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The Effects of Climate Change on 3CAP’s Highway Network Policies and Standards: Phase 2

Executive Summary
This report forms the concluding task (Task 5) of Phase 2 of the 3 Counties Alliance
Partnership (3CAP) project ‘The Effects of Climate Change on 3CAP’s Highway Network
Policies and Standards’ (completed in February 2009).
This initial project allowed Derbyshire, Leicestershire and Nottinghamshire County Councils to
meet Level 2 of National Indicator 188 (NI188): Adapting to Climate Change (the Authority has
undertaken a comprehensive risk based assessment of vulnerabilities to weather and climate,
both now and in the future, and has identified priority risks to its services).
The aim of Phase 2 is to help the three councils meet Level 3 of NI188 (the Authority has
embedded climate impacts and risks across council decision-making). It provides 3CAP with
further evidence to be able to take steps towards managing the potential effects of climate
change on their highway networks in future years and enables the three counties to work
towards aligning their policies and standards to increase resilience to these effects.
Specifically, this study has been conducted in four distinct tasks:
1. Review of progress since completion of the original study
A review of progress against the Adaptation Action Plan developed during the original study
has found that progress is varied across the councils and across the service areas assessed;
bridges and other structures, drainage, grass cutting, materials, resurfacing, tree and hedge
maintenance, and winter service. The greatest progress has been made against the bridges
and other structures and drainage adaptation responses. The 3CAP councils should continue
to monitor and report progress on each adaptation response in order to meet the
requirements of NI188.

2. Climate change projections for the 3CAP area
UK Climate Projections 2009 (UKCP09) indicate that summers are projected to become
hotter and drier in the future and that winters are to become warmer and wetter. The wettest
days of the year are projected to become wetter and the temperature on the warmest day(s)
will become more extreme. These projected changes will all have implications on the
condition and maintenance requirements of highways.
Drier and hotter summers will lead to more incidences of pavement deterioration and
subsidence. Wetter winters and more frequent heavy rainfall events will result in more
frequent incidences of flooding, particularly in low-lying areas and floodplains, and a higher
risk of landslides. This will have an impact on pavement performance and resilience,
drainage capacity and condition, utilities and highways structures (such as; bridges, culverts,
road signs and street lighting).

3. Highways material review
The climate and extreme weather have varying effects on different pavement material types.

The 3 Counties Alliance Partnership (3CAP)
The Effects of Climate Change on 3CAP’s Highway Network Policies and Standards: Phase 2

Asphalt pavements are vulnerable to surface damage caused by high temperatures, and are
particularly vulnerable to damage from water caused by increased winter rainfall and extreme
rainfall and flooding. Rigid concrete pavements are less vulnerable to water damage but are
susceptible to damage from cracking at high temperatures [Baldachin et al, 2007]. A review
of literature relevant to the impacts of climate change on different pavement types and
examples of experience and good practice from other parts of the UK and abroad has
resulted in a series of recommendations being generated for increasing the resilience of
pavements to these effects through design, construction and maintenance activities.
A review of policies and standards for highway construction and maintenance materials
detailed in the Midland Highway Alliance (MHA) Harmonised Specification for Highway Works
(HSHW) has led to the development of a series of recommendations for adoption and for
amendments to be made to the standards.

4. Material decision-making matrices
Six decision-making matrices for highway construction and maintenance materials have been
developed, to help 3CAP decision-makers select the most appropriate materials in a
consistent way across the three councils. The matrices include considerations such as
resilience to climate change, cost, local material availability, durability and life expectancy,
ease of laying and compaction, and specification compliance.

Further implementation of the Adaptation Action Plan and the adoption of recommendations
made regarding highway construction and maintenance material choices will move the 3CAP
councils towards achieving Level 4 of National Indicator 188: Adapting to Climate Change
(implement an Adaptation Action Plan and establish a process for monitoring and review to
ensure progress).
The findings from this study (and the original project) should be considered and applied during
the preparation of any new asset management and lifecycle plan documents. This will ensure
the 3CAP councils are implementing the adaptation actions effectively and appropriately and
that they are integrated firmly within all council policies and plans.
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Introduction
URS Scott Wilson was commissioned by the 3 Counties Alliance Partnership (3CAP –
Derbyshire, Leicestershire and Nottinghamshire County Councils) to carry out an extension
(Phase 2) to the project ‘The Effects of Climate Change on 3CAP’s Highway Network Policies
and Standards’ which was completed in February 2009. Phase 2 has involved:
• An assessment of progress made since the earlier study (against the Adaptation Action Plan
that was developed) and an assessment of any impacts that result from the updated UK
Climate Projections (UKCP09);
• A comprehensive review of existing highway construction and maintenance material policies
and standards in light of projected climate change; and
• The development of material recommendations and decision-making matrices to aid the
three councils in effectively adapting their highway networks to be resilient to the impacts of
future climate change.

