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1  EXECUTIVE SUMMARY  

 

This report ÐÒÏÖÉÄÅÓ Á ȬÐÒÏÂÌÅÍ ÁÎÁÌÙÓÉÓȭ ÏÆ the peri-urban areas of the Manchester region, their 

climate change risk and the adaptation challenges they face.   

The following report (D4-2b) explores the potential responses and pathways for strategic action, for 

climate adaptation in the peri-urban of the Manchester region.   

 

1.1.1  Scope of the Manchester region  

The Manchester region is defined as Greater Manchester (GM) plus its surrounding hinterlands.  Our 

case study zones cover most of this wider region and encompasses:  

a) The Irwell river catchment, running from the hills to the north, through the main urban area 

of GM, to join the Mersey river system towards the south west  

b)  South and West Pennines (based on Natural England Area 36)  

c) Cheshire plain (based on the East Cheshire authority boundary)  

The key map (Figure 1) shows these three areas of interest. The Irwell river catchment incorporates 

a cross-section of the region from the Pennine watershed, through the urban fringes and the 

northern suburbs, through to the urban core of GM. The catchment embraces peri-urban areas and 

presents peri-urban, rural and urban connections and dynamics.   

The South and West Pennines is in a peri-urban gravity field of 3 major conurbations ɀ Manchester, 

Liverpool and Leeds - and contains various peri-urban 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 livestock farms. The Cheshire plain represents a 

contrasting peri-urban landscape, sitting to the south of the GM conurbation, and is an area of 

(generally) higher income commuter towns and rolling agricultural landscapes. 
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Figure 1: Manchester Region base map and boundaries 

 

In each case study zone we explore key issues & challenges.  For a structure we use the 4 key 

themes of the Peri-cene framework. 

a) Peri-urban development patterns 

b) Climate hazards and impacts 

c) Social, economic and ecological vulnerabilities  

d) Governance and policy 

 

1.1.2  Where is the Manchester region  peri -urban?  

The Peri-cene has used global mapping systems and local consultations to address the question ɀ 

where is the peri-urban?  This is especially complex in a conurbation such as the Manchester region, 

with its many satellite towns, extended suburbs, urban greenspaces and river-valleys, post-

industrial semi-rural hinterland, upland peat bogs and so on.   
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Overall, a very simple definition of peri-urban in this crowded region, as on the map at Figure 2, 

includes:  

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

- yellow and green squares (i.e. between 50-300 persons/km2) outside the 60km radius.   

A more detailed framework for different peri-urban types is shown in Figure 2, which refers to the 

ÍÁÐÐÉÎÇ ÏÆ &5!Ó ɉȬÆÕÎÃÔÉÏÎÁÌ ÕÒÂÁÎ ÁÒÅÁÓȭȡ (each case study zone has more detail in Sections 6 & 7):  

ÁɊ Ȭ5ÒÂÁÎ ÅÄÇÅȭȡ ÓÕÂÕÒÂÁÎ Ⱦ ÅØÔÅÎÄÅÄ ÓÅÔÔÌÅÍÅÎÔÓ Ⱦ ×ÉÔÈÉÎ Á ȬÆÕÎÃÔÉÏÎÁÌ ÕÒÂÁÎ ÁÒÅÁȭȡ  (e.g. various 

lower density suburban areas,  

b) Ȭ5ÒÂÁÎ ÆÒÉÎÇÅȭȡ 3ÃÁÔÔÅÒÅÄ Ⱦ ÅØÔÅÎÄÅÄ Ⱦ ÓÐÒÁ×Ìȟ ×ÉÔÈÉÎ Á ȬÆÕÎÃÔÉÏÎÁÌ ÕÒÂÁÎ ÁÒÅÁȭȡ (e.g. scattered 

villages on outskirts of Oldham & Rochdale: or the extended ex-urbs of Stockport / East Cheshire.  

ÃɊ Ȭ5ÒÂÁÎ ÇÒÅÅÎÓÐÁÃÅȭȡ   open land / forest / other, near / ×ÉÔÈÉÎ Á ȬÆÕÎÃÔÉÏÎÁÌ ÕÒÂÁÎ ÁÒÅÁȭȡ (e.g. 

Mersey Valley, many other river valleys & country parks.   

ÄɊ ȬÐÅÒÉ-ÕÒÂÁÎ ÓÅÔÔÌÅÍÅÎÔȭ:   larger satellites & higher density settlements outside main urban area 

(125-300 p/km2); (e.g. post-industrial settlements in the Pennines: smaller towns in Cheshire etc 

ÅɊ ȬÐÅÒÉ-ÕÒÂÁÎ ÈÉÎÔÅÒÌÁÎÄȭȡ  Smaller satellites & lower density settlements outside main urban area 

(50-125 p/km2): (e.g. post-industrial scattered villages in the Pennines: smaller villages in Cheshire 

etc.  
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Figure 2: Manchester Region peri-urban typology 

 

 

The vital statistics are summed up in Table 4 (calculated for the whole 200 x 200km square, as 

shown in our global map format).  

- Open land & peri-rural (<50 p/km2) accounts for nearly half the land area, but just over 1% of 

the population, however this population has grown by 16% since 1990.  

- Lower density peri-urban (<125) covers 15% of land area with 1.6% of the population, with a 

growth of 13% since 1990.  

- Higher density peri-urban (<300) covers 9% of land area with 2.4% of population, with 

overall zero growth 

- By comparison, the urban / suburban areas (>300 p/km2) cover a third of the highly 

urbanized northern England: they contain 95% of the population with a moderate overall 

growth of 9% over the period.  

The overall picture is of higher population growth in the lower density peri-urban, along with 

moderate growth in the urban areas.   
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1.1.3  What are the main climate risks in the Manchester region?  

Future projections ÈÅÒÅ ÁÓÓÕÍÅ Á ÒÅÌÁÔÉÖÅÌÙ ÍÁÉÎÓÔÒÅÁÍ Ȭ×ÏÒÓÔ ÃÁÓÅȭ ÓÃÅÎÁÒÉÏȟ ɉÂÁÓÅÄ ÏÎ 2#0 ήȢΫɊȟ 

which follows the current trend pointing towards a 3-4 degree average temperature rise. These are 

the headlines from the UKCP18 for the 2070s (for locations typical of central England):  

- summer precipitation change: between 57% drier and 3% wetter  

- winter precipitation change: between 2% drier and 33% wetter 

- summer temperature change: up to 5.8oC warmer  

- winter temperature change: up to 4.2oC warmer 

While these averages are very significant, UKCP18 highlights that the greater risks are from 

extreme events:  

- Return periods for extreme rainfall events (>30 mm/hr) is currently one in 10 years, by 2080 

this decreases to one in 5 years, under a 4 oC scenario. 

- By 2080 the frequency of days exceeding 40 oC will be similar to days exceeding 32 oC today, 

under a 4 oC scenario. 

These changes in rainfall and precipitation, coupled with sea level rise, will generate risks to all 
sectors of society and the economy, particularly critical infrastructure 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 nature and severity of these risks.  

 

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

 

The next question is - why is the peri-urban 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 peri-urban as part of a whole city-region system.  

For the first, the local conditions in the Manchester peri-urban, many such areas are at high climate 

change risk:  

- Fluvial & surface flooding, particularly in the river valleys where former industrial towns and 

infrastructure were sited.  

- 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 with impacts on human & ecosystems. Peri-urban 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 and outdoor 

workers.  

- In the coastal & estuary peri-urban areas of Lancashire and Merseyside (on the edge of our 

case study), sea level rise, coastal erosion and saline incursion is a growing problem.   



 
 

10 
 

For the second, the MCR peri-urban is also highly inter-connected to the urban and rural areas, as 

part of an extended city-region:  

- Water management in the peri-urban has a direct effect on the flood risk and exposure of 

downstream urban areas.   

- Landscape management in the peri-urban has an indirect effect on water: e.g. where upland 

land-use and  ownership creates problems of storage & run-off.  

- Farming practices in the peri-urban create further problems of run-off, chemical pollution, 

soil erosion, clearance of natural areas etc.  

- Housing development in the peri-urban is a direct effect of urban pressure, including urban 

heat island, and urban natural capital / biodiversity gaps.  

