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1 EXECUTIVE SUMMARY

Thisreport DOT OEAAO A Ob Glebérifirban ardad of th® Rabéster reBion,their
climate change risk anthe adaptation challenges they face.

The followingreport (D42b) explores the potentl responses and pathways for strategictiao, for
climate adaptation in the periirban of theManchester rgion.

1.1.1 Scope of the Manchester region

The Manchester regiois defined as Greater Manchest@M)plusits surrounding hinterlandsOur
case study zones cover most of this wider region and encongsass

a) The Irwell river catchment, running from the hills to the north, through the main urban area
of GM to join the Mergy riversystem towards the south west

b) South and West Pennindbased on Natural EnglahArea 36)

¢) Cheshireplain(based on the East Cheshire autholiitgundary)

The key mapKigurel) shows these three areas of interest. The Irwell reechment incorporates
a crosssection of the regionfrom the Pennine watershed, through ¢hurban fringes ath the
northern suburbsthrough to the urban core of GMThe catchment embraces peurban areas and
presents perurban, rural and urban connections and dynamics.

The South and West Penninesin aperi-urban gravity field of 3 major conurbatiogsManchester,
Liverpool and Leeds and contains various petiirban types including sparsely populated upland
landscapes, steep sided river valleys with settlements along the valley bottoms (which are at risk
from flooding), commuter towns and marginal livestodarms. The Cheshirplain represents a
contrasting periurban landscape, sitting to the south of the GM conurbation, and is an area of
(generally) higher incomecommuter towns and rolling agricultural landscapes.



Figurel: Manchester Region base map and boundaries
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In eachcase study zonave explore key issues & challenges$-or a structure we use the 4 key
themes of the Percene framework

a) Perturban development patterns

b) Climate hazards and imp&

c) Social, economic and ecological vulnerabilities
d) Governance angbolicy

1.1.2 Where is the Manchester region peri -urban?

The Pericene hasused global mapping systems and local consultations to addresgjtiestionz
whereis the periurban? This is especigt complex in a conurbation such as the Manchester region,
with its many satellite towns, extended suburbs, urban greenspaces and-vatlys, post
industrial semirural hinterland, upland peat bogs and so on.



Overall, a very simple definition of peurban in this crowded region, as on the mapFague 2,
includes

- all locations not in the grey urban areas, but inside the 60km radius:

- yellow and green squardse. between 50300 grsongkm?) outside the 60km radius

A more detailediramework for different perurban typesis shown inFigue 2, which refers to the
i ADPPET C 1T £ &5! O | O(@0H casé sidy zAnke ha® Dokeldbtaibiiochss ©3: d,

Aq O50AMATOOMIODMAT T AGOAT AAA OAOOI Alehivdhlidus 7 x EOEE]
lower density suburban areas,

b)05 OAAT 3AQBDIOALORARE T AGOAT AAA T OPOAxscatteredE OEET A ¢
villages on outskirts of Oldham & Rochdale: or the extendathexf Stockport / East Cheshire.

AQq O50AAT @éahd fOBH Aidedmparx EOEET A O&OT AQET T Al
Mersey Valley, many other river valleys & country parks.

Aq ODAGE OA d&dedshtdliteOBhigher density settlements outside main urban area
(125300 p/km2)1e.g. postindustrial settlements in 8hPennines: smaller towns in Cheshire etc

Aq ODAAGE E E Bisfeddatlliited & Igwer density settlements outside main urban area
(50-125 p/km2)(e.g. postindustrial scattered villages in the Pennines: smaller villages in Cheshire
etc.

OAA



Figure 2: Manchester Region petfirban typology

PERI-URBAN TYPOLOGY: MANCHESTER REGION
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d) ‘peri-urban
settlement’”:
Larger satellites &
higher density
settlements
outside main
urban area (125-
300 p/km2)

e) ‘peri-urban
hinterland’:
Smaller
satellites &
lower density
settlements
outside main
urban area (50-
125 p/km2)

a) ‘Urban edge’”: / /

b) ‘Urban fringe’:
Scattered / extended /
sprawl, within main urban
area (50-125 p/km2)

¢) ‘Urban greenspace’:
open land / forest/
other, near / within main
urban area (0-50 p/km2 )

suburban / extended
settlements / within urban
area (125-300p/km2)

The vital statstics are sumrad up in Table 4calculated for the whole 200 x 200km squases
shown inour globalmap format).

Open land & periural (<50 p/kri) accounts for nearly half the land area, but just over 1% of
the population, however thipopulationhas grown by 16% since 1990.

Lower density perurban (<125) covers 15% of land area with 1.6% of the population, with a
growth of 13% since 1990.

Higher density perurban (<300) covers 9% of land area with 2.4% of population, with
overall zero growth

By comparison, the urban / suburban areas (>300 pkmver a third of the highly

urbanized northern England: they contain 95% of the population with @enate overall

growth of 9% over the period.

The overall picture is of higher population growth in the lower density -pdban, along with
moderate growth in the urban areas.



1.1.3 What are the main climate risks in the Manchester region?

Future projectonss AOA AOOOI A A OAI AGEOAT U 1 AET OOOAAT Ox1T

which follows the current trend pointing towards a43degree average temperature rise. These are
the headlines from the UKCP18 for the 2070s (for locations typical of cé&rigdand):

- summer precipitation change: betweesiy% drierand 3% wetter
- winter precipitation change: between 2% drier aB8% wetter

- summer temperature change: up ®8°C warmer

- winter temperature change: up t4.2°C warmer

While these averages areery significant UKCP18 highlights thathe greater risks are from
extreme events:

- Return periods for extremeainfallevents (>30 mm/hr) is currenthyne in10 years, by 2080
this decreases tone in5 years, under a%C scenario.

- By 2080 the frequencyf days exceeding 4G will be similar to days exceeding°8today,
under a 2C scenario.

These changes in rainfall and precipitation, coupled with sea level rise, will generate risks to all
sectors of society and the economy, particularly criticdrdstructure networks and vulnerable
individuals and communities. Biodiversity and ecosystems will also face significant pressures as the
climate changes. The UK Climate Change Risk Assessments (published in 2012 and 2017) provide
insights into the naturend severity of these risks.

1.1.4 What are the effects of climate change on the peri -urban?

The next question iswhy is the perurban so important for climate change, and how do we track
this, given the uncertainties of climate projections, and the comjiies of the mapping shown
above. There are two kinds of answer for this: the first is about the local conditions in the peri
urban, and the second sees the parban as part of a whole cityegion system.

For the first,the local conditions in the Manchestperi-urban, many such areas are at high climate
change risk:

- Fluvial & surface flooding, particularly in the river valleys where former industrial $cvnal
infrastructure were sited

- Drought periods, with effect®n ecosystems, landscape types and local farming. Upland
sheep farms are vulnerable toalght, as ardghe intensive arable areas of Cheshire.

- Wildfires with impacts on human & ecosystems. Rettban wildfires in the Pennines scrub
land and eat bogs h&e increased, and in some casast smoke across the entire
conurbation.

- Extreme heat, which affects vulnerable social groups, in particular the elderly and outdoor
workers.

- Inthe coastal & estuary pedrban areas of Lancashire and Merseyside (onettige of our
case study), sea level rise, coastal erosion and saline incursion is a growing problem.



For the second, the MCR pariban is also highly inteconnected to the urban and rural areas, as
part of an extended cityegion:

- Water management in the petirban has a direct effect on the flood risk and ezpre of
downstream urban areas.

- Landscape management in the parrban has an indirect effect on water: e.g. where upland
land-use and ownership creaggroblems of storage & ruoff.

- Farming practices in the petirban create further problems of ruoff, chemical pollution,
soil erosion, clearance of natural areas etc.

- Housing development in the petirban is a direct effect of urban pressure, including urban
heat island, and urban natural capital / biodiversity gaps.

Someof thesekey issues show up on the latude/cover mapRigure3):

- Scrub areag risk of wildfire and loss of peat bog

- Grass & forest areagrisk of drought, soierosion,ecosystems changdiodiversity loss
- Crop areag risk offlooding, drought, disruption ofagro-ecologysystems

- Built area proximityz risk of disruption of eosystems, water systems

Figure3: Land-use / land cover map
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1.1.5 What are the social / economic vulnerabilities in the Manchester peri -
urban?