1.1

Background
Phase 1 of the study was commissioned by 3CAP to carry out a collaborative study to
investigate the impact of climate change on highway policies and standards across Derbyshire,
Leicestershire and Nottinghamshire and to identify appropriate adaptation responses. The
study was based on the 2002 UK Climate Impacts Programme (UKCIP02) predictions for
climate change for the year 2050, which included hotter and drier summers and milder and
wetter winters. These changes are set to have significant impacts on the construction and
maintenance of local authority highways.
Individual meetings with the three counties and a joint full-day workshop were conducted. This
ensured collaboration between the three councils was maximised and ideas and best practice
were shared. A risk and probability assessment of the effects of climate change on the 3CAP
highway network was carried out to develop and prioritise adaptation responses for key policy
areas. The assessment was used to develop an Adaptation Action Plan for seven key policy
areas.
As a result of the collaborative study, the three councils have been able to start taking steps
towards managing the effect the potential outcomes of climate change on their highways
networks in future years and meet Level 2 of National Indicator 188: Adapting to Climate
Change (a Government assessment of the preparedness of local authorities to assess ad
address the risks and opportunities of climate change):
• Level 2 – The Authority has undertaken a comprehensive risk based assessment of
vulnerabilities to weather and climate, both now and in the future, and has identified priority
risks for its services. It has identified the most effective adaptive responses and has started
incorporating these in council strategies, plans, partnerships and operations (such as
planning, flood management, economic development, social care, services for children,
transport etc). It has begun implementing appropriate adaptive responses in some priority
areas. In its role as a community leader the council has started working with its Local
Strategic Partnership encouraging identification of major weather and climate vulnerabilities
and opportunities that affect the delivery of the Local Strategic Partnership’s objectives.
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1.2

Aim of Phase 2 of the study
Phase 2 of this project has been commissioned to progress the work carried out during Phase
1 and to help the councils now work towards meeting Level 3 of NI188:
• Level 3 – The Authority has embedded climate change impacts and risks across council
decision-making. It has developed a comprehensive Adaptation Action Plan to deliver the
necessary steps to achieve the existing objectives set out in council strategies, plans,
investment decisions and partnership arrangements in light of projected climate change and
is implementing appropriate adaptive responses in all priority areas. This includes
leadership and support for Local Strategic Partnerships in taking a risk based approach to
managing major weather and climate vulnerabilities/opportunities across the wider local
authority area.
The Phase 2 study will provide 3CAP with further evidence to be able to take steps towards
managing the potential effects of climate change on their highway network in future years and
allow the three councils to work towards aligning their policies and standards to increase
resilience to these effects. This alignment will make maintenance, repair and inspection
activities more efficient and consistent across the area. This will lead to capital and whole-life
resource savings for the councils and an increasing synergy of operations.
Specifically, this study has:
• Reviewed progress across the three councils against the Adaptation Action Plan finalised in
February 2009;
• Identified the projected climate change scenarios for the UK, and specifically for the 3CAP
area of Nottinghamshire, Derbyshire and Leicestershire; using UKCP09 projections for a
range of climate variables and scenarios. This will demonstrate the likely range of climate
possibilities up until the 2050s;
• Conducted a review of highway materials, assessing the suitability of existing policies and
standards for highway construction and maintenance materials in the light of projected
climate change. This includes a literature review of experience and materials used in other
areas of the UK and abroad. Recommendations for changes to existing materials choices
have also been made; and
• Developed six complementary material decision-making matrices. These matrices include
considerations such as durability, ease of laying and compaction, resilience to climate
change and local availability of specific materials.
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2

Review of progress

2.1

Adaptation Action Plan
The key outcome from the Phase 1 study was an Adaptation Action Plan, recommending
actions to be taken to improve resilience of the highway network over seven service and policy
areas:
• Bridges and other structures;
• Drainage;
• Grass cutting;
• Materials;
• Resurfacing;
• Tree and hedge maintenance; and
• Winter service.
Table 1 presents the 3CAP Adaptation Action Plan.
Table 1: Adaptation responses and timescales
Policy /
standard
area

Adaptation Adaptation response details
response
number

Timescale

AR1

Carry out a risk assessment to identify which
structures are most at risk from climate change.
Identify the nature and frequency of changes that
are needed to the inspection and maintenance
regimes of bridges and other structures.

Immediate

AR2

Increase the number and frequency of
Immediate
maintenance works carried out to increase the BCI
values for bridges assessed as liable to risks from
climate change. Ensure all strengthening and
repair work that is outstanding for failed or below
standard bridges is carried out.

