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Service Where to safeguard Where to enhance
Carbon storage and
sequestration

Highest density areas, e.g. where
carbon density is greater than the
regional average of 178 tC/ha

Everywhere

Fossil fuel
substitution

Woodlands currently managed for
biofuels production

Areas of high potential yields of
miscanthus or short rotation coppice

Material substitution Woodlands currently managed for
timber production and local
processing plants

Other existing woodlands could be
brought into management for this
purpose and new processing plants
created

Food production Best and most versatile agricultural
land

Urban areas

Reducing the need
to travel by car

Existing green walking and cycling
routes and local recreation areas in
and near (e.g. within 5 km of) urban
areas

Improving and linking existing green
walking and cycling routes and local
recreation areas in and near (e.g.
within 5 km of) urban areas

Managing high
temperatures

In urban areas, especially where
vulnerable people live, where green
infrastructure levels are currently
low, and where people congregate

In urban areas, especially where
vulnerable people live, where green
infrastructure levels are currently
low, and where people congregate

Managing water
supply

Areas where water is currently
available

Areas where the water resource is
over-licensed or over-abstracted

Managing riverine
flooding

Within flood zones and strategic
locations in the catchment,
especially areas designated as
‘policy option 6’ within Catchment
Flood Management Plans

Within flood zones and strategic
locations in the catchment, especially
areas designated as ‘policy option 6’
within Catchment Flood
Management Plans

Managing coastal
flooding

Existing coastal habitats which
provide a natural buffer

Where natural flood defence /
realignment is suitable

Managing surface
water

Existing green infrastructure in
urban areas

In settlements at the greatest risk of
surface water flooding

Reducing soil
erosion

Where soil erosion risk is high or
very high

Where soil erosion risk is high or
very high

Helping other
species to adapt

Existing habitats Around existing habitat taking into
account species’ dispersal ability. In
landscape character areas assessed
as having a high vulnerability to
climate change. Increasing the
permeability of the wider landscape
and linear corridors

Managing visitor
pressure

Low or very low capacity to
accommodate visitors

High or very high capacity to
accommodate visitors, especially
where these are within or close to
urban areas, or to good public
transport links

2. Targeting action in areas which are important for the greatest number of services.
Perhaps unsurprisingly, urban areas tend to come out strongly as being important for the
greatest number of climate change services. Any green infrastructure intervention should
then seek to optimise these services. The extent to which the services can be optimised will
depend on their compatibility; whilst some services are considered to be generally
incompatible with each other, many are considered to be generally compatible. This often
depends on the considered and careful design and management.
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1. Introduction

The recently published Green Infrastructure Prospectus1 includes “building greater resilience
to climate change” as one of five essential actions for Northwest England. Green
infrastructure is defined as “the region’s life support system – the network of natural
environmental components and green and blue spaces that lies within and between the
Northwest’s cities, towns and villages, which provides multiple social, economic and
environmental benefits”2.

The Natural Economy Northwest project identified eleven interlinked groups of economic
benefits provided by green infrastructure: climate change adaptation and mitigation, flood
alleviation and water management, quality of place, health and well-being, land and property
values, economic growth and investment, labour productivity, tourism, recreation and leisure,
land and biodiversity, and products from the land3.

In this report, we are concerned with the climate change adaptation and mitigation benefit.
However, as climate change is a cross-cutting concept, we inevitably touch on aspects of the
other benefits, most notably flood alleviation and water management. Indeed, green
infrastructure can be seen as a ‘win-win’ solution precisely because it can deliver other
benefits whilst combating climate change4.

Two broad approaches are needed to combat climate change – mitigation and adaptation –
and green infrastructure provides services which can help with both.

Climate change mitigation can be defined as “actions that reduce our contribution to the
causes of climate change”5; this involves both reducing our emissions of greenhouse gases
such as carbon dioxide (e.g. through increased energy efficiency, using alternative forms
energy and transport) and reducing their concentrations in the atmosphere (e.g. by planting
trees to remove carbon from the atmosphere).

Climate change adaptation, on the other hand, can be defined as “adjustments in natural or
human systems in response to actual or expected climatic stimuli or their effects, which
moderate harm or exploit beneficial opportunities”6; this involves having an understanding of
how the climate may change, what the impact of this may be, and building capacity and
taking action to deal with these impacts (e.g. planting trees to provide shade for people and
buildings in a warmer climate).