There is a tendency for the mostinerable social groups to be at most risk of floodiimgpacted by
poverty, dependency, poor héé and poor housing conditions Some goups (elderly, outdoor
workers)are also vulnerabléo extreme heat. While many vulnerabtgoups are in the inner cities,
there are pockets and patterns acrod® periurban areas, and this may increase with the current
trends ofout-migration and counteturbanization.

The spatial distribution is shown Figureah A O OEA O1 AECEAT OOET T A A T1TA
the Climate-just project(www.Climatejust.org.uk) This is a composite of indicators including (for
both locations and/or social groups): age structure, population health, care / disability;upuilt

density, dwelling form, employment, dependency, income, rentalwnership, social mix / change,
household structure, transport access.

Figure4: Neighbourhood flood vulnerability index
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The broad distribution across the region, asHigure4 , shows in general the highest vulnéility
for low income groups in urban areas. For the pahan the picture is quite mixed:
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- For the Pennine zone to the north, theagelocalized areas of poverty, many in the post
industrial towns in narrow river valleys with much higher flood tiekn averagdor the
region;

- For the Irwell river catchment, the headwaters come from more affluent-peal areas,
with flood risk accruig to the lowincome groups in urban areas with high vulnerability.

- For the Cheshire zone to the south, a mainly affluentjparal hinterland conceals pockets
of poverty in smaller towns and villages, only some of which show on this map.

1.1.6 What is the role of governance in the Manchester  region peri-urban ?

Overall hese diverse petirban areas are both generators of climate risks (particularly fluvial
flooding) but also providers of climate change adaptation functions (for example related to natural
flood management and biodiversity conservation).

To address these issues, appropeajovernance frameworks are needed, encompassing the wide
range of sectors and stakeholder groups that have an interest in the future of these areas. Current
governance frameworks are fragmented, spatially and sectorally, althowgherging good
practicesdo exist Some examples includéseethe Annex for a full listing of water governance
institutions in GM)

1 Mainly informal partnerships which exist with a mandate and role within larger institutional
arrangements: e.g. River Catchment Partnerships

1 Independent third sectordrmal organizations whichplay an active role in informal partnerships
(e.g. Wildlife Trusts);

1 Formal governance partnerships which bring together different levels and units of government:
e.g.local authoritybasedTechnical FlooRisk Officers Group

1 New formal organizations, in the form pliblic-private-civicpartnershigs, which aim at trans
boundary integrated planning: e.g. Pennine Prospects / South Pennine Trust.

1.1.7 Howdothe many causes and effects connect?

There aremany simple causeeffect links in the above: for instance, land magement in the
uplandsmay lead directly to sail erosion,run-off andflood risk downgream. There are also other

more strategicissuesin the background such aghe structureof land ownershp, or the funding of
local government Theintegrated mapping in Figure 5, shown a verysimple form, some of the
key cause-effect chans, from periurbanzation to climate, vulnerability and governce It also
points to someof the potential forward pathways to resolvesuch interconnected prolems(to be

explored in the followig report D42b). (Details as in theMethods sectioi).

Figure5: synergisticproblem &pathway mappirg: Manchester rgion

12



Peri-cene problem & pathway mapping : Manchester region
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1.1.8 What arethe k ey issues, problems and potential pathways

Forthe centralcase study of th&iver Irwell catchment, the key focusis fluvial flooding (from rivers
and streams)andthe use of natural flood management (NFM) responsemodingand flood risk
management,concerningcurrent flood hazards and also in the contextpobjectedclimate change
induced increases in flood rislare key concerns in the Irwelltchment given the risks posed to
communities, livelihoods and critical infrastructure. Indeed, recent flood events associated with
Storm Eva (irDecember2015) havdurther focused attention on this riskThis themealsoraises
topical questions on water ayernance, linked to mismatches between administrative and
biophysical boundaries for example.

The potential for natural flood management measures (NEM3it as one of the different elements

of a broader flood risk managementesponse in the Irwell hasisen up the agenda. NFM

encompasses measures that aim t@8 O OAAOh OAOOI OA AT A Al 61 AOA
""" A1 1T1TADPI AET Oh OEOAOO AT A OEA AT AOOO

range of interventionsfrom those that helpto hold water in upland landscapes (which are a key

element of the geography of the northern and eastern areas of the Irwell catchmémtjree

planting in river valleysto slow the passage of rainwater into watercours@hese issues are

explored, from aspatial perspective, within this deliverablé/orking to conserve and enhance the

flood rik management functionality of landscapem the periurban uplands of the Irwell
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catchment can contribute to reducinfiood risk in downstreamurban areas whilst also delivering
benefits locally Howevethis raises significant governance challenges that remain unaddressed

For the South & West Penningsthere ae multiple challengsto be balanced ugand peat bogs
with carbonstoressubject to drought and wildfireuplandand marginalfarming post Brexi: fluvial
flooding in narrow valleysvith critical infrastru¢ure: presures of local housingjsitor economies,
and the many linkages witthe largeurban areaslownstream.

For Cheshire while in a different watershe, this acts as @D AT | | -éhéf@ the central
conurbaion, with likely (postCovid) growth in outward migration.Under a changing clima¢ and
rapidy increasing floodand diought risk, there will be tricky balances between peri-urban
pressuresfarming systems, local ecosystems

The followon deliverable, D4.2b, builds on the problem analysis outlined within teort, and
considers potential adaptivpathwaysandgovernance responsdfat address these challenges

14



2 INTRODUCTION

2.1 Report Scope

The Pericene project is creating the first ever global assessment of the-ymdan and itsclimate
change risks and adaptation challenges From mapping of iter-connected problems, it then
explores forwardd A A A pafhiwa) <8 in a Policy Lab with 18 citggions from around the world,
together with two indepth case studies in India and the UBhennai and the Manchestergion.

Each has a venifferent history, developmentdynamics socieeconomic trends and climate risks.
The indepth findings fromMancheger and Chennawill be compared to thenalysis ofthe other
18 cities in thePolicy Lab first viamapping andspatial analysis, andten by design of adaptive
pathways.Overall, the Percene project aims to:

x Provide a state of theraanalysis of climate impacts andilnerabilities in the perurban /
rural areas

x  Provide models for adaptive / collaborative governance for climate i ysdyan interactions,
by facilitating stakeholder dialogue & edesign.

The Manchesteregioncase stug focuseson two main objectives

- To explore perurban climate risks anddaptationrespmses in the Manchester region
(D4.1 focuses on this objective)

- To explore adaptivpathways andyovernance approache® reduce climate risks in peri
urban areas and connected urbareas(D4.2 focuses on this objective)

The Manchesteregion case study approaches these objectives from two perspectoaah of
which concentrates odifferent geographical ares aspecs of climate change risk and response
approaches

a) The Irwell river catchment, running from the hills to the north, through the main urban area
of GM, to join the Mergy riversystem towards the south west Particular attention is paid
to fluvial flooding and natural flood magement (NFM) problems responsesand
governance.

b) South and West Pennineased on Natural EnglahArea 36) a broadscde review of
problems andpathways in a unigutandscapeof uplands angbostindustrialvalleys

c) Cheshireplain (based on the East Cheshire authoritpundary): a boad scale review of
problems and pathways im rolling agréuttural landscape anddommuter-sheddof the
conurbation.

Thiscurrentdeliverable (D4.1byoncentrates on ® D O1 ATAATUOGE 06 1 AReQignA - AT AEAC
whichprovides the background to the case studyhis thersets the context for the related

deliverablethat exploresadaptive governance and pathwayecused on addressing petirban

climate riskgD4.2b)
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Generally the Pefrcene project has to work with a complex set of causes, effects and responses, in a
wide variety of locations around the world. Peniban develoment, climate risk, and adaptive
governance and pathways, asomplex and often controversiallhis Manchesteregion case study
cannot therefore aim to describe all possible interactions between penban land use and
development and climate risknd adaptation, in a large and complex region. It ¢cdrowever,aim

to demonstrate practicabnd illustrativeways of working with compleinformation, and creative

ways ofexploringadaptivegovernance approaches anmithways for the future.

2.2 Report Structure

This report is structured according to the following chapters:

4. The Manchester regiothe Manchester regionand insights and data linked to historic and
current development and landscape patterns, are outlined in this chapter. This provides a platform
for understanding the Manchester region and its perban areas.

