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Limitations 

URS Infrastructure & Environment UK Limited (“URS”) has prepared this Report for the sole use of Kent County 
Council (“Client”) in accordance with the Agreement under which our services were performed. No other warranty, 
expressed or implied, is made as to the professional advice included in this Report or any other services provided by 
URS. This Report is confidential and may not be disclosed by the Client nor relied upon by any other party without the 
prior and express written agreement of URS.  

The conclusions and recommendations contained in this Report are based upon information provided by others and 
upon the assumption that all relevant information has been provided by those parties from whom it has been requested 
and that such information is accurate.  Information obtained by URS has not been independently verified by URS, unless 
otherwise stated in the Report.  

The methodology adopted and the sources of information used by URS in providing its services are outlined in this 
Report. The work described in this Report was undertaken between March 2013 and February 2014 and is based on 
the information available during the said period of time. The scope of this Report and the services are accordingly 
factually limited by these circumstances.  

URS disclaim any undertaking or obligation to advise any person of any change in any matter affecting the Report, which 
may come or be brought to URS’ attention after the date of the Report. 

Certain statements made in the Report that are not historical facts may constitute estimates, projections or other forward-
looking statements and even though they are based on reasonable assumptions as of the date of the Report, such 
forward-looking statements by their nature involve risks and uncertainties that could cause actual results to differ 
materially from the results predicted. URS specifically does not guarantee or warrant any estimate or projections 
contained in this Report. 

Copyright 

© This Report is the copyright of URS Infrastructure & Environment UK Limited.  Any unauthorised reproduction or usage 
by any person other than the addressee is strictly prohibited. 
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 EXECUTIVE SUMMARY 

Project Background 

Water systems within the County of Kent will be subject to new and additional pressures 
resulting from expected changes in climate, land use and population in the medium to longer 
term. This presents a series of risks and opportunities for users and receptors of the water 
systems in the County, and an understanding was required as to how this risk and potential 
opportunity varied spatially.   

A Spatial Risk Assessment (SRA) was undertaken of the potential effects from future pressure 
change on Kent’s water systems, focusing on how the effects may vary spatially across the 
County in relation to receptor type and location. This has facilitated a spatially targeted 
assessment of potential adaptation and opportunity realisation focused on areas within the 
County where the impact has the potential to be the greatest.  The funding for this work was 
provided through FUSION; an EU Interreg IVA 2 Seas Programme project, part funded by the 
European Regional Development Fund. 

The Kent SRA for Water is a strategic analysis with the outcome of a spatial representation of 
the variation in risk and opportunity using a series of risk assessment maps developed in a 
Geographical Information System (GIS).  From this mapping exercise, an analysis of outline 
guidance for adaptation measures that may be appropriate for highest risk areas and receptor 
groups has been developed. 

Assessing and Mapping Risks 

The definition of risk within the SRA was considered on the basis of the magnitude of impact 
on a water system in relation to the specific type and location of receptor using, or influenced 
by, that water system.  A series of changes to water systems (impacts) have been mapped 
based on analysis of a series of land use, population and climate change effects.  

Risk has been considered and mapped in this study as a series of consequences resulting 
from changes in water systems on receptors in relation to geographic extent of receptors. Four 
receptor groups were selected to determine consequence as follows: 

• businesses; 

• communities; 

• agriculture; and 

• water dependent elements of the natural environment. 

This approach to the use of effect, impact and consequence ensured consistency with Defra’s 
framework for climate change risk assessment for the water sector.  

The following consequences have been developed and mapped using a three point score 
scale of High, Medium or Low consequence to determine relative risk.  Each consequence 
was mapped to show the variation across Kent, and specifically where the risk occurred for 
each of the receptor groups. 
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Consequence listing 

Risk of increased competition for available surface water 

Risk of increases in mains water charges or increased frequency of use restrictions 

Increased risk of failure of physio-chemical elements of Water Framework Directive Status 

Increased risk of wastewater treatment Costs 

Risk of increased need for flood defence infrastructure investment 

Risk of reduced land stability affecting infrastructure 

Risk of worsening condition of aquatic habitats and species including eutrophication 

Likelihood that agricultural opportunities from climate change can be realised 

Risk ofiIncreased degradation or loss of agricultural land quality 

Agricultural land (Grades 1 to 3) at medium or high risk of loss through increased coastal 
erosion with intervention assumed 

Coastal settlements at medium or high risk through increased coastal erosion with 
intervention assumed 

Areas Most at Risk 

Key consequence scores (High, Medium or Low) have been aggregated across the County to 
determine where the greatest area of risk occurs within the County.  The aggregated results 
were analysed on a catchment scale using ‘waterbody catchments ‘as developed by the 
Environment Agency for the Water Framework Directive.  Catchments considered most at risk 
are detailed in the following table. 

 

Catchments with greatest risk 

The Bourne Upper Great Stour 

Lesser Teise North & South Streams at Eastry 

Len North Chislet Marsh 

Beult Hammer Stream 

Medway Estuary Sommerhill Stream 

Hexden Channel  

 
The SRA demonstrated an accumulation of higher risk consequences in the Medway 
catchment.  A number of impacts on water systems combine for the Medway catchment, 
particularly in the upper reaches and the main tributaries of the catchment, including land 
instability, increasing flood risk, limitations on wastewater treatment, lower summer flow risk, 
and water supply cost implications.   
 
Consequences specific to business receptors demonstrated the highest risk locations are 
Maidstone, Tonbridge, Royal Tunbridge Wells and Sevenoaks, with Sittingbourne and Dartford 
also with high risk scores.  These consequence scores are being driven by wastewater 
treatment limitations, potential water supply costs, private abstraction limitations and flood risk. 
 
For Agricultural receptors, the highest risk areas are within land closest to the upper tributaries 
of the Medway catchment, the Beult, Eden, Teise and Bourne, as well as the Upper Stour. 
Flood risk and degradation of agricultural land consequences combine in these locations along 
with restrictions on surface water abstraction and potential for increased water supply costs (or 
restrictions on use).  
 
For community receptors, there is less of a spatial pattern to consequence risk levels across 
Kent.  The highest risk areas are focused within the wider Medway catchment and along the 
Stour and into north Kent.  The Darent catchment in the west also has a high risk category.  
The high risk areas are influenced by several key impacts combining, including higher costs 
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for water supply, and wastewater treatment, increased flood risk, and land stability impacts on 
community infrastructure. 

Adaptation and Opportunities 

Using adaptation research published by Defra and the UK government, the SRA identified a 
number of potential adaption measures that could be adopted by different receptor groups in 
response to the consequences identified and mapped in the study.  Areas of greatest risk for 
each receptor were identified and specific adaptation measures for each consequence type 
proposed.  Examples for each receptor group for some of the consequences are detailed in 
the table below. 

 

Sector Adaptation Examples 

Business Increased competition for available surface water 

• Amending the business strategy to include assessment of the 
implications of surface water scarcity to the current product or service 
portfolio as well as climate change implications for customers; 

Increased need for flood defence infrastructure investment 

• If the local flood defence investment undertaken by KCC on behalf of 
businesses is passed on through a local levy, then the business sector 
could consider general improvements to reduce operational costs in 
other areas so that the introduction of the levy could be more readily 
absorbed.  

Agriculture Increased competition for available surface water 

• Managing water – e.g. managing water availability and use through 
improving irrigation efficiency, water storage capacity, using sustainable 
drainage systems, and restoring floodplains and wetlands on farmland. 

Increased risk of loss or degradation of agricultural land 

• Improving general farming practices for crops and livestock to build 
resilience e.g. soil conservation practices; input (fertiliser, pesticides) 
efficiency; general operational good practice, such as changing planting 
dates and rotational cropping 

Community Increased need for flood defence infrastructure investment 

• If the flood defence investment undertaken by KCC on behalf of the 
community is passed on through a local levy, and assuming fixed 
budgets, the adaptation responses for communities are limited to 
reducing expenditure elsewhere so that the introduction of the levy 
could be more readily absorbed. 

Increases in mains water charges or increased frequency of water use 
restrictions 

• reducing water use, improving water use efficiency or accessing 
alternative water supply sources such as water butts.  

Environment Increased risk of failure of physio-chemical elements of WFD status 

• Increasing the use of buffer strips around agricultural land to reduce 
diffuse pollution that could be exacerbated by increases in precipitation.  

• Adoption of payments for ecosystem services to provide incentives for 
improvements in the provision of water quality. 

The adaptation measures identified within the SRA suggest that there are many opportunities 
to enhance the resilience of the business, community, agriculture and environment sectors 
within Kent.  The adaptation measures involve actions that members of individual sectors 
could consider. Alternatively, a number of measures were identified that, if implemented by,for 
example, Kent County Council, may influence each sector’s response to climate change 
adaptation. 
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The SRA has provided an overview of the business opportunities that may arise as a 
consequence of the adaptation measures that were identified and where these are most likely 
to be spatially available in the County.  
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Glossary of Terms 

Term Definition 

Adaptation 
planning 

An assessment of where adaptation and mitigation should be focused and 
how this can be planned for each receptor group.   

Aquifer 
A source of groundwater comprising water bearing rock, sand or gravel 
capable of yielding significant quantities of water. 

CAMS 

Catchment Abstraction Management Strategy. An Environment Agency 
strategy developed for the management of water resources at a local level. 
They provide information on water resources and licensing practice to allow 
the needs of abstractors, other water users and the aquatic environment to 
be considered in consultation with the local community and interested 
parties. 

Consequence 
The result of an ‘impact’ on society, the economy or environment, e.g. 
increasing mains water prices due to increased water demand. 

Consequence 
Aggregation 
Maps 

Kent-wide map of areas of highest risk produced by combining the 
consequences scores for each 5m grid across the County. The score is 
colour coded for each 5m square using a ‘colour ramp’ to indicate the areas 
that have the highest magnitude of consequences within the County.  

An Effect 
A change in climate, land use or population that is forecast to occur in the 
medium to long term, e.g. increasing summer temperatures. 

Eutrophication 

The enrichment of waters by inorganic plant nutrients that results in 
increased production of algae and/or other aquatic plants, which can affect 
the quality of the water and disturb the balance of organisms present within 
it. 

Fluvial flooding 
Flooding resulting from water levels exceeding the bank level of a 
watercourse (river or stream).  

FMfSW 

Flood Map for Surface Water. A national data set held by the Environment 
Agency showing areas where surface water would be expected to flow or 
pond, as a result of two different rainfall events, rainfall events with a 1 in 30 
and 1 in 200 chance of occurring in any given year.. 

Groundwater 
All water which is below the surface of the ground in the saturation zone 
and in direct contact with the ground or subsoil. 

GWMU 
Groundwater Management Units. Discrete areas of groundwater assessed 
for availability of water for abstraction in the Environment Agency’s 
Catchment Abstraction Management Strategies (CAMS) 

An Impact The effect of change on the physical system, e.g. increasing water demand. 

LiDAR 
Light Detection and Ranging, a technique to measure ground and building 
levels remotely from the air, LiDAR data is used to develop Digital Terrain 
Maps. 

Mitigation 
measures 

The controls put in place to moderate or lessen the impact from a proposed 
action. 

Change 
pressures 

Variable factors that are likely to occur in the longer-term and include 
factors such as climate change, planned population increase and 
technology driven land use changes. 

RBMP 

River Basin Management Plan. For each River Basin District, the Water 
Framework Directive requires a River Basin Management Plan to be 
published. These are plans that set out the environmental objectives for all 
the water bodies within the River Basin District and how they will be 
achieved. The plans are be based upon a detailed analysis of the pressures 
on the water bodies and an assessment of their impacts. The plans must be 
reviewed and updated every six years. 

Receptor Separate aggregated consequences maps have been produced for single 
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Term Definition 

Aggregation 
Maps 

receptor groups, where only consequences that affect these groups have 
contributed to the aggregation scoring. Maps have been produced for the 
communities, agriculture and environment receptor groups. 

Receptor 
groups 

The users of the water systems that are susceptible to changes in 
pressures on the water system. The key groups of water users in this study 
are Businesses, Communities, Agriculture and the Environment. 

Risk 

The result of combining the magnitude of a consequence on a receptor with 
the likelihood that it will happen. In this study, the risk has been determined 
based on the magnitude of consequence in relation to the specific type and 
location of a receptor. Risk is considered and mapped in this study as a 
series of consequences on receptors in relation to geographic extent of 
receptors. 

SMP 
Shoreline Management Plan. An Environment Agency large-scale 
assessment of the risks associated with coastal processes.  

Soil Erodibility 
The measure of a soil’s susceptibility to raindrop impact, runoff and other 
erosional processes. 

Spatial 
indicators 

Features used to determine how impacts would vary in magnitude across 
Kent (e.g. geology, hydrology, population change). 

SRA 

Spatial Risk Assessment. A strategic spatial analysis of how risks and 
opportunities to Kent’s water systems (and the users or and receptors of 
those systems) may vary across the County’s administrative area, which 
has facilitated the development of outline guidance on what adaptation 
measures may be appropriate for highest risk areas (or receptor groups). 

SuDS 

Sustainable Drainage System. Methods of management practices and 
control structures that are designed to drain surface water in a more 
sustainable manner than some conventional techniques. Includes swales, 
wetlands, bioretention devices and ponds. 

SWMP 

Surface Water Management Plan. Plans developed for an area where 
surface water flood risk is a concern to determine the level of flood risk 
posed from surface water flooding and actions required to alleviate flood 
risk. 

Water demand 
The amount of water required for a particular purpose, e.g. agriculture, 
businesses. 

WFD 
Water Framework Directive. European Union legislation (2000/60/EC) that 
requires all water bodies to be at Good Ecological Status by 2015 or 2027. 

WFD 
waterbody 
catchments 

A manageable unit of surface water, being the whole (or part) of a stream, 
river or canal, lake or reservoir, transitional water (estuary) or stretch of 
coastal water. 

WRMP 
Water Resource Management Plan. A Water Company plan produced 
every five years that determines how they propose to meet projected 
demand over a 25 year planning period. 

WRZ 
Water Resource Zone. The largest zone within which the water sources can 
be shared.  

Q50 Median flow or flow that is available at least 50% of the time. 
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Glossary of Acronyms 

Term Definition 

BGS British Geological Society 

BOD Biochemical Oxygen Demand 

CAMS Catchment Abstraction Management Strategy 

CCRA Climate Change Risk Assessment 

Defra Government Department for Environment, Food and Rural Affairs 

DO Dissolved Oxygen 

EBA Ecosystem based adaptation 

ECR Economics of Climate Resilience 

FMfSW Flood Map for Surface Water 

GIS Geographical Information System 

GWMU Groundwater Management Units 

KCC Kent County Council 

KWRF Kent Water Resilience Framework 

LiDAR Light Detection and Ranging 

NAP National Adaption Programme 

NEA UK National Ecosystem Assessment 

P Phosphorous 

PES Payment for Ecosystem Services Scheme 

RBMP River Basin Management Plan 

SMP Shoreline Management Plan 

SRA Spatial Risk Assessment 

SuDS Sustainable Drainage System 

SWMP Surface Water Management Plan 

WFD Water Framework Directive  

WRMP Water Resource Management Plan 

WRZ Water Resource Zone 

WwTW Wastewater Treatment Works 
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1. INTRODUCTION 

URS Infrastructure and Environment UK Ltd (URS) and partners Climate Change Risk 
Management (CCRM) were commissioned by Kent County Council (KCC) to undertake a 
Spatial Risk Assessment (SRA) of the impacts of changing climate, land use and population 
on water systems in Kent (The Kent SRA for Water). 

The SRA is a strategic spatial analysis of how risks and opportunities to Kent’s water systems 
(and the users or receptors of those systems) may vary across the County’s administrative 
area. This process has facilitated the development of outline guidance on what adaptation 
measures may be appropriate for highest risk areas (or receptor groups). 

1.1 Project Background 

The SRA forms a key part of the Kent Water Resilience Framework (KWRF) being developed 
jointly by KCC and the Environment Agency, and which forms an important component of 
KCC’s overall Environment Strategy. 

Action CC 6.1 of the Environment Strategy tasks KCC with developing and delivering risk 
based actions plans for the top climate risk priorities within the County.  In order to move 
towards the provision of this, KCC has undertaken to complete the following studies and 
actions: 

• Setting out the baseline status of water systems within the County reported in a document 
titled ‘The State of Water in Kent’

1
.  This document has been finalised and has been 

utilised as part of the SRA; 

• Identifying the key, long term, water-related risks and opportunities arising from changing 
climate, population and land use within the county and reported in a document titled ‘Risks 
and Opportunities for Water’

2
 published as part of the KWRF. This document has been 

finalised and has been utilised as part of the SRA; and 

• Developing follow-up action according to whether each of the risks and opportunities 
identified in the KWRF either: 

• requires further research or investigation; 

• is a generic issue facing the whole county; or  

• varies spatially in relation to the geography of Kent and Medway (the Kent SRA for 
water). 

This report documents the findings of the Kent SRA for Water, representing the work 
undertaken to determine which risks and opportunities vary spatially in relation to the 
geography of Kent and Medway and is a key step towards the future planning and delivery of 
adaptation and mitigation measures. 

1.2 Project Funding 

The funding for this work is being provided through FUSION; an EU Interreg IVA 2 Seas 
Programme project, part funded by the European Regional Development Fund. The FUSION 
project aims to increase economic growth within the European “2 Seas region”

3
 while reducing 

the environmental impact by promoting an eco-innovative mindset in Small to Medium 
Enterprises (SME) from start-up to high growth.  

                                                      
1
 Environment Agency (2012) The State of Water in Kent: Kent Water Summit. 

2
 Kent County Council (2012) Risks and Opportunities For Water, published as part of the Kent Water Resilience Framework 

3
 Covering France in Nord Pas de Calais, Flanders in Belgium and the south-west of Netherlands and UK partners from the south and 

east coasts of England, from Cornwall to Norfolk. 
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KCC is the lead partner for the project and has a particular interest in supporting the 
development of new sustainable business models in Kent and the expansion of the low 
carbon, and environmental goods and services sector through developing effective strategies 
and policies and targeted business support packages. This SRA for Water will assist KCC in 
delivering this aim by identifying where opportunities for new business linked to change 
adaptation exist. 

1.3 Aims and Objectives 

There are four main objectives of the Kent SRA for Water as follows: 

1. to provide a picture of how medium to long-term water-related risks and opportunities 
arising from climate change, land use change and population change vary spatially across 
the county; 

2. to provide an evidence base for KCC and other stakeholders to allow: 

a. the production of adaptation planning and guidance in relation to these risks;  

b. identification of adaptation based business opportunities; and  

c. the development of land and catchment based management programmes. 

3. to prioritise areas within the County that are most at risk in the medium to long-term, and 
hence the focus for adaptation planning; and 

4. assess what the various water related risks and opportunities potentially mean for local 
businesses, communities and the environment in Kent in the medium to long-term. 

It is important to stress the strategic nature of the mapping and assessment process that has 
been undertaken for this study. The purpose of the study is to broadly estimate areas that 
have the highest risk and opportunity, using analysis of a large range of water-related risks 
such that adaptation planning can be targeted to areas of most relevance.  It is not intended to 
be a detailed study that precisely determines the extent and effect of each risk.  

1.4 Study Reporting 

The Kent SRA for Water has been reported in two volumes: 

• Volume 1: The Kent SRA for Water – Methodology, mapping discussion and approach to 
adaptation  (this volume); and 

• Volume 2: Book of maps – presentation of maps produced for the study. 
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2. APPROACH TO THE KENT SRA FOR WATER 

2.1 Introduction 

In order to understand water related risk and opportunities arising from changing climate, land 
use and population within Kent, it is important to understand how these change factors 
influence the hydrological functioning of the natural water systems in the County.  

How natural water systems function is a product of several key factors.  The physical 
geography of an area is a key factor which defines a significant element of hydrological 
processes and many of these physical geographic elements are unchanging within the 
timeframes considered for this project e.g. topography and geology.  However, several key 
factors which influence hydrological processes vary across many temporal scales and include 
factors such as varying rainfall patterns and temperature, as well as human geographical 
factors such as land use change, and population pressures in the form of abstraction and 
drainage management. 

The variable factors described are subject to change ‘pressures’ that are likely to occur in the 
longer-term and include factors such as climate change, planned population increase and 
technology driven land use changes.  How these pressure changes impact on natural water 
systems (and the man-made water systems that rely on them) in a given area is a function of 
the physical geography of that area. In order to define risks related to these changes, it is 
important to consider how pressures such as climate change are going to vary spatially, and 
also as a result of the spatial variability in physical geography of that area.  In so doing, it is 
important to take into consideration the inherent uncertainties in climate change projections 
and that these projections will be refined over time.  

In determining risk (and opportunity), it is also important to consider all change pressures in 
combination as water system functioning is complex and affected by a number of different 
factors acting concurrently.  It was important at an early stage in the study to define all the 
change pressures, how these pressures impact on natural water systems, and then consider 
how the impacted systems will affect the users or receptors of the water systems.  

2.1.1 Kent Hydrology 

A detailed baseline of hydrology and hydrogeology (including abstraction information) is 
provided in The State of Water in Kent document produced for the KWRF.  Figure GEO 1 in 
Volume 2 of the SRA outlines the main river systems in Kent and Figures GEO 5 and GEO 6 
in Volume 2 outline the bedrock and superficial geology respectively. 

The two main river systems in Kent are the River Stour and the River Medway. The Stour 
drains the eastern section of the County, discharging to the North Sea downstream of 
Sandwich on the east coast and its flow characteristics are dominated by the Chalk geology.  
The Medway (including the tributaries of the Beult, Bourne, Teise and Eden) drains the 
majority of the Western section of the County, discharging to the Thames Estuary at 
Sheerness to the north of the County and its flow characteristics (particularly for the main 
tributaries) are dominated by the Weald Clay geology. 

Smaller river systems drain the north western section of the County (the Rivers Darent and 
Ebbsfleet dominated by Chalk geology), with the headwaters of the River Rother draining part 
of the southern section of the county into East Sussex and the network of rivers and ditches 
draining Romney Marsh south of the Military Canal. 
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2.2 Defining Risk  

An important first step in the study was to clearly define the term ‘risk’ in the context of the 
Kent SRA for Water (“the Kent SRA”). This study aims to inform area targeted response 
actions to water related risks, including mitigation, and adaptation planning.  It was important 
that the study determined how changes in water systems affect the users and receptors 
associated with those systems and did not focus solely on risk of physical changes in water 
systems; how these changes manifest in terms of effects on receptors is critical to determining 
a response action plan to these changes. 

Risk is most frequently defined as a combination of the magnitude of a consequence on a 
receptor with the likelihood that it will happen.  Likelihood in the context of this study is difficult 
to determine given the inherent uncertainties involved in studies that have modelled climate 
change (and the subsequent impact of climate change on water systems) as well as trends in 
land use and population changes.   

For these reasons, risk has been considered on the basis of the magnitude of consequence in 
relation to the specific type and location of a receptor.  Risk is therefore considered and 
mapped in this study as a series of consequences on receptors in relation to geographic 
extent of receptors. 

Four receptor groups were selected to determine consequence as follows: 

• businesses; 

• communities; 

• agriculture; and 

• water dependent elements of the natural environment. 

2.3 Mapping risk through the use of consequences 

Consequences were identified and a simple three level grading system was developed for 
each consequence based on a high, medium or low level of risk. This was then used to map 
the relative risk level spatially across Kent for each consequence. 