This report explores how and where green infrastructure can help the Northwest to both
mitigate and adapt to climate change.

1 Natural Economy Northwest (2010). Green Infrastructure Prospectus.
www.ginw.co.uk/resources/Prospectus_V6.pdf
2 Northwest Green Infrastructure Think Tank (2006). Northwest Green Infrastructure Guide (version 1.1).
www.ginw.co.uk
3 Whilst the list is of economic benefits, it could be interpreted more broadly to include social and environmental
benefits; (see Natural Economy Northwest. The economic value of green infrastructure.
www.nwda.co.uk/PDF/EconomicValueofGreenInfrastructure.pdf)
4 Win-win solutions minimise risks or exploit opportunities associated with climate change, but also have other
social, environmental or economic benefits. www.ukcip.org.uk/index.php?option=com_content&task=view&id=84
5 www.ukcip.org.uk/index.php?option=com_content&task=view&id=57&Itemid=180
6 www.ukcip.org.uk/index.php?option=com_content&task=view&id=54&Itemid=179
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It starts by setting out both the climate change mitigation and adaptation contexts for the UK
and the Northwest; considering how green infrastructure can help with each agenda
(sections 2 and 3). It then explores each identified climate change related service of green
infrastructure in turn; setting out for each how green infrastructure can help and where it may
be most important (section 4). We then explore ways of targeting where action is needed
(section 5); taking into account areas where each service, a number of services, and
prioritised services are considered important, as well as areas where change or investment is
taking place. Finally we propose how this work can be taken forward (section 6), including
how the mapping in this report, which is presented at the regional scale, can be interrogated
at different spatial scales.

This report has been produced through the green infrastructure strand of the Northwest
Climate Change Action Plan7, and is part of the EU funded ‘Green and Blue Space
Adaptation for Urban Areas and Eco Towns (GRaBS)’ project8. The work produced through
the green infrastructure strand of the Northwest Climate Change Action Plan can be
accessed via www.ginw.co.uk/climatechange, which includes a searchable evidence base,
reports, and updates to mapping (which will include any future updates to maps presented
within this report). This report builds upon a report from 2008 on ‘Critical climate change
functions of green infrastructure for sustainable economic development in the Northwest’. It
will be used to help develop a plan for the Northwest, which will set out green infrastructure
actions to be taken to mitigate and adapt to climate change.

7 NWDA et al (2010). Rising to the challenge: a climate change action plan for England’s Northwest 2010-2012.
www.climatechangenorthwest.co.uk/assets/_files/documents/feb_10/cli__1265921054_NW_Climate_Change_Act
ion_Plan_.pdf
8 www.grabs-eu.org/
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2. Climate change mitigation

The Intergovernmental Panel on Climate Change states that the warming of the global
climate system is now unequivocal. Whilst coherent changes can be seen in many aspects of
the climate system, the temperature change observed in the last 50 years is very likely
(>90% chance) due to increases in man-made greenhouse gas concentrations9.

Climate change mitigation involves reducing greenhouse gas emissions and concentrations.
Mitigation is a vital response to a changing climate; the greater the reduction of emissions
and concentrations of greenhouse gases, the less severe the negative impacts of climate
change will be.

This has been recognised on an international scale by the Kyoto Protocol of 1997. In the EU
and UK there is a commitment to avoid ‘dangerous’ climate change by taking mitigation
actions to limit average global temperature increases to no more than 2°C above pre-
industrial levels.

2.1 National context

In 2008, with the adoption of the UK Climate Change Act10, the UK became the first country
in the world to adopt a long-term, legally binding framework to cut carbon emissions. The Act
sets targets of at least an 80% cut in greenhouse gas emissions by 2050 and 34% by 2020,
against a 1990 baseline. In order to stay on track for the 2050 target, the Act also includes a
carbon budgeting system which caps emissions over five-year periods, with three budgets
set at a time; the first three run from 2008-12, 2013-17 and 2018-2211.