5. dimate risks% impactsn the Manchesteegion:this chapter provides an overview of current and
projected futureweather and climate risksand identifies fluvial flood risk (from rivers and streams)
as the most significant climate change hazard facing the Manchester region. It also highlights
hazards that are currently relatively rare, inclaogidroughts and heat wavesyhich may become
more frequent over the coming decades

6. Climate risk and adaptation in thgeriurban: we then look more closely at thamteractions
between periurban, climate change risk and climate change adaptation agentiés.review in
outline three major zones of this wider region: the south and west Pennthesirwellcatchment,
and the Cheshire plain to the south.

7.Fluvial flood risk and natural flood management opportunities in thedawdiment:a key focus of

this report is on exploring a spatial perspective of fluvial flood risk in the Irwell catchment. NFM
i O1 AOOOAT A&l Tlid also imtréduckd; dntl Iadatdris @ffering the potential to implement
NFM measures are explored.

8. The wider region hinterland$?ennine and Cheshire Landscapeghis section we explore the
wider region hinterland through two contrasting case study areas, the South and West Pennines
and the Cheshire plainhighlighting key themes linked to their peurban landscapes and
associated climate change risk and adaptation themes.

9. Conclusionsthis chapter brings together the key issues raised by this research, and points
towards the related deliverable (D4.2b)ThisOAEAO &I Ox AOA GOG8A 1Gake EAlT ARA
with an outline ofadaptive governance and pathwaysr reducing climate change risk in the peri

urban areas of the Manchester regioand alsoAT EAT AET ¢ OEA AAADPOAOGEI 1
provide to neighbouring urban areas.

10. Annexesinclude asummary of existing governanceeview of relevant projects and resources
on climate change risk and adaptation in M O Eduestdndd OA [ B thdDzAnesHE the
wider regionsand a list of references.
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2.3 Reportm ethod ology

The overall approach here is based on the combined-&ane frameworkwith two main leels or
odelsdof analysigsee D12 for detaik):

1 4 E Bau®effect ModelBfollows a mainly functional frame of cause and effect, in direct
problems and functional @roblem-fixingtype responses:

cultural etc)andpotential for transformation with strategic level problems and responses.

Each Model has a role and purpose. Tausal Modés a practical place to start to gather data and
explore the tangible perurban-climate-environmentinteractions. TheSynergistic Mode$ actually
more realistic for realvorld problems(with deeper lagrs ofcomplexity), but more challenging for
research and knowledge management, and more suited to creatisbogue andco-design.

ThePeriA AT A B AR @ Adontdink AUk main themegbased on the IPCE" Assessment
Report (AR5), ais Connellyet al 2018):

peri-urban development and urban / regional spatial systems
climate change physical hazards and risks

climate vulnerability and sensitivity

governance and adaptive capacity

=A =4 =4 =

Thecausal model builds othe IPCC ARBPCC2014) climate riskramework, which considers

climate risk to be a function of (climate) hazard, exposure to that hazard, and vulnerability to that
hazard. Vulnerability is further divided into two components: sensitivity and adaptive capacity. The
IPCOdefinitions are prowded (Tablel). The climate risk framework, which specifically separates out
exposureto extreme weather and climate change hazards such as flooding and high temperatures
has been demonstrated to be particularly useful in terms of spatial plananiyadaptation

pathwaysto increase resilience (Connelly et al. 2018)e Manchester regionase studys guided

by this approach

Table 1. Climate risk definitions (Source: IPCC 2014).

Term Definition

Risk The potential forconsequences where something of value is at stake and wl
the outcome isuncertain, recognizing the diversity of values. Risk is of
represented as probability of occurrence of hazardous events or trends multi|
by the impacts if these events or trends occur. Risk results from the interactic
vulnerability, exposure, athhazard.

Hazard The potential occurrence of a natural or humarduced physical event or trenc
or physical impact, that may cause loss of life, injury, or other haalfhacts, as
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well as damage and loss to property, infrastructuligelihoods, servicgrovision,
and environmental resources.

Exposure The presence of people, livelihoods, species or ecosystems, environm
services and resources, infrastructure, or economic, social, or cultural assi

places that could be adversely affected
Vulneraoility | 4 EA DOI PAT OEOU 1T O DPOAAEODI OEOEI T O]
AT AT T DPAOOAO A OAOEAQGU 1T &£ AiT1AADPOO |

AT A 1 AAE 1T £ AAPAAESOU O1 Al PA AT A A/

Sensitivity | The degree to which a system a@pecies is affected, either adversely
AAT AEEAEAT T Uh AU Al Ei AOA OAOEAAEIE

indirect.
Adaptive The ability of systems, institutions, humans, and other organisms to adjus
Capacity potential damage, to take achntage of opportunities, or to respond t
consequences.

The Pericene Framework is structured arou@E A-que® &1 1 6 OAIl Pl A btdriews EE AE
modelling and mappingindertaken within the project

9 Each of the 4 themes in the Causal model {jngban, climate, vulnerability, governance) has 4
guestions each, making up questiond & in the template

1 The Synergistic Pathway Toolkit model provides question2Q,7with the results of the-fart
process (baselines, scenarios, synergies, stratggies

4 EA-NOBRDOET T O aisedtd suldrhahz® dachEolihe three zones in this study gs8€This
20-question format cannot fully describe the longer st@agyd detailed analysis of each zone in each
city-region. But it does aim to help with sumniging and comparingbetween zones and between
locations around the world.

2.3.1 Application to Natural Flood Management

Thisreport also containg detailedexploration of issues linked to flood risk and NFM response in
the Irwell catchmentlt is recognised that NFM is part of a wider suite of flood risk management
responses, including structural flood defences, which work collectively to reduce flood risk to
people, businesses and infrastructure. This element of the case study responds directly to the Peri
cene agenda, focusing on climate change risk and adaptation themes (flooding and NFM) of
particular relevance to petirban locations. This detailed invégation enables insights to be
developed that complement broader generic analyses undertaken within the project.

Barriers and limitations to NFM, including those linked to funding, siting, governance and
maintenance, are explored in D4.2IRelated reseach questions and methodologieguiding the
Irwell catchment study areutlined below (Table2), which entail a spatial analysis of flood risk and
NFM opportunities revdw and critical evaluation of existing NFM governan&pecifically, his
element of the Manchester region case study drawsspatial analysis othemes including built
environment extent,flood risk zones and areas of opportunity for implementing NFM swas It
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is also informed by a review of national and regional policy related to NFM, and a review of
academic literature on NFM and NFM governance.

Further, nterviews withand workshops engagingational, regional and local stakeholdegesplore
NFM governarce issues from a broad perspective, aindand aroun the Irwell catchment The
interviews and workshopsalso enquire intothe potential of different approaches for delivag
more effective NFMoutcomes in integrated perurban and urban river catchemts settings.The
interviews inform the development of adaptive pathways, and the consideration of adaptive
governance approaches, linked to expanding NFM across the Irwell catchfwiinth forms a key
focus of D4.2h)

Table 2: Researchquestions guiding the Irwell catchment element of the Manchester region case
study.

Research question Research Goal Deliverable
methods link
Which areas of the Irwell Spatial Develop a spatial understandingf | D4.1b
catchment are exposed to fluvial analysis fluvial flooding problems and NFN
flooding, andwhich locations opportunity areas within the Irwel
offer the opportunity to utilise catchment. Consider these issue
landscapes to deliver NFM from the perspetive of urban, peri
functions? urban and rural areas.
What is the currenstate of Literature Gain an understanding of NFM, ar| D4.1b, D4.2b
theory and practice concerning | review, policy| NFM governance approachgdeing
NFM and the governance of NFN review, developed in theory and applied i
measures? interviews practice. Identify key policy driving
forward NFM. Identify potential
governance options for

implementation within the Irwell
catchment (and other locations
progressing this agenda

What approache and structures | Interviews Establish how NFM is currentl D4.2b
are currently used to govern governed in the Irwell catchment

flood risk management and NFM including reference to specifillFM

in the Irwell catchment? case studies.

What are the opporturiies and Literature The aim is toThis element of thel D4.2b
constraints associated with review, study draws on a review and critic
different governance approacheg interviews evaluation of existing  NFM

for delivering NFM measures in | workshops approaches to consider different

the Irwell catchment? governanceoptions, in the conéext of

existing approaches andspecific
challenges and opportunities for
enhancing NFM  Transferable
learning for other locations will alsq
be highlighted.