The level of risk associated with a consequence is derived from a series of change pressures 
that cause physical changes on water systems (natural or man-made) which then affect (or 
lead to a consequence for) a receptor or user of that water system. 

The framework presented in the Climate Change Risk Assessment for the Water Sector
4
  was 

used to breakdown and consistently define the elements that lead to a consequence for a 
receptor as follows: 

• an effect – the change in climate, land use or population that is forecast to occur in the 
medium to long term;  

• an impact - the effect of change on the physical system; or 

• the consequence - the end result of the system impact on society, the economy or 
environment. 

As an example, “increasing water demand” would be considered an impact as a result of 
effects from increasing population and changing climate (increasing summer temperatures), 
leading to a consequence of increasing mains water prices for business, agriculture and 
community (as a result of more investment required in water resources to meet demand). 

                                                      
 
4
 Rance, J. et al. (2012) Climate Change Risk Assessment for the Water Sector, Defra. 
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As the consequences are made up of one or more physical impacts, each impact was 
mapped in a Geographic Information System (GIS) using a similar three grade risk level (high, 
medium and low) and these impacts were combined to derive an overall consequence risk 
level. 

In order to assess and map the level of impact, effects and geographical characteristics 
associated with each effect needed to also be mapped and included in the GIS. 

2.3.1 Determining effects, impacts and consequences 

In order to map the consequences in GIS, several steps had to be taken. The steps taken 
specifically for each impact and consequence are explained within Section 3 (Presentation of 
Impacts) and Section 4 (Presentation of Consequences) of this report. The general approach 
is described below. 

To determine all of the consequences that would be mapped, it was important to consider and 
determine all of the effects and impacts that would contribute to the consequences.  It was 
also key to determine which impacts (and effects) varied spatially across Kent and whether 
there was a means to determine this variability based on existing data.  Potential data sources 
related to impacts and effects where analysed, firstly to determine whether they could act as 
an indicator for magnitude of change as a result of change pressures; and secondly, whether 
the data was sufficiently detailed to enable determination of spatial variance in magnitude of 
change across Kent.   Such data sources and specific attributes of these data sources were 
defined as ‘spatial indicators’. 

The starting point was the preceding Risks and Opportunities for Water study in the KWRF 
which had identified a list of risks and opportunities in relation to change pressures on water 
systems in Kent.  The study provided a comprehensive review of the range of risks and how 
they interlink with the wider Kent water systems, capturing all of the major risks and 
opportunities associated with the three change pressures. However, in order to consider these 
in terms of consequence, it was important to reclassify the predefined risks and opportunities 
as an effect, impact or consequence and to identify if there were additional risks and 
opportunities which needed to be captured. 

Once all the impacts and consequences had been defined, an analysis of whether they are 
likely to vary spatially was undertaken.  The key focus of the study was to map risks and 
opportunities that differ in magnitude across Kent according to the geographical and 
hydrological characteristics of the area so that area targeted response plans can be 
developed.   

The study identified spatial indicators that would be used to determine how impacts would vary 
in magnitude across Kent.  Population and land use change effects will vary across Kent; 
however, some of the climate change effects which lead to impacts and consequences are 
unlikely to vary e.g. the projected changes in intensity of rainfall are unlikely to be significantly 
different in one part of Kent compared to another.  The spatial variability for these climate 
change effects would therefore be driven by how the effects lead to differences in impact 
according to the geography and hydrological functioning of the catchments in Kent.  As an 
example, percentage decreases in summer rainfall volumes are unlikely to vary across Kent, 
but the sensitivity of rivers to this change will vary, depending on the catchment size, geology 
type, habitat type and water quality.  In some cases, there were no spatial indicators available 
that could be used within the remit of this study; either because the data was not available 
geographically, or within the timescale for reporting of the work. 

The spatial indicators were used to determine how the geography and hydrology of Kent 
would influence the magnitude of each impact.  For simplicity and ease of mapping, a high 
medium or low magnitude was assigned to each impact.  How this was assigned for each 
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impact is explained in further detail in Section 3 for each impact.  The high, medium or low 
magnitude scoring allowed assimilation of impact scores in GIS to inform the consequence 
mapping.   

Appendix A of this volume provides the detail of the methodology for identification of effects, 
impacts and consequences including: 

• how the preceding Risks and Opportunities for Water study was used;  

• how additional effects, impacts and consequences were identified; and 

• how spatial indicators were developed for each impact or consequence. 

Table 2-1 presented below provides a summary of the output of this methodology, showing 
each of the consequences that have been used in the assessment as well as which impacts 
had suitable spatial indicators and were used in the GIS to map each consequence

5
. 

2.3.2 Assessment Timescales 

Due to the variance in data sources used for developing spatial indicators, the time period 
over which changes in land use, climate change and population change have been assessed 
also varies.  The majority of the assessment has been assessed based on likely change to the 
2050s; however for some impacts and consequences, the data source used projections 
beyond or prior to the 2050’s and this has been stated for each of the maps presented in 
Volume 2. 

 
  

                                                      

5 Analysis undertaken for a potential impact relating to a decrease in groundwater yields determined that there was a low risk of 
this impact occurring as a result of climate change effects in Kent; a full explanation of this conclusion is included in Appendix B.  
For this reason the impact was not used in any consequence assessments.  
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Table 2-1: Final list of consequences assessed and mapped in the Kent SRA for Water 

 
 

  Consequence 
Impacts Used in Consequence 

Assessment 

Receptor 
Groups 

affected by 
Consequence 

Risk of  increased competition for 
available surface water 

Risk of lower summer river flows and 
more frequent summer hydrological 

droughts 

Agriculture 

Business 

Risk of increases in mains water charges 
or increased frequency of use restrictions 

by water company area 

Data from Water Company Water 
Resource Management Plans. 

Agriculture 

Business 

Community 

Increased risk of failure of physio-
chemical elements of WFD status 

Risk of increased pressure from urban 
diffuse pollution 

Environment 

Risk of increased soil erosion and 
degradation 

Risk of lower summer river flows and 
more frequent summer hydrological 

droughts 

Risk of limitations on wastewater 
discharges to river systems 

Increased risk of wastewater treatment 
costs 

Lower summer river flows and more 
frequent summer hydrological droughts 

Business 

Risk of limitations on wastewater 
discharges to river systems 

Community 

Risk of increased need for flood defence 
infrastructure investment 

Risk of greater depth and extent of river 
and tidal flooding 

Business 

Risk of increased depth and extent of 
surface water flooding 

Community 

Risk of reduced land stability affecting 
infrastructure 

Risk of increased soil erosion and 
degradation 

Business 

Community 

Transport 

Utilities 

Risk of worsening condition of aquatic 
habitats and species including 

eutrophication 

Risk of increased soil erosion and 
degradation 

Environment 
Risk of lower summer river flows and 
more frequent summer hydrological 

droughts 

Risk of limitations on wastewater 
discharges to river systems 

Likelihood that agricultural opportunities 
from climate change can be realised 

Risk of lower summer river flows and 
more frequent summer hydrological 

droughts 
Agriculture 

Risk of increased degradation or loss of 
agricultural land quality 

Risk of increased soil erosion and 
degradation 

Agriculture 
Risk of greater depth and extent of river 

and tidal flooding 

Agricultural land (Grades 1 to 3) at 
medium or high risk of loss through 

increased coastal erosion with 
intervention assumed 

Coastal erosion risk by the 2050’s (with 
active intervention) 

Agriculture 

Coastal settlements at medium or high 
risk through increased coastal erosion 

with intervention assumed 

Coastal erosion risk by the 2050’s (with 
active intervention) 

Community 
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2.4 The map outputs 

Maps have been produced for the effects (including geographical characteristics), impacts and 
consequences.  Colour coding has been used in the mapping to denote whether the maps 
produced relate to an effect, impact or consequence as follows: 

• effect (including geographical characteristic which translate effect into an impact)  - grey 
scale colouring; 

• impact – gold scale colouring; and 

• consequence – purple scale colouring. 

2.4.1 Effect and geographical characteristic mapping 

In order to determine the extent of impacts, it was necessary to review and map some of the 
effect changes that lead to those impacts, as well as some aspects of the spatially varying 
geography of the County.  Several effect and geographical characteristics maps have been 
produced, and these maps are presented in Volume 2 of The Kent SRA for Water. Table 2-2 
sets out the list of maps produced along with their mapping reference.   

Table 2-2: Effect and Geographical Characteristics Maps 

 

 

  

Map Reference Map Name 

EFF 1 
Risk of Increased Charges to Meet Water Demand by 
Water Resource Zone 

EFF 2 Projected Level of Population Change by Ward by 2031 

EFF 3 
Percentage Change in Summer Rainfall Amounts 
(UKCP09 projections) 

EFF 4 
Percentage Change in Winter Rainfall Amounts (UKCP09 
projections) 

GEO 2 Current Groundwater Resource Rating 

GEO 3 Soil Infiltration Potential 

GEO 4 Slope Gradient Based on LiDAR 

GEO 5 BGS Bedrock Geology 

GEO 6 BGS Superficial Deposits 

GEO 7 
Locations of Wastewater Treatment Works (WwTWs) 
Discharging to Inland Waterbodies 

GEO 8 Soil Erodibility Risk 

GEO 9 Current Water Framework Directive Waterbody Status 

GEO 10 Agricultural Land Classification 
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2.4.2  Impact Mapping 

The impact maps are provided in Volume 2. Table 2-3 details the maps produced for each of 
the impacts and their reference number. 

There is no standard unit for mapping impacts (or consequences).  The resolution of mapping 
depends on the impact being considered and the spatial scale of available data; in some 
cases, information is only available for a river and the land within the river catchment, whereas 
in others, information is available at a much higher resolution for 1km areas of land. 

Where information is available for waterbody catchments, as defined in the South East River 
Basin Management Plan (RBMP)

6
 under the Water Framework Directive (WFD), these have 

been used for mapping purposes.   

Table 2-3: Impact Maps 

 

2.4.3 Consequence mapping – Kent Wide 

Consequence levels were mapped by combining the magnitude scores assigned for each 
impact contributing to that consequence.  Each Impact contributing to a consequence was 
scored according to whether it was a high (3), medium (2) or low (1) magnitude impact. GIS 
was used to assign this impact magnitude scoring for each 5m grid square in Kent, and these 
impact scores were combined for each 5km grid to give a consequence ‘risk score’.  This total 
score was recalculated in GIS to give a consequence risk score of high (3), medium (2) or low 
(1).  This was to ensure that all consequences used the same scoring system of 1 through to 3 
and allowed consequences to be aggregated on an equal basis.  Further detail on this process 
is provided in sections 3 and 4 for each impact and consequence. 

It is acknowledged that consequences have different levels of risk when compared to each 
other; however, the ultimate aim of the study was to determine where there are a greater 
number of high risk consequences geographically within Kent for each receptor, and hence a 
weighting system was not used for the strategic purposes of the assessment. 

The initial output for each consequence was a map demonstrating consequence risk level 
(high, medium or low) across the Kent area. The consequence maps are provided in Volume 2 

                                                      
6
 http://www.environment-agency.gov.uk/research/planning/124978.aspx 

 

Map Reference Map Name 

IMP 1a 
Risk of Lower Summer Flow and More Frequent Summer 
Hydrological Droughts 

IMP 2a Risk of Increased Soil Erosion and Degradation 

IMP 2b 
Risk of Increased Soil Erosion and Degradation – 
Aggregated by WFD Catchment 

IMP 3 Risk of Greater Depth and Extent of River and Tidal Flooding 

IMP 4 
Risk of Increased Depth and Extent of Surface Water 
Flooding 

IMP 5 
Risk of Limitations on Wastewater Discharges to River 
Systems 

IMP 6 Risk of Increased Pressure from Urban Diffuse Pollution 

IMP 7a Coastal Erosion Risk by the 2050’s (No Active Intervention) 

IMP 7b Coastal Erosion Risk by the 2050’s (With Active Intervention) 
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of The Kent SRA for Water.  Table 2-4 details  the maps produced for each of the 
consequences.  

Table 2-4: Consequence Maps – Kent wide 

Map Reference Map Name 

CON 1 Risk of Increased Competition for Available Surface Raw Water 

CON 1 AGRI 
Risk of Increased Competition for Available Surface Raw Water – 
Affecting Agricultural Land (Grades 1 to 3) 

CON 1 BUS 
10 Wards with the Highest Risk to Businesses of Increased 
Competition for Available Surface Raw Water 

CON 2 
Risk of Increases in Mains Water Charges or Increased Frequency 
of Use Restrictions 

CON 2 AGRI 
Risk of Larger Increases in Mains Water Charges or Increased 
Frequency of Use Restrictions for Agricultural Land (Grades 1 to 3) 

CON 2 BUS 
10 Wards with the Highest Risk to Businesses of Larger Increases 
in Mains Water Charges or Increased Frequency of Use 
Restrictions 

CON 2 COMM 
Settlements at High Risk of Increases in Mains Water Charges or 
Increased Frequency of Use Restrictions 

CON 3 
Increased Risk of Failure of Physio-chemical elements of WFD 
Status 

CON 4 Increased Risk of Wastewater Treatment Costs 

CON 4 BUS 
10 Wards with Businesses at Highest Risk of Increased 
Wastewater Costs 

CON 4 COMM Settlements at High Risk of Increased Wastewater Costs 

CON 5 
Risk of Increased Need for Flood Defence Infrastructure 
Investment 

CON 5 BUS 
10 Wards with Businesses at Highest Risk of Needing Flood 
Defence Infrastructure Investment 

CON 5 COMM 
Settlements with Areas of High Risk of Needing Flood Defence 
Infrastructure Investment 

CON 6 Risk of Reduced Land Stability Affecting Infrastructure 

CON 6 BUS 
10 Wards with Businesses at Highest Risk of Having Infrastructure 
Affected by Reduced Land Stability 

CON 6 COMM 
Settlements with Areas of High Risk of Having Infrastructure 
Affected by Reduced Land Stability 

CON 6 TRANSPORT 
Transport Infrastructure at High Risk of Being Affected by Reduced 
Land Stability 

CON 6 UTILITIES 
Utility Infrastructure at High Risk of Being Affected by Reduced 
Land Stability 

CON 7 
Risk of Worsening Condition of Aquatic Habitats and Species 
including Eutrophication 

CON 8 
Likelihood that Agricultural Opportunities from Climate Change Can 
be Realised 

CON 9 Risk of Increased Degradation or Loss of Agricultural Land Quality 

CON 10 AGRI 
Agricultural Land (Grades 1 to 3) at Medium or High Risk of Loss 
through Increased Coastal Erosion with Intervention Assumed 

CON 13 COMM 
Coastal Settlements at Medium or High Risk through Increased 
Coastal Erosion with Intervention Assumed 

AGGREGATED_CONS_ALL Level of Risk from Consequences Combined for Kent 

AGGREGATED_CONS_AGRI 
Level of Risk from Combining Consequences Which Affect 
Agriculture 

AGGREGATED_CONS_BUS 
Level of Risk from Combining Consequences Which Affect 
Business Receptors 

AGGREGATED_CONS_COMM 
Level of Risk from Combining Consequences Which Affect 
Communities 
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2.4.4 Consequence mapping for receptors 

For each of the receptor groups (Business, Environment, Community and Agriculture), it was 
important to represent where the consequences occurred spatially in relation to where the 
receptors are located.  This was undertaken differently for each receptor group as follows: 

Businesses   

A database containing details of all businesses within Kent was available for use in the study.  
Unlike the other receptor groups, the spatial extent of business could only be represented by 
grid reference locations.  In order to provide meaningful mapping of business locations in 
relation to consequences, the number of business in each of the ward areas was calculated so 
that relative risk based on concentration of business receptors could be mapped on a 
consistent spatial scale.  Whilst sensitivity has not been considered for other receptors in 
determining risk, it was considered beneficial for the assessment of businesses to ensure that 
consequence levels were not simply biased towards areas of most businesses, but where the 
most water sensitive businesses are located.   

Therefore, the businesses database was analysed and each business was assigned a 
sensitivity score based on the business type as defined in the database. A report by Ceres 
(2010) provided guidance to help derive a level of water reliance for different business types. 
The report identified the beverage, chemical, electrical power, food, homebuilding, mining, oil 
and gas and semi-conductor industries to require significant quantities of water, or to have 
significant wastewater discharges. Based on the findings of the report, the business types 
were scored in terms of water risk as follows (1 = at most risk): 

1. Mining 

2. Beverage 

3. Semi-conductors 

4. Chemicals 

5. Electrical Power 

6. Oil and Gas 

7. Food 

8. Homebuilders 

In addition to the above industries; the manufacturing, cement and concrete, paper milling, 
water companies, agricultural/farming and pharmaceutical industries were also considered to 
require significant quantities of water. 

All business types associated with the above industries were assigned a High score for water 
reliance. For the remaining business types, each was assessed and interpreted individually 
and assigned either a Medium or Low score. 

In keeping with the assignment of magnitude for impact and consequence risk, this was 
determined as high, medium and low reliance.  For the purposes of determining areas with a 
higher number of water dependent businesses, each business was assigned a score of 1 to 3 
depending on whether it was classified as a high, medium or low reliance business.   
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For consequences relevant to business, this data has been used to rank wards according to 
how many water sensitive business located within them, and the top 10 wards within high risk 
areas for each consequence have been presented.  

Communities 

An urban settlements GIS layer was used to identify all urban centres that fall into the high risk 
areas for each consequence.  These urban centres have been mapped and presented within 
Section 4 (Presentation of Consequences).  It should be noted that this GIS layer shows 
present day settlements so future large developments may not be fully represented. Table 2-5 
details the maps produced. 

Table 2-5: Community receptor consequence maps 

Map Reference Map Name 

CON 2 COMM 
Settlements at High Risk of Increases in Mains Water Charges or 
Increased Frequency of Use Restrictions 

CON 4 COMM Settlements at High Risk of Increased Wastewater Costs 

CON 5 COMM 
Settlements with Areas of High Risk of Needing Flood Defence 
Infrastructure Investment 

CON 6 COMM 
Settlements with Areas of High Risk of Having Infrastructure Affected 
by Reduced Land Stability 

CON 13 COMM 
Coastal Settlements at Medium or High Risk through Increased 
Coastal Erosion with Intervention Assumed 

Agriculture 

The land use classification information has also been used to identify agricultural land.  This 
was considered to be the best representation of agricultural land use for the strategic nature of 
this study.  The consequence risk level has been mapped for the area covering agricultural 
land grades 1 to 3. Table 2-6 the maps produced. 

Table 2-6: Agriculture receptor consequence maps 

Map Reference Map Name 

CON 1 AGRI 
Risk of Increased Competition for Available Surface Raw Water – 
Affecting Agricultural Land (Grades 1 to 3) 

CON 2 AGRI 
Risk of Larger Increases in Mains Water Charges or Increased 
Frequency of Use Restrictions for Agricultural Land (Grades 1 to 3) 

CON 10 AGRI 
Agricultural Land (Grades 1 to 3) at Medium or High Risk of Loss 
through Increased Coastal Erosion with Intervention Assumed 

Environment 

Within the timescales of this study, it was not possible to undertake a review of the sensitivity 
and location of water dependent habitats and how they are reliant on changes in water 
systems in Kent.  Therefore, WFD waterbody catchments have been used to demonstrate 
where environmental pressures from changes in water systems are considered to lead to the 
potential greatest levels of risk.   

Other Receptors 
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With specific reference to the land stability consequence, receptor maps have also been 
produced specifically for highways and water utilities infrastructure to highlight where these 
specific receptors are at risk from this consequence.  These receptors are not mapped for 
other consequences, as they are not considered to be directly affected by the impacts defined 
in the study. 

2.4.5 Consequence aggregation 

In order to inform prioritisation of areas within Kent for adaptation and response planning, it 
was necessary to undertake an aggregation of all the consequences identified.  

Consequence scores (high risk scored 3, medium risk scored 2, low risk scored 1, and no risk 
scored 0)  were assimilated in GIS for each 5m grid square in Kent The scores were combined 
to give a total numeric score for each 1km grid in Kent.  This score was then used to colour 
code each 1km square using a ‘colour ramp’ to indicate the areas that have the highest 
magnitude of consequences within the County. 

As well as combining all the consequences geographically, receptor aggregation maps have 
also been produced, whereby only consequences affecting a single receptor group have been 
combined. 

2.5 Adaptation planning 

The consequence aggregation process allowed prioritisation of areas within Kent where the 
greatest number of consequences have the potential to occur.  This prioritisation process has 
been used to determine how adaptation and mitigation could be developed for each receptor 
group.  Additional maps have been produced that demonstrate for each receptor where the 
highest risk areas occur with adaptation and mitigation measures proposed for these areas. 

This work included: 

• assessment of generic adaptation and mitigation measures for each of the consequences; 

• assessment of location specific adaptation and mitigation measures according to where 
the highest risk areas for each consequence coincide with receptor extent; 

• identification of where there are opportunities for new local adaptation or mitigation linked 
business opportunities; and, 

• for the Environment receptor group, where there are opportunities for catchment based 
management opportunities linked to achieving WFD status and countryside management. 

The process for this assessment and the outputs are included in Section 6 (Adaptation 
Recommendations) and Section 7 (Opportunity Identification). 

2.6 Limitations and assumptions on approach 

Due to the strategic nature of the study, the approach to the analysis and mapping was 
subject to certain assumptions and limitations with respect to some elements such as 
availability of data and coverage of data.   This section briefly identifies these assumptions and 
limitations. It should be noted that this list is not exhaustive and further limitations and 
assumptions are listed in sections 3 and 4 in relation to the specific impacts and 
consequences. 

• The level of risk assigned to the impacts and consequences is dependent on the 
quality of the data that was made available for the study at the time of completing the 
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assessment work.  It was not possible within the remit of the study to collect new data 
via surveys or additional monitoring; 

• Impacts could only be mapped were spatial indicators were available across Kent for 
that specific impact; 

• Through the use of WFD waterbody catchments to map some impacts and 
consequences, local variances within the catchment will not be captured; 

• Information was not available in relation to wastewater catchments, hence it was not 
possible to determine directly the impact of increasing population on wastewater 
treatment capacity impacts; 

• The aggregation of consequences was undertaken without comparing the relative 
level of risk between consequences.  A high, medium or low score was assigned for 
each consequence without a weighting system such that consequences could be 
compared spatially in terms of where most high risk consequences occur; and 

• Information on receptor sensitivity (with the exception of business) was not available 
at the strategic scale for which mapping has been undertaken. Level of consequence 
has therefore been based on receptor extent and geographic characteristics. 
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3. PRESENTATION OF IMPACTS 

3.1 Risk of Lower Summer River Flow and More Frequent Summer Hydrological 
Drought Risk 

Volume 2 – Book of maps Figure references 

 

 

3.1.1 Impact Introduction 

The mapping undertaken for this impact represents two possible impacts, the risk of lower 
summer river flows and the risk of more frequent summer hydrological droughts.  This is 
because the two impacts are driven by the same change effects, namely: 

• Lower summer rainfall volumes; 

• Longer periods of no summer rainfall; and 

• Increasing population. 

UKCP09 Climate change modelling indicates that by the 2080’s, summer rainfall volumes 
across Kent could decrease by 22%-31% when considering the central estimate of change.  In 
addition, it is predicted that there will be much longer periods of dry hot summer weather 
where there is no rainfall which exacerbates the onset of low flows in rivers. 

Increasing population will lead to a higher demand for water, which has the potential to result 
in lower flows where water supply is sourced from surface water systems.   