The UK Low Carbon Transition Plan12 sets out a strategy to deliver the 2020 target, which
equates to an 18% emission cut on 2008 levels (figure 1). It will mean emissions falling faster
than before; emissions have fallen about 1% a year since 1990, and will now fall 1.4% a
year. A number of key policies are set out to drive emissions reductions (figure 2), the most
important being the EU Emissions Trading System, energy efficiency policies, and the
increased use of renewable energy for heat and transport.

9 IPCC (2007). Climate Change 2007: The Physical Science Basis, Summary for Policymakers.
www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-spm.pdf
10 DEFRA (2008). The Climate Change Act. www.opsi.gov.uk/acts/acts2008/ukpga_20080027_en_1
11 The Tyndall Centre for Climate Change Research has argued for more ambitious reductions of 70% by 2030
and 90% by 2050, in order to have a 30% chance of not exceeding the 2°C threshold. It stressed that cumulative
emissions are more important than long term targets, with 6-9% emission cuts needed year on year.
www.tyndall.ac.uk/sites/default/files/bn17.pdf.
12 DECC (2009). UK Low Carbon Transition Plan.
www.decc.gov.uk/en/content/cms/publications/lc_trans_plan/lc_trans_plan.aspx
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Figure 1. The UK Low Carbon Transition Plan aims to reduce emissions from every sector12
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Figure 2. Main policies to reduce greenhouse gas emissions in the UK Low Carbon Transition Plan12
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Figures 1 and 2 suggest that the overall emissions reductions that can be achieved by
‘farming, land and waste’ are, relative to other sectors, fairly minimal. However, the Low
Carbon Transition Plan highlights the importance of managing land as a carbon store. It
encourages private funding for woodland creation, and states that “changes to the landscape
(including building work, soil tilling and forest management) need to be done in a way that
protects and where possible grows these stores, particularly as climate change itself is
expected to affect natural processes in a way that could cause some of this store to be
lost”12.

2.2 Regional context

The vision set out in the Northwest Climate Change Action Plan7 is of “a low carbon and well
adapting Northwest by 2020”; objectives include reducing greenhouse gas emissions and
capitalising on opportunities for growth. Outcomes by 2020 are listed for transport, carbon
capture and sequestration, low carbon energy technologies, energy supply, energy efficiency
and demand, risks and opportunities, raising awareness and support for practical actions,
policy and coordination, and monitoring and research.

The industrial and commercial sector in the Northwest accounts for 47% of the region’s
carbon dioxide emissions, followed by 27% from domestic sources, and 25% from road
transport13 (figure 3). ‘Land use, land use change and forestry’ accounts for only 1% of total
emissions (figure 3); but importantly whilst it can be a source of emissions, it can also act as
a sink (removing carbon dioxide from the atmosphere)14 (figure 4).

Through the implementation of existing or planned international, national and regional
measures, it may be possible to reduce carbon dioxide emissions in the Northwest by 26-
37% by 2020 relative to 1990 levels; additional measures could result in reductions of 29-
45% (table 1)15.

13 DECC data from www.decc.gov.uk/en/content/cms/statistics/climate_change/climate_change.aspx has been
used. A greenhouse gas emissions inventory for the Northwest was produced for 4NW in 2007, but has been
removed from their website due to evolving methods and data sets and technical inaccuracies; a final version was
completed in 2008 but is currently unavailable on the internet.
14 Emissions are generally from soils due to land use change and liming of soils and removals are through forest
growth; (see DEFRA (2006). Local and Regional CO2 Emissions Estimates for 2004 for the UK.
www.airquality.co.uk/reports/cat07/0709061634_laregionalco2rpt20061127.pdf). These estimates are made using
dynamic models of changes in stored carbon driven by land use change data. For forestry, the model deals with
plant carbon, dead organic matter, soil and harvested wood products and is driven by the area of land newly
afforested each year. Changes in soil carbon are driven by estimated time series of land use transitions between
semi-natural, cultivated (farm), woodland and urban land uses; (see Mobbs and Dyson (2009). Mapping Carbon
Emissions & Removals for the Land Use, Land Use Change & Forestry Sector.
www.decc.gov.uk/en/content/cms/statistics/climate_change/gg_emissions/uk_emissions/2007_local/2007_local.a
spx).
15 URS (2009). Assessment of potential carbon savings achievable in the Northwest region by 2020. This work is
currently being updated.
www.climatechangenorthwest.co.uk/assets/_files/documents/apr_09/cli__1239283253_URS_Report_NW_Carbo
n_Reduction.pdf
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Figure 3. Carbon dioxide emission estimates for 2007 (by end-user) for the Northwest sub-regions13
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Figure 4. Carbon dioxide emission estimates from ‘land use, land use change and forestry’ for 2007 for the
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Table 1. Potential measures for carbon saving in the Northwest of England through the implementation of
international, national and regional measures16