What are themain types of Interviews, Establish adaptive pathways thg D4.2b
@Qdaptive pathwaydwhich can be| workshops could be followed to support thg
recommended? enhancement of NFM in the Irwe

catchment over the coming years.
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3 The Manchester region

The Manchester regiohere is framed as Greater Manches{&M)together with its hinterland of
adjacent local authoritiesGreater Manchesteis a conurbation of over 2miillion peoplelocatedin
the industrial heart of the North West region Bhgland. It grew rapidly as the world centre of the
textile industry, and now hea diverse economy generating over f8ilion GDP, with the5 + & O
largest regional cluster dinance, law, mediagreative industrieand higher educatiomutside of
London It also contains some of the| O 1 @dstulnénploymentpollution, crime,social
deprivation and unfit housingGMis split into 10autonomousDistricts (municipalities) The
Districts include the Cities of Manchester and Salfavtijch house some dhe worstpoverty and
deprivationin the country alongsidepockets of wealth and privilegd he key magFigure6) shows
the wider region in its contextand highlights three overlapping areas of interest.

1 South and West Pennines (Natural England landscape area #36)

1 River Irwell catchment covering parts of GreateamMdhester and adjacent areas to the north

1 Cheshie plain (defined as Cheshire Easgpresenting the commuter belt and perural areas
to the south and wesbf GM.

For illustrative purposes, circles markiag20, 40, 60km radius from theaetropolitan centre are
included inFigure6. Thisshows the Manchester region areas of interest along a gradient from the
Pennine uplands, through the urban fringesdathe city centre of Manchester to the southern
suburbs and into the open farmland and villages of Cheshire.
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Figure6: Manchester region overview.
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Its population grew rapidly from 178000, and then declined after 1950 due to industrial
restructuring. Since 1990 the population has begun tdume to the city centre andurban
regeneration areasThe outer suburbsround the mairurban centresvere developed mainly from
19201980 with lower densities. dne of these arevery wealthy, particularly to the south of

Manchester city centrewhile T OEAOO AOA OPAOEDEAOAI §

deprivation and exclusion.

|&v&Adf E A

ET G

Inits wider region, GMs surroumnied to the north and east bills, the Penninesand tothe south

and west by farmland and mixed metropolitan peniban areas. The location &t a national
crossroads, halfway between Scotldnand London and is well served by motorway and ralil
networks.In the wider perurban area, there is a complex family of satellitdarger towns, smaller
towns, new commuting settlements, peripheral public housing, and scattered settlements. In the

upland landscapes of the South PennindO1 OT A ' -

60 11 O0OEAOI

AT A AAOOA

farming has been in declineofmer industrial pollutionthat degraded upland peat landscapbas
been cleaned upo an extent, with peatland restoration projectsngoing linked to themes
including improving water quality, reducing flood risk and enhancing biodiversitythe Mersey
Belt area between Manchester and Liverpool, there are godustrial landscapes impactedy
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urban infrastructire and commercial devepment. To the south,n the fertile lowland farming
areas of Cheshire, many settlements are dominated by wealthy cotersu

3.1 Where is the Manchester region peri -urban?

The first question is where is the perurban in the Manchester region? Tlysestion is not so
simple, in a conurbation such as the Manchester region, with its many satellite towns, extended
suburbs, urban greenspaces and riwalleys, postindustrial semirural areas, and so onWe can

list multiple layers of the pefurban, inaA 1 | AET A AAODI BERAT OACEIT T 84

Residential density with peri-urban somewhere between urban and rural
Proximity to the metropolitan economic zongagain, between urban and rural
Physical bieregion: water atchments, topography, food zones, climate types;
Economic region: commuting, labour market, housing market;

Social region: other layers of local identity, migration, culture etc;

=A =4 =4 -4 =

For a simple definition, th@eri-cene typology(Table3) provides a summary of a complex picture,
based on two main factors:
- Residential population density: the peurban is defined as between 825 and 12800
persons/kni, as defined {p the GHSL system (Pesaresi et al 2019)
- 4EA &5! j 0&01 AOEIT 1T Al B50AAT ! OAAGQ fidn alebal8
classification(OECD2020)

Table3: Periurban types in the Manchester wider region.

PROXIMITY| Within the FUA Outside the FUA

DENSITYp/km?

125300

a) 05 OA AT : subukbarh 6 extended
settlements / within urban area

(e.g. areas of Bury & Radcliffe within
river Irwell valley;

d OpAdda OAOOI Al Akrgad
satellites higher density sprawl exurbs.
(e.g. further towns in the upstream lrw
river catchment;

50-125

b)O5 OAAT Seabteld/@Adhdpd/
sprawl near/ within urban area (e.g.
smaller settlements or scattered subu
in the catchment ahe Irwell valley;

e) O bi-Airban spread Smaller satellites &
further / lower density sprawl/ exurbs.

(e.g. smaller scattered settlements in t
west Pennines and Irwell river catchment

0-50

c) 65 OAAT  C O AchdnOand A
forest / other, near / withinmain urban
area (.9. Salford Mosslands, Low|

Irwell Valley;
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The periurban typology mapn Figure7 EO A AOAA

and urban areas on a 1km square grid.

| OAT CA OEAAAA AOAAO OET x
most concentrated urban / economic activity.

- Yellow squares show the higher peniban densities of 12300 p/km2
- Green squareshow the lower perurban densities of 5025 p/km2

A CWhicAdharts & a0 A |

OEA

O&bI AGET T A

- Orange red and purple squares show changes from 18®Ib (see the legend on the left)
- The circles of 20, 40, and 60km show a very rough travel time radius of up to {froour

the centre d Manchester)

Overall, a very simpldefinition of periturban in this crowded region, would be

- all locations not in the grey urban areas, but inside the 60km radius:

- yellow and green squares of between-800 p/km2, outside the 60km radios the map.

Figure7: Periurban typology for the Manchester region.
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3.1.1 Whereisthe peri-urban growth and change?

The polycentric urban agglomeration of the Manchester and Liverpool city regions contains many
settlement types and sizes, and the penban area cannot be viewed as a simple urparal
gradient, but more so an extended geographical tyjprban expansiorin the Manchester region
has been rapid throughout the #Qcentury: even when the economy and population was shrinking,
many people chose to relocate in the suburbs or pgbdan communities, leaving a perforated and
obsolete urban structure in many area Many of these pefirban settlements have also
experienced industrial shrinkage, and a rapid transformation from productive working towns, to
leisurebased and/or commuting towns.Figure 8 maps built up arealange, with areas in red
showing new development occurring over the period 2118, at a 30 metre resolutiohis map
highlights the intensity of and spatial patterns characterisingnew development across ¢h
Manchester region Figure 9maps changing patterns of population density across this area. This
presents a picture of areas of shrinkages, particularly within the mirbares of Manchester and
Liverpool set alongside areas of growth within the same urban cores but also notably within peri
urban areas lying between the major urban centres.

Figure8: Built up changan the Manchester regiorf2001-2018).
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Figure9: Change in population densitin the Manchester regior§2001:2018)
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The vital statistics are summed upTiable4 (calculated for the whole 200 x 200km square shown in
the map format). The calculation includes Greater Manchester, Merseyside, Lancashire, West &
South Yorkshire, and part of the East Midlanmdvith a current population of 17.3 million. Much of
the open and perurban land area is within the FUAs (functional urban areas):

- Open land & periural (<50 p/krd) accounts for nearly half the land area, but just over 1% of
the population, however tls has grown by 16% since 1990
- Lower density perurban (<125) covers 15% of land area with 1.6% of the population, with a

growth of 13% since 1990
- Higher density perurban (<300) covers 9% of land area with 2.4% of population, with

overall zero growl;

- By comparison the urban / suburbatown areas (>300 p/kA) cover a third of the highly
urbanized northern England: they contain 95% of the population with a relatively high
growth of 9% over the period.

The overall picture is of higher population gvth in the lower density periurban, along with
moderate growth in the urban areas.
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Table4: Periurban Qital statistics&for the Manchester region.