Drought in this context refers to hydrological drought, as opposed to meteorological or water 
supply drought.  The risk of increases in frequency of meteorological is unlikely to vary across 
the spatial extent of Kent, and water supply drought is influenced by factors that are not easily 
mapped for a strategic study.  Hydrological drought risk however, can be represented spatially 
by considering geographical catchment responses to lower rainfall. 

3.1.2 Determining spatial indicators 

Spatial indicators for the effects leading to this impact could not be developed fully to create 
an impact map.  Whilst the spatial distribution of rainfall does vary across Kent

1
, the outputs 

from the UKCP09 climate change modelling do not indicate a significant variation in summer 
rainfall changes across Kent (see Figure EFF 3).  Population change data for Kent 
demonstrates that there is a spatial variability in predicted population growth across the 
County (see Figure EFF 2); however, how this influences river flows as a result of abstraction 
is not directly related to where this growth occurs.  The various water companies supplying 
Kent with treated water have flexible supply systems that allow raw and treated water to be 
moved around their supply area, and transferred into the County such that it is not possible to 
draw direct relationships between where population growth might occur in the future and which 
river catchment will therefore be at greater risk of lower flows. 

Figure IMP 1a – Risk of Lower Summer River Flow and More Frequent Summer 
Hydrological Droughts 

Figure EFF 2 – Projected Level of Population Change by Ward by 2031 
Figure GEO 5 – BGS Bedrock Geology across Kent 
Figure EFF 3 – Percentage Change in Summer Rainfall Amounts (UKCP09 
Projections) 
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For these reasons, spatial indicators were drawn from other sources as follows: 

• The Environment Agency Catchment Abstraction Management Strategies (CAMS) - based 
on where there are restrictions on available water for further abstraction in river systems.  
The CAMS assessment takes into account the natural flow variability of a river system and 
the existing abstractions licenced from each catchment. 

• Geological and aquifer type information from the British Geological Society (BGS) to 
determine river catchments that are more at risk from low summer flows (see Figure GEO 
5).  Rivers that drain relatively impermeable soils and geology (such as clay catchments) 
are more likely to experience lower summer river flows in response to lower summer 
rainfall as they are reliant on surface water runoff to generate river flow.  Permeable 
catchments (such as chalk) are less likely to experience lower summer flows as they 
would maintain an element of baseflow from groundwater which is predicted to be less 
adversely impacted by climate change induced rainfall changes. 

3.1.3 Impact magnitude assessment  

WFD river waterbody catchments were matched as closely as possible to the corresponding 
CAMS waterbodies and mapping was therefore undertaken at the WFD river waterbody 
catchment scale.  The availability of water at Q50 (median flows or flow that is available at 
least 50% of the time) was used to indicate where catchments are already under pressure in 
relation to existing abstraction and the hydrological function of the catchment.  If catchments 
have little available water for abstraction at median flows, they are more likely to be at risk of 
climate and population pressure change effects at lower flows.  Using CAMS, WFD waterbody 
catchments were assigned an initial impact magnitude as follows: 

• Water not available at Q50 – High impact magnitude 

• Restricted water available at Q50 – Medium impact magnitude 

• Water available for licensing at Q50 – Low impact magnitude 

Where a waterbody catchment was assigned an initial low impact magnitude category (water 
available for licensing), a check was undertaken according to the permeability of the 
catchment.  This was to determine whether there any catchments that may be considered to 
have water available now, but will still be at risk from climate change effects in the future 
based on the influence of baseflow. The proportion of underlying aquifer type within the WFD 
waterbody catchment was calculated and the most abundant aquifer type determined.  
Catchments initially assigned as low impact magnitude where then reclassified as follows: 

• No groundwater/low productivity (Highly vulnerable to drought) – High impact magnitude 

• Moderate productivity (Moderately vulnerable to drought) – Medium impact magnitude 

• Highly productive (Low vulnerability to drought) – Low impact magnitude 

The combination of criteria used to assign an impact magnitude are summarised in Table 3-1 
and these criteria have been used to create the impact map as shown in Figure IMP 1a. 
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Table 3-1: Low summer flows and more frequent summer drought risk – criteria used 
for impact mapping 

Low magnitude Medium magnitude High magnitude 

Water available for 
licensing,  
 
AND 
 
highly productive aquifer 
underlies most of the 
catchment. 

Restricted water available 
for licensing at Q50  
 
OR 
 
Water available for 
licensing, but moderate 
productivity aquifer 
underlies most of the 
catchment. 

Water not available for 
licensing at Q50 
 
OR 
 
Water available for 
licensing, but low 
productivity aquifer (or no 
groundwater) underlies most 
of the catchment. 

3.1.4 Impact summary 

The areas of Kent most susceptible to a high magnitude impact from lower summer flows (or 
greater frequency of summer drought), are: 

• the river catchments of the middle and upper Medway, including the Beult, Eden and Teise 
tributaries; 

• the river catchments of the Darent; 

• the lower reaches of the Great Stour, including the Little Stour tributary. 

These impacts are being driven by existing abstraction pressures that have the potential to be 
exacerbated by additional abstraction for increasing population.  For the middle and upper 
reaches of the Medway, this is also being driven by low permeability geology which increases 
the risk of lower summer flows. 
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3.2 Risk of Increased Soil Erosion and Degradation 

3.2.1 Volume 2 – Book of maps Figure references 

 

 

3.2.2 Impact Introduction 

The mapping undertaken considers the impact of both more intense rainfall events and higher 
winter rainfall volumes, both of which have the potential to increase the rate of water erosion 
of soils.  UKCP09 Climate change modelling predicts climate change will lead to an increase 
in the intensity of some rainfall events which would increase the potential for water induced 
erosion of soils and lead to longer term degradation. 

3.2.3 Determining spatial indicators 

The spatial distribution of rainfall does vary across Kent
1
; however the outputs from the 

UKCP09 climate change modelling do not indicate a significant variation in how higher winter 
rainfall may vary across Kent (See Figure EFF 3).  Increasing rainfall volumes and intensity is 
therefore not a location specific issue, and increases in soil erosion can be considered to be a 
Kent wide potential impact; however, whether soil erosion risk increases depends on two key 
factors which do vary across the County which have been used as spatial indicators for this 
impact:  

• Land slope – water erosion (via rills and gullies) is greater in areas of steeper sloping 
topography; and 

• Soil Type – some soil types are more vulnerable to erosion by water based on their 
grain size and other key factors. 

Where vulnerable soils and steep slopes occur together spatially, the magnitude of impact 
from soil erosion will be higher. 

3.2.4 Impact magnitude assessment  

A slope dataset was created in GIS using topographic information across the County
7
.  The 

resultant slope was mapped (see Figure GEO 4) and the grade of slope in relation to erosion 
risk was classified as set out in Table 3-2. 

 

 

 

                                                      
7
 LiDAR (Light Detection and Ranging) 

Figure IMP 2a – Risk of Increased Soil Erosion and Degradation 
Figure IMP 2b – Risk of Increased Soil Erosion and Degradation – Aggregated by 
WFD Catchment 

Figure GEO 4 – Slope Gradient Based on LiDAR 
Figure GEO 8 – Soil Erodability Risk 
Figure EFF 4 – Percentage Change in Winter Rainfall Amounts (UKCP09 
Projections) 
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Table 3-2: Slope grade in relation to erosion risk 

 No Risk Low Medium High 

Fall per 150m grid 
square 

< 2m  2-5m 5-10m >10m 

Soil type data were collated from the LANDIS Soilscapes dataset (June 2013) for England as 
provided by Cranfield University.  Soil series from this dataset was used to assign the defined 
soil type within 1km grid squares to a soil erosion category as defined by the Soil Survey of 
England and Wales as set out in Table 3-3 (see Figure GEO 8). 

Table 3-3: Soil erosion categories as defined by the Soil Survey of England and Wales 

 No Risk Low Risk Medium Risk 

Soil Survey risk 
classification 

 ‘No Risk’ from 
water erosion 

 ‘Slight Risk of water 
erosion’ 

 ‘at Risk of water 
erosion’ 

The slope grade and soil erosion categories were then combined to assign an impact 
magnitude as summarised in Table 3-4; these criteria have been used to create the impact 
map as shown in Figure IMP 2. 

Table 3-4: Soil Erosion and Degradation – criteria used for impact mapping 

 Slope Grade 

High Medium Low No Risk 

Soil 
Erosion 

Category 

Medium  
High 

Impact 
magnitude 

High Impact 
magnitude 

Medium 
impact 

magnitude 

Low Impact 
Magnitude 

Low  
High 

Impact 
magnitude 

Medium 
Impact 

magnitude 

Low Impact 
Magnitude 

Low Impact 
Magnitude 

No Risk 
Low 

Impact 
Magnitude 

Low Impact 
Magnitude 

Low Impact 
Magnitude 

No risk 

3.2.5 Impact summary 

Soil erosion risk is greatest along the Greensand Ridge as a result of the combination of high 
soil erodibility and steep slope aspect.  High risk erosion areas are also located in the north 
east of the County along the coastal areas of Margate, Broadstairs and Ramsgate, as well as 
along the North Downs dip slope.
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3.3 Risk of Greater Depth and Extent of Fluvial and Tidal Flooding 

3.3.1 Volume 2 – Book of maps Figure references 

 

 

3.3.2 Impact Introduction 

The mapping undertaken for this impact is driven by the following change effects: 

• Higher winter rainfall volumes (fluvial flooding); 

• More intense summer rainfall volumes (fluvial flooding); and 

• Sea level rise (tidal flooding). 

In relation to fluvial flood risk, UKCP09 climate change modelling predicts that by the 2080’s, 
winter rainfall volumes across Kent could increase by 16%-19% (see Figure EFF 4).  In 
addition, it is predicted that there will be an increase in rainfall intensity.  Both of these effects 
will increase the likelihood of higher fluvial flows and hence water levels in rivers which (if not 
mitigated) would increase the extent of land at risk of flooding and also the depth in areas that 
are already at risk of flooding. 

With respect to tidal flooding, sea level rise (if not mitigated) may result in extreme tidal levels 
increasing the extent of land at risk of tidal flooding and also the depth in areas that are 
already at risk of flooding.    

3.3.3 Determining spatial indicators 

As previously described, the spatial distribution of rainfall does vary across Kent
1
, however the 

outputs from the UKCP09 climate change modelling do not indicate a significant variation in 
how rainfall intensity and summer volumes may vary across Kent (see Figure EFF 3). The risk 
of increases in fluvial flooding extent and depth is driven by catchment characteristics 
(geology, catchment size) and topographical levels of the floodplain.  Similarly, whilst sea level 
change estimates do vary across Kent, the magnitude of change in resultant tidal flood risk is 
driven largely by land levels. 

Flood modelling and resultant flood mapping (Flood Zones) provided by the Environment 
Agency

8
 has therefore been used as the Spatial Indicator, as it takes into account the 

geographical factors that influence how increasing fluvial and tidal levels will affect flooding 
extent on land. Environment Agency Flood Zone mapping represents the extent of flood risk 
based on probability (or return periods) of flood events.  Flood Zone 1 represents low risk land 
with less than 1 in 1000 year probability of flooding from fluvial or tidal sources; Flood Zone 2 
represents medium risk land, with between a 1 in 100 and a 1 in 1000 year probability of 
flooding from fluvial sources and between 1 in 200 and 1 in 1000 year probability of flooding 
from tidal flooding; and Flood Zone 3 represents high risk land with a greater than 1 in 100 
year probability of flooding from fluvial sources and a greater than 1 in 200 year probability of 
flooding from tidal sources. 

                                                      
8
 Flood Zone Maps were provided from the Environment Agency’s Geostore as of May 2013 

Figure IMP 3 – Risk of Greater Depth and Extent of River or Tidal Flooding 

Figure EFF 4 – Percentage Change in Winter Rainfall Amounts (UKCP09 
Projections)  
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Climate change modelling has been undertaken for the majority of catchments and coastal 
areas in Kent when considering the 1 in 100 year fluvial event and 1 in 200 year tidal event; 
however, this dataset was not available for use in this study across the County.  Therefore 
existing Environment Agency Flood Zone modelling has been used as described in the 
following subsection. 

3.3.4 Impact magnitude assessment  

The Environment Agency Flood Zone mapping has been used in the following way to 
determine magnitude of impact in relation to fluvial and tidal flooding extent: 

• Undefended areas of current Flood Zone 2 will potentially be at high risk of flooding (fluvial 
and tidal).  Climate change modelling often shows that the extent of Flood Zone 2 (1 in 
1000 year event) is similar to the Flood Zone 3 (1 in 100 year event) extent with an 
allowance for climate change hence it provides a reasonable estimate of the change in 
extent of high risk areas. 

• Undefended areas of current Flood Zone 2 will remain at high risk; 

• Defended areas of Flood Zone 2 and 3 will be considered as medium risk; 

• Flood Zone 1 (low risk) will remain as low risk
9
. 

The impact is mapped in Figure IMP 3. 

3.3.5 Impact summary 

The areas of Kent most susceptible to a high magnitude impact from increasing extent of tidal 
and fluvial flooding are:  

• the upper catchments of the middle and upper Medway;  

• the lower reaches of the Great Stour; 

• the coastal area around Deal; 

• the southern shoreline around Sheppey (the Swale); and 

• the middle reaches and tributaries of the Rother. 

  

                                                      
9
 It is acknowledged that climate change will mean the current 1 in 1000 year extent will encroach into current Flood Zone 1, however, it 

is not possible to determine this without flood modelling of all catchments and tidal areas for the 1 in 1000 year event, and this is not 
available in many locations and was not available for use in the study. 
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3.4 Risk of Increased Depth and Extent of Surface Water Flooding 

3.4.1 Volume 2 – Book of maps Figure references 

 

 

3.4.2 Impact Introduction 

The mapping undertaken for this impact is driven by the following change effects: 

• Higher winter rainfall volumes (fluvial flooding); and 

• More intense summer rainfall volumes (fluvial flooding). 

In relation to fluvial flood risk, climate change modelling predicts that by the 2080’s, winter 
rainfall volumes across Kent could increase by 16%-19% (see Figure EFF 4).  In addition, it is 
predicted that there will be an increase in rainfall intensity.  Both of these effects will increase 
the depth of surface water flooding as a result of rainfall events exceeding the design capacity 
of surface water sewers and drainage networks. 

3.4.3 Determining spatial indicators 

As previously described, the spatial distribution of rainfall does vary across Kent
1
, however the 

outputs from the UKCP09 climate change modelling do not indicate a significant variation in 
how rainfall intensity and summer volumes may vary across Kent. The risk of increases in 
surface water flooding is driven by both topography (see GEO 4) and soil permeability (see 
GEO 3), with ponding of excess surface water in low lying areas where infiltration capacity of 
the ground is low. 

Surface water flooding modelling has been undertaken across Kent at a strategic level by the 
Environment Agency (Flood Map for Surface Water - FMfSW) and for key locations 
considered to be at greatest risk through a number of Surface Water Management Plans 
(SWMP). 

For the purposes of this strategic study, FMfSW dataset has been used in combination with 
soil infiltration data for the County. 

3.4.4 Impact magnitude assessment  

Soil Infiltration capacity was determined across the county using the LANDIS Soilscapes data 
(June 2013) for England.  The soil series classifies the drainage potential of each of the soil 
series, and the drainage potential has been used to determine an infiltration rating for each 
soil type within 1km grid squares as follows (see Figure GEO 3): 

• naturally wet soils – low infiltration potential; 

• slightly impeded drainage – moderate infiltration potential; 

Figure IMP 4 – Risk of Increased Depth and Extent of Surface Water Flooding 

Figure GEO 3 – Soil Infiltration Potential 
Figure GEO 4 – Slope Gradient Based on LiDAR 
Figure GEO 5 – BGS Bedrock Geology in Kent 
Figure EFF 4 – Percentage Change in Winter Rainfall Amounts (UKCP09 
Projections) 
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• freely draining soils – high infiltration potential. 

The FMfSW has been used to determine a surface water flood depth magnitude, based on the 
depth of flooding modelled and the return period associated with the depth of flooding as 
follows: 

• No flood depth predicted – low magnitude; 

• 0.3m deep flooding during 1 in 200 year event – medium magnitude; 

• 0.3m deep flooding during 1 in 30 year event – high magnitude. 

The surface water flood depth magnitude and the soil infiltration rating has been used to 
determine a magnitude of impact associated with deeper surface water flooding as set out in 
Table 3-5.  This has been mapped as shown in Figure IMP 5. 

Table 3-5: Increased depth of surface water flooding – criteria used for impact 
magnitude mapping 

 Soil Infiltration potential 

Low 
potential 

Moderate 
potential 

High potential 

FMfSW 

High magnitude 
High magnitude 

impact 
Medium 

magnitude impact 
Low magnitude 

impact 

Medium 
magnitude  

Medium 
magnitude impact 

Low magnitude 
impact 

No risk 

No Risk  No risk No risk No risk 

3.4.5 Impact summary 

The areas of Kent most susceptible to a high magnitude impact from increasing depth of 
surface water occur in the valleys of catchments; however, there are more occurrences of high 
risk where valleys are located over the weald clay formation and the London Clay (see GEO 5) 
along the northern coast. 
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3.5 Risk of Limitations on Wastewater Discharges to River Systems 

3.5.1 Volume 2 – Book of maps Figure references 

 

 

3.5.2 Impact Introduction 

This impact determined where there will be future potential limitations on the treatment of 
wastewater discharging to river systems as a result of several effect pressures occurring in 
combination.    

Limitation as referred to in this impact is used to reflect that there is a limit to which 
wastewater can be economically (and sustainably) treated to enable water quality standards in 
the water systems to which they discharge to be met.  It is technically possible to treat 
wastewater to a level that would be suitable to pass drinking water standards; however, 
treating wastewater to this level of quality relies on the use of processes which require large 
amounts of energy, technology and often chemicals.  There is a carbon dioxide (CO2) 
emissions consideration and cost consideration associated with this level of treatment, and so 
it accepted within the water industry (and the economic and environmental regulators of the 
industry

10
) that there is a limit to the level of treatment that can be achieved with conventional 

technology before energy and cost becomes too high.   

As wastewater treatment volumes (and hence biological load) generated increases with 
increasing population the wastewater has to be treated to higher levels in order to ensure no 
deterioration in the quality of the receiving water systems.  In addition, climatic effects which 
are projected to occur reduce the capacity of water systems to accept additional wastewater, 
to the point where limitations on further wastewater treatment are reached and no more 
discharge can occur without environmental damage occurring.  The effects therefore 
considered in this impact are: 

• Lower summer rainfall volumes; 

• Increased temperatures; 

• Longer periods of no summer rainfall; and 

• Increasing population. 

Three of these effects are climatic and affect the water quality of river systems
11

 into which 
treated wastewater is discharged. 

                                                      
10

 Ofwat and the Environment Agency 
11

 Discharges to coastal or tidal waters have not been considered in this impact discharges to saline waters are less restricted by water 
quality conditions.  

Figure IMP 5 – Risk of Limitations on Wastewater Discharges to River Systems 

Figure EFF 2 – Projected Level of Population Change by Ward by 2031 
Figure GEO 7 – Locations of Wastewater Treatment Works (WwTWs) Discharging 
to Inland Waterbodies 
Figure EFF 3 – Percentage Change in Summer Rainfall Amounts (UKCP09 
Projections) 
Figure GEO 9 – Current Water Framework Directive Waterbody Status 
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Lower summer rainfall volumes, and longer periods of no summer rainfall will result in lower 
flows in many of the catchments in Kent.  Lower river flows reduce the capacity of rivers to 
dilute treated wastewater which is discharged to rivers and this has a resultant effect whereby 
standards for certain water quality parameters can no longer be met. 

In addition to lower summer flows, warmer summer temperatures reduce the amount of 
dissolved oxygen (DO) that can be held in water as oxygen becomes less soluble in warmer 
waters.  DO is critical to biology and ecology of rivers and is reduced further by wastewater 
discharges.  A climatic influenced reduction in DO will increase limitations on future 
wastewater discharges.    

3.5.3 Determining spatial indicators 

Spatial indicators for the effects leading to this impact could not be developed fully to create 
an impact map.  Whilst the spatial distribution of rainfall does vary across Kent

1
, the outputs 

from the UKCP09 climate change modelling do not indicate a significant variation in summer 
rainfall changes across Kent (see Figure EFF 3).  Population change data for Kent 
demonstrates that there is a spatial variability in predicted population growth across the 
County (See Figure EFF 2); however, wastewater catchments were not available to use in this 
study to enable population growth impacts to be targeted to specific wastewater treatment 
works and hence it was not possible to directly consider the effect of population growth on this 
consequence within the remit of this study.   

For these reasons, spatial indicators were developed based on: 

• The capacity of Wastewater Treatment Works (WwTW) discharging to rivers in relation to 
how much further treatment levels can be increased before the limits of conventional 
treatment are reached (see Figure GEO 7 for locations of WwTW assessed); and 

• The existing capacity of the receiving rivers in relation to their current water quality 
conditions (see Figure GEO 9 for current WFD status of waterbodies). 

3.5.4 Impact magnitude assessment  

WwTW discharge locations were received from the Environment Agency, and the conditions 
applied to quality parameters on these discharges were analysed to determine capacity.  
Three water quality parameters were used, namely: 

• Biochemical oxygen demand (BOD); 

• Ammonia; and 

• Phosphorous (P). 

Each of these parameters has an associated level (or concentration) to which wastewater can 
be treated

12
.  The conditions for each WwTW were analysed for their proximity to these limits.  

If a condition was very close to the limit for any of the parameters, the WwTW was considered 
to be a high risk with respect to treatment capacity as set out in Table 3-6. 

  

                                                      
12

 5 mg/l (95%ile) for BOD, 1 mg/l (95%ile) for Ammonia and 1 mg/l (Mean) for Phosphorous. 
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Table 3-6: WwTW capacity risk categories (figures in mg/l) 

Determinand Low Medium High 

BOD (95%ile) 
>=10 mg/l or 
No Consent 

>=6 mg/l and <10 
mg/l 

< 6 mg/l 

Ammonia (95%ile) 
>=5 mg/l or 
No Consent 

>=2 mg/l and < 5 
mg/l 

< 2 mg/l 

P (Mean) 
>=5 mg/l or 
No Consent 

>=2 mg/l and < 5 
mg/l 

< 2 mg/l 

In order to determine capacity in receiving watercourses, water quality conditions of 
watercourses were defined using waterbody status classifications as set out in the South East 
RBMP and used to apply a risk rating to the watercourse as set out in Table 3-7. 

Table 3-7: Receiving watercourse capacity risk categories 

 Low Medium High No Data 

WFD waterbody status 
for each 
determinand

13
 

High Status or 
Good Status 

Moderate 
Status 

Poor Status or 
Bad Status 

No Status 
provided 

For each parameter at each WwTW, an impact score was assigned based on the capacity of 
the receiving watercourse for that parameter as set out in Table 3-8. 