International and national policies (existing or planned)17

Potential carbon savings in the Northwest by 2020 = 9.7-15.7 Mt CO2/year
Estimated reduction in CO2 emissions between 1990 and 2020 = 24-34%
EU Emission Trading Scheme
EU voluntary agreements on new car fuel efficiency
Supplier obligation (successor to Carbon Emissions Reductions Target)
More energy efficient products
Renewable transport fuel obligation
Code for Sustainable Homes / zero carbon homes
Energy performance of building directive
Carbon reduction commitment
Changes to renewable obligation
Carbon neutral government
Business smart metering
Better billing (domestic sector)

Regional measures (existing or planned)
Potential carbon savings in the Northwest by 2020 = 1-1.8 Mt CO2/year
Estimated reduction in CO2 emissions between 1990 and 2020 = 2-3%
Local area agreements NI 186
Regional CHP target
Local transport plans (Greater Manchester, Cheshire, Warrington, Lancashire, Blackburn, Blackpool,
Merseyside & Cumbria)
Tree planting schemes (Community Forests Northwest, Lancashire municipal waste strategy)
Northwest Operational Programme
ENWORKS resource efficiency programme
Local councils’ and county councils’ carbon management plans
United Utilities carbon reduction plan
Moors restoration project in Lancashire

Additional measures
Potential carbon savings in the Northwest by 2020 = 1.9-5.2 Mt CO2/year
Estimated reduction in CO2 emissions between 1990 and 2020 = 3-8%
Basic improvements to houses’ fabric to improve energy efficiency
Heating improvements
‘Smarter choices’ (soft measures to reduce road traffic and travel needs)
‘Eco-driving’ training programmes and awareness campaigns
Microgeneration in new and existing homes
Further tree planting – e.g. of Lancashire
All remaining LA councils and County councils to implement carbon management plans
Low carbon bus fleets
Congestion charging schemes and public transport improvements in the main cities of the region
Green roofs to improve energy efficiency
Possible extension of carbon capture projects in moorlands – e.g. of Lancashire

Total from existing or planned measures
Potential carbon savings in the Northwest by 2020 = 10.7-17.5 Mt CO2/year
Estimated reduction in CO2 emissions between 1990 and 2020 = 26-37%

Total from existing or planned measures plus additional measures
Potential carbon savings in the Northwest by 2020 = 12.6-22.7 Mt CO2/year
Estimated reduction in CO2 emissions between 1990 and 2020 = 29-45%

16 It is notable that greenhouse gas emission reductions from agriculture are not included in the regional carbon
reduction measures set out in table 1, yet farming is included in the UK Low Carbon Transition Plan measures.
17 As described in the Energy White Paper (2007). www.berr.gov.uk/files/file39387.pdf
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3. Climate change adaptation

We have seen that The Intergovernmental Panel on Climate Change states that the warming
of the global climate system is now unequivocal, with coherent changes seen in many
aspects of the climate system9. Whilst climate change mitigation is essential to reduce the
severity of future changes, some of the changes we will experience over the next 30-40
years are now inevitable as they have already been determined by historic greenhouse gas
emissions18. Alongside mitigation, we therefore also must adapt to climate change.

Climate change adaptation can be defined as “adjustments in natural or human systems in
response to actual or expected climatic stimuli or their effects, which moderate harm or
exploit beneficial opportunities”6. Measures are needed both to enhance our capacity to
adapt and to take action to respond to impacts.

This has been recognised at a European level in the recent EU White Paper on ‘Adapting to
Climate Change’19. In the UK, in addition to mitigation, the Climate Change Act10 contains
provisions for adaptation which include: that the Government must report at least every 5
years on climate change risks; publish a programme setting out how these will be addressed;
powers to require public bodies and statutory undertakers to carry out risk assessments and
make plans to address them; an Adaptation Sub-Committee of the Committee on Climate
Change, to provide advice and scrutiny of Government’s adaptation work. The programme
for adapting to climate change is cross-government, but is coordinated by Defra20. It aims to
coordinate and drive forward work on adapting to climate change. The first phase includes
objectives to: provide the evidence; raise awareness and help others to take action; ensure
and measure progress; and embed adaptation into Government policies and processes.