Some of these key issues show up on the land-use/cover map (Figure 3):  

- Scrub areas ɀ risk of wildfire and loss of peat bog 

- Grass & forest areas ɀ risk of drought, soil erosion, ecosystems change, biodiversity loss 

- Crop areas ɀ risk of flooding, drought, disruption of agro-ecology systems 

- Built area proximity ɀ risk of disruption of ecosystems, water systems 

 

Figure 3: 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 most vulnerable social groups to be at most risk of flooding, impacted by 

poverty, dependency, poor health and poor housing conditions.  Some groups (elderly, outdoor 

workers) are also vulnerable to extreme heat. While many vulnerable groups are in the inner cities, 

there are pockets and patterns across the peri-urban areas, and this may increase with the current 

trends of out-migration and counter-urbanization.  

The spatial distribution is shown in Figure 4ȟ ÁÓ ÔÈÅ ȬÎÅÉÇÈÂÏÕÒÈÏÏÄ ÆÌÏÏÄ ÖÕÌÎÅÒÁÂÉÌÉÔÙ ÉÎÄÅØȭȟ ÆÒÏÍ 

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, built-up 

density, dwelling form, employment, dependency, income, rental / ownership, social mix / change, 

household structure, transport access.   

 

Figure 4: Neighbourhood flood vulnerability index 

 

The broad distribution across the region, as in Figure 4 , shows in general the highest vulnerability 

for low income groups in urban areas. For the peri-urban the picture is quite mixed:  
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- For the Pennine zone to the north, there are localized areas of poverty, many in the post-

industrial towns in narrow river valleys with much higher flood risk than average for the 

region;  

- For the Irwell river catchment, the headwaters come from more affluent peri-rural 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 affluent peri-rural 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 these diverse peri-urban 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, appropriate governance 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, although emerging good 

practices do exist.  Some examples include (see the Annex for a full listing of water governance 

institutions in GM):   

¶ Mainly informal partnerships which exist with a mandate and role within larger institutional 

arrangements:  e.g. River Catchment Partnerships;  

¶ Independent third sector formal organizations which play an active role in informal partnerships 

(e.g. Wildlife Trusts);  

¶ Formal governance partnerships which bring together different levels and units of government: 

e.g. local authority-based Technical Flood Risk Officers Group 

¶ New formal organizations, in the form of public-private-civic partnerships, which aim at trans-

boundary integrated planning:  e.g. Pennine Prospects / South Pennine Trust.   

 

1.1.7  How do the  many causes  and effects connect?  

There are many simple cause-effect links in the above: for instance, land management in the 

uplands may lead directly to soil erosion, run-off and flood risk downstream.  There are also other 

more strategic issues in the background, such as the structure of land ownership, or the funding of 

local government.  The integrated mapping in Figure 5, shows in a very simple form, some of the 

key cause-effect chains, from peri-urbanization to climate, vulnerability and governance.  It also 

points to some of the potential forward pathways to resolve such inter-connected problems (to be 

explored in the following report D4-2b).  (Details as in the Methods section).   

Figure 5: synergistic problem & pathway mapping: Manchester region 
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1.1.8  What are the k ey issues , problems  and potential pathways  

For the central case study of the River Irwell catchment, the key focus is fluvial flooding (from rivers 

and streams), and the use of natural flood management (NFM) responses. Flooding and flood risk 

management, concerning current flood hazards and also in the context of projected climate change 

induced increases in flood risk, are key concerns in the Irwell catchment given the risks posed to 

communities, livelihoods and critical infrastructure. Indeed, recent flood events associated with 

Storm Eva (in December 2015) have further focused attention on this risk. This theme also raises 

topical questions on water governance, linked to mismatches between administrative and 

biophysical boundaries for example. 

The potential for natural flood management measures (NFM) to sit as one of the different elements 

of a broader flood risk management response in the Irwell has risen up the agenda. NFM 

encompasses measures that aim to, ȰȣÐÒÏÔÅÃÔȟ ÒÅÓÔÏÒÅ ÁÎÄ ÅÍÕÌÁÔÅ ÔÈÅ ÎÁÔÕÒÁÌ ÆÕÎÃÔÉÏÎÓ ÏÆ 

ÃÁÔÃÈÍÅÎÔÓȟ ÆÌÏÏÄÐÌÁÉÎÓȟ ÒÉÖÅÒÓ ÁÎÄ ÔÈÅ ÃÏÁÓÔȱ ɉ%ÎÖÉÒÏÎÍÅÎÔ !ÇÅÎÃÙ ΨΦΧήȡ ÉÖɊȢ 4ÈÉÓ ÃÁÎ ÉÎÖÏÌÖÅ Á 

range of interventions: from those that help to hold water in upland landscapes (which are a key 

element of the geography of the northern and eastern areas of the Irwell catchment), to tree 

planting in river valleys to slow the passage of rainwater into watercourses. These issues are 

explored, from a spatial perspective, within this deliverable. Working to conserve and enhance the 

flood risk management functionality of landscapes in the peri-urban uplands of the Irwell 
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catchment can contribute to reducing flood risk in downstream urban areas, whilst also delivering 

benefits locally.  However this raises significant governance challenges that remain unaddressed.  

For the South & West Pennines, there are multiple challenges to be balanced: upland peat bogs 

with carbon stores subject to drought and wildfire: upland and marginal farming post Brexit: fluvial 

flooding in narrow valleys with critical infrastructure: pressures of local housing, visitor economies, 

and the many linkages with the large urban areas downstream.   

For Cheshire, while in a different watershed, this acts as a ȬÃÏÍÍÕÔÅÒ-shedȭ for the central 

conurbation, with likely (post-Covid) growth in outward migration. Under a changing climate and 

rapidly increasing flood and drought risk, there will be tricky balances between peri-urban 

pressures, farming systems, local ecosystems.  

The follow-on deliverable, D4.2b, builds on the problem analysis outlined within this report, and 

considers potential adaptive pathways and governance responses that address these challenges. 
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2  INTRODUCTION  

 

2.1  Report  Scope  

The Peri-cene project is creating the first ever global assessment of the peri-urban and its climate 

change risks and adaptation challenges. From mapping of inter-connected problems, it then 

explores forward ȬÁÄÁÐÔÉÖÅ pathwaysȭ, in a Policy Lab with 18 city-regions from around the world, 

together with two in-depth case studies in India and the UK:  Chennai and the Manchester region.   

Each has a very different history, development dynamics, socio-economic trends and climate risks. 

The in-depth findings from Manchester and Chennai will be compared to the analysis of the other 

18 cities in the Policy Lab, first via mapping and spatial analysis, and then by design of adaptive 

pathways. Overall, the Peri-cene project aims to: 

× Provide a state of the art analysis of climate impacts and vulnerabilities in the peri-urban / 

rural areas. 

× Provide models for adaptive / collaborative governance for climate / peri urban interactions, 

by facilitating stakeholder dialogue & co-design.  

The Manchester region case study focuses on two main objectives:   

- To explore peri-urban climate risks and adaptation responses in the Manchester region 

(D4.1 focuses on this objective).  

- To explore adaptive pathways and governance approaches to reduce climate risks in peri-

urban areas and connected urban areas (D4.2 focuses on this objective). 

 

The Manchester region case study approaches these objectives from two perspectives, each of 

which concentrates on different geographical areas, aspects 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 Mersey river system towards the south west.  Particular attention is paid 
to fluvial flooding and natural flood management (NFM) problems, responses and 
governance.  

b)  South and West Pennines (based on Natural England Area 36): a broad scale review of 
problems and pathways in a unique landscape of uplands and post industrial valleys 

c) Cheshire plain (based on the East Cheshire authority boundary): a broad scale review of 
problems and pathways in a rolling agricultural landscape and Ȭcommuter-shedȭ of the 
conurbation.   

 

This current deliverable (D4.1b) concentrates on a ȬÐÒÏÂÌÅÍ ÁÎÁÌÙÓÉÓȭ ÏÆ ÔÈÅ -ÁÎÃÈÅÓÔÅÒ Region, 

which provides the background to the case study. This then sets the context for the related 

deliverable that explores adaptive governance and pathways  focused on addressing peri-urban 

climate risks (D4.2b).  
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Generally the Peri-cene project has to work with a complex set of causes, effects and responses, in a 

wide variety of locations around the world. Peri-urban development, climate risk, and adaptive 

governance and pathways, are complex and often controversial. This Manchester region case study 

cannot therefore aim to describe all possible interactions between peri-urban land use and 

development and climate risk and adaptation, in a large and complex region.  It can, however, aim 

to demonstrate practical and illustrative ways of working with complex information, and creative 

ways of exploring adaptive governance approaches and pathways for the future.   