AR3

Carry out flood studies with the help of other
agencies and organisations.

AR4

Ensure all data (new and historical) is transferred Immediate
into a single system to make assessments of
maintenance and repair priorities and needs, more
effective.

AR5

Invest in asset management and location reviews, Immediate
carry out drainage surveys, improve the knowledge
of drainage assets, hydraulic capacity and
ownership, and carry out flood studies with the help
of other agencies and organisations.

AR6

Undertake a risk assessment to determine
Immediate
vulnerable areas and establish a prioritised scheme
for maintenance.

AR7

Increase the frequency of grass cutting and the
length of the grass cutting season.

AR8

Treat grass with growth retardant and/or fertiliser to

Bridges and
other
structures

Drainage

Grass
cutting

Final Report

Immediate

Grass cutting/ retardant
treating to be extended to
Feb-Oct by 2020, to Jan-

March 2011
3

The 3 Counties Alliance Partnership (3CAP)
The Effects of Climate Change on 3CAP’s Highway Network Policies and Standards: Phase 2

produce slower growing and/or better quality grass. Nov by 2050, and yearround by 2080 (with less
growth in the summer)

Materials

AR9

Carry out an inspection and inventory to assess
which parts of the network are most at risk from
excessive heat.

Immediate

AR10

Review current material specifications to assess
their suitability for resistance to the effects of
climate change. Consider changing to endperformance specifications which address the
adverse effects of climate change.

Immediate (by the end of
2009)

AR11

Undertake a risk assessment to identify the most
vulnerable areas of the network and develop
priority actions to be carried out. Implement a
targeted programme of improvement.

Immediate

AR12

Ensure asset management plans take account of
adaptations required for climate change in
resurfacing programmes.

As soon as feasibly
possible

AR13

Review new material and treatment choices and
specify appropriate replacements.

Immediate

AR14

Use polymer modified binders that are less prone
to stripping and other materials with a greater
‘stiffness’.

By 2020

AR15

Increase verge maintenance and grass cutting
Grass cutting/ retardant
frequencies to reduce the risk of ‘root invasion’ and treating to be extended to
vegetation ingress on the highway.
Feb-Oct by 2020, to JanNov by 2050, and yearround by 2080 (with less
growth in the summer)

AR16

Improve the knowledge of existing tree stock.
Immediate
Undertake a risk assessment to determine
vulnerable trees and establish a prioritised scheme
for maintenance. Increase the frequency of tree
and hedge inspections and maintenance.

AR17

Review the species choice for new trees to ensure As soon as feasibly
the most appropriate species are selected.
possible

AR18

Carry out risk assessment surveys to establish
Immediate
which routes have the highest risk of ice formation.

AR19

Re-assess and re-classify priority routes based on By 2020
future climate change predictions.

AR20

Review established resources for winter service
provision and consider if changes need to be
made.

By 2020

AR21

Provide a more flexible and responsive winter
service.

By 2020

Resurfacing

Tree and
hedge
Maintenance

Winter
service

Section 2.2 details the progress made by the three councils individually against each
adaptation response since completion of the Phase 1 study in February 2009.
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2.2

Review of progress against the Adaptation Action Plan
A review of progress across the three councils has been carried out against the Adaptation Action Plan finalised in February 2009 for the
seven key service and policy areas. This progress is summarised in Tables 2 to 8.
The review is based upon discussions held at project meetings and from information provided individually by the three councils.
Table 2: 3CAP progress against the adaptation response for bridges and other structures
Derbyshire County Council (DCC)

Leicestershire County Council (LCC)

Nottinghamshire County Council (NCC)

AR1: Carry out a risk assessment to identify which structures are most at risk from climate change. Identify the nature and frequency of changes that
are needed to the inspection and maintenance regimes of bridges and other structures.
The effect of scour on structures is included in DCC’s
structures inventory. However, DCC state that
budget and resource issues are restricting further
progress.

LCC’s bridge inspections do not currently include an
assessment of scour, flood risk or flow capacity. The
Bridge Condition Index (BCI) is determined during
routine inspections, with the results used to establish
the programme of maintenance and strengthening
works.

NCC have identified which major bridges are at most
risk from flooding and scour damage and undertake
special inspections at these locations in the event of
a major flood or rainfall event, in addition to the
normal principal inspection regime. NCC are also in
the process of identifying smaller bridges (under 3m
span) at highest risk.

