in landscapes.  

Systems with many different 
components are generally more 
resilient that those with only a 
few. Redundancy in a system 
provides insurance or alternative 
pathways to compensate for any 
loss in the system.  
 
Ecological biodiversity can 
provide a reservoir of 
redundancy.  It also enables 
‘response diversity’, or multiple 
different reactions to shocks that 
might occur. 

A diversity of perspectives can 
improve problem solving and 
support both learning and 
innovation. 

     Soil types and quality provide an 
important key function.  More in depth 
knowledge on soil quality from more 
recent data can indicate important key 
functions.

       Low lying areas adjacent to 
watercourse where water naturally 
collects during high rainfall events and 
provides wetland opportunities.  For a 
slower drying area when it is hot, flora 
and fauna to improve water quality and 
a general diversity of plants and inverts, 
which support the higher food chain.  
By recognising the range of inherent 
resilience attributes from a small wetland, 
we are lessening the shocks and impacts 
of a range of climatic threats at a very 
small scale.

      Hedgerow planting along field 
boundaries, adjacent to roads.  Riparian 
planting along streams.  

      Address green space deficiency and 
heat stress by enhancing streets and 
vacant lots with tree planting suds (water 
sensitive urban design) and green roofs.  
Improve standards for new developments 
to include biodiverse green roofs.

Partnerships can help to identify land 
ownership and management options, as 
well as different organisations and 
specialists to develop the planting options.

 2.  Manage connectivity

Connectivity refers to the 
structure and strength 
with which resources, 
species or actors 
disperse, migrate or 
interact across patches, 
habitats or social domains 
in a social-ecological 
system.25 

Connectivity refers to the nature 
and strength of the interactions 
between the various 
components.  By mapping 
connectivity, important elements 
and interactions are identified.  
Connectivity can then be 
managed to restore or optimise 
desirable connectivity patterns.  

2.1  Map connectivity: using 
current and consistent multi-
agency data.  Identify the 
relevant parts of the system, 
their scale, their interactions and 
strengths of connections.

2.2  Identify important elements 
and interactions possible 
interventions to optimise 
connectivity, identify central 
nodes or isolated patches. 

2.3  Optimise current connectivity 
patterns.  This may be to reduce 
or structurally change the 
connectivity of a system for 
example making it more modular 
to increase the resilience.  
Restore connectivity where there 
are opportunities.   

    Wessex Water and the West of England 
Nature Partnership have undertaken some 
ecological network mapping at scale, 
identifying the optimal locations to extend 
existing woodlands, wetlands and 
grasslands to provide a number of 
different services.  

     Measures could include a physical 
barrier such as a hedgerow or a filter 
system such as a reed bed or regrading 
the landscape to reduce flooding from 
watercourses on to roads, or reduce 
nutrients such as Phosphorous or Nitrogen 
from accumulating in a watercourse 
through sediment flows and enhancing 
the riparian environment.

     Grassland and Woodland conservation 
and restoration or planting high quality 
hedgerows provide a corridor for birds 
and mammals and provide carbon 
sequestration.  Sustainable transport 
corridors (pedestrian & cycle paths can 
also provide space and planting for 
wildlife corridors.
       
Water sensitive urban design in the public 
realm of new and existing developments 
(including biodiverse greenroofs) and 
upstream Natural Flood Management.

6
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3.  Manage slow variables 
and feedback

Feedbacks are the 
two-way ‘connectors 
between variables that 
can either reinforce 
(positive feedback) or 
dampen (negative 
feedback) change. By 
identifying key slow 
variables and feedbacks, 
the feedbacks that 
maintain desirable
regimes can be 
strengthened and the 
actions that obscure 
feedbacks can be 
avoided.  

3.1 Identify Key slow variables 
and feedbacks:  that maintain 
the regimes which produce 
desired ecosystem services, 
identify where the critical 
thresholds lie that can lead to 
reconfiguration of the system.

3.2 Strengthen feedbacks that 
maintain desirable regimes.  
Planning Decisions can lock 
in undesirable feedbacks. A 
greater awareness of wider 
issues can prevent unintended 
consequences.
   
3.3 Avoid actions that obscure 
feedbacks:  Policy decisions have 
the opportunity to avoid subsidies  
that mask or distort dampening 
feedbacks.

3.4  Monitor important slow 
variables:  This is critical in order 
to detract slow changes that 
may cause a system to cross a 
threshold and reorganise into a 
different regime.  

      Environmental Regulators and Water 
companies monitor slow variables such as 
Phosphorous and Nitrogen concentrations 
as part of the Water Framework Direc-
tive.  By providing farm advice, on farm 
interventions, market solutions and asset 
improvements Water Companies can 
reduce the impacts which nutrients have 
on the water system.  These are delivered 
through catchment delivery work, EnTrade 
and catchment permitting.
New innovative investments solutions such 
as the West of England Natural Capital 
Trust can also help to deliver investment in 
measures that manage slow variables and 
feedbacks.

      Species numbers and distributions 
provide indications of how to manage 
slow variables.  