Table 3-8: Water quality parameter impact score matrix 

WwTW impact– by 
determinand 

WFD Risk Score 

Low Medium High No Data 

WwTW 
Risk Score 

by WFD 
Catchment 

Low 
Low 

magnitude 
impact 

Low magnitude 
impact 

Medium 
magnitude 

impact  

Low 
magnitude 

impact 

Medium 
Low 

magnitude 
impact 

Medium 
magnitude 

impact 

High 
magnitude 

impact 

Low 
magnitude 

impact 

High 
Medium 

magnitude 
impact 

High magnitude 
impact 

High 
magnitude 

impact 

Medium 
magnitude 

impact  

 No Risk No Risk No Risk No Risk No Risk 

A single map was required for this impact; hence the impact scores derived in Table 3-8 for 
each of the three parameters were combined for each of the WwTWs within each catchment 
to derive an overall impact magnitude. The mapping result is shown in Figure IMP 5. 

  

                                                      
13

 As BOD is not classified in the WFD, a Low Risk was assigned to each of the WFD catchments for this determinand. 
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Table 3-9: Impact magnitude criteria for WwTW limitations  

 Low Medium High 

WwTW 
Limitations 

3  
Combined WwTW 

Score 

4 
Combined WwTW Score 

5 
Combined WwTW 

Score 

3.5.5 Impact summary 

In all cases, the high risk areas are generated by phosphorous limitations on wastewater 
treatment discharges. 

The waterbody catchments of the middle and upper Medway (and the main tributaries Beult 
and Teise) are at highest risk of limitations on WwTW operations. 

The Royal Military canal catchment is also high risk, as is the upper catchment of the North 
Stream. 

The Great Stour catchment has a low risk, with the exception of the Upper Great Stour which 
is high risk. 
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3.6 Risk of Increased Pressure from Urban Diffuse Pollution 

3.6.1 Volume 2 – Book of maps Figure references 

 

 

3.6.2 Impact Introduction 

The mapping undertaken for this impact considers the impact of an increase in urban diffuse 
pollution as a result of the following effects: 

• Decrease in summer rainfall, leading to lower flows and less dilution of urban source 
pollution; 

• An increase in the extent of urban land use as a result of population change, therefore 
increasing the source risk of urban pollution; and 

• An increase in population and hence urban pollution sources. 

Climate change modelling suggests lower summer rainfall volumes across Kent by the 2080s 
(see Figure EFF 3), and information on planned population increase as set out in the current 
and emerging Local Plans within the County suggests there will be an increase in both 
population (see Figure EFF 2) and hence urban land use extent. 

3.6.3 Determining spatial indicators 

The spatial distribution of rainfall does vary across Kent
1
; however the outputs from the 

UKCP09 climate change modelling do not indicate a significant change in how summer rainfall 
patterns may differ across Kent.   

Risks of lower flows do vary across Kent (see IMP 1a), and so does the effect of population 
change and increased urbanisation.  This data has been used alongside the Environment 
Agency assessment of which rivers are currently at risk of urban pollution to determine where 
change effects could lead to an increase in the future. 

3.6.4 Impact magnitude assessment  

The Environment Agency has classified the risk potential from urban diffuse pollution for the 
majority of river waterbody catchments in Kent as part of the development of the South East 
RBMP under the WFD.  This takes into account the extent of urbanisation, the flow regime of 
the watercourse, and trends shown by historical monitoring.  The Environment Agency has 
classified each catchment as:  

• At risk; 

• Probably at risk; 

• Probably not at risk; or 

Figure IMP 6 – Risk of Increased Pressure from Urban Diffuse Pollution 
Figure IMP 1a – Risk of Lower Summer River Flow and More Frequent Summer 
Hydrological Droughts 

Figure EFF 2 – Projected Level of Population Change by Ward by 2031 
Figure EFF 3 – Percentage Change in Summer Rainfall Amounts (UKCP09 
Projections) 
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• Not assessed. 

These risk categories were used in conjunction with ward level information in relation to 
population growth to determine an impact magnitude category for urban diffuse pollution for 
each of the WFD waterbody catchments as set out in Table 3-10. 

The small number of catchments which were ‘not assessed’ or did not have associated data 
were given a rating based on the relative location of urban areas to the main waterbody (i.e. if 
the main river passed through or was downstream of an urban centre).  

Table 3-10: Urban diffuse pollution - criteria for impact magnitude definition 

Low (1) Medium (2) High (3) 

Probably not at risk 
 
or 
 
No high growth wards in 
catchment. 
 

Probably at risk 
 
or 
 
Probably not at risk with 
high growth wards in 
catchment. 

At Risk 
 
or 
 
Probably at risk with high 
growth wards in the 
catchment. 

3.6.5 Impact summary 

The high risk areas are located in the following areas in Kent: 

• the majority of the Medway catchment is high risk, including the Teise and Beult tributaries 
(the exception being the Eden which is medium risk).  This is linked to existing risk from 
small to medium sized towns and villages in the catchment as well as potential growth 
areas in Maidstone; 

• the upper Stour catchments linked to growth around Ashford; 

• the middle sections of the Rother on the borders with East Sussex is also at risk from 
existing urban pressures increasing; and 

• the Darent catchment and the smaller catchments around Margate. 
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3.7 Increase in Coastal Erosion 

3.7.1  Volume 2 – Book of maps Figure references 

 

The mapping undertaken for this impact considers the impact of an increase in coastal erosion 
as a result of sea level rise linked to climate change. 

Sea levels are rising due to a combination of land falling in the south east since the melting of 
ice over Britain in the last ice age, and increasing temperatures causing ice melt in major 
glaciers and the polar regions causing sea levels to rise, and storm patterns becoming 
stronger and less predictable. 

These combined processes are likely to lead to an increase in coastal erosion in some areas 
over the next hundred years and more.  The natural and man-made barriers that absorb wave 
energy will become increasingly submerged or prone to damage over time as sea levels 
rise.  This means greater exposure of the coast to the direct impact of the sea. 

3.7.2 Determining spatial indicators 

The rates of coastal erosion around Kent’s coastline have been modelled as part of a series of 
Shoreline Management Plans (SMP) in the County.  These have been used to indicate the 
magnitude of impact from an increase in coastal erosion in Kent. 

3.7.3 Impact magnitude assessment  

Coastal erosion risk has been modelled for the Kent coast for three time periods and under 
three climate change scenarios as part of the development of SMPs. The level of erosion risk 
(as provided by the Environment Agency) has been categorised for mapping as for the 
medium scenario by the middle epoch (2050s) as follows; 

• High risk – 40-100cm; 

• Medium risk – 11-39cm; and 

• Low risk– 0-10cm. 

For ease of viewing on a Kent-wide scale a ‘buffer’ of 300m was created around the coastline 
to map the erosion risk category for each management unit.  This is presented in Figure IMP 
7a. 

As well as determining erosion rates, SMPs also determine a proposed management regime 
(policies) for management units to determine what action will be taken to control (or manage) 
erosion where this is deemed to be possible, sustainable and economically viable.  The 
management policies are defined below along with the risk magnitude associated with each: 

• ‘Hold the line’ (HTL) – Low risk; 

• ‘No Active Intervention’ (NAI) – Medium risk; and 

• ‘Managed Realignment’ (MR) – High risk. 

A low risk impact for either the erosion rate or the management policy was given a score of 1, 
a medium risk 2, and a high risk 3.  The erosion rate and management policy risk score was 
combined to give an overall impact magnitude for coastal erosion as set out in Table 3-11 and 

Figure IMP 7a – Coastal Erosion Risk by the 2050’s (No Active Intervention) 
Figure IMP 7b – Coastal Erosion Risk by the 2050’s (With Active Intervention) 
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presented in Figure IMP 7b.  The management policy risk has not been used in isolation to 
reflect that the approach is policy based and not a guarantee that the erosion risk will be fully 
managed.   

Table 3-11: Increase in coastal erosion - impact magnitude criteria 

Low Magnitude Medium Magnitude High Magnitude 

Combined score of 2 Combined score of 3 to 4 Combined score of 5 to 6 

3.7.4 Impact summary 

There are only a small number of high risk areas which are located in the following locations in 
Kent: 

• the southern coastline of the Romney Marsh peninsular; 

• a small section of the south-eastern coastline of Sheppey; and 

• small sections of the shoreline around the Medway estuary, including Funton Creek, Ham 
Green, and Lower Upnor. 
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4. PRESENTATION OF CONSEQUENCES 
 

As described in Section 2.4.3, the consequences have been derived by combining the impact 
magnitude scores for the impacts which lead to each consequence occurring. 

Consequences have been developed from impacts to demonstrate how receptors are affected 
by impacts on water systems as a result change effects, and to inform the adaptation and 
response plan actions required. It is important to note that not all receptors are subject to each 
consequence.  Within the presentation of each consequence, the specific spatial extent of 
receptor groups is discussed. 
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4.1 Risk of Increased Competition for Available Surface Raw Water  

 

 

4.1.1 Rationale 

This consequence has been developed to reflect how the impact of lower river flows would 
affects receptors.  It has been developed in combination with the additional consequence 
related to increases in mains water charges (see Section 4.2). 

Lower river flows would result in an increase in competition for existing as well as any 
additional abstraction licenses that business, farmers and private landowners currently 
possess or would seek to be granted with in the future.  This could result in current licenses 
being reduced or revoked at the end of their current time limit, or, future applications being 
refused. 

The receptor groups to which this consequence relates are businesses and agriculture 

4.1.2 Impacts leading to consequence 

The impact of ‘risk of lower summer river flow and more frequent summer hydrological 
droughts’  (See Figure IMP 1a) has been used to map this consequence.  Therefore, the 
magnitude of consequence mapped reflects the magnitude derived for this impact.   

4.1.3 Spatial influences 

The key spatial influences are where river flows are already stressed from current abstraction, 
and have little scope for additional abstraction volumes in light of population increases and 
increases in water demand.  It also reflects where the predominant geology is impermeable 
and catchments are hydrologically at risk from lower summer rainfall volumes. 

4.1.4 Receptor group analysis 

Agriculture 

 

Figure Con 1 AGRI shows the consequence magnitude in relation to where agricultural land is 
located within Kent. 

Businesses 

 

Figure CON 1 BUS shows the location of the top ten wards with highest risk. 

The GIS has been used to identify the top ten wards that have the highest ‘water sensitivity’ 
score of business in high risk catchments with respect to competition for raw water supplies.  
These wards are set out in Table 4-1.  

Figure CON 1 – Risk of Increased Competition for Available Surface Raw Water 

Figure CON 1 AGRI (Agriculture) – Risk of Increased Competition for Available 
Surface Raw Water – Affecting Agricultural Land (Grades 1 to 3) 

Figure CON 1 BUS (Business) – 10 Wards with the Highest Risk to Businesses of 
Increased Competition for Available Surface Raw Water 



 Kent SRA for Water

 

 

  

FINAL REPORT 

February 2014     41
 

Table 4-1: Top ten wards in Kent with business at high risk of competition for raw water 
supplies 

Ward District 
Sensitivity of Businesses at risk 

Low Medium High 

High Street Maidstone  - - 885 

Sevenoaks Town 
and St. Johns 

Sevenoaks  - - 716 

Culverden Tunbridge Wells  - - 541 

Medway Tonbridge and Malling  - - 467 

Park Tunbridge Wells  - - 452 

Town Dartford  - - 450 

Strood Rural Medway 88 501 81 

Stone Dartford  - - 405 

Marden and Yalding Maidstone  - - 402 

Heron Canterbury  - - 393 
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4.2 Risk of Increases in Mains Water Charges or Increased Frequency of Use 
Restrictions 

 

4.2.1 Rationale 

This consequence has been developed to reflect how receptor groups who rely on mains 
water supply for their water uses would be affected by impacts that result in less water being 
available in water systems for abstraction as a result of the effect changes. 

The water companies that currently supply Kent have a statutory duty to source and supply 
water for the population (including new development) within their supply area. Every five years 
they are required to produce Water Resource Management Plans (WRMP) that determines 
how they propose to meet projected demand over a 25 year planning period.  Therefore, the 
impact of lower flows does not result in less water being available for users of mains supply, 
but an increase in costs associated with supply water from new sources or transfers which 
need to be developed to meet demand.     

4.2.2 Impacts leading to consequence 

This consequence has been mapped directly using water company WRMPs and not via 
assimilation of impact scores.  There are two main reasons for this as outlined below: 

• The effects which lead to the impact of less water being available in water systems are 
modelled in detail by water companies as part of the production of their WRMPs.  This 
includes modelling the effect of climate change on river flows, groundwater levels and 
customer demand, as well as determining increase in demand from planned population 
growth.  Using information supplied in the WRMP from these modelling processes 
provides more useful data than trying to map these effects and impacts separately. 

• In general, where there are costs associated with new supply sources required for a given 
area of demand, these costs are funded by increasing customer charges across the 
supply area of the company and not specific to where demand is greatest.  The spatial 
variability of this consequence is therefore driven by the water company supply zone as 
opposed to the hydrological functioning of the catchment within which customers are 
located. 

The receptor groups to which this consequence relates are businesses, communities and 
agriculture.   

Mapping method 

• WRMPs for each water company operating in Kent (South East Water, Southern Water, 
Affinity Water, Thames Water & Sutton & East Surrey Water) were utilised. 

• Projections for water availability for each Water Resource Zone (WRZ) and the planned 
management measures to meet demand in the following three planning timeframes were 
utilised: 

� 2015-2020; 

� 2020-2030; and 

� 2030-2040. 

Figure CON 2 – Risk of Increases in Mains Water Charges or Increased Frequency 
of Use Restrictions 
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• Management options to meet demand were rated based on their projected cost. Some of 
these measures were specifically costed in some water company WRMPs. Those 
measures that were not costed within WRMPs were estimated based on other similar 
schemes. The ratings applied were: 

� Low  <£3million; 

� Medium - £3-20 million; 

� High >20 million. 

• Each time period was given a rating and then these were combined to generate a cost 
rating by WRZ.  The water company supply area risk is then determined from the greatest 
percentage of risk posed by WRZ coverage in the supply area. 

• Costs of potential water resource schemes have been used to reflect risk, however water 
companies could also decide to alter their levels of service which would mean customers 
accepting a more frequent imposition of water use restrictions, but less increase in 
charges.  This is because the need for new water resource schemes is often driven by the 
requirement to maintain demand during ‘critical’ dry periods when availability of raw water 
is lower.  The need for these schemes can be partly offset by restricting demand in these 
critical periods as opposed to meeting it with additional supply schemes.  With the 
available information for this study, it could not be differentiated as to whether costs would 
increase or levels of service would be altered, hence costs have been used to reflect both 
potential outcomes. 

 The consequence map is shown in Figure CON 2. 

4.2.3 Spatial Influences 

The key spatial influence is related to the geographic coverage of water company supply zone. 

4.2.4 Receptor group analysis 

Agriculture 

 

Figure Con 2 AGRI shows the consequence magnitude in relation to where agricultural land is 
located within Kent. 

Businesses 

 

The GIS has been used to identify the top ten wards that have the highest ‘water reliance’ 
score of business in high risk catchments with respect to increased water mains charges (or 
increased frequency of water use restrictions).  These wards are set out in Table 4-2.  

Figure CON 2 AGRI (Agriculture) –Risk of Larger Increases in Mains Water 
Charges or Increased Frequency of Use Restrictions for Agricultural Land 
(Grades 1 to 3) 

Figure CON 2 BUS (Business) –10 Wards with Highest Risk to Business of Larger 
Increases in Mains Water Charges or Increased Frequency of Use Restrictions 
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Table 4-2: Top ten wards in Kent with business at high risk of increased mains water 
charges or increased frequency of water use restrictions 

Ward District 
Sensitivity of Businesses at risk 

Low Medium High 

High Street Maidstone - - 885 

Sevenoaks Town 
and St. Johns 

Sevenoaks - - 716 

Victoria Ashford - - 583 

Westgate Canterbury - - 545 

Culverden Tunbridge Wells - - 541 

Strood Rural Medway - 670 - 

Medway Tonbridge and Malling - - 467 

Park Tunbridge Wells - - 452 

Town Dartford - 558 - 

Marden and Yalding Maidstone - - 402 

Communities 

 

Figure Con 2 COMM shows the urban locations that fall into the high impact magnitude areas 
for this consequence. 

Figure CON 2 COMM (Communities) – Settlements at High Risk of Increases in 
Mains Water Charges or Increased Frequency of Use Restrictions 
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4.3 Increased Risk of Failure of Physio-chemical Elements of WFD Status 

 

4.3.1 Rationale 

This consequence has been developed to reflect how several impacts have the potential to 
combine and prevent waterbodies from meeting their requirements under the WFD.  The key 
requirement in relation to this study is for waterbodies to meet ‘Good Status’ by 2015, or 2027 
at the latest. 

Good Status under the WFD is made up of an Ecological Status and Chemical Status, with 
Ecological Status made up of a series of supporting elements covering flow, channel 
morphology, water quality, and biology.  Several of the impacts assessed and mapped could 
prevent waterbodies in Kent meeting Good Status, either by causing deterioration in any one 
of the supporting elements, or through preventing a currently failing waterbody from improving 
to meet Good Status in the future.   

The receptor group to which this consequence relates is the environment.  The mapping unit 
used for this consequence was by WFD waterbody catchment and this has been used to 
represent the receptor spatially variability with respect to the environment. 

4.3.2 Impacts leading to consequence 

Impact scores have been combined for the following impacts to form the consequence 
magnitude rating of High, Medium or Low: 

• Risk of increased pressure from urban diffuse pollution  - leading to changes in water 
quality supporting elements of Ecological Status, or Chemical Status; 

• Risk of increased soil erosion and degradation – leading to increased sedimentation in 
waterbodies affecting water quality biological and hydromorphological supporting 
elements of Ecological Status and potentially Chemical Status; 

• Risk of lower summer river flows and more frequent summer hydrological droughts – 
leading to impacts on hydromorphological condition, water level/flow dependent biological 
supporting elements and water quality supporting elements via less dilution; and 

• Risk of limitations on wastewater discharges to river systems – leading to changes in 
water quality supporting elements of Ecological Status. 

4.3.3 Spatial influences 

Due to the number of impacts which lead to potential WFD failures, the spatial influences are 
numerous.  However, there is a higher risk associated with the Medway catchment and 
associated upper tributaries which is driven by the high magnitude impacts associated with 
wastewater treatment limitations, low flows, urban diffuse pollution and soil erosion in the main 
Medway catchment.  The Darent catchment also has a high risk for these reasons. 

The consequence map is show in Figure CON 3.  The spatial assessment shows that failure of 
WFD objectives is a relatively high risk in Kent, due to the number of potentially high 
magnitude impacts on water systems that could occur across the County.   

Figure CON 3 – Increased Risk of Failure of Physio-chemical Elements of WFD 
Status 



 Kent SRA for Water

 

 

  

FINAL REPORT 

February 2014     46
 

4.4 Increased Risk of Higher Costs for Wastewater Services 

 

4.4.1 Rationale 

This consequence has been developed to reflect how limitations on future wastewater 
treatment as a result of change effects will affect receptor groups through the requirement to 
pay more for wastewater treatment. 

As discussed in Section 3.5 there is an accepted level of wastewater treatment that can be 
attained through the use of conventional treatment.  Effect changes such as population 
increases (generating larger wastewater volumes) and reduced dilution in rivers from climate 
change, lead to pressures on river water quality objectives.  In order for these objectives to still 
be met, there is a risk that greater investment in wastewater treatment technology (beyond 
conventional levels of treatment) will be required, and that this cost will be in part borne by bill 
payers.  This consequence map reflects this specific risk. 

The receptor groups to which this consequence relates are businesses and communities. 

4.4.2 Impacts leading to consequence 

The impacts leading to risk of increased costs for wastewater services are: 

• Risk of lower summer river flows and more frequent summer hydrological droughts; and 

• Risk of limitations on wastewater discharges to river systems.  

The consequence map is presented in Figure CON 4. 

4.4.3 Spatial influences 

The key spatial influences on this consequence are the low flow risk waterbody catchments 
within the Medway catchment, which also coincide with high magnitude wastewater limitations 
due to capacity pressures on existing WwTWs in the catchment. 

4.4.4 Receptor group analysis 

Businesses 

 

The GIS has been used to identify the top ten wards that have the highest ‘water reliance’ 
score of business in high risk catchments with respect to wastewater services costs.  These 
wards are set out in Table 4-3. 

Figure CON 4 – Increased Risk of Wastewater Treatment Costs 

Figure CON 4 BUS (Business) – 10 Wards with Businesses at Highest Risk of 
Increased Wastewater Costs 
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Table 4-3: Top ten wards in Kent with business at high risk of increased wastewater 
treatment services costs 

Ward District 
Sensitivity of Businesses at risk 

Low Medium High 

High Street Maidstone - - 885 

Sevenoaks Town 
and St. Johns 

Sevenoaks - 716 - 

Culverden Tunbridge Wells - 249 292 

Medway Tonbridge and Malling - - 467 

Strood Rural Medway 88 582 - 

Victoria Ashford - 536 47 

Park Tunbridge Wells - 170 282 

Town Dartford - 450 - 

Marden and Yalding Maidstone - 281 121 

Stone Dartford - 405 - 

Communities 

 

Figure CON 4 COMM shows the urban centres which are within high risk locations with 
respect to increased wastewater services costs. 

 

Figure CON 4 COMM (Communities) – Settlements at High Risk of Increased 
Wastewater Costs 
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4.5 Risk of Increased Need for Future Flood Defence Investment 

 

4.5.1 Rationale 

This consequence has been developed to reflect how potential increases in extent and depth 
of flooding from various sources would affect receptor groups.  Risk management authorities 
in relation to flood risk, have a statutory responsibility for managing flood risk from the various 
sources, and in doing so, developing strategies for maintaining or improving flood defence 
infrastructure that protects people, land and property.  The strategies or policies for managing 
flood defence assets vary between authorities and also vary geographically according to the 
costs and benefits associated with maintaining or improving flood defences. 

Therefore, where impact maps show an increase in flood risk, strategies to manage this 
increase in risk will vary and hence the actual risk that results in the future will also vary 
according to the level of investment.  This consequence has therefore been derived to 
demonstrate where an increase in investment is required to protect against the increase in 
flood risk impacts which have been mapped in this study. 

The receptor groups to which this consequence relates are businesses and communities. 

4.5.2 Impacts leading to consequence 

Impact scores have been combined for the following impacts to form the consequence 
magnitude rating of High, Medium or Low: 

• Risk of greater depth and extent of river or tidal flooding; and 

• Risk of increased depth and extent of surface water flooding.  

The consequence map is shown in Figure CON 5. 

4.5.3 Spatial influences 

High risk areas occur where high magnitude surface water flooding impacts occur with high 
magnitude tidal or fluvial flood extents.  This creates small areas of high risk, largely in low 
lying river valley areas or coastal areas. 

4.5.4 Receptor group analysis 

Businesses 

 

The GIS has been used to identify the top ten wards that have the highest number of business 
in high risk locations with respect to increased need for flood defence infrastructure 
investment.  These wards are set out in Table 4-4. 

Figure CON 5 – Risk of Increased Need for Flood Defence Infrastructure 
Investment 

Figure CON 5 BUS (Business) – 10 Wards with Businesses at Highest Risk of 
Needing Flood Defence Infrastructure Investment 
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Table 4-4: Top ten wards in Kent with business in areas at high risk of requiring flood 
defence infrastructure investment 

Ward District Businesses at risk 

High Street Maidstone 1007 

North Deal Dover 644 

Town Dartford 644 

Westgate Canterbury 624 

Marden and Yalding Maidstone 612 

Medway Tonbridge and Malling 553 

Pantiles and St. Marks Tunbridge Wells 472 

Harbour Canterbury 471 

Aylesford Tonbridge and Malling 458 

Hythe Central Shepway 438 

Communities 

 

Figure Con 5 COMM shows the consequence magnitude in relation to where communities 
have the highest risk.  The figure shows urban locations that have an element of high risk, 
along with the extent of that risk within the urban centre. For each of the urban centres, the 
extent of the medium risk within that centre is also mapped.  