 

2.2  Report  Structure  

This report is structured according to the following chapters:  

4. The Manchester region: the Manchester region, and 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 peri-urban areas. 

5. Climate risks & impacts in the Manchester region: this chapter provides an overview of current and 

projected future weather and climate risks, and 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, including droughts and heat waves, which may become 

more frequent over the coming decades. 

6. Climate risk and adaptation in the peri-urban : we then look more closely at the interactions 

between peri-urban, climate change risk and climate change adaptation agendas. We review in 

outline three major zones of this wider region: the south and west Pennines, the Irwell catchment, 

and the Cheshire plain to the south.  

7. Fluvial flood risk and natural flood management opportunities in the Irwell catchment: a key focus of 

this report is on exploring a spatial perspective of fluvial flood risk in the Irwell catchment. NFM 

ɉȬÎÁÔÕÒÁÌ ÆÌÏÏÄ ÍÁÎÁÇÅÍÅÎÔȭɊ is also introduced, and locations offering the potential to implement 

NFM measures are explored.  

8. The wider region hinterlands - Pennine and Cheshire Landscapes: In this section we explore the 

wider region hinterland through two contrasting case study areas, the South and West Pennines 

and the Cheshire plain, highlighting key themes linked to their peri-urban landscapes and 

associated climate change risk and adaptation themes.  

9. Conclusions: this chapter brings together the key issues raised by this research, and points 

towards the related deliverable (D4.2b).  This ÔÁËÅÓ ÆÏÒ×ÁÒÄ ÔÈÅ ȬÐÒÏÂÌÅÍ ÁÎÁÌÙÓÉÓȭ ÏÕÔÌÉÎÅÄ here 

with an outline of adaptive governance and pathways for reducing climate change risk in the peri-

urban areas of the Manchester region, and also ÅÎÈÁÎÃÉÎÇ ÔÈÅ ÁÄÁÐÔÁÔÉÏÎ ȬÆÕÎÃÔÉÏÎÓȭ ÔÈÅÙ ÃÁÎ 

provide to neighbouring urban areas.  

10. Annexes: include a summary of existing governance, review of relevant projects and resources 

on climate change risk and adaptation in GMȟ ÔÈÅ ȬΨΦ-questionsȭ ÔÅÍÐÌÁÔÅ ÆÏr the 3 zones of the 

wider regions and a list of references.  
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2.3  Report m ethod ology  

 

The overall approach here is based on the combined Peri-cene framework, with two main levels or 

Ȭmodelsȭ of analysis (see D1-2 for details):  

¶ 4ÈÅ ȬCause-effect Modelȭ follows a mainly functional frame of cause and effect, in direct 

problems and functional Ȭproblem-fixingȭ type responses: 

¶ The Ȭ3ÙÎÅÒÇÉÓÔÉÃ -ÏÄÅÌȭ addresses wider systems, with deeper layers of value (social, economic, 

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

Each Model has a role and purpose. The Causal Model is a practical place to start to gather data and 

explore the tangible peri-urban-climate-environment interactions. The Synergistic Model is actually 

more realistic for real-world problems (with deeper layers of complexity), but more challenging for 

research and knowledge management, and more suited to creative dialogue and co-design. 

The Peri-ÃÅÎÅ ȬÃÁÕÓÅ-ÅÆÆÅÃÔȭ ÍÏÄÅÌ contains four main themes (based on the IPCC 5th Assessment 

Report (AR5), as in Connelly et al 2018): 

¶ peri-urban development and urban / regional spatial systems 

¶ climate change physical hazards and risks 

¶ climate vulnerability and sensitivity 

¶ governance and adaptive capacity 

 

The causal model builds on the IPCC AR5 (IPCC 2014) climate risk framework, 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 

IPCC definitions are provided (Table 1). The climate risk framework, which specifically separates out 

exposure to extreme weather and climate change hazards such as flooding and high temperatures, 

has been demonstrated to be particularly useful in terms of spatial planning and adaptation 

pathways to increase resilience (Connelly et al. 2018). The Manchester region case study is guided 

by this approach.  

 

 

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

Term Definition  

Risk The potential for consequences where something of value is at stake and where 
the outcome is uncertain, recognizing the diversity of values. Risk is often 
represented as probability of occurrence of hazardous events or trends multiplied 
by the impacts if these events or trends occur. Risk results from the interaction of 
vulnerability, exposure, and hazard. 

Hazard The potential occurrence of a natural or human-induced physical event or trend, 
or physical impact, that may cause loss of life, injury, or other health impacts, as 
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well as damage and loss to property, infrastructure, livelihoods, service provision, 
and environmental resources. 

Exposure The presence of people, livelihoods, species or ecosystems, environmental 
services and resources, infrastructure, or economic, social, or cultural assets in 
places that could be adversely affected 

Vulnerability 4ÈÅ ÐÒÏÐÅÎÓÉÔÙ ÏÒ ÐÒÅÄÉÓÐÏÓÉÔÉÏÎ ÔÏ ÂÅ ÁÄÖÅÒÓÅÌÙ ÁÆÆÅÃÔÅÄȢ 6ÕÌÎÅÒÁÂÉÌÉÔÙ 
ÅÎÃÏÍÐÁÓÓÅÓ Á ÖÁÒÉÅÔÙ ÏÆ ÃÏÎÃÅÐÔÓ ÉÎÃÌÕÄÉÎÇ ÓÅÎÓÉÔÉÖÉÔÙ ÏÒ ÓÕÓÃÅÐÔÉÂÉÌÉÔÙ ÔÏ ÈÁÒÍ 
ÁÎÄ ÌÁÃË ÏÆ ÃÁÐÁÃÉÔÙ ÔÏ ÃÏÐÅ ÁÎÄ ÁÄÁÐÔȢ 

Sensitivity The degree to which a system or species is affected, either adversely or 
ÂÅÎÅÆÉÃÉÁÌÌÙȟ ÂÙ ÃÌÉÍÁÔÅ ÖÁÒÉÁÂÉÌÉÔÙ ÏÒ ÃÈÁÎÇÅȢ 4ÈÅ ÅÆÆÅÃÔ ÍÁÙ ÂÅ ÄÉÒÅÃÔ ȣ ÏÒ 
indirect. 

Adaptive 
Capacity 

The ability of systems, institutions, humans, and other organisms to adjust to 
potential damage, to take advantage of opportunities, or to respond to 
consequences. 

 

The Peri-cene Framework is structured around ÔÈÅ ȭΨΦ-quesÔÉÏÎȭ ÔÅÍÐÌÁÔÅȟ ×ÈÉÃÈ ÉÎÆÏÒÍ interviews, 

modelling and mapping undertaken within the project.   

¶ Each of the 4 themes in the Causal model (peri-urban, climate, vulnerability, governance) has 4 

questions each, making up questions 1-16 in the template. 

¶ The Synergistic Pathway Toolkit model provides questions 17-20, with the results of the 4-part 

process (baselines, scenarios, synergies, strategies).  

4ÈÅ ȭΨΦ-ÑÕÅÓÔÉÏÎÓȭ ÔÅÍÐÌÁÔÅ ÉÓ used to summarize each of the three zones in this study (see 9.3) This 

20-question format cannot fully describe the longer story and detailed analysis of each zone in each 

city-region. But it does aim to help with summarising and comparing, between zones and between 

locations around the world.    

 

2.3.1  Application to Natural Flood Management  

This report also contains a detailed exploration of issues linked to flood risk and NFM response in 

the Irwell catchment. It 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 peri-urban locations. This detailed investigation 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 D4.2b.  Related research questions and methodologies guiding the 

Irwell catchment study are outlined below (Table 2), which entail a spatial analysis of flood risk and 

NFM opportunities review and critical evaluation of existing NFM governance. Specifically, this 

element of the Manchester region case study draws on spatial analysis of themes including built 

environment extent, flood risk zones and areas of opportunity for implementing NFM measures. 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, interviews with and workshops engaging national, regional and local stakeholders explore 

NFM governance issues from a broad perspective, and in and around the Irwell catchment. The 

interviews and workshops also enquire into the potential of different approaches for delivering 

more effective NFM outcomes in integrated peri-urban and urban river catchments settings. The 

interviews inform the development of adaptive pathways, and the consideration of adaptive 

governance approaches, linked to expanding NFM across the Irwell catchment (which forms a key 

focus of D4.2b).    