No real progress has been made against this
adaptation response; but LCC are aware of the issue NCC have not identified any structures as yet that
and are considering how to address it.
are considered to be susceptible to damage from
extremes of temperature.
AR2: Increase the number and frequency of maintenance works carried out to increase the BCI values for bridges assessed as liable to risks from
climate change. Ensure all strengthening and repair work that is outstanding for failed or below standard bridges is carried out.
The decision to increase the number and frequency
of maintenance works carried out by DCC is to be
made by the Code of Practice Working Group.

This adaptation response will follow AR1 once
progress has been made.

NCC confirm that none of the council’s bridges are
under-strength. Protective work and repair to scour
damage would be prioritised for bridges most at risk.

AR3: Carry out flood studies with the help of other agencies and organisations.
Flooding research is currently being carried out by
DCC, with input from the District Authorities,
including Land Drainage Officers, Environmental
Health Officers and District Planners.
Historical flooding events are being mapped using

The Environment Agency (EA) has proposed to carry
out a flood study in Loughborough, which has been
identified by the EA as the area of Leicestershire
most at risk from flooding. Funding for the
development of a Surface Water Management Plan
has been secured.

Final Report

NCC states that the council does not have the
resources or expertise to be able to carry out flood
studies alone, and would rely on support and funding
from other organisations. However, the council is in
regular contact with other relevant organisations with
regards to flooding issues. Flood studies would
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GIS and a flood risk register is to be produced.

usually be carried out by other organisations, such as
the Environment Agency and Severn Trent Water,
who carried out the Lowdham flood study.

Two pilot drainage schemes are to be conducted;
one in Chesterfield and one in South Derbyshire.

AR4: Ensure all data (new and historical) is transferred into a single system to make assessments of maintenance and repair priorities and needs,
more effective.
Historical flooding events are being mapped by DCC
using GIS. A flood risk register is to be produced.
Drainage and scour issues are related and are being
recorded in the structures inventory.

This is an ongoing process for LCC. Existing public
rights of way and retaining wall data is being added
to the main structures database. This process has
been accelerated as a result of the Phase 1 study.

Final Report

NCC use the Confirm Module for bridges and
structures as a method by which all assets can be
managed within one system. There is an ongoing
transfer of bridge data into Confirm.
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Table 3: 3CAP progress against the adaptation response for drainage
Derbyshire County Council (DCC)

Leicestershire County Council (LCC)

Nottinghamshire County Council (NCC)

AR5: Invest in asset management and location reviews, carry out drainage surveys, improve the knowledge of drainage assets, hydraulic capacity and
ownership, and carry out flood studies with the help of other agencies and organisations.
DCC is a SUDs (Sustainable Urban Drainage)
authority and champion sustainable drainage
schemes as an effective method of managing
surface water drainage.
Flooding research is currently being carried out by
DCC, with input from the District Authorities;
including Land Drainage Officers, Environmental
Health Officers and District Planners. Historical
flooding events are being mapped using GIS and a
flood risk register is to be produced.

A map of flooding hotspots is being created by LCC
through manual mapping. Location and condition
surveys of highways culverts are to be commenced
in summer 2010 using university students with handheld devices. This survey will record the number,
location, type and condition of the culvert, i.e. if it is
clear, blocked or partially blocked. Through this
process, 5-10% of LCC’s highway network culverts
will be assessed each year (likely to be the same
areas that undergo CVI assessment).

NCC are in the process of adding drainage
information into the highway asset management
system, and have recently added information
provided by the Environment Agency as a layer to
the system.

Flood studies have been carried out in Lowdham, in
partnership with the Environment Agency and Severn
Trent Water, and in Sutton-on-Trent and Thurgarton
by the Newark Area Internal Drainage Board, in
partnership with NCC. A joint county and district
Visual surveys of gully locations are being carried out council flood study has also been completed in
Oxton.
DCC hope to run a pilot study of gully improvements using Yota, and surveys of the amount and
now that the asset inventory is developed. It is likely composition of gully arisings is being recorded
through video tracking surveys.
NCC have approved a £500k per year capital budget
that hand-held devices will be used to record the
to carry out major drainage improvements over the
type of treatment that has been carried out or that is
LCC are considering how to add drainage asset data next three years, and to assist in the preparation of
required. Supervisors already log their personal
from new developments into the asset management Surface Water Management Plans.
knowledge of assets and are collecting details on
system.
pipe size and condition as a starting point.
Two drainage pilot schemes are to be conducted;
one in Chesterfield and one in South Derbyshire.

LCC have an active Flood Risk Management Board
through which maintenance knowledge is shared with
Severn Trent Water.

AR6: Undertake a risk assessment to determine vulnerable areas and establish a prioritised scheme for maintenance.
As above.