 

Figure CON 5 COMM (Communities) – Settlements with Areas of High Risk of 
Needing Flood Defence Infrastructure Investment 
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4.6 Risk of Reduced Land Stability Affecting Infrastructure 

 

4.6.1 Rationale 

This consequence has been developed to demonstrate where there is a risk that water related 
erosion of soils could lead to instability of key infrastructure assets within the county. 

4.6.2 Impacts leading to consequence 

The impact of ‘risk of increased soil erosion and degradation’ (See Figure IMP 2a) has been 
used to map this consequence.  Therefore, the magnitude of consequence mapped reflects 
the magnitude derived for this impact.  The map is presented as Figure CON 6. 

This consequence has not been mapped against the four main receptor group locations, but 
instead, has been mapped against the location of key infrastructure assets which could be 
affected by reductions in land stability, assisting asset owners with identifying where there is 
potential need for infrastructure investment in the future. 

4.6.3 Spatial influences 

As with the impact that defines this consequence, the key spatial influences are where 
erodible soils occur with steeper topography such as the Greensand Ridge. 

4.6.4 Receptor group analysis 

Businesses 

 

The GIS has been used to identify the top ten wards with businesses at the highest risk of 
having infrastructure affected by reduced land stability.  

Communities 

 

Transport and Utilities 

Maps showing locations of key highways assets and wastewater sewer network are shown in 
Figure CON 6 TRANSPORT and Figure CON 6 UTILITIES respectively.  

 
 

Figure CON 6 – Risk of Reduced Land Stability Affecting Infrastructure 

Figure CON 6 BUS (Business) – 10 Wards with Businesses at Highest Risk of 
Having Infrastructure Affected by Reduced Land Stability 

Figure CON 6 COMM (Communities) – Settlements with Areas of High Risk of 
Having Infrastructure Affected by Reduced Land Stability 

Figure CON 6 TRANSPORT (Transport) – Transport Infrastructure at High Risk of 
Being Affected by Reduced Land Stability 
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Figure CON 6 UTLITIES (Utilities) – Utility Infrastructure at High Risk of Being 
Affected by Reduced Land Stability 
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4.7 Risk of Worsening Condition of Aquatic Habitats and Species (including 
Eutrophication) 

 

4.7.1 Rationale 

This consequence has been developed to highlight where there is a risk of aquatic habitats 
deteriorating in condition as a result of several impacts combining in one location.  Aquatic 
habitats are reliant on specific flow conditions (levels and velocities), channel morphology, and 
water quality conditions and several impacts have been mapped as a result of change effects 
that could adversely affect these conditions  

The receptor group to which this consequence relates is the environment; waterbody 
catchments under the WFD have been used to indicate where habitats are potentially more at 
risk. 

It is important to note that this consequence has not been used in the aggregation of 
consequences as it uses a similar range of impacts as the WFD failures consequence, and 
hence could lead to double counting of risk.  

4.7.2 Impacts leading to consequence 

Impact scores have been combined for the following impacts to form the consequence 
magnitude rating of High, Medium or Low: 

• Risk of increased soil erosion and degradation – leading to increase sedimentation in 
waterbodies affecting water quality biological and hydromorphological supporting 
elements of Ecological Status and potentially Chemical Status; 

• Risk of lower summer river flows and more frequent summer hydrological droughts – 
leading to impacts on hydromorphological condition, water level/flow dependent biological 
supporting elements and water quality supporting elements via less dilution; and 

• Risk of limitations on wastewater discharges to river systems – leading to changes in 
water quality supporting elements of Ecological Status. 

4.7.3 Spatial influences 

There is a higher risk associated with the Medway catchment and associated upper tributaries 
which is driven by the high magnitude impacts associated with wastewater treatment 
limitations, low flows, and soil erosion in the main Medway catchment. 

The consequence map is show in Figure CON 7. The mapping indicates where specific 
habitats or water dependent sites in the high risk catchments could be at risk of deterioration.  

  

Figure CON 7 – Risk of Worsening Condition of Aquatic Habitats and Species 
Including Eutrophication 
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4.8 Likelihood that Agricultural Opportunities from Climate Change can be Realised 

 

4.8.1 Rationale 

This consequence reflects where there is potential opportunity for agriculture to benefit from 
elements of climate change effects that may increase productivity, either through longer 
growing seasons, greater CO2 concentrations or climatic variations which allow a greater 
variety of crops to be grown. 

The Kent SRA is focused on changes in water systems which are not a directly impacted by 
the effects that lead to beneficial change for agriculture.  However, the relevance of water 
systems to these potential opportunities is how the realisation of these opportunities may be 
restricted in the future due to a lack of available water for irrigation.  Water availability may 
present a limitation on how agricultural practices can adapt to take advantage of beneficial 
climate variations that may occur in the future. 

4.8.2 Impacts leading to consequence 

The ‘risk of lower summer river flows and more frequent summer hydrological droughts’ impact 
has been used to map this opportunity consequence.  Where there is a high risk of low 
summer flows (or drought), a low magnitude of potential opportunity has been applied; 
similarly, where there is a low risk of low summer flows, a high magnitude of potential 
opportunity has been mapped to demonstrate where the opportunities are more likely to be 
realised than others. 

The map is presented in Figure CON 8 and shows the areas of current agricultural land with 
high, medium or low magnitude for opportunity realisation. 

4.8.3 Spatial influences 

Reduced availability of summer river flows is likely to limit the realisation of opportunities for 
greater agricultural productivity in large areas of Kent, particularly associated with the Medway 
catchment and the lower Stour.  The upper Stour and areas of North Kent in Medway would 
have fewer limitations with respect to water availability. 

Figure CON 8 – Likelihood that Agricultural Opportunities from Climate Change 
can be Realised  
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4.9 Risk of Increased Degradation or Loss of Agricultural Land Quality 

 

4.9.1 Rationale 

This consequence has been developed to demonstrate where impacts on water systems may 
lead to a loss of agricultural land either through soil erosion or land which will experience a 
greater extent of fluvial or tidal flooding.  Loss of agricultural land through coastal erosion is 
discussed in the consequence covering ‘coastal erosion risk by the 2050’s’ (see section 4.10).   

4.9.2 Impacts leading to consequence 

Impact scores have been combined for the following impacts to form the consequence 
magnitude rating of High, Medium or Low: 

• Risk of increased soil erosion and degradation – leading to loss or degradation of soil 
quality which could adversely affect agricultural practices on that land; and 

• Risk of greater depth and extent of river and tidal flooding – leading to greater frequency 
of inundation of land which currently does not flood. 

The consequence map is shown in Figure CON 9.  As this consequence only affects 
agricultural land, it has not been mapped Kent wide. 
 

Figure CON 9 – Risk of Increased Degradation or Loss of Agricultural Land Quality 
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4.10 Loss of land from Coastal Erosion 

 

4.10.1 Rationale 

This consequence has been developed to demonstrate where coastal erosion impacts could 
result in either loss of agricultural land or could lead to loss of land or property within coastal 
communities along the County’s coastline.  The consequence mapping therefore relates to 
business and communities. 

4.10.2 Impacts leading to consequence 

The impact ‘coastal erosion risk by the 2050’s (with active intervention)’ has been used for this 
consequence, and the mapping relating to risk with management policies in place has been 
used for the final consequence mapping. 

As these consequences are in relation to coastal land use, Kent wide maps have not been 
produced and receptor maps have been produced for agricultural land and coastal 
communities. 

4.10.3 Receptor group analysis 

Two separate receptor maps have been produced for this this consequence.  A ’buffer’ has 
been used for agricultural land to demonstrate where agricultural land falls into a high or 
medium magnitude coastal erosion risk.  This is to acknowledge that the amount of land lost to 
erosion is dependent on the rate of erosion and the success of any management measures 
adopted to control it.  The map does not attempt to identify how much agricultural land is at 
risk, but merely to indicate where agricultural land is at risk of some potential loss. The 
agricultural consequence map is shown in Figure CON 10 AGRI.   

A community map has also been produced showing the extent of urban areas that coincide 
with medium or high magnitude coastal erosion impacts.  The full outline of the urban center 
has been used to make it easier to pinpoint the community locations.  The map is not intended 
to imply that the entire urban centre is at risk, but merely to indicate where urban centres are 
located near to medium or high magnitude coastal erosion risk areas.  The community map is 
shown in Figure CON 13 COMM. 

Figure CON 10 AGRI – Agricultural Land (Grades 1 to 3) at Medium or High Risk 
of Loss through Increased Coastal Erosion with Intervention Assumed 
 
Figure CON 13 COMM – Coastal Settlements at Medium or High Risk through 
Increased Coastal Erosion with Intervention Assumed 
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5. AREAS MOST AT RISK 

A key output of the study is to identify where the highest incidence of risk occurs in Kent with 
respect to impacts on water systems and the consequences for receptors.  This allows WFD 
catchments to be prioritised for future action, adaptation and response planning. 

5.1 Consequence Aggregation 

Consequences risk levels have been aggregated across the County for the majority of 
consequences to produce a Kent-wide map demonstrating areas of where the most (or 
highest) risk occurs

14
. The consequences used to produce the aggregated consequence map 

are listed in table 5-1. The consequence scores were combined using the magnitude scores 
for each consequence (scored 1 to 3). The aggregated map is shown in Volume 2 as 
AGGREGATED_CONS_ALL. 

Table 5-1: List of Consequence maps used in the aggregated consequence map 

Figure 
Reference 

Consequence Name 

CON 1 Risk of Increased Competition for Available Surface Raw Water 

CON 2 
Risk of Increases in Mains Water Charges or Increased Frequency of Use 
Restrictions 

CON 3 Increased Risk of Failure of Physico-chemical elements of WFD Status 

CON 4 Increased Risk of Wastewater Treatment Costs 

CON 5 Risk of Increased Need for Flood Defence Infrastructure Investment 

CON 6 Risk of Reduced Land Stability Affecting Infrastructure 

CON 9 Risk of Increased Degradation or Loss of Agricultural Land Quality 

5.2 Summary of highest risk catchments 

Te WFD waterbody catchments most at risk have been mapped and are displayed in Figure 
5.1 below and in Volume 2 as HR_CATCHMENTS. These WFD waterbodies include: 
 

• The Bourne; 

• Lesser Teise; 

• Len; 

• Beult; 

• Medway Estuary; 

• Hexden Channel; 

• Upper Great Stour; 

• North & South Streams at Eastry; 

• North Chislet Marsh; 

• Hammer Stream; and  

• Sommerhill Stream. 

                                                      
14

 Consequence 8 is not included in the aggregation process to avoid double counting similar risks 
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Figure 5.1: Highest Risk WFD Catchments in Kent 

 

 
Spatially, this demonstrates an accumulation of higher risk consequences in the Medway 
catchment.  A number of impacts combine for the Medway catchment, particularly in the upper 
reaches and the main tributaries of the catchment, including land instability, increasing flood 
risk, limitations on wastewater treatment, lower summer flow risk, and water supply cost 
implications.   

5.3 Summary of High risk Areas for Receptor Groups 

In addition to the Kent-wide aggregated consequence map, separate aggregated maps have 
been produced for agriculture, business and communities

15
 where only consequences that 

affect these groups have contributed to the aggregation scoring.  This enables identification of 
adaptation and response measures for each receptor group specifically. The aggregated maps 
for agriculture, business and communities are shown in Volume 2 as 
AGGREGATED_CONS_AGRI, AGGREGATED_CONS_BUS and 
AGGREGATED_CONS_COMM respectively. 

When considering the consequences specific to business receptors, highest risk locations are 
Maidstone, Tonbridge, Royal Tunbridge Wells and Sevenoaks, with Sittingbourne and Dartford 

                                                      
15

 An aggregated map has not been produced for the environment receptor group because only one consequence is relevant to this 
(CON 3) for aggregation.  As explained in the presentation of CON 7 (worsening condition of aquatic habitats), although this 
consequence is also relevant to the Environment receptor, it used similar impacts to CON 3 thereby double counting risk, resulting in a 
skewed aggregation. 
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also with high risk scores.  These consequence scores are being driven by wastewater 
treatment limitations, potential water supply costs, private abstraction limitations and flood risk. 
 
For Agricultural receptors, the highest risk areas are within land closest to the upper tributaries 
of the Medway catchment (the Beult, Eden, Teise and Bourne) as well as the Upper Stour, 
where flood risk and degradation of agricultural land consequences combine with restrictions 
on surface water abstraction and potential for increased water supply costs (or restrictions on 
use).  
 
For community receptors, there is less of a spatial pattern to consequence risk levels across 
Kent.  The highest risk areas are focused within the wider Medway catchment and along the 
Stour and into north Kent.  The Darent catchment in the west also has a high risk category.  
The high risk areas are influenced by several key impacts combining, including higher costs 
for water supply, and wastewater treatment, increased flood risk, and land stability impacts on 
community infrastructure. 
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6. POTENTIAL ADAPTATION MEASURES 

6.1 What is Adaptation? 

The National Adaptation Programme (NAP) defines adaptation as ”a change in natural or 
human systems in response to the impacts of climate change”.

16
 

These changes can be used to moderate adverse effects or exploit beneficial opportunities 
and can be in response to actual or expected impacts. The NAP identifies various types of 
adaptation, including: 

• Planned adaptation – the result of a deliberate policy decision, and most likely include 
action that is required to return to, maintain, or achieve, a desired state. 

• No regret (adaptation) options – could be activities which would provide immediate 
economic and environmental benefits and continue to be worthwhile regardless of future 
climate.  

• Maladaptation – could mean either:  

– any changes in natural or human systems which inadvertently increase vulnerability 
to the hazards of climate change; or 

– an adaptation that does not succeed in reducing vulnerability, but increases it; or 

– spending a disproportionate amount of effort and investment on adaptation beyond 
what is required. 

The following sections provide an overview of adaptation measures that could be used to 
inform adaptation planning for the areas identified in Section 4 of this report. 

6.2 Policy Context 

Through the Climate Change Act 2008, the UK government has developed, and is 
implementing a number of policies in relation to climate change adaptation. Key publications in 
support of these policies include:   

• Climate Change Risk Assessment (CCRA);
17

  

• National Adaptation Programme;
18 

 

• The Economics of Climate Resilience,
19

 and 

• The UK National Ecosystem Assessment.
20

 

The following sections provide a brief overview of these documents.  

                                                      
16

 HM Government (2013) The National Adaptation Programme: Making the country resilient to a changing climate. [online] available at 
https://www.gov.uk/government/publications/ (last accessed 14/10/13). 
17

 Defra (2012) UK 2012 Climate Change Risk Assessment [online] available at 
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&ProjectID=15747#RelatedDocumen
ts(last accessed 14/10/13). 
18

 HM Government (2013) The National Adaptation Programme: Making the country resilient to a changing climate. [online] available at 
https://www.gov.uk/government/publications/ (last accessed 14/10/13). 
19

 Frontier Economics (2013) Economics of Climate Resilience. Report for Defra. [online] available at: http://randd.defra.gov.uk/(last 
accessed 29/04/2013) 
20

 UK National Ecosystem Assessment (2011) The UK National Ecosystem Assessment: Synthesis of the Key Findings. UNEP-WCMC, 
Cambridge. [online] available at http://uknea.unep-wcmc.org/  (last accessed 14/10/13). 
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6.2.1 The UK Climate Change Risk Assessment 

The UK CCRA, published in January 2012, was the first assessment of its kind for the UK and 
the first in a five year cycle. It provides an assessment of the magnitude and timing of impacts 
caused by changes in climatic conditions, variability, and extremes, as well as an indication of 
the levels of confidence in the evidence base in relation to each of the predicted impacts.  

The CCRA reviewed the evidence for over 700 potential impacts of climate change in the UK 
context. Detailed analysis was then undertaken for over 100 of these impacts across 11 key 
sectors, on the basis of their likelihood, the scale of their potential consequences, and the 
urgency with which action may be needed to address them. 

The analysis of risks and opportunities set out in the CCRA was informed by the most recent 
UK Climate Projections published by Defra in 2009 (UKCP09). UKCP09 projections include 
the results of three sets of projected greenhouse gas (GHG) emission scenarios – low, 
medium, and high. The three scenarios account for the uncertainties that exist about future 
trends and behaviours such as population growth, technological progress, and socio-economic 
development. The changes described over the next 40 years are based on past and current 
emissions and as a result, all three scenarios display similar patterns. After this period, 
however, projected weather patterns diverge as they become increasingly dependent upon the 
predicted changes to emissions from the different scenarios. The scenarios also reflect 
different assumptions about local, regional, and global socio-economic changes; including 
changes to the economy, population, technology, energy, and agriculture.

21
   

6.2.2 The National Adaptation Programme 

In response to the CCRA, the NAP
22

 presents a range of time-bound actions and 
responsibilities to help UK businesses, local authorities and civil society to prepare for, and 
become more resilient to, climate change impacts. The NAP addresses adaptation in the 
following major areas of UK society: 

• Built environment 

• Infrastructure 

• Healthy and resilient communities; 

• Agriculture and forestry; 

• Natural environment; 

• Business; and 

• Local government. 

6.2.3 The Economics of Climate Resilience (ECR)  

The Economics of Climate Resilience
23

 (ECR) was commissioned to inform the NAP, and sets 
out an economic framework for adaptation in the UK. The ECR seeks to understand the extent 
of current and expected adaptation actions, the relative effectiveness of those actions and the 
barriers to their implementation.  

                                                      
21

 UKCP (2009). Climate change projections.  UKCP: Oxford [online] available at http://ukclimateprojections.defra.gov.uk/ (last accessed 
26/02/13). 
22

 HM Government (2013) The National Adaptation Programme: Making the country resilient to a changing climate. [online] available at 
https://www.gov.uk/government/publications/ (last accessed 14/10/13). 
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 Frontier Economics (2013) Economics of Climate Resilience. Report for Defra. [online] available at http://randd.defra.gov.uk/(last 
accessed 29/04/13). 
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The analysis found that many individuals and organisations across the full range of sectors are 
already taking action to adapt to climate change. However, there is a high variance in the 
adaptive capacity of organisations and individuals within the sectors. For example, while the 
Forestry Commission is well placed to diversify the species and provenance of trees in their 
woodlands, small woodland owners lack the information and the resources to improve the 
resilience of their woodlands to the pressures of climate change.  

6.2.4 The UK National Ecosystem Assessment (NEA) 

The UK National Ecosystem Assessment
24

 (NEA) was published in June 2011 and 
emphasised that many ecosystem services, particularly those related to air, water and soil 
quality, declined during the second half of the 20th Century. Moreover, the NEA highlights the 
potential role of climate change in accelerating the increase in pressures on ecosystem 
services. While climate change has not been a major driver for most ecosystems to date, it is 
expected to play a significant role in future change, with some changes already evident: for 
example, range changes of the more mobile species, such as insects and birds, plus changes 
in the timing of flowering and fruiting have been observed, which may eventually have an 
impact on a range of ecosystem services. 

6.3 General Adaptation Measures and Opportunities 

The following sections provide an overview of general adaptation measures and opportunities 
drawn from the aforementioned documents that are relevant to the receptor groups analysed 
in the Kent SRA for Water.  

6.3.1 Businesses 

The CCRA found that the ability to adapt to climate change varies substantially between 
different industries and different organisations within this sector and that those that are most 
likely to successfully adapt are those that have a track record of being innovative. 

25
 

The CCRA identifies a number of opportunities for the business sector to undertake positive 
action, these include

26
: 

• Exploiting market shifts by developing new products and services; 

• Improving internal business processes to cope with the direct and indirect impacts of 
climate change; and 

• Showing leadership and setting an example to other businesses. 

The NAP 
27

 promotes four focus areas for adaptation activity within the business sector: 

• Enabling business competitiveness through resilience by raising awareness amongst 
businesses about climate change risk and increasing the extent to which businesses are 
actively considering climate change impacts in their risk management and resilience 
planning; 

• Raising awareness and understanding amongst businesses about domestic and 
international adaptation opportunities;  

                                                      
24

 UK National Ecosystem Assessment (2011) The UK National Ecosystem Assessment Technical Report. UNEP-WCMC, Cambridge. 
[online] available at: http://uknea.unep-wcmc.org/ (last accessed 29/08/13). 
25

 Defra (2012) UK 2012 Climate Change Risk Assessment: Business, Industry and Services. Summary. [online] available at 
http://randd.defra.gov.uk/ (last accessed 14/10/13). 
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 Defra (2012) UK 2012 Climate Change Risk Assessment: Business, Industry and Services. Summary. [online] available at 
http://randd.defra.gov.uk/ (last accessed 14/10/13). 
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 HM Government (2013) The National Adaptation Programme: Making the country resilient to a changing climate. [online] available at 
https://www.gov.uk/government/publications/ (last accessed 14/10/13). 
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• Helping businesses to better understand and manage climate change risks to their supply 
chains; and  

• Maintaining growth through research and understanding of climate change impacts on 
growth and the economy.  

6.3.2 Communities 

The CCRA identified the built environment as a key element in the creation of places and 
communities that are more resilient to the effects of climate change and in the protection of the 
people living in and using them. 

28
The adaptation programme will need to address the existing 

built environment, new buildings and at opportunities for change within existing communities. It 
will also need to recognize that although buildings can be modified later to help them 
withstand changing climatic conditions, their location, the way they are built and the way in 
which structural changes are carried out can make this easier or more difficult to accomplish. 

The CCRA found that many existing buildings are maladapted because the way that they have 
been built increases their potential vulnerability to the effects of climate change. Moreover, in 
some cases it is not considered cost-effective to modify existing buildings so that they can 
cope with a changing climate. 

29
 

The NAP 
30

 promotes five focus areas for adaptation activity within the built environment: 

• Reducing the threat of flood and coastal erosion by understanding the risks and 
developing and implementing management plans; 

• Spatial planning through the provision of clear local planning frameworks that deliver 
sustainable new development and provides resilience to the impacts of climate change; 

• Increasing adaptive capacity in the sector by supporting businesses and industries to 
access skills, training, knowledge and tools to manage climate change risk and by 
ensuring that investors have the financial and appraisal tools they need to promote 
adaptation to climate change; 

• Making homes and communities more resilient by helping people and communities to 
understand climate change and to take action to become resilient to risk; and  

• Understanding the longer term implications of climate change on the built environment.  

The CCRA also identified community health as an area that will face climate change risks. 
While climate change has the potential to affect the health sector in various ways, the effects 
that are relevant to this project, and for which adaptation will be required, are those related to 
water under- and over-supply. Access to water that is fit for human consumption is critical to 
maintaining human well-being. In addition, flooding and storms can result in injuries and 
deaths and can have a substantial impact on mental health.

31
 

The CCRA found that, to be effective, adaptation to climate change needs to be factored into 
the design, construction and maintenance of healthcare infrastructure; the allocation of 
resources; procurement processes and training programmes.

32
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Adaptation responses are generally focussed on securing sufficient supply for human use, 
including consideration of water recycling and improving the opportunities for inter-basin 
transfers. 