 

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

Research question Research 
methods 

Goal Deliverable 
link 

Which areas of the Irwell 
catchment are exposed to fluvial 
flooding, and which locations 
offer the opportunity to utilise 
landscapes to deliver NFM 
functions? 

Spatial 
analysis 

Develop a spatial understanding of 
fluvial flooding problems and NFM 
opportunity areas within the Irwell 
catchment. Consider these issues 
from the perspective of urban, peri-
urban and rural areas. 

D4.1b 

What is the current state of 
theory and practice concerning 
NFM and the governance of NFM 
measures? 
 

Literature 
review, policy 
review, 
interviews 

Gain an understanding of NFM, and 
NFM governance approaches, being 
developed in theory and applied in 
practice. Identify key policy driving 
forward NFM.  Identify potential 
governance options for 
implementation within the Irwell 
catchment (and other locations 
progressing this agenda).  

D4.1b, D4.2b 

What approaches and structures 
are currently used to govern 
flood risk management and NFM 
in the Irwell catchment? 

Interviews Establish how NFM is currently 
governed in the Irwell catchment, 
including reference to specific NFM 
case studies. 

D4.2b 

What are the opportunities and 
constraints associated with 
different governance approaches 
for delivering NFM measures in 
the Irwell catchment? 

Literature 
review, 
interviews, 
workshops 

The aim is to This element of the 
study draws on a review and critical 
evaluation of existing NFM 
approaches to consider different 
governance options, in the context of 
existing approaches and specific 
challenges and opportunities, for 
enhancing NFM. Transferable 
learning for other locations will also 
be highlighted. 

D4.2b 

What are the main types of 
Ȭadaptive pathwaysȭ which can be 
recommended? 

Interviews, 
workshops 

Establish adaptive pathways that 
could be followed to support the 
enhancement of NFM in the Irwell 
catchment over the coming years. 

D4.2b 
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3  The Manchester region  

 

The Manchester region here is framed as Greater Manchester (GM) together with its hinterland of 

adjacent local authorities. Greater Manchester is a conurbation of over 2.7 million people located in 

the industrial heart of the North West region of England.   It grew rapidly as the world centre of the 

textile industry, and now has a diverse economy generating over £30 billion GDP, with the 5+ȭÓ 

largest regional cluster of finance, law, media, creative industries and higher education outside of 

London. It also contains some of the ÃÏÕÎÔÒÙȭÓ worst unemployment, pollution, crime, social 

deprivation and unfit housing.  GM is split into 10 autonomous Districts (municipalities). The 

Districts include the Cities of Manchester and Salford, which house some of the worst poverty and 

deprivation in the country, alongside pockets of wealth and privilege. The key map (Figure 6) shows 

the wider region in its context, and highlights three overlapping areas of interest.  

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

¶ River Irwell catchment covering parts of Greater Manchester and adjacent areas to the north 

¶ Cheshire plain, (defined as Cheshire East) representing the commuter belt and peri-rural areas 

to the south and west of GM.  

 

For illustrative purposes, circles marking a 20, 40, 60km radius from the metropolitan centre are 

included in Figure 6.  This shows the Manchester region areas of interest along a gradient from the 

Pennine uplands, through the urban fringes and the city centre of Manchester to the southern 

suburbs and into the open farmland and villages of Cheshire. 
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Figure 6: Manchester region overview. 

 

!Ô '-ȭÓ ÃÏÒÅȟ ÔÈÅ ÃÉÔÙ ÏÆ -ÁÎÃÈÅÓÔÅÒ ×ÁÓ ÏÎÅ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÆÉÒÓÔ ÉÎÄÕÓÔÒÉÁÌ ÁÎÄ Çlobal trading cities. 

Its population grew rapidly from 1750-1900, and then declined after 1950 due to industrial 

restructuring. Since 1990 the population has begun to return to the city centre and urban 

regeneration areas. The outer suburbs around the main urban centres were developed mainly from 

1920-1980 with lower densities. Some of these are very wealthy, particularly to the south of 

Manchester city centre, while ÏÔÈÅÒÓ ÁÒÅ ȬÐÅÒÉÐÈÅÒÁÌȭ ÐÕÂÌÉÃ ÈÏÕÓÉÎÇ ÅÓÔÁÔÅÓ ×ÉÔÈ ÈÉÇÈ levels of 

deprivation and exclusion.  

In its wider region, GM is surrounded to the north and east by hills, the Pennines, and to the south 

and west by farmland and mixed metropolitan peri-urban areas. The location is at a national 

crossroads, halfway between Scotland and London, and is well served by motorway and rail 

networks. In the wider peri-urban area, there is a complex family of satellites ɀ larger towns, smaller 

towns, new commuting settlements, peripheral public housing, and scattered settlements. In the 

upland landscapes of the South Pennines ÁÒÏÕÎÄ '-ȭÓ ÎÏÒÔÈÅÒÎ ÁÎÄ ÅÁÓÔÅÒÎ ÈÉÎÔÅÒÌÁÎÄÓȟ ÌÉÖÅÓÔÏÃË 

farming has been in decline. Former industrial pollution that degraded upland peat landscapes has 

been cleaned up to an extent, with peatland restoration projects ongoing linked to themes 

including improving water quality, reducing flood risk and enhancing biodiversity. In the Mersey 

Belt area between Manchester and Liverpool, there are post-industrial landscapes impacted by 
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urban infrastructure and commercial development. To the south, in the fertile lowland farming 

areas of Cheshire, many settlements are dominated by wealthy commuters.  

 

3.1  Where is the Manchester region  peri - urban?  

 

The first question is - where is the peri-urban in the Manchester region?  This question is not so 

simple, in a conurbation such as the Manchester region, with its many satellite towns, extended 

suburbs, urban greenspaces and river-valleys, post-industrial semi-rural areas, and so on.  We can 

list multiple layers of the peri-urban, in a ÃÏÍÂÉÎÅÄ ȬÓÏÃÉÏ-ÅÃÏÌÏÇÉÃÁÌ ÒÅÇÉÏÎȭȡ  

¶ Residential density ɀ with peri-urban somewhere between urban and rural 

¶ Proximity to the metropolitan economic zone ɀ again, between urban and rural 

¶ Physical bio-region: water catchments, topography, food zones, climate types;  

¶ Economic region: commuting, labour market, housing market;   

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

For a simple definition, the Peri-cene typology (Table 3 ) provides a summary of a complex picture, 

based on two main factors:  

- Residential population density: the peri-urban is defined as between 50-125 and 125-300 

persons/km2, as defined by the GHSL system (Pesaresi et al 2019) 

- 4ÈÅ &5! ɉȬ&ÕÎÃÔÉÏÎÁÌ 5ÒÂÁÎ !ÒÅÁȭɊȟ ÉȢÅȢ ÚÏÎÅÓ ÏÆ ÃÌÕÓÔÅÒÅÄ ÅÃÏÎÏÍÉÃ ÁÃÔÉÖÉÔÙ, from a global 

classification (OECD 2020) 

 

Table 3: Peri-urban types in the Manchester wider region. 

PROXIMITY  Within the FUA  Outside the FUA 

DENSITY p/km2   

125-300 a) Ȭ5ÒÂÁÎ ÅÄÇÅȭ: suburban / extended 
settlements / within urban area 
(e.g. areas of Bury & Radcliffe within the 
river Irwell valley; 

d) ȬÐÅÒÉ-urban ÓÅÔÔÌÅÍÅÎÔȭ:  Larger 
satellites, higher density sprawl / ex-urbs.  
(e.g. further towns in the upstream Irwell 
river catchment; 

50-125 b) Ȭ5ÒÂÁÎ ÆÒÉÎÇÅȭȡ Scattered / extended / 
sprawl near / within urban area: (e.g. 
smaller settlements or scattered suburbs 
in the catchment of the Irwell valley; 

e) ȬÐÅÒi-urban spreadȭ: Smaller satellites & 
further / lower density sprawl / ex-urbs.  
(e.g. smaller scattered settlements in the 
west Pennines and Irwell river catchment. 

0-50 c) Ȭ5ÒÂÁÎ ÇÒÅÅÎÓÐÁÃÅȭ:  open land /  
forest / other, near / within main urban 
area:  (e.g. Salford Mosslands, Lower 
Irwell Valley; 

  -  
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The peri-urban typology map in Figure 7  ÉÓ ÂÁÓÅÄ ÏÎ Á ÇÌÏÂÁÌ ÓÙÓÔÅÍ Ȭ'(3,ȭȟ which charts all land 

and urban areas on a 1km square grid.   