25yr

total population annual %
Perturban total land area population change(% on change
classes 2015 2015 1990) (compound
Open land &
peri-rural < 50 p/km 44% 1.1% 15.9% 0.6%
Lower density
peri-urban <125 p/km2 15% 1.6% 12.9% 0.5%
Higher density
peri-urban <300 p/km2 9% 2.4% 0.0% 0.0%
Urban & | urban >300
suburban p/km2 32% 94.9% 9.1% 0.4%
Total Total area 100% 100% 9.0% 0.3%

Development pressure to provide more housing, infrastructure and commercial space is intense in
certain locations Thisdevelopmentpressureis moderated and managed to an exteloy Green Belt
andspatial planningpolicies. Despite these policy frameworles)vironmental, social, economic and
cultural change in the petirban area can be rapid (depending on how it is measurEldgre is a
needto respond to new types of problems and opportunities in the pgbianz not just physical
sprawl, but the environmental, social, economicultural fallout from the pressures and
opportunities presented by lrge andcomplexurban system.

These issueprovide a background to this Pecene case study, within whiclhé Manchester region
is defined as Greater Manchester plits surrounding hinterland areag here is no single unit or
boundary which covers this region.
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4 Current and projected climate risks & impacts

4.1 What are the main climate risks in the Manchester
region?

Future climate changeprojections are all about uncertainty:shaped by issues includingobal

agreements, actual GHG emissions, global tipping points, technplegsocial change, and further
AGEAAT AA &£O01 i OEA OAEAT AA8 &I O OEA 11T1TATO xA AA
scenario, based 0® E A )RTE 85 vdhich follows roughly the current trend pointing towards a 3

4 degree average temperaturesgover the course of this centuryrhese are the headlines from the
UKCP1&rojectionsfor the 2070s (for locations typical of central England):

- summer precipitation change: between 57% drier and 3% wetter
- winter precipitation change: between 2% drier&B83% wetter

- summer temperature change: up to 3@ warmer

- winter temperature change: up to 42€ warmer

While these averages are very significant the greater risks are from extreme events:
- R@OOAIT A OAET £ZA1 1 AOAT 009 AOXERABEDE O AOA &I O
- extreme heat / drought events)EOANOAT AU 1T £ OET OOAOO maydpAdO6 0OOI |
double by 2050

There follow a series dfigh-levelprojections for impacts on the ground:

1 By 2080 undeR °Cwarming, annual flood damages are projected to increase 50%, @t 4 °
warming damages may increase by 150% (CCRA2017)
1 River (fluvial) flooding currently contributes 40% of damage costs, fluvial flooding is expected to
make up the same % of damage in futwweenarios (CCRA2017)
45760 days above 26CZAI O 31T OOE %AOOATW LA AAAR AIU A@IYDIFAD X b
(Arnell et al 2021)
9 Projected 5%z 100cm sea level rise by 21@@pending on scenario considered, whiefil affect
2.6 million UK residents uter a 2 €scenario, 3.3 million under a &€Scenario.

As for spatial patterns andistributions, figures 9 and 10 presetite current best available regional
map projections from the CCRA18 online platforfarranged by emissions scenario from RCP4.5
8.5 and by percentile of probability):
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FigurelO: UKCP18 seasonal precipitation projections for North West England.
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Figurell UKCP18 seasonal temperatuggojections for North West England.
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More detailed local projections for future change to temperature and precipitation in GM are
summarised below (drawing on Cavan 2010; Carter et al., 2015). Here, data is provided for the 2050s
in comparison to a basi@e figure covering the period 1961990. The central estimate (50th
percentile) for a high greenhouse gas emission scenario is given.

A Average summer precipitation is projected to decline by 20%

>\

Average winter precipitation is projected to increase 186

>\

Rainfall volumes during the wettest day in winter are projected to increase by 14.6%
Mean annual temperature is projected to increase by 2.5°C.

Warmest day in the summer is projected to increase by 3.4°C.

> > >

Coldest night in the winter is projected tncrease by 2.4°C

More weather extreme events are also a feature of climate change projections for GM (Carter et al
2015) and other parts of the world (IPCC 2012), with flood risk projected to intensify in GM and its
surrounding areas. Indeed, it is extremwveather and climate change events that cause the greatest
damage to people, infrastructure and ecosystems.

A review of relevant projects and resources on climate change risk and adaptation inpBidsed
as an annex (10. Many of these research pjcts and resources provide spatial data linked to
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identifying and responding climate risks, whilst a much smaller proportion examine social scientific
issues such as the governance of climate risk (e.g. Foster et al., 2018; Ravetz and Connelly 2018).
significant proportion of the available research and resources links to floodtegent flood events,
associated policy prioritieand statutory duties,and research into past and projected extreme
weather events highlights that flooding is the most promiant extreme weather and climate risk
affecting the Manchester regiorilable5 summarises recorded incidences of extreme weather and
climate change hazard events across GM over recent decadeshifihigghts thatalthough GM is
exposed to a range of extreme weather anlimate hazards, including heat and drought events
which are becoming more frequentlooding has consistently been the most frequently recorded
hazard event across GM over recent decadBsere is detailed spatial data available on fluvial
flooding for the Manchester regionprovided by the Environment Agency and via specific
commissioned consultancy researcand includes details of current and projected future flood.risk
Figure 12 identifies areas currently exposed to fluvial and coastal flooding across GM and
surrounding areas. Surface water (pluvial) flooding is also a major challenge in urbanised areas.

Table 5: Past occurrenceof extreme weather and climate change hazard events across GM
(Source: Carter et al 2018).

Event 19451969 197071993 1994-2017
Events Events Events
Flood(all forms) 36 (44%) 24 (36%) 109 (52%)
~Pluvial floods ~8 ~8 ~54
~Fluvial floods ~17 ~10 ~27
~Pluvial, Fluvial and Flash ~11 ~6 ~28
Storm 18 (22%) 24 (36%) 44 (21%)
Cold 17 (21%) 11 (16%) 27 (13%)
Heat 2 (2%) 4 (6%) 10 (5%)
Fog 8 (10%) 2 (3%) 15 (7%)
Drought (water shortages) 1 (1%) 2 (3%) 5 (2%)
TOTALEVENTS 82 67 210

Notes on forms of flooding:
- Fluvial floods includ#ooding from rivers, streams and brooks.

- Pluvial flooding is surface water flooding caused by extreme rainfall, where excess water cannot be absorbed or draiivetyeffec

- Flash flood events are included with pluvial events where eviddreeof is clear. However where evidence is ambiguous floods described as hal
been flash are included in the combined Fluvial + Pluvial + Flash category.

- Where the type of flood source is unclear it has been included in the Fluvial, Pluvial + Flgsincate

30



Figurel2 Manchester region flood risk from rivers and the sea.
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Responsibility for flooding is a statutory requirement for a number of organisations. The
Environment AgencyEA)deals with flooding from rivers andea, groundwater and ordinary
watercourses; local authorities are responsible for surface water flooding; whilst water companies
are responsible for sewer flooding. Other responsibilities atedesvn to riparian owners. Driven by

the Floods Directivé2007), England has publicly available flood risk maps. Lead Local Flood
Authorities (LLFAs)are responsible fopreparingflood risk management plans for their jurisdon.
Therefore, different agencies operating at different spatial scaleal with different types of floods

this situationcan be confusing to those whose remit does notule dealing with flooding.