In relation to severe weather events such as flooding, the NAP 
33

 promotes three focus areas 
for adaptation activity in relation to healthy and resilient communities: 

• Climate resilience in the health and social care system, by reducing the risk of death and 
illness associated with severe weather events and by supporting public health care 
system to ensure continuity of services and resilient assets, including the ability to deal 
with increased demand for services associated with severe events; 

• Minimise the impacts of climate change on vulnerable groups in society by strengthening 
their resilience to better prepare for, respond to and recover from future climate risk; and 

• Strengthening emergency services, local responders and community resilience to severe 
weather events.  

6.3.3 Agriculture 

The CCRA found that the ability of agri-businesses to adapt to climate change varies across 
the sector and that those that are most likely to successfully adapt are those that have a track 
record of being innovative. The CCRA found that minimizing the risks associated with climate 
change and taking advantage of the opportunities that it may present requires investment in 
new technologies and better management techniques.

 34
 

The CCRA also found a number of knowledge gaps exist which may prevent successful 
adaptation by the agriculture sector. 

35
These include the: 

• Potential impact of climate change on agricultural pests and diseases; 

• Effects of climate change and climate extremes on water available for new and existing 
crops, especially in areas affected by sea level rise and coastal flooding; 

• Effects of climate change on animal health and welfare, and particularly the effects of 
heatwaves and droughts; and 

• Ability of rural communities to adapt to the effects of climate change on their lives and 
livelihoods. 

The NAP 
36

 promotes four focus areas for adaptation activity within the agriculture sector: 

• Building resilience in agriculture through effective water management; 

• Resilience in forestry by increasing the level of management in England’s woodlands and 
the uptake of adaptation good practice; 

• Resilience to pests and diseases by helping to protect biodiversity, maintain agricultural 
and forestry productivity and protect the UK’s ability to export products; and 

• Supporting innovation and evidence gathering by embedding climate change adaptation 
into agriculture, horticulture and forestry research programmes. 
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6.3.4 Environment 

The CCRA found that awareness of climate change and its impacts is typically very high in the 
biodiversity and ecosystem services sector, with clear understanding of the risks that the 
sector faces. Despite this understanding, the CCRA found that the sector’s ability to adapt to 
climate change may be constrained by the complexity of the sector, which is characterised by 
the involvement of many different groups with differing agendas and by significant interaction 
with a range of other sectors. 

37
 

The CCRA also found a number of knowledge gaps exist which may prevent successful 
adaptation by the environment sector. 

38
 These include: 

• Understanding how actions in other sectors (including adaptation) may affect species, 
ecosystems and the services they deliver, and developing/implementing cross-sector 
activities that will enhance the outcomes and reduce conflicts for all sectors; 

• Standardised, UK-level data collection and analysis on the rate and patterns of change, 
trends and thresholds/tipping-points associated with climate for species and ecosystems 
and 

• Understanding how climate impacts will affect ecosystems’ in-built capacity to adapt to 
changes, how this may affect ecosystem services and when changes may become 
irreversible. 

The NAP 
39

 promotes four focus areas for adaptation activity within the environment: 

• Building ecological resilience of wildlife, habitats and ecosystems to the impacts of climate 
change; 

• Preparing for and accommodating inevitable change by taking action to help wildlife, 
habitats and ecosystems adjust to change; and 

• Valuing the wider adaptation benefits the natural environment can deliver.  

6.4 Potential Vulnerabilities to Specific Consequences 

Table 6-1 provides an overview of the major vulnerabilities faced by each of the receptor 
groups (business, community, agriculture and environment) for each of the consequences 
assessed in the Kent SRA for Water. 

It should be noted that business water vulnerabilities can result in different types of risk. In this 
section, risks are considered primarily in terms of physical risk; however, such risk can create 
additional risks in the form of reputational, regulatory or financial risk. 
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Table 6-1 Receptor group vulnerabilities to consequences 

Consequence Business Communities Agriculture Environment 

Risk of increased 
competition for available 
surface raw water 

• Relatively high direct 
dependence on water inputs 
for the goods or services 
produced; or an indirect (via 
their supply chain) 
dependence on water inputs; 
e.g. manufacturing 
businesses. 

• Relatively high average 
household water use. 

• Surface water needs to manage 
community green spaces such 
as sporting ovals and parks. 

• Relatively high direct dependence 
on surface water, e.g. to grow 
crops or livestock 

• Aquatic ecosystems and the 
ecosystem services that these 
ecosystems support which 
underpin human wellbeing; e.g. 
water-based recreation sites. 

Risk of increases in 
mains water charges or 
increased frequency of 
water use restrictions 

As above As above • Relatively high dependence on 
mains water for the production of 
crops or livestock. 

• Environmental ecosystems are not 
directly vulnerable to increases in 
mains water charges. However, if 
water use restrictions are 
implemented such that 
environmental flows are 
compromised, then aquatic 
ecosystems are likely to be most 
vulnerable. 

Increased risk of failure 
of Physico-chemical 
elements of WFD Status 

As above As above As above • Ecosystem services related to 
water quality and biodiversity that 
underpin human wellbeing 

Risk of worsening 
condition of aquatic 
habitats and species 
including eutrophication 

As above As above As above As above 

Increased risk of higher 
wastewater costs 

• Generate relatively high 
levels of wastewater; e.g. 
manufacturing businesses; or 
businesses that, through 
their supply chain, are linked 
to businesses that generate 
relatively high levels of 
wastewater and which may 
pass on their costs 

• Relatively high average 
household wastewater 
generation; 

• Community infrastructure 
operators with relatively high 
wastewater generation; e.g. 
hospitals 

• Generate relatively high volumes of 
wastewater; e.g. owners of 
intensive livestock operations 

• Environmental ecosystems are not 
directly vulnerable to increases in 
wastewater costs 
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Consequence Business Communities Agriculture Environment 

Risk of increased need 
for flood defence 
infrastructure 
investment 

• Occupying land that is 
required to implement flood 
defence infrastructure and, 
therefore, which may bear 
the costs of future flood 
defence investment. 

• Occupying households (or 
community infrastructure) on 
land that is required for future 
flood defence investment; and, 
therefore, which may bear the 
costs of future flood defence 
investment. 

• Occupying land that is required to 
implement flood defence 
infrastructure and, therefore, which 
may bear the costs of future flood 
defence investment. 

• Environmental ecosystems are not 
directly vulnerable to future flood 
defence investment. However, if 
the flood defence investment 
significantly alters the flow of 
water, then aquatic ecosystems 
are likely to be most vulnerable 

Risk of reduced land 
stability affecting 
infrastructure,  

• Existing or planned longlife 
infrastructure (e.g. offices, 
warehouses, manufacturing 
facilities) that may be 
affected by this 
consequence; and 

• Businesses with high 
dependence of land-based 
transport such as road or rail. 

• Existing or planned longlife 
infrastructure (e.g. houses and 
community infrastructure) that 
may be affected by this 
consequence; and  

• High dependence on land-based 
transport such as road or rail. 

• All agricultural businesses are 
vulnerable to changes in land 
stability because of their reliance 
on access to soil of an appropriate 
quality. 

• In addition, those that have existing 
or planned longlife infrastructure 
(e.g. hothouses, irrigation 
infrastructure, livestock buildings) 
will be vulnerable; and 

• High dependence of land-based 
transport such as road or rail. 

• Soil structure, water quality and 
biodiversity ecosystem services 
that underpin human wellbeing.   

Risk of increased 
degradation / loss of 
agricultural land 

• Relatively high dependence 
on the agricultural sector for 
inputs; e.g. food processing 
businesses 

• Relatively high dependence on 
the agricultural sector; e.g. for 
the provision of food 

• All agricultural businesses are 
vulnerable to degradation/loss of 
agricultural land quality because of 
their reliance on access to soil of 
an appropriate quality 

• Ecosystem services related to soil 
structure and biodiversity 
ecosystem services that underpin 
human wellbeing 

Loss of land through 
coastal erosion 

• Existing or planned longlife 
infrastructure (e.g. offices, 
warehouses, manufacturing 
facilities), the location of 
which may be affected by 
this consequence 

• Existing or planned longlife 
infrastructure (e.g. houses and 
community infrastructure) the 
location of which may be 
affected by this consequence. 

• All coastal agricultural businesses 
are vulnerable to changes in land 
stability because of their reliance 
on access to soil of an appropriate 
quality. 

• In addition, those that have existing 
or planned longlife infrastructure 
(hothouses, irrigation 
infrastructure, livestock buildings) 
are likely to be vulnerable. 

• Ecosystem services related to soil 
structure and biodiversity that 
underpin human wellbeing. 
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6.5 Potential Adaptation Responses for Specific Consequences 

The following sections provide an overview of adaptation measures for each receptor group 
(business, community, agriculture and environment) for each of the consequences. 

Where possible, specific adaptation responses have been identified for each consequence; 
however, because the majority of the consequences relate to changes in either water quality 
or quantity, it is difficult to identify differentiated opportunities for adaptation.  

For some consequences there were few or no direct adaptation responses identified because, 
the consequence was either not relevant to the sector, or because there are very limited 
adaptation responses available.  

It should also be noted that, for the purposes of this assessment, agricultural businesses are 
assumed to be a sub-set of the broader business sector. Furthermore, the community is 
assumed to include households as well as the managers of community infrastructure such as 
hospitals and green spaces. 

6.5.1 Risk of increased competition for available surface water 

The receptor groups for which this consequence has been analysed are business and 
agriculture.  

Based on the analysis undertaken in Section 5, the top ten wards in which businesses were 
found to potentially face the risk of increased competition for available surface water are: 
Town (Dartford), Stone (Dartford), Strood Rural (Medway), Heron (Canterbury), Sevenoaks 
Town and St. Johns (Sevenoaks), High Street (Maidstone), Marden and Yalding (Maidstone), 
Medway (Tonbridge and Malling), Culverden (Tunbridge Wells) and Park (Tunbridge Wells). 
These wards are shown in Figure 6-1. 
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Figure 6-1: Top ten wards in which businesses could be at risk of increased 
competition for available surface water 

 

Based on the analysis undertaken in Section 5, the areas where agricultural businesses were 
found to potentially face the risk of increased competition for surface water are contained in 
Figure 6-2. 
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Figure 6-2: Agricultural business areas which could be at risk of increased competition 
for surface water 

 

Table 6-2 contains potential adaptation measures to address increased competition for 
available surface water resources across the business and agriculture receptor groups. These 
measures could be adopted by those areas identified in Figure 6-1 and Figure 6-2, if 
appropriate, given local circumstances. 

Table 6-2: Potential adaptation measures to address increased competition for available 
surface water 

Sector Potential adaptation measures 

Business Measures that the business sector could consider 

• Amending the business strategy to include: 

− Assessment of the implications of surface water scarcity to the 
current product or service portfolio as well as climate change 
implications for customers; and 

− Assessment of risk across the supply chain and building adaptive 
capacity of suppliers. 

• Developing organisational and resourcing responses, including: 

− Implementing water efficient technologies; 

− Adopting alternatives to mains water; e.g. rain water harvesting and 
on-site water recycling; 

− Managing the supply (or value) chain – supply chain assessment, 
supplier diversification, supply chain flexibility and building supplier 
capacity; 

− Relocating parts of business operations to spread risk; and  

− Incorporating the use of financial instruments / insurance for 
operational disruptions. 
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Sector Potential adaptation measures 

 
Measures that could influence the business sector 

• Ongoing implementation of water metering and differential pricing. 

• Spatial planning to avoid, where possible, business development in areas of 
water under-supply. 
 

Agriculture Measures that the agriculture sector could consider 

• Developing new breeds and varieties such as drought resistant varieties; 
using different varieties of crop or new crops; and using new varieties of 
forage. 

• Improving general farming practices for crops and livestock to build resilience: 

− For crops: adopting soil conservation practices and other general 
operational good practices, such as changing planting dates and 
rotational cropping, altering plant spacing and changing fallow 
practices to conserve soils.  

− For livestock: keeping livestock away from water courses 

• Managing water – e.g. managing water availability and use through improving 
irrigation efficiency, water storage capacity, using sustainable drainage 
systems, and restoring floodplains and wetlands on farmland. 

• Managing soil – e.g. using soil conservation techniques; using mulches to 
improve the water retention capacity of soils. This is more likely to be 
applicable to sandy soils and agricultural land grades 1 and 2. 

• Managing financial risk– e.g. developing and purchasing crop and farm 
insurance; becoming involved in futures and options markets and diversifying 
income sources. 

 
Measures that could influence the agriculture sector 

• Ongoing implementation of water metering and differential pricing. 

• Spatial planning to avoid, where possible, agricultural development in areas of 
water under-supply. 
 

 

6.5.2 Risk of increases in mains water charges or increased frequency of water use 
restrictions 

The receptor groups for which this consequence has been analysed are business, 
communities and agriculture.  

Based on the analysis undertaken in Section 5, the top ten wards in which businesses were 
found to potentially face the risk of increased mains water charges or frequency of water use 
restrictions are: Town (Dartford), Strood Rural (Medway), Westgate (Canterbury), High Street 
(Maidstone), Sevenoaks Town and St. Johns (Sevenoaks), Marden and Yalding (Maidstone), 
Medway (Tonbridge and Malling), Culverden (Tunbridge Wells), Park (Tunbridge Wells), 
Victoria (Ashford), and Westgate (Canterbury). These wards are shown in Figure 6-3. 
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Figure 6-3 Top ten wards in which businesses could face the risk of increased mains 
water charges or frequency of water use restrictions 

 

Based on the analysis undertaken in Section 5, the communities which were found to have 
potentially high risk of facing increased mains water charges or frequency of water use 
restrictions are: Hartley, West Kingsdown, Sevenoaks, Borough Green, Tonbridge, Snodland, 
Maidstone, Harrietsham, Teynham, Charing, Faversham, Whitstable, Herne Bay, Cantebury, 
Chilham, Royal Tunbridge Wells, Horsmonden, Paddock Wood, Staplehurst, Headcorn, 
Cranbrook, Tenterden, Hawkhurst, Ashford, Hamstreet, Old Romney, Brabourne Lees. These 
communities are shown in Figure 6-4. 

  



 Kent SRA for Water

 

 

  

FINAL REPORT 

February 2014     72
 

Figure 6-4 Communities which could face the highest risk of increased mains water 
charges or increased frequency of water use restrictions 

 

Based on the analysis undertaken in Section 5, the areas where agricultural businesses were 
found to potentially face the risk of increased competition for surface water or increased 
frequency of water use restrictions are contained in Figure 6-5. 
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Figure 1-5 Agricultural business areas which could face the risk of increased mains 
water charges or frequency of water use restrictions 

 

Table 6-3 contains potential adaptation measures to address increases in mains water 
charges or frequency of water use restrictions across the business, community and agriculture 
receptor groups. These measures could be adopted by those areas identified in Figure 6-4, 
Figure 6-5 and Figure 6-6, if appropriate, given local circumstances. 

Table 6-3: Potential adaptation measures to address increases in mains water charges 
or increased frequency of water use restrictions 

Sector Potential adaptation measures 

Business Measures that the business sector could consider 

• From the perspective of the business sector, an increase in water charges is 
equivalent to an increase in operational costs, while an increase in the 
frequency of water use restrictions is equivalent to a water supply constraint. 
For the business sector, the adaptation measures in response to this 
consequence of climate change are therefore likely to be similar to those for 
increased competition for surface water.  

• In addition, the business sector could consider general improvements to 
reduce operational costs in other areas so that an increase in the cost of 
water can be more readily absorbed. 
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Sector Potential adaptation measures 

Community Measures that communities could consider 

• From the perspective of the community, an increase in water charges is the 
equivalent to an increase in the cost of living. Assuming fixed budgets, 
adaptation responses could include reducing water use, improving water use 
efficiency or accessing alternative water supply sources such as water butts. 
These adaptation measures are similar to those for increased competition for 
surface water. 
 

Agriculture Measures that the agriculture sector could consider 

• From the perspective of the agricultural sector, an increase in water charges 
is equivalent to an increase in operational costs, while an increase in the 
frequency of water use restrictions is equivalent to a water supply constraint. 
For the agricultural sector, the adaptation measures in response to this 
consequence of climate change are therefore likely to be similar to those for 
increased competition for surface water.  

• In addition, the agricultural sector could consider general improvements to 
reduce operational costs in other areas so that an increase in the cost of 
water can be more readily absorbed. 

 

 

6.5.3 Increased Risk of Failure of Physico-chemical elements of WFD Status  

The receptor group for which this consequence has been analysed is environment.  

Based on the analysis undertaken in Section 5, the catchments which potentially risk failing to 
meet WFD objectives in the future are shown in Figure 6-7.  
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Figure 6-7 WFD Catchments at potential risk of failing WFD objectives (Physio-chemical 
elements) 

 

 
Table 6-4 contains potential adaptation measures to address failure of WFD objectives across 
the environment receptor group. These measures could be adopted by those areas identified 
in Figure 6-7, if appropriate, given local circumstances. 

Table 6-4: Potential adaptation measures to address failure of WFD objectives 

Sector Potential adaptation measures 

Environment Measures that could influence the environment 

• Incorporating SuDS, which include permeable pavements, trees 
and vegetation, green roofs, stormwater retention ponds, and 
wetlands and swales.  

• Increasing the use of buffer strips around agricultural land to reduce 
diffuse pollution that could be exacerbated by increases in 
precipitation.  

• Adoption of payments for ecosystem services to provide incentives 
for improvements in the provision of water quality. 

 

6.5.4 Risk of Increased wastewater treatment costs  

The receptor groups for which this consequence has been analysed are business and 
communities.  
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Based on the analysis undertaken in Section 5, the top ten wards in which businesses could 
potentially face the risk of increased wastewater charges are: Town (Dartford), Stone 
(Dartford), Strood Rural (Medway), Sevenoaks Town and St. Johns (Sevenoaks), High Street 
(Maidstone), Marden and Yalding (Maidstone), Medway (Tonbridge and Malling), Culverden 
(Tunbridge Wells), Park (Tunbridge Wells), and Victoria (Ashford). These are shown in Figure 
6-8. 

Figure 6-8: Top ten wards in which businesses could face the risk of increased 
wastewater charges 

 

Based on the analysis undertaken in Section 5, the communities with potentially high risk of 
facing increased wastewater costs are: Ightham, Maidstone, Tonbridge, Royal Tunbridge 
Wells, Cranbrook, Staplehurst, Headcorn, Harrietsham, Charing, Hamstreet, Dymchurch, 
Shepherswell, Eastry, and Sandwich. These are shown in Figure 6-9. 
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Figure 6-9:  Communities which could face the risk of increased wastewater charges  

 

Table 6-5 contains potential adaptation measures to address increased wastewater costs 
across the business and community receptor groups. These measures could be adopted by 
those areas identified in Figure 6-8 and Figure 6-9 if appropriate, given local circumstances. 

Table 6-5: Potential adaptation measures to address increased wastewater costs 

Sector Potential adaptation measures 

Business Measures that the business sector could consider 

• From the perspective of the business sector, an increase in wastewater costs 
is equivalent to an increase in operational costs.  

• For the business sector, the adaptation measures in response to this 
consequence of climate change are therefore likely to be similar to those for 
an increase in mains water charges, with particular focus on activities to 
reduce the creation of wastewater; for example, through implementing on-site 
wastewater recycling or by adopting new technologies that result in the 
production of less wastewater.  

• In addition, the business sector could consider general improvements to 
reduce operational costs in other areas so that an increase in the cost of 
wastewater can be more readily absorbed. 

 

Community Measures that communities could consider 

• From the perspective of the community, an increase in wastewater water 
costs is the equivalent to an increase in the cost of living.  

• Assuming fixed budgets, adaptation responses could include reducing the 
generation of wastewater or improving water use efficiency of wastewater-
generating appliances. 
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6.5.5 Increased need for flood defence investment 

The receptor groups for which this consequence has been analysed are business and 
communities.  

Based on the analysis undertaken in Section 5, the ten wards with business in areas at 
potentially high risk of requiring flood defence infrastructure investment are: North Deal 
(Dover), High Street (Maidstone), Marden and Yalding (Maidstone), Harbour (Cantebury), 
Hythe Central (Shepway), Town (Dartford), Westgate (Cantebury) Medway (Tonbridge and 
Malling), Pantiles and St. Marks (Tunbridge Wells), Aylesford (Tonbridge and Malling). These 
areas are shown in Figure 6-10. 

Figure 6-10: Top ten wards in which businesses could face the risk of the need for 
greater flood defence infrastructure investment 

 

Based on the analysis undertaken in Section 5, the communities with potentially medium to 
high risk of requiring flood defence infrastructure investment are: Dartford, Gravesend, 
Sevenoaks, Rochester, Snodland, Chatham, Gillingham, Sheerness, Sittingbourne, 
Maidstone, Tonbridge, Leysdown-on-Sea, Herne Bay, Whitstable, Sturry, Cantebury, 
Sandwich, Deal, Edenbridge, Royal Tunbridge Wells, Paddock Wood, Headcorn, Ashford, 
Hamstreet, Hythe, Folkestone, and St Mary’s Bay. These areas are shown in Figure 6-11. 
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Figure 6-11: Communities which could face the risk of increased flood defence 
investment 

 

Table 6-6 contains potential adaptation measures to address future flood defence investment 
across the business and community receptor groups. These measures could be adopted by 
those areas identified in Figure 6-10 and 6-11, if appropriate, given local circumstances. 

Table 6-6: Potential adaptation measures to future flood defence investment 

Sector Potential adaptation measures 

Business Measures that the business sector could consider 

• If the flood defence investment undertaken by KCC on behalf of businesses is 
passed on through a local levy, then the business sector could consider 
general improvements to reduce operational costs in other areas so that the 
introduction of the levy could be more readily absorbed.  
 

Measures that could influence the business sector 

• Spatial planning to avoid, where possible, business development in areas of 
high flood risk. 

 

Community Measures that communities could consider 

• If the flood defence investment undertaken by KCC on behalf of the 
community is passed on through a local levy, and assuming fixed budgets, 
the adaptation responses for communities are limited to reducing expenditure 
elsewhere so that the introduction of the levy could be more readily absorbed. 

 
Measures that could influence the community 

• Spatial planning to avoid, where possible, community development in areas of 
high flood risk. 
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6.5.6 Risk of reduced land stability affecting infrastructure,  

The receptor groups for which this consequence has been analysed are business and 
communities.  

Based on the analysis undertaken in Section 5, the ten wards in which businesses face 
reduced land stability affecting infrastructure, slopes, embankments and foundations are: 
Strood Rural (Medway), Gillingham South (Medway), St. Michaels (Swale), High Street 
(Maidstone), Sevenoaks Town and St. Johns (Sevenoaks), Folkstone Harvey Central 
(Shepway), Westgate (Canterbury), Barton (Canterbury), North Deal (Dover), and Central 
Harbour (Thanet). These areas are shown in Figure 6-12. 

Figure 6-12: Top ten wards in which businesses could face the risk of increased land 
instability 

 

Based on the analysis undertaken in Section 5, the communities with medium to high risk of 
reduced land stability affecting infrastructure, slopes embankments and foundations are: 
Dartford, Gravesend, Sevenoaks, Snodland, Rochester, Chatham, Maidstone, Gillingham, 
Sittingbourne, Faversham, Lenham, Canterbury, Sturry, Margate, Ramsgate, Wingham, 
Sandwich, Aylesham, Deal, Dover, Ashford, Folkestone, Hythe as shown in Figure 6-13. 
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Figure 6-13: Communities which could face the risk of increased of land instability 

 

Table 6-7 contains potential adaptation measures to address reduced land stability affecting 
infrastructure, slopes, embankments and foundations across the business and community, 
receptor groups. These measures could be adopted by those areas identified in Figure 6-12 
and Figure 6-13, if appropriate, given local circumstances. 