- /ÒÁÎÇÅ ÓÈÁÄÅÄ ÁÒÅÁÓ ÓÈÏ× ÔÈÅ ȬÆÕÎÃÔÉÏÎÁÌ ÕÒÂÁÎ ÁÒÅÁÓȭȟ ÄÅÆÉÎÅÄ ÂÙ ÔÈÅ /%#$ ÁÓ ÁÒÅÁÓ ÏÆ 

most concentrated urban / economic activity.  

- Yellow squares show the higher peri-urban densities of 125-300 p/km2 

- Green squares show the lower peri-urban densities of 50-125 p/km2 

- Orange red and purple squares show changes from 1990-2015 (see the legend on the left)  

- The circles of 20, 40, and 60km show a very rough travel time radius of up to 1 hour (from 

the centre of Manchester) 

Overall, a very simple definition of peri-urban 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 50-300 p/km2, outside the 60km radius on the map.   

 

Figure 7: Peri-urban typology for the Manchester region. 
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3.1.1  Where is the  peri -urban  growth and change?  

The polycentric urban agglomeration of the Manchester and Liverpool city regions contains many 

settlement types and sizes, and the peri-urban area cannot be viewed as a simple urban-rural 

gradient, but more so an extended geographical type. Urban expansion in the Manchester region 

has been rapid throughout the 20th century: even when the economy and population was shrinking, 

many people chose to relocate in the suburbs or peri-urban communities, leaving a perforated and 

obsolete urban structure in many areas. Many of these peri-urban settlements have also 

experienced industrial shrinkage, and a rapid transformation from productive working towns, to 

leisure-based and/or commuting towns.  Figure 8 maps built up area change, with areas in red 

showing new development occurring over the period 2001-2018, at a 30 metre resolution. This map 

highlights the intensity of, and spatial patterns characterising, new development across the 

Manchester region. Figure 9maps changing patterns of population density across this area. This 

presents a picture of areas of shrinkages, particularly within the urban cores 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.  

 

Figure 8: Built up change in the Manchester region (2001-2018). 
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Figure 9: Change in population density in the Manchester region (2001-2018)  

 

The vital statistics are summed up in Table 4 (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 Midlands, with a current population of 17.3 million. Much of 

the open and peri-urban land area is within the FUAs (functional urban areas):   

- Open land & peri-rural (<50 p/km2) accounts for nearly half the land area, but just over 1% of 

the population, however this has grown by 16% since 1990;  

- Lower density peri-urban (<125) covers 15% of land area with 1.6% of the population, with a 

growth of 13% since 1990;  

- Higher density peri-urban (<300) covers 9% of land area with 2.4% of population, with 

overall zero growth; 

- By comparison the urban / suburban / town areas (>300 p/km2) 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 growth in the lower density peri-urban, along with 

moderate growth in the urban areas.   
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Table 4: Peri-urban Ȭvital statisticsȭ for the Manchester region. 

Peri-urban 
classes  

total land area 
2015 

total 
population 

2015 

25yr 
population 

change (% on 
1990) 

annual % 
change 

(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 & 
suburban 

urban >300 
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. This development pressure is moderated and managed to an extent by Green Belt 

and spatial planning policies. Despite these policy frameworks, environmental, social, economic and 

cultural change in the peri-urban area can be rapid (depending on how it is measured). There is a 

need to respond to new types of problems and opportunities in the peri-urban ɀ not just physical 

sprawl, but the environmental, social, economic, cultural fallout from the pressures and 

opportunities presented by a large and complex urban system.  

These issues provide a background to this Peri-cene case study, within which the Manchester region 

is defined as Greater Manchester plus its surrounding hinterland areas. There 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 change projections are all about uncertainty:  shaped by issues including global 

agreements, actual GHG emissions, global tipping points, technology or social change, and further 

ÅÖÉÄÅÎÃÅ ÆÒÏÍ ÔÈÅ ÓÃÉÅÎÃÅȢ &ÏÒ ÔÈÅ ÍÏÍÅÎÔ ×Å ÃÁÎ ÁÓÓÕÍÅ Á ÒÅÌÁÔÉÖÅÌÙ ÍÁÉÎÓÔÒÅÁÍ Ȭ×ÏÒÓÔ ÃÁÓÅȭ 

scenario, based on ÔÈÅ )0##ȭÓ RCP 8.5, which follows roughly the current trend pointing towards a 3-

4 degree average temperature rise over the course of this century. These are the headlines from the 

UKCP18 projections for the 2070s (for locations typical of central England):  

- summer precipitation change: between 57% drier and 3% wetter 

- winter precipitation change: between 2% drier and 33% wetter 

- summer temperature change: up to 5.8oC warmer  

- winter temperature change: up to 4.2oC warmer  

While these averages are very significant the greater risks are from extreme events:  

- ÅØÔÒÅÍÅ ÒÁÉÎÆÁÌÌ ÅÖÅÎÔÓȡ ÐÒÏÊÅÃÔÉÏÎÓ ÁÒÅ ÆÏÒ Ȭ×ÅÔÔÅÒȟ ×ÉÌÄÅÒ ÁÎÄ ×ÉÎÄÉÅÒȭ  

- extreme heat / drought events: ÆÒÅÑÕÅÎÃÙ ÏÆ ȬÈÏÔÔÅÓÔ ÅÖÅÒȭ ÓÕÍÍÅÒÓ ÓÕÃÈ ÁÓ ÉÎ ΨΦΧή may 

double by 2050  

There follow a series of high-level projections for impacts on the ground:  

¶ By 2080 under 2 °C warming, annual flood damages are projected to increase 50%, at 4 °C 

warming damages may increase by 150% (CCRA2017) 

¶ River (fluvial) flooding currently contributes 40% of damage costs, fluvial flooding is expected to 

make up the same % of damage in future scenarios (CCRA2017) 

¶ 45 ɀ 60 days above 26 °C ÆÏÒ 3ÏÕÔÈ %ÁÓÔ %ÎÇÌÁÎÄ ÂÙ ΨΦΫΦȭÓ ÃÏÍÐÁÒÅÄ ÔÏ ÁÒÏÕÎÄ ΧΦ ÉÎ ΨΦΨΦȭÓ 

(Arnell et al 2021) 

¶ Projected 50 ɀ 100 cm sea level rise by 2100 depending on scenario considered, which will affect 

2.6 million UK residents under a 2 °C scenario, 3.3 million under a 4 °C scenario. 

 

As for spatial patterns and distributions, figures 9 and 10 present the current best available regional 

map projections, from the CCRA18 online platform (arranged by emissions scenario from RCP4.5-

8.5: and by percentile of probability):   
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Figure 10: UKCP18 seasonal precipitation projections for North West England. 
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Figure 11: UKCP18 seasonal temperature projections for North West England. 

 

 

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 baseline figure covering the period 1961- 1990. The central estimate (50th 

percentile) for a high greenhouse gas emission scenario is given. 

Á  Average summer precipitation is projected to decline by 20% 

Á  Average winter precipitation is projected to increase by 16% 

Á  Rainfall volumes during the wettest day in winter are projected to increase by 14.6%  

Á Mean annual temperature is projected to increase by 2.5°C.  

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

Á Coldest night in the winter is projected to increase 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 extreme weather 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 in GM is provided 

as an annex (10.1). Many of these research projects 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). A 

significant proportion of the available research and resources links to flooding. Recent flood events, 

associated policy priorities and statutory duties, and research into past and projected extreme 

weather events, highlights that flooding is the most prominent extreme weather and climate risk 

affecting the Manchester region. Table 5 summarises recorded incidences of extreme weather and 

climate change hazard events across GM over recent decades. This highlights that although GM is 

exposed to a range of extreme weather and climate hazards, including heat and drought events 

which are becoming more frequent, flooding has consistently been the most frequently recorded 

hazard event across GM over recent decades. There is detailed spatial data available on fluvial 

flooding for the Manchester region provided by the Environment Agency and via specific 

commissioned consultancy research, and 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 occurrence of extreme weather and climate change hazard events across GM 
(Source: Carter et al 2018). 

Event 1945-1969 
Events 

1970  ɀ 1993 
Events 

1994 - 2017 
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%) 

TOTAL EVENTS 82        67       210       

Notes on forms of flooding: 

- Fluvial floods include flooding from rivers, streams and brooks. 