This adaptation response will follow AR5 once further NCC is investing an additional £1.9m over the next
progress has been made.
three years in drainage maintenance improvement
and it is intended that this investment is targeted in
areas which require more regular maintenance or are
susceptible to flooding (rather than simply increasing
gully emptying frequency across the whole county).
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Table 4: 3CAP progress against the adaptation response for grass cutting
Derbyshire County Council (DCC)

Leicestershire County Council (LCC)

Nottinghamshire County Council (NCC)

AR7: Increase the frequency of grass cutting and the length of the grass cutting season.
DCC state that decisions to change the
frequency of grass cutting and/or the length of
the grass cutting season must be made by the
Code of Practice Working Group. At present,
rural verges in DCC are rarely cut and an
increasing number are being given to farmers to
maintain.

LCC state that the frequency of grass cutting
is unlikely to increase much over the next
three years. However, LCC are keen to make
contracts more flexible to cope with different
levels and seasons of grass growth. The NEC
Contracts for Term Maintenance facilitate a
flexible and open dialogue with contractors.

NCC state that changing the frequency of grass cutting will be
a policy and budget decision but acknowledges that the
growing season is naturally lengthening each year. NCC are
trying to match this by starting grass cutting at the beginning
of the financial year and extending the season by one week at
the end. NCC are also considering extending the season to
March to November, to match the District and Borough
Councils in Nottinghamshire.
NCC are moving towards a client/contractor arrangement in
the future, with staff responsible for grass cutting being moved
to winter service operations between October and April.
However, this will create a possible overlap between grass
cutting and winter service seasons.

AR8: Treat grass with growth retardant and/or fertiliser to produce slower growing and/or better quality grass.
Different grass and turf types are to be
considered by DCC, and specifications could be
changed. DCC state that issues such as urban
drainage and carbon are to be considered. For
example, slower growing species will require
less cutting and so associated carbon emissions
will reduce.

LCC have investigated the cost comparison of
using growth retardant over grass cutting and
have found that it is only likely to be
competitive in areas where cutting is
particularly difficult, such as on the central
reservation of dual-carriageways.

Final Report

NCC state that the decision to select different grass and turf
types will be based on capital and whole-life cost and that trial
sites would initially need identifying and carrying out before
any options are rolled out across the county. .
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Table 5: 3CAP progress against the adaptation response for materials
Derbyshire County Council (DCC)

Leicestershire County Council (LCC)

Nottinghamshire County Council (NCC)

AR9: Carry out an inspection and inventory to assess which parts of the network are most at risk from excessive heat
As many of DCC’s roads are evolved roads,
they can be especially vulnerable to
deterioration caused by excessive heat. This is
being investigated by the council.

LCC have started to use CVI data to map
NCC are incorporating this into carriageway lifecycle plans.
areas of heat-induced surface deterioration on
their highway network. Mapping of areas that
are susceptible to frost and ice damage may
also be mapped to identify any correlation with
damage from excessive heat. LCC state that
further work is required to collate and map the
available data.

AR10: Review current material specifications to assess their suitability for resistance to the effects of climate change. Consider changing to endperformance specifications which address the adverse effects of climate change
This adaptation response is being progressed through this project. The findings will help 3CAP to explore and justify the use of alternative materials.
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Table 6: 3CAP progress against the adaptation response for resurfacing
Derbyshire County Council (DCC)

Leicestershire County Council (LCC)

Nottinghamshire County Council (NCC)

AR11: Undertake a risk assessment to identify the most vulnerable areas of the network and develop priority actions to be carried out. Implement a
targeted programme of improvement.
DCC are incorporating this into carriageway LCC have started to use CVI data to map areas of
NCC are incorporating this into carriageway lifecycle plans.
lifecycle plans.
heat-induced surface deterioration on the network.
Mapping of areas that are susceptible to frost and ice
damage may also be mapped to identify any
correlation with damage from excessive heat. LCC
state that further work is required to collate and map
the available data.
AR12: Ensure asset management plans take account of adaptations required for climate change in resurfacing programmes.
DCC state that this is being done on an
ongoing basis.

Surveying of culvert location and condition is being
carried out by LCC for incorporation into asset
management plans.

NCC state that this is being done on an ongoing basis.

AR13: Review new material and treatment choices and specify appropriate replacements.
This adaptation response is being progressed through this project. The findings will help 3CAP to explore and justify the use of alternative materials.
AR14: Use polymer modified binders that are less prone to stripping and other materials with a greater ‘stiffness’.
This adaptation response is being
progressed through this project. The
findings will help 3CAP to explore and
justify the use of alternative materials.

This adaptation response is being progressed
through this project. The findings will help 3CAP to
explore and justify the use of alternative materials.

This adaptation response is being progressed through this
project. The findings will help 3CAP to explore and justify
the use of alternative materials.
LCC have carried out trials using SMA with polymer
modified binders on a site near Bardon. The material was
successful in some areas but failed in others. LCC would
like to understand where these materials are suitable.