4.  Foster Complex 
Adaptive Systems 
Thinking

There is a need to foster a 
change in people’s frame of 
reference, which is more than just 
adding to a knowledge base. It 
implies changing their mind-set 
and behaviour.     

Adopting a systems framework, such as 
the Adaptation and Resilience Framework 
for the Bristol Avon Catchment, can aid in 
the understanding of interdependencies 
and relationships across sectors so that 
organisations can expect and account for 
change and uncertainty.

5.  Encourage Learning Improves problem solving and 
can support innovation and best 
practice research. 

This aligns with partnership working and 
projects.  Wessex Water’s investigations 
encourage learning, inform best practice, 
develop new technologies and pioneer 
research.  For example, the Collaborative 
Public Health Project, working with the 
Public Health department, University of 
Bath and NGOs, is pioneering research 
into the costs, effectiveness and sustaina-
bility of green and social prescribing, as a 
way to reduce the level of 
pharmaceuticals in the environment.  The 
outcomes will feed in to the future UK 
Chemicals Strategy.

6.  Broaden Participation Improves problem solving and 
can support innovation

This aligns with partnership working and 
projects.  

7.  Promote poly centric 
governance systems26 

Different organisations have 
different structures, which allow 
them to respond in different ways 
to disturbances.

This aligns with partnership working and 
projects.  

9

10
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RESILIENT PRINCIPLES TRANSLATED INTO POTENTIAL INTERVENTIONS ON THE GROUND IN AN INDIVIDUAL WATER BODY IN THE BRISTOL FROME SUB CATCHMENT FOR 
ILLUSTRATION ONLY                                                                                                                               
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GREEN ROOFS & SUDS CAN MITIGATE AGAINST HEAT STRESS, IMPROVE AMENITY, SLOW DOWN, 
STORE AND FILTER WATER AND IMPROVE BIODIVERSITY AND CONNECTIVITY.

© Steve Reynolds (CC BY 2.0) © Tejvan Pettinger (CC BY 2.0)

© La Citta Vita Green space design, 
Vastra Hamnen (CC BY-SA 2.0) © Sookie MEC (CC BY 2.0)
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LOW LYING AREAS ADJACENT TO WATERCOURSES CAN PROVIDE ADAPTIVE SPACES FOR REED BEDS 
AND WETLANDS IN HIGH RAINFALL.  SUSTAINABLE TRANSPORT ROUTES CAN PROVIDE IMPORTANT 
WILDLIFE CORRIDORS.
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RESILIENT PRINCIPLES TRANSLATED INTO POTENTIAL INTERVENTIONS ON THE GROUND IN AN INDIVIDUAL WATER BODY IN THE BRISTOL FROME SUB CATCHMENT FOR 
ILLUSTRATION ONLY                                                                                                                               

© Google© Google

© Tejvan Pettinger Wildflowers (CC BY2.0)

© MICOLO J Than Sparrow with Leaf (CC BY 2.0)
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HEDGEROWS ALONG FIELD BOUNDARIES, INTERCEPTING FLOWS, PROVIDING WILDLIFE CORRIDORS, 
INCREASING BIODIVERSITY AND REINFORCING THE LANDSCAPE CHARACTER

SOIL TYPES AND QUALITY PROVIDE AN IMPORTANT KEY FUNCTION.  MORE IN DEPTH KNOWLEDGE 
ON SOIL QUALITY FROM MORE RECENT DATA CAN INDICATE IMPORTANT KEY FUNCTIONS I.E. HIGH 
FERTILITY POTENTIAL FOR AGRICULTURE , LOW FERTILITY POTENTIAL FOR GRASSLANDS AND 
IMPROVED BIODIVERSITY.

GRASSLAND & WOODLAND CONSERVATION & RESTORATION AND PLANTING TO IMPROVE 
CONNECTIVITY AND PROVIDE WILDLIFE CORRIDORS.
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GLOSSARY OF TERMS 

ADAPTATION  
The process of adjustment to actual or expected climate and its effects.  In human systems, adaptation 
seeks to moderate or avoid harm or exploit beneficial opportunities. In some natural systems, human 
intervention may facilitate adjustment to expected climate and its effects.27 {WGII, III}

Examples of adaptation measures include: using scarce water resources more efficiently; adapting building 
codes to future climate conditions and extreme weather events; building flood defences and raising the 
levels of dykes; developing drought-tolerant crops; choosing tree species and forestry practices less 
vulnerable to storms and fires; and setting aside land corridors to help species migrate. (European 
Commission)

ADAPTIVE GOVERNANCE OF SOCIAL-ECOLOGICAL SYSTEMS
Adaptive governance has evolved as an analytical approach for understanding natural resource 
governance that takes as its foundation the interdependence of social and ecological systems. 28 It is in line 
with the emergence of new modes of governing in which multiple actors are involved, interactions within 
and across state, private sector and civil society are key and decisions require action across multiple scales 
and levels.  29 

ADAPTIVE CO-MANAGEMENT 
is an approach based on collaboration among multiple actors, for instance agencies, researchers and local 
resource users. Management of everything from local fisheries to global climate change is regarded as 
controlled experiments, with the consequent need for monitoring, evaluation and constant improvement. 
According to a growing number of scholars such management that is flexible and open to learning 
stimulates a sustainable development by enhancing resilience in coupled human and natural systems.30 

CATCHMENT(surface water)
The area of land bounded by watersheds draining into a river, basin or reservoir.(European environment 
Agency) It can be further subdivided into sub catchments and individual water-bodies.