- Pluvial flooding is surface water flooding caused by extreme rainfall, where excess water cannot be absorbed or drained effectively.  
- Flash flood events are included with pluvial events where evidence thereof is clear. However where evidence is ambiguous floods described as having 

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 + Flash category 
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Figure 12: Manchester region flood risk from rivers and the sea. 

 

Responsibility for flooding is a statutory requirement for a number of organisations. The 

Environment Agency (EA) deals with flooding from rivers and sea, groundwater and ordinary 

watercourses; local authorities are responsible for surface water flooding; whilst water companies 

are responsible for sewer flooding. Other responsibilities are set down to riparian owners. Driven by 

the Floods Directive (2007), England has publicly available flood risk maps. Lead Local Flood 

Authorities (LLFAs) are responsible for preparing flood risk management plans for their jurisdiction. 

Therefore, different agencies operating at different spatial scales deal with different types of floods; 

this situation can be confusing to those whose remit does not include dealing with flooding.  

Looking beyond flood risk, the forestry and wildfire map (Figure 12), overlays records of these 

hazard events occurring between 2001 to 2019 on the peri-urban typology (based on Global Forest 

Watch data):  

- Most peri-urban 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 3rd 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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Figure 13: Forest coverage & wildfires in the Manchester region 

 

Other extreme weather and climate hazards such as heat and drought, which although are 

becoming more frequent are nevertheless relatively uncommon occurrences, and where available 

mapping is generally at a coarser spatial scale in comparison to fluvial flood risk (Carter et al. 2017). 

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 examples of wildfires within the GM 

boundaries (e.g. Saddleworth Moor, 2018), and research is compiling a GIS-based monitoring and 

detection tool of peat moorland and heathland wildfires (http://www.envirosar.com/). Figure 13 

highlights the locations of major wildfires around GM over the period 2010-2020. Fires often occur 

in upland peri-urban and rural areas during the summer months when surface vegetation and peat 

layers dry out and become susceptible to fire, which is often caused 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 capacity of peat soils to store carbon. There is a risk of a reinforcing cycle 

emerging, leading to increased prevalence and intensity of climate change risks. 

 

http://www.envirosar.com/
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Figure 14: Major wildfire locations in the Manchester region 

 

 

Sea level rise 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 foundations and damage to critical 

infrastructure. Figure 14 ÉÓ Á ȬÆÉÒÓÔ ÂÁÓÅȭ ÁÓÓÅÓÓÍÅÎÔ ÏÆ ÓÅÁ ÌÅÖÅÌ ÒÉÓÅȟ ÄÒÁ×Î ÓÉÍÐÌÙ ÏÎ ÔÈÅ ÅÌÅÖÁÔÉÏÎ 

of land (excluding modelling of any tides, surges, defences etc). This highlights risks to estuarine 

locations, coastal towns in Lancashire, and low lying fertile agricultural land on the coastal zone to 

the west of GM.   
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Figure 15: Sea level rise vulnerability in the Manchester region. 

 

 

4.2  Social  & economic vulnerabilities  

Likely impacts / risks for key economic sectors in the Manchester peri-urban:  

¶ 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 affect our farming & forestry 

sectors 

¶ Extreme weather events; water and energy supplies; embankment failures; high temperature 

on transport impacting passengers; landslide disruption will all have an impact on our transport 

infrastructure 

¶ Risk of water shortages; flooding and coastal change; extreme heat will all impact our energy & 

water sectors 

¶ 2000 heat-related 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 evidence-based climate change risk assessment for 

'-ȭÓ ÃÒÉÔÉÃÁÌ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅȟ ×ÈÉÃÈ ÂÕÉÌÔ ÏÎ ÅÓÔÁÂÌÉÓÈÅÄ ÒÉÓË ÁÓÓÅÓÓÍÅÎÔ ÆÒÁÍÅ×ÏÒËÓ ÕÓÅÄ ÂÙ 

organisations including the Intergovernmental Panel on Climate Change anÄ ÔÈÅ 5+ 'ÏÖÅÒÎÍÅÎÔȭÓ 

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: 

¶ Fluvial flooding of energy infrastructure (particularly substations)  

¶ Fluvial flooding of power stations 

¶ Impact of storm damage to energy infrastructure 

¶ Pluvial flooding of energy infrastructure (particularly substations) 

¶ Fluvial flooding of road network 

From a social perspective, there is a tendency for the most vulnerable groups (impacted by poverty, 

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 inner cities, there are pockets and 

patterns across the peri-urban areas, and this may increase with the current out-migration and 

counter-urbanization.  

The spatial distribution is shown in Figure 15ȟ ÁÓ ÔÈÅ ȬÎÅÉÇÈÂÏÕÒÈÏÏÄ ÆÌÏÏÄ ÖÕÌÎÅÒÁÂÉÌÉÔÙ ÉÎÄÅØȭȟ ÆÒÏÍ 

the Climate-just project. This is a composite of indicators including (for both locations and/or social 

groups): age structure, population health, care / disability, built-up density, dwelling form, 

employment, dependency, income, rental / ownership, social mix / change, household structure, 

transport access.   

The broad distribution across the region, as in Figure 15, shows in general the highest vulnerability 

for low income groups in urban areas. For the peri-urban 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 peri-rural 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 affluent peri-rural hinterland conceals pockets 

of poverty in smaller towns and villages, only some of which show on this map.   
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Figure 16: 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 decades, and 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 infrastructure, 

are also a potential risk. An important 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 

events such as exceptionally heavy rainfall or periods of high temperature that cause the greatest 

impacts.  

Chapter 3 introduced the peri-urban areas of the Manchester region, which are often fragmented 

landscapes of marginal farming and urban settlements punctuated by waste tips, transport and 

energy infrastructure networks, commercial and retail parks and golf courses.  

In practice, peri-urban landscapes are constantly evolving. Initiatives such as Community Forest 

projects aim to convert peri-urban fringe land to multi-functional woodlands. Notably for GM, the 

City of Trees initiative aims to plant 3 million trees (one for every person in GM) over the coming 

years. To the north and east, the mostly empty and treeless landscape of the South Pennine 

uplands conceals rapid social-economic changes, with the shift from low intensity livestock farming 

to leisure industries and nature conservation, and from multi-generational local communities to 

commuters and teleworkers. This has contributed to social polarization, widening income gaps, 

gentrification and rising property values in some areas.  

 

The Covid 19 pandemic has recently accelerated trends towards home working and the desirability 

of living in peri-urban and rural areas, thereby intensifying these issues.  

 

 

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

urban?  

The next question is - why is the peri-urban 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 peri-urban as part of a whole city-region system.  

For the first, the local conditions in the Manchester peri-urban, many such areas are at high climate 

change risk:  

- Fluvial & surface flooding, particularly in the river valleys where 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 with impacts on human & ecosystems. Peri-urban 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 and outdoor 

workers.  

- In the coastal & estuary peri-urban 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 peri-urban is also highly inter-connected to the urban and rural areas, as 

part of an extended city-region:  

- Water management in the peri-urban has a direct effect on the flood risk and exposure of 

downstream urban areas.   

- Landscape management in the peri-urban has an indirect effect on water: e.g. where upland 

land-use and  ownership creates problems of storage & run-off.  

- Farming practices in the peri-urban create further problems of run-off, chemical pollution, 

soil erosion, clearance of natural areas etc.  

- Housing development in the peri-urban 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 land-use/cover map (Figure 16):  

- Scrub areas ɀ risk of wildfire and loss of peat bog;  

- Grass & forest areas ɀ risk of drought and soil erosion especially on sloping land;  

- Crop areas ɀ risk of drought and change in agro-ecology;  

- Built area proximity ɀ risk of disruption of landscape and soil, ecosystems, water systems.  
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Figure 17: Land-use / land cover map. 