AR15: Increase verge maintenance and grass cutting frequencies to reduce the risk of ‘root invasion’ and vegetation ingress on the highway.
DCC state that decisions to change the
frequency of grass cutting and/or the length
of the grass cutting season must be made
by the Code of Practice Working Group. At
present, rural verges in DCC are rarely cut
and an increasing number are being given
to farmers to maintain.

LCC state that the frequency of grass cutting is
unlikely to increase much over the next three years.
However, LCC are keen to make contracts more
flexible to cope with different levels and seasons of
grass growth. The NEC Contracts for Term
Maintenance facilitate a flexible and open dialogue
with contractors.

Final Report

NCC state that changing the frequency of grass cutting will
be a budget decision but acknowledges that the growing
season is naturally lengthening each year. NCC are trying to
match this by starting grass cutting at the beginning of the
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NCC are moving towards a client/contractor arrangement in
the future, with staff responsible for grass cutting being
moved to winter service operations between October and
April. However, this may create a possible overlap between
grass cutting and winter service seasons.

Table 7: 3CAP progress against the adaptation response for tree and hedge maintenance
Derbyshire County Council (DCC)

Leicestershire County Council (LCC)

Nottinghamshire County Council (NCC)

AR16: Improve the knowledge of existing tree stock. Undertake a risk assessment to determine vulnerable trees and establish a prioritised scheme
for maintenance. Increase the frequency of tree and hedge inspections and maintenance.
DCC state that tree maintenance is major issue at LCC have a tree inspection regime in place and NCC have two full-time Tree Inspectors and are hoping to
adapt the tree inspection regime so that it is carried out as
present.
an extensive tree management strategy.
specified by the Highways Network Management Plan.
DCC do not plan to plant any more trees at
Currently, Tree Inspections are carried out on a rolling
present but will allow third parties to do so in
programme (staff dependent).
accordance with TD 19/06 and other relevant
specifications.
AR17: Review the species choice for new trees to ensure the most appropriate species are selected.
DCC do not plan to plant any more tress on their Tree species choice is due to be reviewed by
highway network at present (see the comment for LCC’s Forestry Officer.
AR16).
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Species choice is currently being refined to take into
account the potential effects of climate change but this
can only be achieved to a certain extent as selection is
governed by the availability of stock from suppliers.
However, the plant nursery used by NCC is in the process
of addressing prediction and supply issues.
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Table 8: 3CAP progress against the adaptation response for winter service
Derbyshire County Council (DCC)

Leicestershire County Council (LCC)

Nottinghamshire County Council (NCC)

AR18: Carry out risk assessment surveys to establish which routes have the highest risk of ice formation.
DCC state that winter service is a major issue at
Thermal mapping for the LCC has been
present and issues such as route optimisation and completed and is being incorporate into
new treatment technologies (such as brine
decision-making processes.
spraying) are to be assessed.

A risk assessment to prioritise routes is underway by
NCC, with only the district of Broxtowe left to complete.
NCC suggests that this response is re-worded as ice
formation is not the only consideration when assessing
which routes should be treated. For example, some minor
country lanes in frost hollows may have a high risk of ice
formation but this does not mean that they should be a
priority.

AR19: Re-assess and re-classify priority routes based on future climate change predictions.

Route optimisation issues are to be assessed over LCC state that they do not feel that there is a
the next twelve months by DCC.
case for this at present.

NCC state that this will depend on the findings from risk
assessment surveys and will be re-considered following
the general election.

AR20: Review established resources for winter service provision and consider if changes need to be made.
Issues such as route optimisation and new
treatment technologies (such as brine spraying)
are to be assessed by DCC.

LCC state that they do not feel that there is a
case for this at present.

NCC state that this is to be considered over the next few
years, tied in with new depot location proposals.

AR21: Provide a more flexible and responsive winter service.
DCC state that changes to winter service provision LCC state that they do not feel that there is a
are being considered and assessed.
case for this at present.
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March 2011
12

The 3 Counties Alliance Partnership (3CAP)
The Effects of Climate Change on 3CAP’s Highway Network Policies and Standards: Phase 2

3

Climate change projections for the 3CAP area
A detailed summary of the climate changes projections for the 3CAP area using UK Climate
Projections 2009 (UKCP09) probabilistic projections and scenarios has been produced. This
includes projections for:
• Mean air temperature (annual, summer, winter);
• Mean daily maximum temperature (summer and winter);
• Mean daily minimum temperature (summer and winter);
• Temperature on the coolest day (winter);
• Temperature on the warmest day (summer);
• Temperature on the coldest night (winter);
• Temperature on the warmest night (summer); and
• Change in mean precipitation (annual, summer and winter).
The central estimate for climate change for the 3CAP area (50% probability level) from the
medium emissions scenario, the 10% probability level for the low emissions scenario, and the
90% probability level for the high emissions scenario, have been assessed to demonstrate the
widest range of climate change possibilities for each climate variable.
The projections will allow for the three councils to be able to identify the likely effects of climate
change on their networks, to a degree of certainty.