COMPLEX ADAPTIVE SYSTEMS (CAS)
CAS is a class of systems whose macroscopic behaviour emerges from self-organized local interactions of 
their elements, such as actors interacting with ecosystems and with other actors. Characteristics of CAS are 
their non-linear, often unexpected behaviour, their path-dependency (an event in the past determines the 
development of the system in the future), and the diversity of their elements which enable adaptation to 
changing conditions.  (Stockholm Resilience Centre)

ECOSYSTEM SERVICES 
are the benefits people obtain from ecosystem processes. These include water and air purification, flood 
control, erosion control, generation of fertile soils, detoxification of wastes, resistance to climate and other 
environmental changes, pollination, and aesthetic and cultural benefits that derive from nature.31

FEEDBACKS & SLOW CHANGING VARIABLES
Feedbacks are the two-way ‘connectors’ between variables that can either reinforce (positive feedback) 
or dampen (negative feedback) change. An example of a slowly changing variable is phosphorus 
concentration in the sediment.  Too much phosphorus can lead to a regime shift from clear water to 
algae-dominated water which is difficult and costly to reverse.(Stockholm Resilience Centre)

FUNCTIONAL DIVERSITY arises when different species that perform a similar function exploit different aspects 
of a habitat.32 

FUNCTIONAL REDUNDANCY 
Within a given ecosystem, several different species may perform a particular function – for example, pollina-
tion, nitrogen fixation, seed dispersal, short-grass grazing, or degradation of woody biomass. This is referred 
to as functional redundancy (sometimes also called ecological redundancy)33 .

LOCK IN 
Lock-in occurs when a market is stuck with a standard even though participants would be better off with an 
alternative. The generic situation where decisions, events or outcomes at one point in time constrain 
adaptation, mitigation or other actions or options at a later point in time. (IPCC, 2014a),(IPCC, 2014b) 

LOW REGRET ADAPTATION ACTIONS
Actions that would generate net social and/or economic benefits under current climate and a range of 
future climate change scenarios. (IPCC, 2014a)
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NATURAL CAPITAL 
Natural capital is an extension of the traditional economic notion of capital. The term was coined to rep-
resent the natural assets that economists, governments, and corporations tend to leave off the balance 
sheets. Natural capital can be non-renewable resources, like fossil fuels and mineral deposits; renewable 
resources, such as fish or timber; or ecosystem services (for instance the generation of fertile soils, pollination, 
or purification of air and water).34 

SOCIAL CAPITAL 
Is a concept used in various fields, from economics and political science to sociology and natural resources 
management. Broadly, it refers to social relations among individuals and the norms and social trust which 
they generate and which facilitate coordination and cooperation for mutual benefit.35 

RESILIENCE
The capacity to deal with change and continue to develop.  ECOSYSTEM RESILIENCE is a measure of how 
much disturbance (like storms, fire or pollutants) an ecosystem can handle without shifting into a qualitative-
ly different state. It is the capacity of a system to both withstand shocks and surprises and to rebuild itself if 
damaged.  SOCIAL RESILIENCE is the ability of human communities to withstand and recover from stresses, 
such as environmental change or social, economic or political upheaval. Resilience in societies and their 
life-supporting ecosystems is crucial in maintaining options for future human development.36 

RESPONSE DIVERSITY 
refers to the multitude of responses to environmental change and disturbances, among species contribut-
ing to the same ecosystem function. This kind of diversity plays a crucial role in sustaining the resilience of 
ecosystems to cope with disturbance and change. If all species within a functional group (e.g. pollinators, 
seed dispersers or decomposers) are equally sensitive to a particular disturbance the system will have low 
response diversity and be vulnerable to that particular disturbance.37 

SOCIAL-ECOLOGICAL SYSTEMS (SES) 
Social-Ecological Systems are complex adaptive systems (CAS).  In SES the interactions of many diverse 
actors with ecosystems within given social and biophysical environments determine the development of the 
system over time. SES, in which people and ecosystems are interdependent and interact dynamically across 
scales, display many features of CAS.38 

SYSTEMS APPROACH
The understanding of a phenomenon within the context of a larger whole; to understand things systemically 
literally means to put them into a context, to establish the nature of their relationships. (Creative Commons 
BY-NC-SA 4.0 : The Open University)

VULNERABILITY 
refers to the propensity of social and ecological systems to suffer harm from exposure to external stresses 
and shocks. Research on vulnerability can, for example, assess how large the risk is that people and eco-
systems will be affected by climate changes and how sensitive they will be to such changes. Vulnerability is 
often denoted as the antonym of resilience

WORLD VIEW
That view of the world which enables each observer to attribute meaning to what is observed (sometimes 
the German word Weltanschauung is used synonymously) (Creative Commons BY-NC-SA 4.0 : The Open 
University)
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