 

5.1.1 System mapping of peri -urban climate interactions  

The Peri-cene focuses on the key aspects of peri-urban development that are most relevant to 

climate change risk and adaptation, and vice-versa. Such linkages can be identified in a number of 

×ÁÙÓȟ ÓÔÒÕÃÔÕÒÅÄ ÁÓ ȰÐÅÒÉ-urban development impacts on hazard, exposure, vulnerability / capacity, 

ÏÒ ÇÏÖÅÒÎÁÎÃÅȱȡ  ɉÂÁÓÅÄ ÏÎ ÔÈÅ )0## ÒÉÓË ÆÒÁÍÅ×ÏÒËȟ ÁÓ ÐÅÒ #ÏÎÎÅÌÌÙ ÅÔ ÁÌ ΨΦΧήɊȢ %ÁÃÈ ÏÆ ÔÈÅÓÅ ÃÁÎ 

(in principle) be traced on the Peri-urban-climate model in Figure 17.  Each of the four main themes 

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

description of the likely range of issues. These are:  

 

¶ Peri-urban:  Proximity to urban (near / far): Density of population: (low / high) 

¶ Climate hazard: Spatial scale (local-direct / external-indirect): Time horizon (short / long term) 

¶ Vulnerability ɀ sensitivity and adaptive capacity:  Physical ecosystems & infrastructure: 

(organized / fragmented): Socio-economic: (organized-cohesive / fragmented-unequal) 

¶ Governance / pathways: Scale: (local & internal / global & external): Structures (public-social 

values / private-techno-economic values) 
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Figure 18: Peri-urban-climate systems mapping: Manchester region  

 

 

The peri-urban climate model for the Manchester region is not intended to represent more detailed 

and complex causal chains or systems diagrams, but this figure does provide a summary of 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 changes influenced 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 

exacerbate or 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 influence each of the climate 

risk components. Whilst the framework shows a logical flow between each element of climate risk, 

it is important to emphasise that reality is much more complex. The arrows between each 

component are intended to emphasise that there are multiple interconnections between the 

elements of the framework.  
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5.1.2  Summary of peri -urban climate interactions  

 

Peri-urban impacts on ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ Ȭhazardȭ:  

a) Peri-urban development >>> sealing of soil & landscape change and degradation (e.g. of 

woodlands, pasture, scrub etc), which would otherwise help to protect urban areas from 

climate-related events or stresses.  This particularly affects the upstream areas of river 

catchments such as the Irwell, i.e. hills to the north and west, with problems then displaced 

to downstream urban areas. 

b) Peri-urban development >>> adds to urban heat island and leads to the fragmentation of 

land-use and land cover, with a loss of adaptive capacity and ecosystems services (e.g. 

suburban development all around the metropolitan area).  

Peri-urban impacts on Ȭexposure Ǫ ÖÕÌÎÅÒÁÂÉÌÉÔÙȭ: 

a) Peri-urban development itself is sometimes in high risk flood zones, particularly where it is 

located in river valleys, which are zones where risk will intensify with climate change.  

b) Peri-urban development >>> increased dependency on critical but vulnerable infrastructure 

systems (i.e. car dependency). 

c) Peri-urban development of enclaves >>> can often link with social vulnerability (e.g. seniors, 

low income groups). 

d) Peri-urban development >>> lowers the overall population density where adaptation and 

risk reduction is more difficult (e.g. isolated dwellings in fire risk zones in moorland areas). 

e) Peri-urban economic development >>> disruption of lower income rural livelihoods and 

communities, leading to increases social & ecological vulnerability.  

Peri-urban impacts on Ȭgovernanceȭ  

f) Peri-urban areas often have fragmented governance in political units which do not fit with 

ecological zones and landscape boundaries (e.g. river catchments):  e.g. the S Pennine area 

type is in 13 different municipalities. 

g) Peri-urban development is often more polarized into higher / lower income enclaves, 

making collaborative governance more difficult.  

h) Peri-urban populations are often in smaller settlements and/or lower density, where it 

becomes more difficult to finance defence / adaptation. 

 

 

5.2  Scenario framework   

Future climate change and impact projections are all about uncertainty, influenced by global 

agreements, actual GHG emissions, global tipping points, along with other changes in societies, 

economies, urbanization and governance.  As the prediction of future climates is not possible we 

use scenario development. This is generally the best way to generate forward thinking on climate 

ÐÒÏÂÌÅÍÓȟ ÁÎÄ ÏÎ ÁÄÁÐÔÉÖÅ ÐÁÔÈ×ÁÙÓȢ 3ÃÅÎÁÒÉÏÓ ÁÒÅ ÎÏÔ ÆÏÒÅÃÁÓÔÓȟ ÍÏÒÅ ÌÉËÅ Ȭ×ÈÁÔ ÉÆȭ ÑÕÅÓÔÉÏÎÓȟ ÏÒ 
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ȬÓÔÒÅÓÓ ÔÅÓÔÉÎÇȭ ÏÆ ÐÏÌÉÃÙȢ 3ÉÍÐÌÅ ÎÁÒÒÁÔÉÖÅÓ ÁÎÄ ÖÉÓÕÁÌÉÚÁÔÉÏÎÓ can work alongside systems mapping 

and technical modelling.  

The Peri-cene uses the SSP (Shared Socio-economic Pathway) scenarios, as these are compatible 

with global climate modelling (see Figures 18, 19 and 20).  The SSP scenarios are ȬÅØÏÇÅÎÏÕÓȭȟ ÉȢÅȢ 

outside the city-region system & decision frame. The city-region can then work out what to do in 

response to these uncertainties.  

To simplify we focus on 2 critical scenarios: SSPΥΪ ɉȬÉÎÅÑÕÁÌÉÔÙȭɊ ÁÎÄ SSPΥΫ ɉȬÆÏÓÓÉÌ ÇÒÏ×ÔÈȭɊȢ 4ÈÅÓÅ 

have been worked up in some detail by the UK-SSP project for the Met Office, with technical 

reports and a state-of-the-art online systems mapping resource, with further details available here:    

(https://www.ukclimateresilience.org/projects/uk-socioeconomic-scenarios-for-climate-research-

and-policy/  ).  

The summaries shown below are then fitted to the conditions and trends of the Manchester region. 

4ÈÉÓ ÉÓ ÔÈÅÎ Á ÖÉÔÁÌ ÔÏÏÌ ÆÏÒ ÔÈÅ ȬÁÄÁÐÔÉÖÅ ÐÁÔÈ×ÁÙÓȭ ÔÏ ÂÅ ÅØÐÌÏÒÅÄ ÉÎ ÔÈÅ ÎÅØÔ ÒÅÐÏÒÔ $Ϊ-2b:  as these 

ÐÁÔÈ×ÁÙÓ ÁÒÅ ÐÒÏÊÅÃÔÅÄ ÉÎÔÏ ÆÕÔÕÒÅ ÄÅÃÁÄÅÓȟ ×Å ÕÓÅ ÔÈÅ 330 ÓÃÅÎÁÒÉÏÓ ÆÏÒ ȬÓÔÒÅÓÓ-ÔÅÓÔÉÎÇȭ ÁÎÄ 

sensitivity analysis.  

Figure 19: Peri-urban futures from the SSP 

 

 

https://www.ukclimateresilience.org/projects/uk-socioeconomic-scenarios-for-climate-research-and-policy/
https://www.ukclimateresilience.org/projects/uk-socioeconomic-scenarios-for-climate-research-and-policy/
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5.2.1 UK-SSP4 :  óInequality ậ scenario  

To boost economic growth, public support increases for a UK-wide decentralisation plan that aims to 

foster environmentally sustainable business and economic opportunities across the different regions of 

the UK. The National Strategy Development Plan is implemented through large-scale public investments 

that promote economic prosperity through greening the energy sector and stimulating technological 

development. This leads to numerous businesses 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 expense of social and 

wellbeing-oriented 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 systems. A small 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 peri-urban Manchester region, there is some protection against flood and heat through new 

technology, but this is heavily privatized. Climate proof locations in the higher and greener peri-urban 

reach sky-high prices, and most housing is in private security-controlled enclaves.  Emergency services 

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

growth model.  

 

Figure 20:  system mapping of UK-SSP-Ϊȡ ȬÉÎÅÑÕÁÌÉÔÙȭ ÓÃÅÎÁÒÉÏ 
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5.2.2  UK-ññæḁ Ṹ  ẬFossil -fuelled Developmentô scenario  

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 manufacturing 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 North-South divide. The economy 

increases rapidly providing 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 large-scale environmental degradation. Large 

ÉÎÃÒÅÁÓÅÓ ÉÎ ÐÏÐÕÌÁÔÉÏÎ ÌÅÁÄ ÔÏ ÒÁÐÉÄÌÙ ÅØÐÁÎÄÉÎÇ ȰÃÉÔÙ-ÓÔÁÔÅÓȱ ÁÎÄ ÍÁÓÓÉÖÅ ÕÒÂÁÎ ÓÐÒÁ×ÌȢ 

In the peri-urban Manchester region, large housing developments are scattered across 

agricultural areas, and the Pennine valleys and uplands. Water systems and landscape types 

are heavily disrupted, leading to increased flood and fire risk. The more affluent houses are 

ȬÃÌÉÍÁÔÅ ÐÒÏÏÆÅÄȭ ×ÉÔÈ ÒÁÉÓÅÄ ÃÏÎÓÔÒÕÃÔÉÏÎ ɉÆÏÒ ÆÌÏÏÄ ÅÖÅÎÔÓɊ ÁÎÄ ÓÅÁÌÅÄ ÁÉÒ-conditioned interiors 

(for extreme heat and smoke).  