In the Northwest, the vision set out in the Climate Change Action Plan7 is of “a low carbon
and well adapting Northwest by 2020”. Objectives include adapting to unavoidable climate
change and capitalising on opportunities for growth. There is specific activity on a well
adapting region, including developing a Regional Adaptation Framework.

3.1 Climate change projections

The recently published UK Climate Projections (UKCP09)21 contains information on observed
and future climate change, based on the latest scientific understanding.

Future climate change is presented for high, medium, and low emissions scenarios
(representing different levels of greenhouse gas emissions) for 30-year overlapping time
periods (with the 2020s (2010-2039), 2050s (2040-2069) and 2080s (2070-2099) commonly
presented). A range of ‘probability levels’ are also shown (where change is ‘very likely to be
greater than’ the 10% level, ‘very likely to be less than’ the 90% level, and ‘as likely as not’ to
be at the central estimate or 50% level). The data is available in a number of formats,

18 Hulme et al (2002). Climate Change Scenarios for the United Kingdom: The UKCIP02 Scientific Report. UK
Climate Impacts Programme. www.ukcip.org.uk
19 EU (2009). Adapting to Climate Change: Towards a European Framework for Action. EU White Paper.
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2009:0147:FIN:EN:PDF
20 HM Government (2008). Adapting to Climate Change in England: A Framework for Action.
www.defra.gov.uk/environment/climate/programme/index.htm
21 http://ukclimateprojections.defra.gov.uk/
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including maps of a 25 km2 resolution. A range of climate variables are modelled, including:
temperature (winter and summer means, maximums and minimums, warmest summer day),
precipitation (winter, summer and annual means, wettest winter and summer days), humidity
(winter and summer mean relative humidity), cloud amount (winter and summer), and sea
level rise. A weather generator is also available which provides more detailed information on
how daily weather may alter (as opposed to averaged changes in climate), including
extremes.

The general storyline for the UK told by UKCP09 is that temperatures increase, and more so
in summer than in winter. Precipitation patterns alter, with an overall decrease in summer
precipitation and an increase in winter precipitation. Sea levels rise, and this is more
pronounced in the south of the country than the north22 (table 2). There are also some
notable changes in extreme weather including: increases in heat wave frequency (figure 5),
major increases in maximum temperature, reduction in frost days, increases in dry spell
frequency (figure 6), and increases in annual wettest day amounts23.

Table 2. Central estimates of relative sea level changes with respect to
1990 levels (cm)21, 24

22 Lowe et al (2009). UK Climate Projections Science Report: marine and coastal projections. Met Office Hadley
Centre. http://ukclimateprojections.defra.gov.uk/images/stories/marine_pdfs/UKP09_Marine_report.pdf
23 Jones et al (2009). UK Climate Projections Science Report: projections of future daily climate for the UK from
the weather generator. University of Newcastle.
http://ukclimateprojections.defra.gov.uk/images/stories/UKCP09_WGenerator.pdf
24 Relative sea level rise combines absolute sea level changes and vertical land movements.
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Figure 5. Number of hot days (above 25ºC) annually, estimated by the weather generator22

Control scenario
(1961-1990)

2080s
Medium emissions
scenario

Figure 6. Number of dry spells (longer than 10 days) annually, estimated by the weather generator22

Control scenario
(1961-1990)

2080s
Medium emissions
scenario
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The storyline for the Northwest told by UKCP09 is similar to that for the UK; warmer wetter
winters, hotter drier summers, and more extreme events. In the Northwest, by the 2080s
under a high emissions scenario (table 3): in winter, mean temperatures could increase by
1.9-4.8ºC and precipitation could increase by 9-50%; in summer, mean temperatures could
increase by 2.5-7.3ºC, with daily maximum temperatures increasing by 2.3-10.1ºC, and
precipitation decreasing by 2-51%.