Looking beyond flood risk, e forestry and wildfire mapHRigure 12, overlaysrecords ofthese
hazard events occurring between 2001 to 2@i#Bthe periurban typology (based on Global Forest
Watch data):

- Most perturban areas, both in the urban fringe and hinterland, contain numerous small

areas of woodland
- Some of the hinterland, both in the Pennines and Cheshire, contain larger areas of

woodland, mainly mixed or deciduous;
- Major wildfires are increasing even within the GM boundary (the fire on Saddleworth Moor

being the 3 largest in England in 2018): the upland peat bogs are especially at risk in dry or
drought conditions, where fires can smoulder underground.
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Figurel3 Forest coverage & wildfires in the Manchester region
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Other exteme weatherand climate hazardssuch as heat and droughthich although are
becoming more frequent are nevertheless relatively uncommon occurrenaed, where available
mapping isgenerallyat a coarser spatial scale in comparison to fluvial flood risk (Carter 204&¥)).
However climate change projections indicate that heatwaves and associated heat stress may
become a more serious concern in the urban areas of GM over the coming decades (Cavan 2010).
Wildfire risk has emerged onto the agenda with recent exampléswddfires within the GM
boundaries (e.g. Saddleworth Moor, 2018), and research is compiling -»a&SE8l monitoring and
detection tool of peat moorland and heathland wildfirekttf://www.envirosar.comy. Figure B
highlights the locations of major wildfires around GM over the period 20020. Fires often occur

in upland perurban and rural areas during the summer months when surface vegetation and peat
layers dry out and become susceptible to fire, which is mfeaused by human activity. Different
climate change risks are connected. For example, wildfires can facilitate soil erosion and
consequently reduce the capacity of upland landscapes to store rainwater leading to increased
runoff, and also reduced capacitf peat soils to store carbon. There is a risk of a reinforcing cycle
emerging, leading to increased prevalence and intensity of climate change risks.
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Figurel4: Major wildfire locationsin the Manchester region
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Sea levelise is a major issue on the western coast side of our study area (i.e. the Manchester wider
region including Merseyside and south west Lancashire). There are many associated effects,
including saline incursion, disruption of subsoils and building fourmastand damage to critical

infrastructure. Figure 1460 A OZAEOOO AAOAG

AOOAOOI AT O

I £ OAA

of land (excluding modelling of any tides, surges, defences. dta)s highlights risks to estuarine
locations,coastal towns in Lancashirand low lying fertile agricultural landn the coastal zonéo

the west of GM.
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Figurel5: Sea level risevulnerability in the Manchester region.
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4.2 Social & economic vulnerabilities

Likely impacs / risks for key economic sectors in the Manchester-pdran:

1 Risk of water shortages; extreme weather; risks to soil function, through aridity and loss of
organic matter, alongside sea level rise; loss of pollinators all affectarming & forestry
sectors

1 Extreme weather eventsyater and energy supplies; embankment failures; high temperature
on transport impacting passengers; landslide disruption will all have an impact omamsport
infrastructure

1 Risk of water shortagedlooding and coastathange; extreme heat will all impact ounergy &
water sectors

1 2000 heatrelated deaths per year could triple by 2050, building fabric can be affected by damp
due to flooding and intense rain, or structural damage through high winds or subsistence
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In terms of climate change impacts and risks, an evidebased climate change risk assessment for

'-80 AOEOEAAI EIT ZEOAOOOOAOOOAR xEEAE AOQGEI O 11 &
organisations including the Intergovernmental Panel on Climate Change atODEA 5+ ' 1T OAOT I |
Cabinet Office, identified flooding as the most significant generator of climate change risks to

critical infrastructure (Carter et al 2018). The top five climate risks to critical infrastructure emerging

from this study were:

ﬂ Fluvialflooding of energy infrastructure (particularly substations)
9 Fluvial flooding of power stations
1 Impact of storm damage to energy infrastructure

9 Pluvial flooding of energy infrastructure (particularly substations)

ﬂ Fluvial flooding of road network

From asocial perspective htere is a tendencfor the most vulnerablgroups {(mpacted bypoverty,
dependency, poor health and poor housing conditions) to be at most risk of flooding, and in other
ways to extreme heat. While many such groups are in the innéescithere are pockets and
patterns across the petirban areas, and this may increase with the current-mugration and
counterurbanization.

The spatial distribution is shown Figure 15 A O OEA O1 AECEAT OOET T A A T1TA
the Climate-just project. This is a composite of indicators including (for both locations and/or social
groups): age structure, population health, care / disability, bupt density, dwelling form,
employment, dependency, income, rental / ownership, social mehange, household structure,

transport access.

The broad distribution across the region, asHigure 15shows in general the highest vulnerability
for low income groups in urban areas. For the peghan the picture is quite mixed:

- For the Pennine zone to the north, there is localized areas of poverty, many in the post
industrial towns in narrow river valleys with much higher flood risk

- For the Irwell river catchment, the headwaters come from more affluent-paial areas,
with flood risk accruing to the low income groups in urban areas with high vulnerability.

- For the Cheshire zone to the south, a mainly affluentperal hinterland conceals pockets
of poverty in smaller towns and villages, only some of which show on this map.

35



Figurel6: Neighbourhood flood vulnerability index.
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5 Peri -urban climate risk and adaptation

The previous chapter has highlighted the nature of the climate change risks facing the Manchester
region over the coming decadeand links to themes including critical infrastructure and vulnerable
communities Flooding is the key risk going forwards, although hazards linked to rising
temperatures, including heatwaves with related implications for people and critical infrastrectur
are also a potential risk.Aimportant point to acknowledge is also the risk from extreme weather
events, in addition to gradual climate change. Although they are less likely to occur, it is extreme
eventssuch as exceptionally heavy rainfall periods of high temperaturghat cause the greatest
impacts.

Chapter3 introduced the perurban areas of thélanchester region, which areften fragmented
landscapes of marginal farming and urban settlements punctuated by waste tips, transport and
energy infrastructure networks, commercial anetail parks and golf courses.

In practice periurban landscapes are constantly evolvingjtiatives such asCommunity Forest
projects aim to converperi-urbanfringe landto multi-functional woodlandsNotably for GM the
City of Trees initiative aims to plant 3 million tre@se for every person in GNMyer the coming
years. To the north and egghe mostly empty and treeless landscape of the South Pennine
uplands conceals rapid sociatonomic changes, with the shift frotow intensity livestockarming
to leisure industriesnd nature conservation, and from mulgenerational locacommunitiesto
commuters and teleworkersThis has contributed tgocialpolarization,widening income gaps,
gentrification and rising property values in some areas.

The Covid 1pandemic hasecentlyacceleratedrendstowards home working anthe desirability
of living in periurban and rural areashereby intensifying these issues

5.1 What are the effects of climate change on the peri -
urban?

The next question iswhy is the perurban so important for climate change, and how do we track

this, given the uncertainties of climate projections, and the complexities of the mapping shown

above. There are two kinds of answer for this: the first is about the local conditions in the peri
urban, and the second sees the parban as part of a whole ciyegion system.

For the first, the local conditions in the Manchester parban, many such areas are at high climate
change risk:

- Fluvial & surface flooding, particularly in the river vgievhere former industrial towns and
infrastructure were sited.
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- Drought periods, with effects on ecosystems, landscape types and local farming. Upland
sheep farms are vulnerable to drought, as are the intensive arable areas of Cheshire.

- Wildfires withimpacts on human & ecosystems. Rerban wildfires in the Pennines scrub
land and peat bogs have increased, and in some cases cast smoke across the entire
conurbation.

- Extreme heat, which affects vulnerable social groups, in particular the elderly axidau
workers.

- Inthe coastal & estuary pedrban areas of Lancashire and Merseyside (on the edge of our
case study), sea level rise, coastal erosion and saline incursion is a growing problem.

For the second, the MCR pariban is also highly inteconnected to the urban and rural areas, as
part of an extended cityegion:

- Water management in the petirban has a direct effect on the flood risk and exposure of
downstream urban areas.

- Landscape management in the parrban has an indirect effect on we: e.g. where upland
land-use and ownership creates problems of storage &atfn

- Farming practices in the petirban create further problems of ruoff, chemical pollution,
soil erosion, clearance of natural areas etc.

- Housing development in the peurban is a direct effect of urban pressure, including urban
heat island, and urban natural capital / biodiversity gaps.