3.1

UK Climate Projections 2009 (UKCP09)
In 1997 the Department of Environment, Transport and Regions (DETR) (now Defra)
established the UK Climate Impacts Programme (UKCIP) as a coordinating organisation to
integrate recent and ongoing sectoral and regional studies on climate change impacts in the
UK. UKCIP’s work is largely based upon progress in the development of climate change
scenarios, carried out by the Climate Research Unit at the University of East Anglia and the
Hadley Centre of the Met Office. Models predicting future trends in climate change and weather
patterns have been developed by the Hadley Centre and their models are accepted as the
most authoritative guidance on the possible future changes in weather over the next 100 years
in the UK.
The latest set of UKCIP’s Climate Change Scenarios for the UK were published in 2009; these
are known as the UKCP09 projections. The climate change projections in UKCP09 were
developed from findings from the regional climate model HadRM3, which adopts the
Intergovernmental Panel on Climate Change (IPCC) methodology.
UKCP09 go beyond the previous projections, made in 2002, by accounting for uncertainties in
future changes and uncertainties associated with physical, chemical and biological processes.
UKCP09 projections show what the future climate might be like under different greenhouse gas
emissions scenarios and if the world fails to reduce emissions. Although the projections are
based on a number of uncertainties and assumptions, they allow users to be able to judge and
understand the risks and opportunities and be well placed to make decisions about mitigating
and adapting to the effects of climate change.
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3.2

Scenarios
Assumptions about future emissions of greenhouse gases from human activities have been
used as the basis for the UKCP09 projections. A range of possible scenarios, selected from the
Intergovernmental Panel on Climate Change (IPCC) Special Report on Emissions Scenarios
(SRES) [IPCC, 2000], has been used to form the varying emission amounts that may be
expected.
The UKCP09 projections include the results of three sets of projected greenhouse gas (GHG)
emission scenarios - low, medium and high:
• Low emissions scenario – IPCC SRES B1
• Medium emissions scenario – IPCC SRES A1B
• High emissions scenario – IPCC SRES A1F1
The three scenarios account for the uncertainties that exist about future trends and behaviours;
such as population growth, technological progress and socio-economic development. The
changes described for the next 40 years are based on past and current emissions and so all
four scenarios display similar patterns. After this period, the impact on weather patterns is
dependent upon differing predicted changes to emissions. The scenarios also represent
varying local, regional and global socio-economic changes that include economy, population,
technology, energy and agriculture [UKCIP, 2009].
The three scenarios within UKCP09 are based on SRES scenarios which consist of four major
‘families’ labelled A1, A2, B1 and B2, as shown in Figure 1 and explained in Table 9. The
vertical axis in Figure 1 represents the degree to which society is economically or
environmentally orientated in the future; and the horizontal axis refers to the degree of
globalisation. All scenarios assume that there are no significant attempts to reduce emissions
as a result of concerns over climate change [UKCIP, 2009].
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•

Market-oriented

Figure 1: SRES scenario storylines [UKCIP, 2009]

Very rapid economic growth

• Global population that peaks in
mid-century then declines
• Rapid introduction of new and
more efficient technologies

• Very heterogeneous based on the
continued separation and
preservation of local identities

• Continuously increasing population
• Regionally oriented economic
development
• Per capita economic growth and
technological change more
fragmented and slower than A1

A2

A1
A1T ٠ non-fossil
A1F1 ٠ fossil intensive

Global

Emphasis on global solutions to
economic, social and environmental
sustainability
•

A1B ٠ balanced

B1

Regional

B2

• Global population that peaks in the
mid-century then declines

• Continuously increasing global
population (albeit slower than the
others)

• Reductions in material intensity
• Introduction of clean and resource
efficient technologies

Environmental

• Improved equity
• Rapid change in economic
structures towards a service and
information technology

Emphasis on local solutions to
economic, social and environmental
sustainability
•

• Intermediate economic development
• Slow but diverse technological
change
• Oriented to environmental
protection and social equity

Table 9: Explanation of the four SRES scenario ‘families’
Scenario Description
A1

This scenario family describes a future world of very rapid economic growth, global population
that peaks in the mid-century and declines thereafter, and the paid introduction of new and
more efficient technologies. Major underlying themes are convergence among regions,
capacity building, and increased cultural and social interactions, with a substantial reduction in
regional differences in per capita income. This scenario develops into three groups that
describe alternative directions of technological change in the energy system. The three A1
groups are distinguished by their technological emphasis: fossil intensive (A1F1), non-fossil
energy sources (A1T), or a balance across all sources (A1B).