Table 3. UKCP09 climate change projections, relative to 1961-1990, for the Northwest for the 2020s, 2050s
and 2080s, under Low, Medium, and High emissions scenarios25
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Winter mean
temp

+0.4ºC +1.4ºC +2.0ºC +0.8ºC +1.8ºC +2.8ºC +1.3ºC +2.3ºC +3.5ºC
+0.5ºC +1.2ºC +2.0ºC +1.0ºC +1.9ºC +3.0ºC +1.4ºC +2.6ºC +4.0ºC
+0.3ºC +1.2ºC +2.0ºC +1.2ºC +2.1ºC +3.3ºC +1.9ºC +3.1ºC +4.8ºC

Summer
mean temp

+0.8ºC +1.6ºC +2.5ºC +1.1ºC +2.4ºC +3.8ºC +1.3ºC +2.8ºC +4.6ºC
+0.6ºC +1.5ºC +2.5ºC +1.2ºC +2.6ºC +4.1ºC +2.0ºC +3.7ºC +5.9ºC
+0.6ºC +1.5ºC +2.5ºC +1.5ºC +3.0ºC +4.7ºC +2.5ºC +4.7ºC +7.3ºC

Summer
mean daily
max temp

+0.6ºC +2.0ºC +3.5ºC +1.0ºC +3.1ºC +5.3ºC +1.0ºC +3.6ºC +6.6ºC

+0.4ºC +1.9ºC +3.5ºC +1.0ºC +3.3ºC +5.8ºC +1.6ºC +4.8ºC +8.3ºC

+0.5ºC +1.9ºC +3.3ºC +1.3ºC +3.8ºC +6.5ºC +2.3ºC +6.0ºC +10.1ºC

Summer
mean daily
min temp

+0.6ºC +1.5ºC +2.6ºC +0.9ºC +2.3ºC +3.9ºC +1.1ºC +2.8ºC +4.9ºC

+0.5ºC +1.5ºC +2.6ºC +1.0ºC +2.5ºC +4.4ºC +1.6ºC +3.7ºC +6.4ºC

+0.5ºC +1.4ºC +2.5ºC +1.3ºC +2.9ºC +4.9ºC +2.2ºC +4.6ºC +7.8ºC

Annual
mean
precipitation

-5% +1% +7% -8% -1% +6% -6% -1% +8%
-5% 0% +6% -6% 0% +6% -8% 0% +8%
-6% 0% +6% -7% 0% +8% -10% 0% +12%

Winter mean
precipitation

-4% +4% +14% -1% +8% +20% +5% +15% +30%
-1% +6% +14% +3% +13% +26% +3% +16% +34%

-4% +4% +13% +3% +13% +27% +9% +26% +50%

Summer
mean
precipitation

-20% -6% +8% -34% -14% +8% -35% -17% +3%
-23% -8% +9% -36% -18% +1% -43% -22% 0%
-19% -5% +10% -37% -18% +2% -51% -28% -2%

25 Change is ‘very likely to be greater than’ the 10% probability level, ‘as likely as not’ to be at the central estimate
or 50% level, and ‘very likely to be less than’ the 90% level.
http://ukclimateprojections.defra.gov.uk/content/view/2150/680/
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Figure 7. Carbon density in the Northwest (blue areas are greater than the mean of 178 tC/ha)
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Figure 8. Potential miscanthus and short rotation coppice yield in the Northwest40

40 www.defra.gov.uk/foodfarm/growing/crops/industrial/energy/opportunities/nw.htm
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Figure 10. Woodland areas and timber processing plants in the Northwest





31

Figure 11. Best and most versatile agricultural land51 in the Northwest52

51 It should be noted that agricultural land classification may alter in a changed climate as climatic and soil
conditions change, this map is based on current climate and land use data.
52 Grade 3a areas on this map are derived from a dataset which specifies the ‘likelihood’ of land being amongst
the three grades making up best and most versatile land, i.e. 1, 2 and 3a. We used land categorised as ‘high
likelihood’ best and most versatile, but not as grade 1 or 2, as a proxy for grade 3a.
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Figure 12. The proximity of open access land to urban areas in the Northwest, indicating where there may
be opportunities to encourage people to commute and recreate locally without using cars58

58 This map is a proxy for local recreation areas. We have not mapped green walking and cycling routes in
relation to daily commuting. This issue may be best dealt with at a more local level, using locally available
datasets.