Table 6-7: Potential adaptation measures to address reduced land stability affecting 
infrastructure, slopes, embankments and foundations 

Sector Potential adaptation measures 

Business Measures that the business sector could consider 

• Amending the business strategy to include: 

− Assessment of the implications of land instability to the current 
infrastructure;  

− Assessment of land stability risk across the supply chain and building 
adaptive capacity of suppliers; and 

− Retrofitting SuDS to improve drainage around the business site. 

• Developing organisational and resourcing responses, including: 

− Relocating parts of business operations to spread risk; and  

− Incorporating the use of financial instruments / insurance for operational 
disruptions. 

 
Measures that could influence the business sector 

• Spatial planning to avoid, where possible, business development in areas of 
high land instability. 

• Building regulations to set minimum foundation design standards that 
incorporate climate change. 
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Sector Potential adaptation measures 

Community Measures that communities could consider 

• Assessing the implications of land instability to the current infrastructure. 

• Relocating community infrastructure to spread risk. 

• Incorporating the use of financial instruments / insurance.  
 

Measures that could influence the community 

• Spatial planning to avoid, where possible, community development in areas of 
high land instability. 

• Building regulations to set minimum foundation design standards that 
incorporate climate change. 

• Increasing urban green infrastructure including parks, green car parks, urban 
trees, and green roofs. 

• Incorporating SuDS which include permeable pavements, trees and 
vegetation, green roofs, stormwater retention ponds, and wetlands and 
swales. 

 

 

6.5.7 Increased risk of worsening condition of aquatic habitats and species including 
eutrophication 

The receptor group for which this consequence has been analysed is environment. Based on 
the analysis undertaken in Section 5, the WFD catchments that are potentially at risk of 
experiencing a worsening of aquatic habitats and species are shown in Figure 6-14. 

Figure 6-14: Catchments at risk of worsening condition of aquatic habitats and species 
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Table 6-8 contains potential adaptation measures to address worsening condition of aquatic 
habitats and species including eutrophication the environment receptor group. These 
measures could be adopted by those areas identified in Figure 6-14, if appropriate, given local 
circumstances. 

Table 6-8: Potential adaptation measures to address worsening condition of aquatic 
habitats and species including eutrophication 

Sector  Potential adaptation measures 

Environment Measures that could influence the environment 

• Ensuring good provision of permeable green infrastructure within catchments 
to sustain infiltration into aquifers. 

• Avoiding planting conifer woodlands, which have high water use, in water 
scarce catchments. 

• Managing abstraction to use water from areas of relative surplus instead of 
relative scarcity; 

• Creating, restore and maintain wetlands to provide water storage during 
intense precipitation events;

40
 

• Ensuring sustainable water supply through SuDS and water butts to collect 
and store rainwater in urban areas; 

• Increasing the use of buffer strips around agricultural land to reduce diffuse 
pollution;  

• Reducing abstractions from surface waters to restore environmental flows; 
and 

• Restoring and preserving degraded fens. 

 

6.5.8 Risk of degradation/loss of agricultural land quality  

The receptor group for which this consequence has been analysed is agriculture. Based on 
the analysis undertaken in Section 5, the agricultural areas which potentially face medium to 
high risk of degradation or loss of agricultural land grades 1 -3 are shown in Figure 6-15. 

  

                                                      
40

 http://www.environment-agency.gov.uk/static/documents/Research/(20)_Wetland_Vision_Summary.pdf  
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Figure 6-15: Agricultural land at risk of degradation or loss 

 

Table 6-9 contains potential adaptation measures to address degradation / loss of agricultural 
land quality across the agriculture receptor group. These measures could be adopted by those 
areas identified Figure 6-15, if appropriate, given local circumstances. 

 
Table 6-9: Potential adaptation measures to address degradation / loss of agricultural 
land quality 

Sector Potential adaptation measures 

Agriculture Measures that the agriculture sector could consider 

• New breeds and varieties – e.g. developing new crop cultivars (e.g. drought 
resistant varieties); using new varieties of crop or new crops; and using new 
varieties of forage 

• Improving the design of storage infrastructure and buildings – e.g. facilities to 
dry crops; use of in-store cooling & ventilation; appropriate housing for 
livestock; and secure and covered storage for animal wastes 

• Improving general farming practices for crops and livestock to build resilience: 

− Crops – e.g. soil conservation practices; input (fertiliser, pesticides) 
efficiency; general operational good practice, such as changing planting 
dates and rotational cropping 

− Livestock – e.g. increasing grassland production; recycling of effluent; and 
general good operational practice, such as provision of shade or keeping 
livestock off water courses 

• Water management – e.g. managing water availability (scarcity and flooding) 
and use through improving irrigation efficiency, water storage capacity, and 
using sustainable drainage systems 

• Soil management – e.g. using soil conservation techniques; using mulches to 
conserve water; using measures to avoid soil erosion and compaction. 
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Sector Potential adaptation measures 

• Knowledge transfer – e.g. building farmers’ adaptive capacity to improve the 
ability of all farmers to make climate resilient decisions; increasing the 
adoption; and effect of all adaptation responses 

• Financial risk management – e.g. developing and purchasing crop and farm 
insurance; becoming involved in futures and options markets and diversifying 
income sources. 

Adaptation measures that could influence agriculture 

• Spatial planning to avoid, where possible, development in areas of high 
agricultural value. 
 

 

6.5.9 Likelihood that agricultural opportunities from climate change can be realised  

The receptor group for which this consequence has been analysed is agriculture. Based on 
the analysis undertaken in Section 5, the agricultural areas which could face a low risk of low 
summer flows, and hence, have greater potential to realise the beneficial opportunities 
associated with climate change are shown in Figure 6-16. 

Figure 6-16: Agricultural land areas which potentially have greater opportunities under 
climate change 

 
 

Table 6-10 contains potential measures to enhance agricultural opportunities. These 
measures could be adopted by those areas identified in Figure 6-16, if appropriate, given local 
circumstances. 
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Table 6-10:  Potential adaptation measures to enhance agricultural opportunities 

Sector Potential measures 

Agriculture Farming Futures 
41

 identifies a number of opportunities by which the agriculture sector 
may adapt to and benefit from climate change. These include: 

• Longer growing seasons allow earlier maturity and harvesting; 

• Improved crop growth due to warmer weather (with adequate water supplies); 

• Opportunity to introduce new or novel crops (e.g. soya, navy beans, 
sunflowers, peaches, apricots, grapes); 

• Increased growth rates for some crops (e.g. onions); 

• Reduced frost damage as frosts become milder and less frequent; 

• Rising carbon dioxide levels may encourage photosynthesis and increase 
yields (dependent on water and nutrient availability); 

• Changing yields and geographical range of some crops (especially those that 
are limited by temperature) e.g. maize suitable regions are likely to increase 
and move northwards); and 

• Increased possibilities of introducing new livestock species. 
 

 

6.5.10 Loss of land through coastal erosion 

The receptor groups for which this consequence has been analysed are communities and 
agriculture.  

Based on the analysis undertaken in Section 5, the communities which potentially face risk of 
loss of land through coastal erosion are shown in Figure 6-17. 

  

                                                      
41

 Farming Futures (undated) Climate change series: General opportunities and challenges. Fact sheet 2. [online] available at 
http://www.farmingfutures.org.uk/resources/ (last accessed 14/10/13). 
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Figure 6-17: Communities at risk from loss of land through coastal erosion, with 
intervention 

 
Based on the analysis undertaken in Section 5, the agricultural land that is potentially at risk 
through coastal erosion are shown in Figure 6-18. 
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Figure 6-18 Agricultural land potentially at risk from coastal erosion, with intervention  

 

Table 6-11 contains potential adaptation measures to address loss of land through coastal 
erosion across the community and agriculture receptor groups. These measures could be 
adopted by those areas identified in Figure 6-17 and Figure 6-18, if appropriate, given local 
circumstances. 

Table 6-11: Potential adaptation measures to address loss of coastal erosion 

Sector Potential adaptation measures 

Community Measures that the community could consider 

• Relocating critical community infrastructure to spread risk  
 
Measures that could influence the community 

• Spatial planning to avoid, where possible, community development in areas of 
high coastal erosion risk. 

 

Agriculture Measures that the agriculture sector could consider 

• Amending the business strategy to include: 

− Assessment of the implications of loss of land to the current product or 
service portfolio as well as CC implications for customers; and 

− Assessment of risk across the supply chain and building adaptive capacity 
of suppliers. 

• Developing organisational and resourcing responses, including: 

− Managing the supply (or value) chain – supply chain assessment, supplier 
diversification, supply chain flexibility and building supplier capacity 

− Relocating parts of business operations to spread risk; and  

− Incorporating the use of financial instruments / insurance for operational 
disruptions 
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Sector Potential adaptation measures 

 
Measures that could influence the agriculture sector 

• Spatial planning to avoid, where possible, agriculture development in areas of 
high coastal erosion risk. 
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7. OPPORTUNITY IDENTIFICATION 

7.1 Overview 

The adaptation measures identified in Section 5 suggest that there are many opportunities to 
enhance the resilience of the business, community, agriculture and environment sectors within 
Kent. However, these opportunities are the product of the significance of the consequence and 
the vulnerability of the receptor group.  

The adaptation measures involve actions that members of individual sectors could consider. 
Alternatively, a number of measures were identified that, if implemented by, for example, Kent 
County Council, may influence each sector’s response to climate change adaptation. 

These measures can be broadly categorized as  

• involving operational change for businesses (or behavioural change for households and 
community organisations); 

• using financial instruments to mitigate risks; 

• adopting resource – efficient technologies to address water use, waste water generation 
and flooding); and 

• implementing natural environment measures (or green infrastructure) to enhance 
ecosystem functioning. 

The following sections provide an overview of the business opportunities that may arise as a 
consequence of the adaptation measures that were identified in Section 5. It also contains a 
discussion of each receptor group’s vulnerability, which influences the extent to which 
opportunities will manifest.  

7.2 Opportunities within the business sector 

It is difficult to be specific about opportunities given the diversity of existing businesses within 
Kent and uncertainty regarding the level of preparedness for the consequences of climate 
change that we have identified. 

Opportunities appear to exist for organisations that: 

• can assist businesses (including upstream and downstream supply chain components) 
with understanding their exposure to climate change risk and how these may be 
addressed; 

• develop and implement technologies to improve input (e.g. water and energy) efficiency; 
and 

• provide financial service support businesses who seek to mitigate risk through insurance.  

The opportunity to provide these goods and services are more likely to arise for companies 
within the business sector with one or more of the following vulnerabilities: 

• relatively high direct dependence on water inputs for the goods or services produced; or 
an indirect (via their supply chain) dependence on water inputs; e.g. manufacturing 
businesses; 

• relatively high levels of wastewater generation; e.g. manufacturing businesses; or 
businesses that, through their supply chain, are linked to businesses that generate 
relatively high levels of wastewater and which may pass on their costs; 
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• premises that occupy land required to implement flood defence infrastructure and/or 
financial exposure to the costs of future flood defence investment; 

• existing or planned longlife infrastructure (e.g. offices, warehouses, manufacturing 
facilities) that may be affected by the consequences of climate change; 

• relatively high dependence of land-based transport such as road or rail; and 

• relatively high dependence on the agricultural sector for inputs; e.g. food processing 
businesses. 

Figure 7-1 shows the aggregated consequences of all risks analysed for the business receptor 
group. Businesses that offer risk mitigation services such as those outlined above, could 
potentially find greater demand for their services in locations at higher risk, depending on local 
circumstances. 

Figure 7-1: Aggregated consequences for business receptor group 

 

7.3 Opportunities within the community 

As with the business sector, it is difficult to be specific about opportunities given the diversity 
of the people and circumstances of the community in Kent and uncertainty regarding the level 
of preparedness for the consequences of climate change that we have identified.  

Where these are not already provided, opportunities appear to exist: 

• for enterprises that can improve household and community infrastructure water use 
efficiency; and 

• within the financial services sector to support households and community organisations 
who seek to mitigate risk through insurance.  
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The opportunity to provide these services are more likely to arise for community members with 
one or more of the following vulnerabilities: 

• relatively high average household water use; 

• relatively high surface water needs to manage community green spaces such as sporting 
ovals and parks; 

• relatively high average household wastewater generation; 

• community infrastructure operators with relatively high wastewater generation; e.g. 
hospitals; 

• households (or community infrastructure) that occupy land that is required for future flood 
defence investment;  

• households (or community groups) with financial exposure to the costs of future flood 
defence investment; 

• existing or planned longlife infrastructure (e.g. houses and community infrastructure) that 
may be affected by coastal erosion; 

• households or community groups with a relatively high dependence on land-based 
transport such as road or rail; and 

• households or community groups with a relatively high dependence on the agricultural 
sector; e.g. for household food. 

Figure 7-2 shows the aggregated consequences of all risks analysed for the community 
receptor group. Businesses that offer risk mitigation services such as those outlined above, 
could potentially find greater demand for their services in the higher risk locations, depending 
on local circumstances. 
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Figure 7-2: Aggregated consequences for community receptor group 

 

7.4 Opportunities within the agriculture and environment sector 
 

A number of the adaptation measures identified for agriculture and the environment have the 
potential to increase resilience to climate change by using natural environment solutions that 
increase the provision of ecosystem services (see Box 1). 

Box 1 Ecosystem services and payment schemes 
42

 

Ecosystem services are the benefits we derive from the natural environment. These include, 
for example, the provision of food, water, timber and fibre; the regulation of air quality, climate 
and flood risk; opportunities for recreation, tourism and cultural development; and underlying 
functions such as soil formation and nutrient cycling. Maintaining and enhancing ecosystem 
services – and restoring them where they have been lost or degraded – is increasingly 
recognised as essential for sustainable economic growth, prosperous communities and 
promoting peoples’ wellbeing. 

Payments for Ecosystem Services (PES) schemes involve payments to the managers of land 
or other natural resources in exchange for the provision of specified ecosystem services (or 
actions anticipated to deliver these services) over-and-above what would otherwise be 
provided in the absence of payment. Payments are made by the beneficiaries of the services 
in question, for example, individuals, communities, businesses or governments acting on 
behalf of various parties. Beneficiaries and land or resource managers enter into PES 

                                                      
42

 Smith, S., Rowcroft, P., Everard, M., Couldrick, L., Reed, M., Rogers, H., Quick, T., Eves, C. and White, C. (2013). Payments for 
Ecosystem Services: A Best Practice Guide. Defra, London. https://www.gov.uk/government/(last accessed 21/10/13). 
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agreements on a voluntary basis and are in no way obligated to do so. 

In recent years there has been a growing interest in what has been termed ‘ecosystem based 
adaptation’ (EBA). Vignola et al. define EBA as “... the adaptation policies and measures that 
take into account the role of ecosystem services in reducing the vulnerability of society to 
climate change, in a multi-sectoral and multi-scale approach”. 

43
 More simply, the Convention 

on Biological Diversity (CBD) defines EBA as “the use of biodiversity and ecosystem services 
to help people adapt to the adverse effects of climate change”. This includes the “sustainable 
management, conservation and restoration of ecosystems, as part of an overall adaptation 
strategy that takes into account the multiple social, economic and cultural co-benefits for local 
communities”. 

44
 EBA recognises that investment in the natural environment can produce or 

enhance benefits in ways which may not otherwise be considered in economic planning and 
which can often represent better value for money than more technological solutions.  

In a recent study undertaken on behalf of Defra, URS identified the role of PES in climate 
change adaptation.

45
 We found that that PES could potentially play an important role in 

stimulating investment in the natural environment to contribute to efforts to adapt to a 
changing climate. Overall, we found that the most promising opportunities are likely to be 
those PES schemes that generate multiple benefits, including climate change adaptation, 
and/or which confer immediate adaptation benefits, for example significantly reduced flood 
risk. 

In other words, the most promising opportunities are likely to be win-win actions that promote 
adaptation while yielding a range of other benefits (see Box 2). For example, by improving 
land management upstream, water quality downstream could be improved, meaning that 
water treatment costs may be reduced, while also providing a wide range of other benefits, 
including cultural services and enhanced wellbeing, improved surface water management and 
biodiversity enhancements. Win-win actions implemented as part of PES schemes have an 
obvious advantage in that buyers may be interested in paying for other benefits and the 
climate change adaptation gains will be a positive, but incidental benefit. 

Box 2 Natural environment solutions potentially suitable for incorporation within PES
46

 

 

• Improving land management upstream in order to improve water quality downstream e.g. 
fencing river banks, reducing fertiliser/pesticide use, coppicing overshaded woodlands, 
scrub clearance, improved farming through intensive monitoring, advice, equipment 
calibration and financial support for winter cropping, improvements to slurry stores, and 
use of alternative chemicals. 

• Planting field and hedgerow trees, copses, and woodland to provide shade for livestock 
and windbreaks for crops, also buffering peak rainfall events, slowing water runoff. Buffer 
strips besides water courses can reduce nutrient leaching. 

• Increasing woodland cover and connectivity of existing cover. 

• Making space for natural flooding by restoring natural flows and particularly floodplain 
meadows (wetlands). 

• Slowing the flow of surface water in flood risk areas by low-level flood storage bunds, 

                                                      
43

 Vignola R., Locatelli B., Martinez C., Imbach P., 2009, Ecosystem‐based adaptation to climate change: what role for policy‐makers, 
society and scientists? Mitigation and Adaptation Strategies for Global Change 14(8): 691‐696 [online] available at 
http://research.fit.edu/(last accessed 28/04/2013) 
44

 Ibid. 
45

 Pechey, L., White, C., Rowcroft, P., and Smith, S. (2013). The Role of Payments for Ecosystem Services in Climate Change 
Adaptation. Defra, London. 
46

 Pechey, L., White, C., Rowcroft, P., and Smith, S. (2013). The Role of Payments for Ecosystem Services in Climate Change 
Adaptation. Defra, London. 
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woodland creation, large woody debris (LWD) dams, and blocking drains. 

• Implementing measures to allow natural coast development and realignment of coastal 
flood defences to restore inter-tidal coastal habitats (e.g. salt marsh, floodplains, and 
dunes) and natural transition zones between coastal and terrestrial habitats. 

• Increase urban green infrastructure. 

• Incorporate SuDS, which include permeable pavements, trees and vegetation, green 
roofs, stormwater retention ponds, and wetlands and swales. 

 

A number of these natural environment measures could be implemented by the owners or 
managers of agricultural land or the managers of public green spaces such as national parks, 
parklands, woodlands, and grasslands. The Kent Landscape Information System (K-LIS) 
provides detailed mapping of habitat development opportunities, which could be drawn upon 
by decisions makers. Figure 7-3 shows areas in Kent where, for example, wetland restoration 
or creation could be undertaken. Figure 7-4 also shows areas where, grazing marsh habitat 
development could be undertaken. 

If implemented at an appropriately large scale (e.g. at the catchment level), these solutions 
also have the potential to contribute to the achievement of water quality improvements that 
support the achievement of WFD objectives and could help to reduce flood risk, both of which 
have been identified as risks associated with climate change. 
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Figure 7-3: Distribution of the areas best suited to the development of wetland habitats 
in Kent 

 

Source: Created using K-LIS mapping tool. Available at: http://www.kent.gov.uk/klis/default.asp 
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Figure 7-4: Distribution of the areas best suited to the development of grazing marsh 
habitats in Kent 

 
Source: Created using K-LIS mapping tool. Available at: http://www.kent.gov.uk/klis/default.asp 

In addition to these natural environment solutions, opportunities appear to exist: 

• for enterprises that can support agricultural businesses to improve water use efficiency, 
including irrigation efficiency and on-site water storage;  

• for enterprises that can support agricultural businesses to improve soil management: and 

• within the financial services sector to support agricultural businesses who seek to mitigate 
risk by developing and purchasing crop and farm insurance; becoming involved in futures 
and options markets and diversifying income sources. 

The opportunity to provide these services are more likely to arise for agricultural businesses 
with one or more of the following vulnerabilities: 

• relatively high dependence on surface water or mains water; 
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• relatively high volumes of wastewater generation; e.g. owners of intensive livestock 
operations; 

• operations that occupy land required to implement flood defence infrastructure; 

• operations which may have to bear the costs of future flood defence investment; 

• operations with existing or planned long-life infrastructure (e.g. hothouses, irrigation 
infrastructure, livestock buildings) that are vulnerable to soil instability; 

• relatively high dependence of land-based transport such as road or rail; and 

• operations located in coastal areas that are vulnerable to changes in land stability 
because of their reliance on access to soil of an appropriate quality. 

Figure 7-5 shows the aggregated consequences of all risks analysed for the agriculture 
receptor group. Businesses that offer risk mitigation services such as those outlined above, 
could potentially find greater demand for their services in these locations, depending on local 
circumstances. 

Figure 7-5 Aggregated consequences for agriculture receptor group 
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 APPENDIX A – METHODOLOGY FOR IDENTIFYING EFFECTS, IMPACTS AND 
CONSEQUENCES 

The Risks and Opportunities For Water study in the KWRF which had identified a list of risks 
and opportunities in relation to change pressures on water systems in Kent.  In order to 
consider these predefined risks and opportunities in terms of consequence, it was important to 
reclassify them as an effect, impact or consequence. 

Table A1 presents a summary of how the predefined risks and opportunities were reclassified 
before consideration for mapping in the SRA.  

Table A1: summary of how pre-defined risks and opportunities were re-classified as 
effects, impacts or consequences.  