Some key issues can be seen on the lasd/cover mapHKigure 16:

- Scrub areag risk of wildfire and loss of peat bog;

- Grass &orest areag risk of drought andsoil erosion especially on sloping land;

- Crop areag risk of drought and change in agexology;

- Built area proximityz risk of disruption of landscape and soil, ecosystems, water systems.
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Figurel?7: Land-use / land cover map.
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5.1.1 System mapping of peri  -urban climate interactions

The Pericene focuses on the key aspects of pantban development that are most relevant to

climate change risk and adaptation, and vigersa. Such linkages can be idéigd in a number of

x AUOh OO0 00 AudbénQidvalopriddt indpacss OrEhazard, exposure, vulnerability / capacity,

IO CI OAOT AT AAd ¢ i AAOGAA 11 OEA )o## OEOE EOAI Ax]
(in principle) be traced on the Parrban-climate model inFigure 17 Each of the four main themes

of this model has a typical set of variations, or common typehich offer a simple and generic

description of the likely range of issues. These are:

1 Periurban: Proximity to urban (near / far): Density of population: (low / high)

Climate hazard Spatial scale (localirect / externalindirect): Time horizon (short / long term)

1 Vulnerability z sensitivity andadaptive capacity: Physical ecosystemsi&frastructure:
(organized / fragmented): Socieconomic: (organizedohesive / fragmentedinequal)

1 Governance / pathwaysScale: (local & internalglobal & external)Structures (publiesocial
values / privateechno-economic values)

=
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Figurel8: Periurban-climate systems mappingManchester region
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The periurban climate model for the Manchester region is not intended to represent more detailed
and complex causal chains or systems diagrams, but this figure does provideraasyrof notable
peri-urban climate change themes for the Manchester region. Here, climate change hazards may
interact with receptors (e.g. people, infrastructure, landscapes), which therefore become exposed
to the hazard (e.g. flooding). Spatial changefiienced by drivers and stressors related to changing
peri-urban types, patterns and dynamics, can act to increase or reduce exposure of receptors to
climate hazards (e.g. by increasing/reducing impermeable surface cover). Vulnerability factors
exacerbateor moderate overall levels of climate risk. Actions can also be put into place through
(adaptive) governance arrangements (e.g. formal government and regulation, informal networks,
and other institutional collaborations) to build adaptive capacity to uefice each of the climate

risk components. Whilst the framework shows a logical flow between each element of climate risk,
it is important to emphasise thateality is much more complexThe arrows between each
component are intended to emphasise that tleerare multiple interconnections between the
elements of the framework.
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5.1.2 Summary of peri -urban climate interactions

Peri-urban impacts onA1 E1 A OAhaall@® 1 CA O

a) Perturban development >>xsealng of soil & landscape change addgradation €.g. of
woodlands, pasture, scrub étcwhich would otherwisehelp to protect urban areas from
climate-related events or stressesThis particularly affects the upgam areas ofriver
catchmentssuch as the Irwelli.e. hills to the north and west, withroblems then displaced
to downstreamurban areas

b) Periurban development >>adds to urban heat islandnd leads to thefragmentation of
land-use and land cover, with loss ofadaptive capacity andcosystems serviceée.g.
suburban developmenall arourd the metropolitan arex

Peri-urban impacts on@xposureQ OO1 1 AOAAEI EOUS

a) Perturban development itself is sometimda high risk food zones, particularlyhere it is
locatedin river valleyswhich arezoneswhere risk will intensifyvith climate chage.

b) Periurban development >>> increased dependency on critical but vulnerable infrastructure
systems(i.e. car dependency)

c) Periurban development of enclaves >ean often link withsocial vulnerability (e.g. seniors,
low incomegroups.

d) Periurban development >>> lowers the overall population densityere adaptation and
risk reductionis more difficult (e.g. isolated dwellings in fire risk zomesnoorland area

e) Perturban economic development >>> disruption of lower income rliradlihoods and
communities, leading tdncreases social & ecological vulnerability.

Peri-urban impacts on@overnancé

f) Perturban areaften have fragmented governance in political units which do not fit with
ecological zonesind landscape boundaries.@. river catchments) e.g. the S Pennine area
type is in 13 different municipalities

g) Perturban development is often more polarized into higher / lower income enclaves
makingcollaborative governancenore difficult.

h) Periurban populations areoften in smaller settlements and/or lower densjtyvhere it
becomesmore difficult to finance defence / adaptation.

5.2 Scenario framework

Future climate change and impact projectiorare all about uncertainty, influenced lglobal

agreements, actual GHG emissiorgipbal tipping points, along with other changes in societies,
economies, urbanization and governance. the prediction of future climatesis not possible we

use genario developmentThis & generally thebest way to generate forward thinking on climate

DOl Al AT 6h AT A 11 AAAPOEOA DPAOExAUO8 3AAT AOETI O A
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andtechnical modelling.

The Pericene uses the SSP (&ed Socieeconomic Pathway) scenarios, as these are compatible

with global climate modellingsee Figures 18, 19 and 20jhe SSP scenarios a@A @1 CAT 1T OO8 h |
outside the cityregion system & decision frame. The citygion can then work out what to do in

response to these uncertainties.

To simplify we focus on 2 critical scenarigSFY I j OET ARNSSHIVE @ D&E] OOIEA COI x Ol
have been worked up in some detail by the L8SP project for the Met Officewith technical
reports and astate-of-the-art online systemsnapping resource, with further details available here:

(https://www.ukclimateresilience.org/projects/ukocioeconomiescenariosfor-climate-research
and-policy/ ).

The summaries shown beloare then fitted to the conditions and énds of the Manchesteregion.

AEEO EO OEAT A OEOAI Oiill &I O OEA OADABMESOA DAOE
DPAOExAUO AOA DOI EAAOAA ET O ~Z£ZO00OCOA -GRAAARRAOH AIlA/
sensitivity analysis.

Figurel9: Periurban futuresfrom the SSP
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5.2.1 UK-SSP4: dnequality ascenario

To boost economic growth, public support increases foraddklecentralisation plan that aims to

foster environmentally sustainable business and economic opportunities actiferth@ regions of

the UK. The National Strategy Development Plan is implemented throughdalg@ublic investments

that promote economic prosperity through greening the energy sector and stimulating technological
development. This leads to numerbusinesses growing in importance and power as they profit from
increased financial support and access to land resources. The new Plan also boosts investment in STEM
and novel ways to work and live flexibly. However, this growth comes at the expensa ahdoci
wellbeingoriented policies, which results in an increasing divide between wealthy and poorer segments
of the population as well as regions of the UK. Eventually the welfare state collapses and large
businesses dominate economic and political sgst@nsmall proportion of rich individuals working in

large businesses and government control economic and natural resources, while the majority of the UK
population lives with low incomes and poor living and environmental conditions.

In the periurban Mandester region,there is some protection against flood and heat through new
technology, but this is heavily privatized. Climate proof locations in the higher and greembareri

reach skyhigh prices, and most housing is in private seaaitirolled enlaves. Emergency services

are also privatized, and climate impacts on housing and infrastructure are seen as part of the economic
growth model.

Figure20: system mapping of 8SRI ¢, OET ANOAI OAAT A

OEI

Qu

EOU

System diagram visualising the interrelationships between drivers ( System diagram animation available to view at- )

https:/fyoutu.be/a3qPx-Ps5CQ
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UK-SSPs
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5.2.2 UK-f i eeaFokkil-f Ael | ed Devscenarpment 6

Reduced public support for carbon taxation and taxes to finance green transformation of
infrastructure, lead to continued demand for cheaper and more readily available fossil fuels.
Strong development in domestic maraitaing is supported by UK discoveries of shale gas,

which leads to reduced energy costs. Increasing public investments in shale gas production in
northern England heavily contributes to the removal of the Mgwtith divide. The economy

increases rapidlproviding benefits for all people. Environmental protection is reduced and
agriculture intensifies in lowland areas, whilst uplands are rewilded for tourism. Technological
solutions are used to counter the impacts of lacgée environmental degradatiobarge

ET ACAAOGAOG ET bDPi bOI ACEI-OO0ABAGS OAT DAPAGDODBEOAR o®AA
In the periurban Manchester region,large housing developments are scattered across
agricultural areas, and the Pennine valleys and uplands. Water systetandsahpe types

are heavily disrupted, leading to increased flood and fire risk. The more affluent houses are
OAl1 Ei AOGA POIT 1T ZAA8 xEOE OAEOAA -cAndilioted Ot&AOET T | |
(for extreme heat and smoke).

Figure21: system mapping of USSRY ¢, O &I OOEI <CcOI xOES& OAAT AOEI

System diagram visualising the interrelationships between drivers System diagram animation svallable o vicw ot
https://youtu.be/tiWjUmzq52o
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6 Case study A: the Irwell river basin

A central focus of the Manchesteegion case study is on fluvial flood risknd moderating this risk
through natural flood management (NFM) in the river Irwell catchméifeM is generally seen as an
element of a wider flood risk management response where, for example, structural flood defences
and emergency response also featufeancentrating on NFM connects the case study to emerging
research and policggendasthat areincreasingly looking at this approach as a means of supporting
flood risk management goals, in addition to providing other seemnomic and biophysical
benefits including climate change adaptatio he focus on NFM measures, which are often located
in periurban areas in the Manchester region, therefore connects this element of the case study
directly to the Pericene agenda.