 

Figure 21: system mapping of UK-SSP-Ϋȡ ȬÆÏÓÓÉÌ ÇÒÏ×ÔÈȭ ÓÃÅÎÁÒÉÏ 
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6  Case study A: the Irwell river basin  

  

A central focus of the Manchester region case study is on fluvial flood risk, and moderating this risk 

through natural flood management (NFM) in the river Irwell catchment. NFM is generally seen as an 

element of a wider flood risk management response where, for example, structural flood defences 

and emergency response also feature. Concentrating on NFM connects the case study to emerging 

research and policy agendas, that are increasingly looking at this approach as a means of supporting 

flood risk management goals, in addition to providing other socio-economic and biophysical 

benefits including climate change adaptation. The focus on NFM measures, which are often located 

in peri-urban areas in the Manchester region, therefore connects this element of the case study 

directly to the Peri-cene agenda. 

This case study provides a route into exploring interactions between peri-urban 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 peri-urban and rural in character. 

Within this section, the problem of flood risk from rivers in the Irwell catchment is outlined and the 

opportunities presented by NFM are introduced, with maps provided to highlight spatial themes 

and patterns related to these issues. The following Peri-cene deliverable (4.2b) takes this element of 

the Manchester region case study forward, and pays specific attention to issues around the 

implementation and governance of NFM measures.  

 

6.1  The Irwell Catchment  

 

The river Irwell rises in the Pennine peri-urban uplands to the north of Greater Manchester and 

flows through the city centre and into the river Mersey, which then flows out into the Irish Sea at 

Liverpool Bay. The Irwell catchment incorporates peri-urban and urban areas, is criss-crossed by 

multiple administrative boundaries. Figure 21 visualises the proportion of the Lower Super Output 

Areas (LSOA) within the Irwell Catchment that are covered by built up areas. 

 

 

 

 

 

 

NOTE:  ,3/!ȭÓ ÁÒÅ Á ÓÔÁÔÉÓÔÉÃÁÌ ÇÅÏÇÒÁÐÈÙ ÁÔ ×ÈÉÃÈ ÄÁÔÁ ÉÓ ÒÅÐÏÒÔÅÄȟ ÉÎÃÌÕÄÉÎÇ ÔÈÅ ÃÅÎÓÕÓ 

and Index of Multiple Deprivation. LSOAs have an average population of 1500 people, or 

650 households. LSOAs are therefore smaller and more tightly packed in densely populated 

areas, with the opposite being true in more sparsely populated areas. There are 952 LSOAs 

in the Irwell Catchment. They provide a valuable spatial unit for visualising and analysing 

data, and are the basis for much of the spatial analysis undertaken within the Irwell 

Catchment element of the Manchester region Peri-cene case study. 
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Figure 21 highlights a clear gradient from more heavily urbanised areas to the south of the 

catchment and around the main urban areas (including Rochdale, Bury, Salford and Manchester) to 

the less developed and sparsely populated areas in the uplands to the north of the catchment 

(which are dominated by open landscapes and river valleys). This map highlights that although the 

)Ò×ÅÌÌ ÃÁÔÃÈÍÅÎÔ ÃÏÎÔÁÉÎÓ ÏÎÅ ÏÆ ÔÈÅ 5+ȭÓ ÂÉÇgest cites, Manchester, it also has peri-urban and rural 

characteristics. Figure 22 demonstrates that new urban development occurring over the period 

2001-2018 has been widespread across the Irwell catchment. New development has been 

particularly intense in 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 north and east, along the 

river Irwell flowing into Salford and has led to urban infill in a range of other locations across the 

catchment.  

 

Figure 22: Proportion of built up area within the Irwell Catchment 
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Figure 23: Change in built up area across the Irwell catchment 2001-2018 

 

 

6.1.1  Flood risk  in the Irwell catchment   

Historic development patterns, with industry and associated worker housing concentrated around 

the Irwell and its tributaries, has left a legacy of flood risk in a number of urban areas across the 

Irwell catchment. The risk of flooding has been further enhanced by previous and ongoing 

development and associated hard surfacing (as highlighted by Figure 22), 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 years. The 

2015 Boxing day floods (26-12-15) provide a recent example of the type of extreme rainfall event 

that can cause major flood damage to communities and infrastructure in an around the river Irwell 

catchment. During this event, the upland areas within 'ÒÅÁÔÅÒ -ÁÎÃÈÅÓÔÅÒȭÓ Ðeri-urban hinterlands 

received significant volumes of rainfall which saturated and ran off the moorland, flowing down the 

Irwell and its tributaries causing major flood damage. This flood event resulted in 2250 properties 

being flooded and £11.5 million of damages to infrastructure alone (GMCA 2016). This same flood 

event caused significant damage in other peri-urban 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 peri-urban and urban areas at risk of flooding 

including locations within Bury, Rochdale and Salford. Figure 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 medium 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 local 

knowledge and experience of the risk of flooding. Figure 23 therefore provides a clear indication of 

areas at risk of flooding in the Irwell catchment. 

Modelling from the Environment Agency provides a good understanding of the locations 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 to changes 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 modelling is available for certain areas within the Irwell catchment that 

projects how exposure to flooding may intensify with climate change induced uplift in river flows. 

This modelling essentially highlights that the locations that are currently most exposed to fluvial 

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 flooding, Figure 23 also 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 administrative city-region. Greater Manchester and district authorities have differing 

governance arrangements and responsibilities. This mismatch between the catchment and 

administrative boundaries reduces the capacity of organisations to develop joined up and holistic 

responses to flood risk. The 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 making this 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 explored in D4.2b).  
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Figure 24: Risk of flooding from rivers across the Irwell catchment. 

 

 

6.1.3  Interaction of flood risk and built up areas  

Figure 24 visualises the outcome of an analysis of the percentage of built up areas in the Irwell 

ÃÁÔÃÈÍÅÎÔȭÓ ,3/!Ó ÔÈÁÔ ÁÒÅ ÌÏÃÁÔÅÄ ÉÎ ÁÒÅÁÓ ÔÈÁÔ ÔÈÅ %ÎÖÉÒÏÎÍÅÎÔ !ÇÅÎÃÙ ÄÅÅÍ ÁÓ ÂÅÉÎÇ ÁÔ 

medium and high risk flooding. This analysis also draws on Landsat data that identifies built up 

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 

ÐÅÏÐÌÅȭÓ ÈÅÁÌÔÈ ÁÎÄ ×ÅÌÌÂÅÉÎÇ ÁÎÄ ÇÅÎÅÒÁÔÅÓ ÔÈÅ ÍÏÓt significant economic impacts. This map 

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 the peripheries of these urban centres. These areas are exposed to flooding, and also 

ÃÏÎÔÁÉÎ ÂÕÉÌÔ ÕÐ ÁÒÅÁÓ ÔÈÁÔ ÃÏÕÌÄ ÂÅ ÄÁÍÁÇÅÄ ÉÆ ÆÌÏÏÄÉÎÇ ÏÃÃÕÒÓȢ &ÏÌÌÏ×ÉÎÇ ÔÈÅ )0##ȭÓ !2Ϋ ÒÉÓË-

based approach, there is a spatial coincidence between exposure to floods and vulnerability to 

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

level of associated risk. 

 



 
 

50 
 

 

Figure 25: Built up area across the Irwell catchment exposed to medium and high risk of flooding. 

 

 

The Irwell catchment has seen a considerable amount of new development take place over recent 

decades (Figure 25). Figure 25 highlights the relationship between areas of new development and 

ÔÈÅ %ÎÖÉÒÏÎÍÅÎÔ !ÇÅÎÃÙȭÓ ÆÌÏÏÄ ÚÏÎÅÓ Ψ ÁÎÄ Ω. Flood zone 2 represents land assessed as having an 

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 (as demonstrated by Figure 25). Figure 25 indicates that there has 

been a significant amount of new development immediately to the north of locations 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 downstream flood risk.  

 