Potential Effects 
(pressure change) 

Potential Impacts  

(on water system) 

Potential Consequences 

 (on receptors) 

Decreased and more 
extreme soil moisture deficits 

Increasing water demand Difficulties in filling reservoirs 

 Increasing incidence and 
severity of droughts 

Reduced land stability 
affecting infrastructure  
slopes, embankments and 
foundations 

 Decreased yields from 
groundwater 

Flooding for rivers and 
surface water 

 Increasing surface water 
runoff 

Constrained water availability 
for irrigation 

 Inadequate wastewater 
treatment infrastructure 

 

 Urban diffuse pollution  
 Increasing nutrient 

concentrations and 
eutrophication in rivers and 
lakes 

 

 Soil erosion  
 Soil degradation  
 Reduced base flow in rivers  
 Worsening condition of 

aquatic and species 
 

 Wildfire damage to property 
and important habitats 

 

The reclassification process resulted in a large number of potential impacts, and a smaller 
number of consequences and effects.  It was therefore important to fully define all of the 
effects that would influence these impacts, as well as derive a full list of consequences from 
the impacts.  In order to do this, it was important to consider how all the elements interact. A 
database was created by: 

• determining and listing all of the pressure change effects (see Table A2); 

• reviewing and adding to the list of impacts, and for each impact linking all relevant effects 
that lead to that specific impact (see Table A3); and 

• considering the full list of impacts, determining a list of consequences that occur for the 
four receptor groups as a result of one more of the impacts happening together (see Table 
A4).   
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Table A2:  Full list of pressure change effects initially considered in the Kent SRA for 
Water 

Pressure change source 

Climate change Population change Land use change 

Increased temperature Planned increase in 
population 

Agricultural practice 
change 

Lower summer rainfall 
volumes 

 Increased urbanisation 

More intense rainfall 
events 

 Deforestation / 
afforestation 

Higher winter rainfall 
volumes 

  

Longer periods of no 
summer rainfall 

  

Decreased and more 
extreme soil moisture 
deficit levels 

  

Sea level rise   

Increased CO2 
concentration 
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Table A3: Full list of impacts and contributing effects initially considered in the Kent SRA for Water 

Impacts List Contributing Effects 

Climate Land Use Population 
Increasing water demand Increased temperatures   Agricultural practice 

change 
Planned population 
increase 

Increasing incidence and severity of 
meteorological drought 

Longer periods of no 
summer rainfall 

    

Decreased yields from groundwater Lower summer rainfall 
volumes 

Longer periods of no summer 
rainfall 

   

Increasing surface water runoff Higher winter rainfall 
volumes 

Decreased and more extreme 
soil moisture deficits 

More intense 
rainfall events 

Increased 
urbanisation 

 

Wastewater treatment limitations Lower summer rainfall 
volumes 

Increased temperatures Longer periods of 
no summer rainfall 

 Planned population 
increase 

Urban diffuse pollution Lower summer rainfall 
volumes 

  Increased 
urbanisation 

Planned population 
increase 

Increasing nutrient concentrations and 
eutrophication in rivers and lakes 

Lower summer rainfall 
volumes 

Longer periods of no summer 
rainfall 

Increased 
temperatures 

  

Soil erosion and degradation More intense rainfall events     
Reduced base flow in rivers Lower summer rainfall 

volumes 
Longer periods of no summer 
rainfall 

   

Increased incidence of wildfire Increased temperatures Longer periods of no summer 
rainfall 

   

Greater depth and extent of fluvial flooding More intense rainfall events Higher winter rainfall volumes    

Greater depth and extent of tidal flooding Sea level rise     

Lower summer river flows Lower summer rainfall 
volumes 

Longer periods of no summer 
rainfall 

   

Increased development in the fluvial/tidal 
floodplain 

Higher winter rainfall 
volumes 

  Increased 
urbanisation 

Planned population 
increase 

Increases in length of growing season Increased temperatures     

Increases in primary plant productivity Increased temperatures     

Increase in photosynthesis potential Increased CO2 
concentration 

    

Coastal erosion Sea level rise     

Less usable winter flow for storage (turbidity, 
increase in abstraction from river and additional 
demand) 

More intense rainfall events    Planned population 
increase. 
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Developing Spatial Indicators for Impacts 

Not all impacts were found to vary significantly in spatial extent and not all impacts had a 
suitable indicator which could be identified for mapping within the scope of the study, and 
hence these impacts have been scoped out of the SRA.  Table A3 sets out which impacts 
were included in the study and which were scoped out. 

Table A3: Assessment of available spatial indicators and impact scoping 

Impact Spatial 
Indicators 

Determined 

Mapped  Notes 

Increasing water 
demand 

No No Considered as integral part of the 
consequence relating to ‘increasing 
price for mains water’ therefore not 
mapped as an impact. 

Increasing incidence 
and severity of 
meteorological 
droughts 

Yes Yes Mapped together with increasing 
incidence of summer low flows 

Decreased yields 
from groundwater 

Yes No The risk was considered to be low 
across Kent and hence not used in the 
consequence analysis.  Detailed 
Explanation is included in Appendix B. 

Increasing surface 
water runoff 

Yes Yes Impact name changed to “increasing 
surface water flooding” 

Wastewater treatment 
limitations 

Yes Yes  

Urban diffuse 
pollution 

Yes Yes  

Increasing nutrient 
concentrations and 
eutrophication in 
rivers and lakes 

No No Considered generically as part of the 
impact related to ‘worsening condition 
of aquatic habitats and species’ 

Soil erosion and 
degradation 

Yes Yes  

Reduced base flow in 
rivers 

No No Considered as part of the ‘lower 
summer flows’ impact 

Increased incidence 
of wildfire 

No No Considered not to be related to effects 
on water systems 

Greater depth and 
extent of fluvial 
flooding 

Yes Yes Mapped jointly with tidal flooding 
impact 

Lower summer river 
flows 

Yes Yes Mapped jointly with increasing 
frequency of summer drought 

Increase in length of 
growing season 

No 
Yes - 
indirectly 

Mapped as a ‘realisation of opportunity’ 
based on water system limitations 

Increase in primary 
plant productivity 

Increase in 
photosynthesis 
potential 

Coastal erosion Yes Yes  
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  APPENDIX B – GROUNDWATER YIELD RISK ASSESSMENT 

Current Groundwater Resource Availability 

The Environment Agency Catchment Abstraction Management Strategies (CAMS) within the 
Kent County Council study area have recently been updated with the exception of the Thames 
Corridor; Rother (February 2013), Medway (February 2013), Darent and Cray (January 2013), 
North Kent and Swale (February 2013), Stour (February 2013) and Thames Corridor 
(February 2008).  

The Environment Agency’s principal aquifer licensing strategy in the Kent County Council 
study area is a “presumption against” further unconstrained consumptive abstraction. This 
means that when granting new or varied licences, the Environment Agency will assign 
conditions to the licence so that abstractions are restricted by a groundwater level or river flow 
condition. In some areas such as within the Medway CAMS an antecedent winter rainfall 
condition is also applied, to restrict abstraction if rainfall over winter months was lower than the 
long term average rainfall. 

The definitions for water availability status in CAMS Groundwater Water Management Units 
(GWMUs) are provided in Table B1, with corresponding implications for licence trading. The 
definitions are adapted from the Darent and Cray CAMS (Environment Agency, 
January 2013).  

  



 Kent SRA for Water

 

 

  

FINAL REPORT 

February 2014     104
 

Table B1: GWMU water availability, implications for licence applications and trading, 
and URS risk rating 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Groundwater availability  

Status within the published CAMS is guided by the surface water resource availability, unless 
the Environment Agency has better information on principal aquifers or is aware of local issues 
it needs to protect. The Environment Agency CAMS documents only provide a single map to 
demonstrate combined groundwater and surface water resource availability. Although the 
categories in Table 1 are provided by the Environment Agency, it has not been possible to 
map CAMS status for groundwater as part of the current study, based on the GIS data 
provided. 

The CAMS resource assessment contributes towards the Water Framework Directive (WFD) 
status of groundwater bodies. The CAMS groundwater management units do not align with the 
WFD groundwater bodies. Despite this, the WFD groundwater body quantitative status has 
been provided as a GIS dataset by the Environment Agency in June 2013, and can be used to 
map the current pressure on groundwater resources in the Kent County Council area. There 
are four potential quantitative status failures for a groundwater body, associated with: 

• Saline or their intrusions; 

CAMS 
GWMU 
Water 
Availability 
Status 

Implications for New Licence Applications 

(Environment Agency, January 2013) 

Implications for Licence 
Trading of Existing 
Licensed Volumes 

(Environment Agency, January 
2013) 

Water 
available for 
licensing 

“Groundwater unit balance shows groundwater 
available for licensing. New licences can be 
considered depending on impacts on other abstractors 
and on surface water.” 

“Allow trades of recent actual 
abstraction and licensed 
abstraction, but little demand for 
trading expected within water 
body as water available for new 
abstractions.” 

Restricted 
water 
available for 
licensing 

“Groundwater unit balance shows more water is 
licensed than the amount available, but that recent 
actual abstractions are lower than the amount 
available OR that there are known local impacts likely 
to occur on dependent wetlands, groundwater levels or 
cause intrusions but with management options in 
place.” 

“In restricted groundwater units no new consumptive 
licences will be granted. It may also be appropriate to 
investigate the possibilities for reducing fully licensed 
risks. Water may be available if you can „buy‟ (known 
as licence trading) the entitlement to abstract water 
from an existing licence holder. 

In other units there may be restrictions in some areas 
e.g. in relation to saline intrusion” 

“There may be opportunities for 
licence holders to trade up to 
their full licensed quantities, but 
the quantities of water available 
to trade may be restricted once 
levels of actual abstraction reach 
sustainable limits” 

Water not 
available for 
licensing 

“Groundwater unit balance shows more water has 
been abstracted based on recent amounts than the 
amount available. 

No further consumptive licences will be granted.” 

“We will only trade recent actual 
abstraction but no increase in 
recent actual abstraction is 
permitted in water body. Licensed 
abstraction will be recovered for 
the environment.” 
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• Surface water; 

• Groundwater Dependent Terrestrial Ecosystems (wetlands); and 

• Water balance. 

A groundwater resource rating has been assigned to the WFD groundwater bodies based on 
Table B2 and the resulting mapping is shown in Figure B1. The latter suggests there is already 
limited availability of groundwater resources within the study area. Many of the Chalk and 
Lower Greensand aquifer blocks are failing on one or more tests under the WFD. The 
groundwater bodies in the south of the study area are in good status and there may be scope 
for increased groundwater abstractions from the Tunbridge Wells Sands Formation and the 
Ashdown Formation, although water quality and low borehole yields can be an issue.   

Table B2: Quantitative status tests for WFD groundwater bodies and resource rating 

  
Number of WFD 
Quantitative Status 
Test Failures 

URS Groundwater Resource Rating  

0 of 4 1 – Good quantitative status (green area on Figure 1) 

1 of 4 2 – Poor quantitative status, although only one failure (orange 
area on Figure 1) 

2 or 3 of 4 3 – Poor quantitative status with multiple failures  (red colour 
area on Figure 1) 

4 of 4 Not applicable. There are no WFD groundwater bodies in the 
study area that have failed on all four tests. 
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Figure B1: Current Groundwater Resource Rating 

 

Climate Change and Decreased Yields from Groundwater 

The Future Flows and Groundwater Levels project produced a consistent assessment of the 
impact of climate change on river flows and groundwater levels using the latest projections 
from the UK Climate Impact Programme (UKCP), including the UKCP09 probabilistic climate 
projections from the Met Office Hadley Centre. The Future Flows outputs are only based on 
HadRM3-PPE run under Medium emission scenario SRES A1B (HR Wallingford, October 
2012). 

The outputs for the Future Flows project include projected monthly groundwater levels under 
eleven considered future climates. Annual groundwater minima for different time-horizons 
were presented in HR Wallingford (October 2012) and the results described as follows: 

•  “Minimum annual groundwater levels in the East Kent Chalk aquifer are estimated to 
change by +0.5 m to -1.6 m (with a central estimate of -0.2 m) by the 2030s. By the 2080s 
the change is projected to range from +0.9 m to -3.0 m (central estimate of -0.7 m). These 
results suggest that this aquifer may be relatively resilient to climate change with recorded 
levels varying by 30 metres since 1971. It should be noted that these results are for a 
single observation borehole within a single aquifer and climate change impacts may be 
very different in different aquifers and within the same aquifer depending upon local 
hydrogeological conditions.”  

This study suggests that the impact of climate change on groundwater levels and therefore 
groundwater resource availability is low relative to surface water. 

The water companies in the Kent County Council area published their draft Water Resource 
Management Plan (WRMP) documents in May 2013, which provide climate change 
vulnerability and climate change impact assessments. To a significant degree these climate 
change assessments reflect the specific characteristics of water company assets i.e. the 
assessments do not assess the climate change vulnerability of boreholes and wells used by 
agriculture and industry to climate change. As it is not feasible to undertake an assessment of 
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the latter within the scope of this project, the water company results have been used to inform 
a view as to the likely vulnerability of agriculture and industry borehole and well supplies to 
climate change.  

The water companies that abstract water for public water supply in the study area are South 
East Water, Southern Water, Affinity Water, Thames Water and Sutton and East Surrey 
Water. The plans have been reviewed and the results are discussed below. 

Southern Water’s draft plan (main report) indicates that its Kent Medway and Kent Thanet 
resource zones have a high vulnerability to climate change. However, this is largely 
associated with surface water sources. The supply from the Kent Medway groundwater 
sources was assessed as having a low vulnerability to climate change and Kent Thanet 
groundwater sources were assessed as having ‘some’ vulnerability (but limited by 
infrastructure constraints). The climate change impact assessment presented in the main 
report, which provides estimated reductions in mega litres per day (Ml/d) by 2040, does not 
distinguish between groundwater and surface water. The detailed results are included within 
the draft WRMP appendices, although these are not available for download on the company’s 
website. 

South East Water’s draft plan (main report) indicates that the climate change vulnerability is 
high within its resource zone 1, medium in 6 and 8 and low in 7, but does not distinguish 
between groundwater and surface water. The climate change impact assessment results in 
Ml/d are provided for both groundwater and surface water, but only on a company wide basis 
i.e. including areas outside of the Kent County Council study area. These suggest a reduction 
in groundwater supply of 6 Ml/d by 2040 out of a total of 496 Ml/d for the mid-range climatic 
scenario i.e. only around 1 %. Appendix 3 of the draft WRMP provides a resource zone by 
resource zone analysis. 

The Affinity Water’s draft WRMP (main report) presents resource zone by resource zone 
based climate change impacts. In its Resource Zone 7 (Dour) the supply was assessed to be 
reduced by 6.18 Ml/d (from a total of 60.93 Ml/d under peak demand conditions) and 5.10 Ml/d 
(from a total of 52.30 Ml/d under annual average demand conditions). The resource zone only 
includes groundwater sources and the impacts represent a 10 % decrease in available 
resources. 

The Thames Water draft WRMP (main report) does not appear to present a separate ‘climate 
change vulnerability assessment’ for its resources zones. However, the climate change impact 
assessment results indicate a reduction in supply of 82.2 Ml/d by 2035 for the London 
resource zone under the dry year average annual demand scenario. The current supply for the 
London resource zone is 2,146 Ml/d and so this impact represents a 3.8 % reduction. The 
main report does not provide separate impacts for groundwater and surface. A more detailed 
assessment may be included within the draft WRMP appendices, although these were not 
available for download from the website. 

Sutton and East Surrey’s draft WRMP presents a climate change vulnerability assessment for 
its supply area. The vulnerability of its two resource zones, including the East Surrey resource 
zone within the Kent County Council study area, was assessed to be low. The median impact 
of climate change on groundwater supply was around 0 Ml/d i.e. no impact. 

The climate change vulnerability and impact assessments recently undertaken by water 
companies suggest that groundwater yields for public water supply are fairly resilient to 
climate change, ranging between 0 % and 10 % reduction in yields. It is reasonable to assume 
that across the Kent County Council study area, those borehole/wells used for agriculture and 
industry might suffer a similar reduction in yield. This would be on average i.e. taking all 
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agriculture and industry groundwater yields into consideration. Of course certain individual 
abstractions may be at greater risk from climate change than others e.g. where pumping water 
levels are already close to the base of the borehole/well and there is no scope for lowering the 
pump.        

On balance, there is deemed to be a low risk of increased competition for non-mains water 
supplied as a result of future climate change pressures on groundwater yields (see Figure B2). 
This applies to all groundwater bodies in the Kent County Council study area. Despite this, it is 
worth noting there is already potential for high levels of competition for non-mains water in 
many parts of the study area, as shown in Figure B1. 

Figure B2: Risk of Increased Competition for Non-Mains Water Supply from Climate 
Change Pressures on Groundwater Yields 
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Limitations 

URS Infrastructure & Environment UK Limited (“URS”) has prepared this Report for the sole use of Kent County 
Council (“Client”) in accordance with the Agreement under which our services were performed. No other warranty, 
expressed or implied, is made as to the professional advice included in this Report or any other services provided by 
URS. This Report is confidential and may not be disclosed by the Client nor relied upon by any other party without the 
prior and express written agreement of URS.  

The conclusions and recommendations contained in this Report are based upon information provided by others and 
upon the assumption that all relevant information has been provided by those parties from whom it has been requested 
and that such information is accurate.  Information obtained by URS has not been independently verified by URS, unless 
otherwise stated in the Report.  

The methodology adopted and the sources of information used by URS in providing its services are outlined in this 
Report. The work described in this Report was undertaken between March 2013 and February 2014 and is based on 
the information available during the said period of time. The scope of this Report and the services are accordingly 
factually limited by these circumstances.  

URS disclaim any undertaking or obligation to advise any person of any change in any matter affecting the Report, which 
may come or be brought to URS’ attention after the date of the Report. 

Certain statements made in the Report that are not historical facts may constitute estimates, projections or other forward-
looking statements and even though they are based on reasonable assumptions as of the date of the Report, such 
forward-looking statements by their nature involve risks and uncertainties that could cause actual results to differ 
materially from the results predicted. URS specifically does not guarantee or warrant any estimate or projections 
contained in this Report. 

Copyright 

© This Report is the copyright of URS Infrastructure & Environment UK Limited.  Any unauthorised reproduction or usage 
by any person other than the addressee is strictly prohibited. 
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1. INTRODUCTION 

URS Infrastructure and Environment UK Ltd (URS) and partners Climate Change Risk 
Management (CCRM) were commissioned by Kent County Council (KCC) to undertake a 
Spatial Risk Assessment (SRA) of the impacts of changing climate, land use and population 
on water systems in Kent (The Kent SRA for Water). 

The SRA is a strategic spatial analysis of how risks and opportunities to Kent’s water systems 
(and the users or and receptors of those systems) may vary across the County’s 
administrative area, which has facilitated the development of outline guidance on what 
adaptation measures may be appropriate for highest risk areas (or receptor groups). 

The Kent SRA for Water has been reported in two volumes: 

• Volume 1: The Kent SRA for Water – Methodology, mapping discussion and approach to 
adaptation; and 

• Volume 2: Book of maps – presentation of base, impact and consequence mapping (this 
volume). 

The Book of Maps presents all of the maps produced for the SRA including geographical 
characteristics, effects, impacts and consequences. It is sectioned into the effect and 
geographical characteristics maps, impact maps and consequence maps, as described in 
Volume 1 Section 2.4. Each section has been colour coded to denote whether the maps relate 
to an effect (including geographical characteristics), impact or consequence as follows: 

• effect and geographical characteristics - grey scale colouring; 

• impact – gold scale colouring; and 

• consequence – purple scale colouring. 

The maps show how the magnitude of the effect, impact or consequence varies spatially 
across Kent, highlighting areas of high risk to Kent’s water systems and areas of highest 
consequence to receptor groups. The maps are described and analysed in detail in Volume 1, 
Chapters 3, 4 and 5 and Volume 1 needs to be used in conjunction with this volume of the 
SRA to understand the full context of the information presented within it. 

The maps in each section are listed in Table 1-1 to Table 1-3. 
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Table 1-1: Effect and Geographical Characteristics Maps (Grey scale colouring) 
 

Map Reference Map Name 

GEO 1 Main River Systems in Kent 

EFF 1 Risk of Increased Charges to Meet Water Demand by Water Resource Zone 

EFF 2 Projected Level of Population Change by Ward by 2031 

GEO 2 Current Groundwater Resource Rating 

GEO 3 Soil Infiltration Potential 

GEO 4 Slope Gradient Based on LiDAR 

GEO 5 BGS Bedrock Geology 

GEO 6 BGS Superficial Deposits 

GEO 7 Locations of Wastewater Treatment Works (WwTWs) Discharging to Inland 
Waterbodies 

GEO 8 Soil Erodability Risk 

EFF 3 Percentage Change in Summer Rainfall Amounts (UKCP09 projections) 

EFF 4 Percentage Change in Winter Rainfall Amounts  (UKCP09 projections) 

GEO 9 Current Water Framework Directive Waterbody Status 

GEO 10 Agricultural Land Classification 

 
Table 1-2: Impact Maps (Gold scale colouring) 

 

Map Reference Map Name 

IMP 1a Risk of Lower Summer River Flow and More Frequent Summer Hydrological 
Droughts 

IMP 2a Risk of Increased Soil Erosion and Degradation   

IMP 2b Risk of Increased Soil Erosion and Degradation - Aggregated by WFD 
Catchment 

IMP 3 Risk of Greater Depth and Extent of River or Tidal Flooding 

IMP 4 Risk of Increased Depth and Extent of Surface Water Flooding 

IMP 5 Risk of Limitations on Wastewater discharges to River Systems 

IMP 6 Risk of Increased Pressure from Urban Diffuse Pollution 

IMP 7a Coastal Erosion Risk by the 2050's (No Active Intervention) 

IMP 7b Coastal Erosion Risk by the 2050's (With Active Intervention) 
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Table 1-3: Consequence Maps (Purple scale colouring) 
 

Map Reference Map Name 

CON 1 Risk of Increased Competition for Available Surface Raw Water 

CON 1 AGRI Risk of Increased Competition for Available Surface Raw Water - affecting 
agricultural land (Grades 1 to 3) 

CON 1 BUS 10 Wards With the Highest Risk to Businesses of Increased Competition for 
Available Surface Raw Water 

CON 2 Risk of Increases in Mains Water Charges or Increased Frequency of Use 
Restrictions 

CON 2 AGRI Risk of Larger Increases in Mains Water Charges or Increased Frequency of 
Use Restrictions  for agricultural land (Grades 1 to 3) 

CON 2 BUS 10 Wards with Highest Risk to Business of Larger Increases in Mains Water 
Charges or Increased Frequency of Use Restrictions   

CON 2 COMM Settlements at High Risk of Increases in Mains Water Charges or Increased 
Frequency of Use Restrictions   

CON 3 Increased Risk of Failure of Physico-chemical elements of WFD Status 

CON 4 Increased Risk of Wastwater Treatment Costs 

CON 4 BUS 10 Wards with Highest Risk of Increased Wastewater Costs 

CON 4 COMM Settlements at High Risk of Increased Wastewater Costs 

CON 5 Risk of Increased  Need for  Flood Defence Infrastructure Investment 

CON 5 BUS 10 Wards with Businesses at Highest Risk of Needing Flood Defence 
Infrastructure Investment 

CON 5 COMM Settlements With areas of High Risk of Needing Flood Defence Infrastructure 
Investment 

CON 6 Risk of Reduced Land Stability Affecting Infrastructure 

CON 6 BUS 10 Wards with Businesses at Highest Risk of Having Infrastructure Affected by 
Reduced Land Stability 

CON 6 COMM Settlements With Areas of High Risk of Having Infrastructure Affected by 
Reduced Land Stability 

CON 6 
TRANSPORT 

Transport Infrastructure at High Risk of Being Affected by Reduced Land 
Stability 

CON 6 UTILITIES Utility Infrastructure at High Risk of Being Affected by Reduced Land Stability 

CON 7 Risk of Worsening Condition of Aquatic Habitats and Species Including 
Eutrophication 

CON 8 Likelihood that Agricultural Opportunities from Climate Change Can be 
Realised 

CON 9 Risk of Increased Degradation or Loss of Agricultural Land Quality 

CON 10b AGRI Agricultural Land (Grades 1 to 3) at Medium or High Risk of Loss through 
Increased Coastal Erosion with Intervention assumed 

CON 13 COMM Coastal settlements at Medium or High Risk through Increased Coastal Erosion 
with Intervention assumed 

AGGREGATED 
CONS_ALL 

Level of Risk from Consequences Combined for Kent 

AGGREGATED 
CONS_BUS 

Level of Risk from Combining Consequences Which Affect Business Receptors 

AGGREGATED 
CONS_COMM 

Level of Risk from Combining Consequences Which Affect Communities 

AGGREGATED 
CONS_AGRI 

Level of Risk from Combining Consequences Which Affect Agriculture 

HR-
_CATCHMENTS 

Highest Risk WFD Catchments in Kent 



 Kent SRA for Water

 

 

  

DRAFT V01 

November 2013     4
 

2. EFFECT AND GEOGRAPHICAL CHARACTERISTIC MAPS 
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3. IMPACT MAPS 
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4. CONSEQUENCE MAPS 

 

  




























