This case study provides a routednexploring interactions between petirban and urban areas
concerning climate change risks and adaptation responses. Areas most at risk from flooding are
often urban in nature, whereas NFM opportunity areas are often-pdsan and rural in character.
Within this section the problem of flood risk from rivers in the Irwell catchménbutlinedand the
opportunities presented by NFM ar@ntroduced, withmaps provided to highlight spatial themes
and patterns relatedo these issuesThe followingPericenedeliverable (4.2b) takes this element of

the Manchester region case study forward, and pagecific attention to issues around the
implementation andgovernance of NFM measures

6.1 The Irwell Catchment

The river Irwell rises in thBennineperi-urban uphndsto the north of Greater Manchester and
flows through the city centre and into the river Merseyhich then flows out into the Irish Sea at
Liverpool Bay The Irwell catchment incorporates peurban and urban areass crisscrossed by
multiple administrativeboundaries Figure 21lvisualises the proportion of the Lower Super Output
Areas (LSOA) within the Irwell Catchment that are covered by built upsarea

NOTE:, 3/ ! 80 AOA A OOAOEOOEAAI CAl COAPEU
and Index of Multiple Deprivation. LSOAs have an average population of 1500 p€
650 households. LSOAs are therefore smaller and more tightly packed in denseklyd
areas, with the opposite being true in more sparsely populated areas. There are 95
in the Irwell Catchment. They provide a valuable spatial unit for visualising and an
data, and are the basis for much of the spatial analysis undertakiein wie Irwell
Catchment element of the Manchester regionéae case study.
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Figure 21highlights a clear gradient from more heavily urbanised areas to the south of the
catchment and avund the main urban areg@ncluding Rochdale, Bury, Salfoethd Manchesterjo

the less developed andparsely populated areas in the uplandstte north of the catchment
(which are dominated by open landscapasd river valleys)This map highlights that although the

) OxAl 1 AAOGAEI AT O AT desddies] Manchebtd, it higg has Rekbarbandrndal A E C
characteristics.Figure 22demonstrates that new urban development occurring over the period
20012018 has been widespread across the Irwell catchment. New development has been
particularly intensen the peripheries of town centres including Rochdale and Bury, and to the north
of Manchester city centre. New development has also stretched up the river valleys that run into
towns including Bolton, Bury and Rochdale from the upland areas to the nomheast,along the

river Irwell flowing into Salfordind has led to urban infill in a range of other locations across the
catchment.

Figure22 Proportion of built up area within the Irwell Catchment
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Figure23 Change in built up area across the Irwell catchment 260018
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6.1.1 Flood risk in the Irwell catchment

Historic development patterns, with industry and associated worker housing concentrated around
the Irwell and its tributarieshas left a legacy of flood risk in a number of urban areas adrass
Irwell catchment. The risk of flooding has been further enhanced by previous and ongoing
development and associated hard surfacifa@s highlighted byFigure 23, which has altered the
hydrology of the Irwell catchment leading to higher volumes of water reaching watercourses
following periods of prolonged or intense rainfall.

There have been several significant flood events within the Irwell catchment over recent Jéars.
2015 Boxing dayloods (2612-15) provide a recent example of the type of extreme rairdgatnt

that can cause majoilood damage to communities and infrastructure in an around the river Irwell
catchment. During this event, the upland areas wittinOA A OA O - Adri-ArBaA Arefladds O B
received significant volumes of rainfall which saturated and ran off the miaoad, flowing down the

Irwell and itstributaries causing major flood damagerhis flood event resulted in 2250 properties
being flooded and £11.5 million damages to infrastructure alone (GMCA 2016). This same flood
event caused significant damage in other parban locations around the Irwell catchment. For
example, the towns of Hebden Bridge and Todmorden in the adjacent river Calder valley were badly
flooded. Here, attention subsequently turned to the contribution of issues including the ownership
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and management of the upland areas around these towns to flooding in the valley floors, and also
to NFM as part of the response to manage future flood risk.

The Irwell and its tributaries place a number of pafban and urban areas atsk of flooding
including locations within Bury, Rochdale and Salfofeigure 24 visualises data from the
Environment Agency that shows locations at medium and high risk of flooding. Areas at high risk of
flooding have a greater than 1 in 30 annual probability of flooding, and this figure is between 1 in 30
and 1 in 100 for areas at wliam risk of flooding.This map indicates areas that remain at the
highest risk of flooding after taking into account flood defences and their current condition, and
incorporates input from experts who provide additional contributions related to their lloca
knowledge and experience of the risk of floodiggure 23 therefore provides a clear indication of
areas at risk of flooding in the Irwell catchment.

Modelling from the Environment Agency provides a gaauderstanding of the locatins within the

Irwell catchment that are currently at risk of fluvial flooding. Although national scale projections for
changes in flood extent are not produced by the Environment Agency, change in precipitation
patterns and intensity induced by climate change will lead tordes in the spatial extent of flood

risk across the Manchester region. It is generally accepted that the risk associated with fluvial
flooding in the Manchester region is set to grow over the coming decades due to the influence of
climate change, and modi#hg is available for certain areas within the Irwell catchment that
projects how exposure to flooding magtensify with climate change induced uplift in river flows.
This modelling essentially highlights that the locations that are currently most expasditlvial

flood risk will become even more exposed to this climate hazard in the future, and that a flood risk
management response is therefore essential.

6.1.2 The challenge of governance for flood risk

In addition to highlighting areas at risk of high floodj, Figure 23also demonstrates the complex
institutional and administrative landscape that characterises the Irwell catchment. The catchment
houses a number of districts (or municipalities) and straddles the boundary of the Greater
Manchester administratie city-region. Greater Manchester and district authorities have differing
governance arrangements and responsibilitieshis mismatch between the catchment and
administrative boundaries reduces the capacity of organisations to develop joined up anddolist
responses to flood riskThe Irwell catchment is also situated partially within the South Pennines
Landscape Character Area which is the geographical unit that forms the focus of Pennine Prospects,
a third sector organisation that concentrates on makithgs location a better place for people and
nature. A series of interrelated governance and administrative challenges and potential
opportunities flow from this situation, the nature of which form an additional focus for the-Peri
cene project (and are elgred in D4.2b).
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Figure24: Risk of flooding from rivers across the Irwell catchment.
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6.1.3 Interaction of flood risk and built up areas

Figure 24visualise the outcome of an analysis of the percentage of built up areas in the Irwell
AAOAEI AT OGO ,3/1 0 OEAO AOA 11T AAOAA ET AOAAO OE
medium and high risk flooding. This analysis also draws on Landsat data that identifieésup

areas in the Irwell catchment. It is in built up areas, which contain housing, businesses and critical
infrastructure (e.g. transport networks), where flooding results in major negative impacts to

PAT PI A0 EAAI OE AT A x Al tisignkigaht @corbmid img@add. R AnGpA O O E /
therefore highlights the key areas of concern regarding flood risk in the Irwell catchment. These are
concentrated in urban areas (including Bolton, Bury, Rochdale and Salford) and in some cases built

up areas in th peripheries of these urban centreBhese areas are exposed to flooding, and also

Ai1T OAET AOEI O Obp AOAAO OEAO AT OI A AA AAI-ACAA E/
based approach, there is a spatial coincidence between exposure to floodswdndrability to

damage from flooding (due to the presence of buildings and therefore people) which increases the

level of associated risk.
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Figure25: Built up area across the Irwell catchment exposed to medium and high riskaufding.

The Irwell catchment has seen a considerable amount of new development take place over recent
decades(Figure 25. Figure 25highlights the relationship between areas néw develoment and

OEA %l OEOI T i AT O ' ¢AIl Hoodzane Zalefresehts land hsdeSsedvas Haling amQ
annual probability of flooding from rivers of between 1 in 100 and 1 in 1000. Flood zone 3 is land
assessed as having a greater than 1 in 100 annual probability of flooding. The district of Bury
contains several locations where a relatively high amount of newly built up area is exposed to
medium and high risk of flooding (aemonstrated byFigure 23. Figure 25ndicates that there has

been a significant amount of new development immediately to the nastHocations in Bury that

are exposed to flooding (flood zones 2 and 3). These areas are close the river Irwell and its
tributaries, increasing the risk of rainwater runoff from hard surfaces reaching these watercourses
and potentially increasing downstrea flood risk.
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