A2

This scenario family describes a very heterogeneous word. The underlying theme is selfreliance and preservation of local identities. Fertility patterns across regions converge very
slowly, which results in continuously increasing global population. Economic development is
primarily regionally oriented and per capita economic growth and technological changes are
more fragmented and slower than in other storylines.

B1

This scenario family describes a convergent world with the same global population that peaks
in mid-century and declines thereafter, as in the A1 storyline, but with rapid changes in
economic structure toward a service and information economy, with reductions in material
intensity, and the introduction of clean and resource-efficient technologies. The emphasis is
on global solutions to economic, social, and environmental sustainability, including equity, but
without additional climate initiatives.
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Scenario Description
B2

This scenario family describes a world in which the emphasis is on local solutions to
economic, social, and environmental sustainability. It is a world with continuously increasing
global population at a rate lower than A2, intermediate levels of economic development, and
less rapid and more diverse technological change than in the B1 and A1 storylines. While the
scenario is also oriented toward environmental protection and social equity, it focuses on local
and regional levels.

[IPCC, 2000]

3.3

Probability
UKCP09 climate change projections are described as probabilistic projections. They describe
the difference between the modelled absolute future climate and the (modelled) 1961-90
baseline climatology, or describe the future climate (as absolute values).
UKCIP have developed a methodology to provide probabilistic climate (and climate change)
projections to describe the absolute future climate (and relative changes) for pre-defined 25 x
25 km grid squares across the UK and for certain pre-defined aggregated areas, such as river
basins and administrative boundaries.
According to UKCIP [2009]:
“A probabilistic climate (or climate change) projection is a measure of strength of
evidence in different future climate outcomes. This measure is dependent on the
method used, is based on the current evidence available and encapsulates some, but
not all, of the uncertainty associated with projecting future climate.”
Probability used by UKCP09 is not the same as the probability of a given number arising from a
game of chance, such as rolling a dice. Probability in UKCP09 describes the strength of
evidence associated with a given value within a probabilistic climate projection. They are a
measure of the degree to which a particular level of future climate change is consistent with the
evidence considered. UKCP09 uses observations and outputs from a number of climate
models, all with their associated uncertainties [UKCIP, 2009]. Probability in UKCP09 can be
seen as the degree to which each climate outcome is supported by current evidence, taking
into account our understanding of climate science, observations and using expert judgement.
To incorporate the probabilistic nature of the UKCP09 projections and the difference between
the three emissions scenarios, the central estimate (50%) from the medium emissions
scenario, the 10% for the low emissions scenario, and the 90% for the high emissions scenario,
in order to demonstrate the range of climate change possibilities for each climate variable:
• The 10% probability level for the low emissions scenario – this demonstrates what the
future change is unlikely to be less than.
• The 50% probability level for the medium emissions scenario – this is known as the
central estimate i.e. what the future change is as likely as not to be (the central estimate).
• The 90% probability level for the high emissions scenario – this demonstrates what the
future change is unlikely to be more than.
The central estimate (50% probability) does not indicate the average for the climate variable or
the most likely outcome. It simply means that the projection is as likely as not to occur.
Similarly, the higher probability levels do not mean that there is more chance of the values
shown at these levels being reached and a low probability of 10% does not mean that there is a
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10% chance of the projection occurring. For example, a 90% probability level of a temperature
increase of 3°C does not mean that the probability of the temperature being 3°C is 90%. It
means that the change in temperature is very unlikely to be more than 3°C. This is due to the
fact that the projections show cumulative probabilities. The scenarios do not show a future
climate for the UK; they show a picture of the strength of evidence for different future climate
changes.

3.4

Climate projections

3.4.1

Probabilistic projections
In order for 3CAP to be able to understand the possible full extent of climate change for their
counties, a range of key variables have been assessed using the online UKCP09 User
Interface. Table 10 gives details of the 15 climate variables investigated.
Table 10: Climate variables considered
Variable considered

Explanation

Mean daily temperature
(annual, summer, winter)

Unit

Change

Mean daily temperature (often
Absolute
referred to as mean temperature) is
the average of the daily maximum
and daily minimum temperatures.

°C

N/A

Mean daily maximum
temperature (summer and
winter)

Mean daily maximum temperature is Absolute
the average of the daily maximum
temperatures over the temporal
averaging period (a month, season
or year).

°C

N/A

Mean daily minimum
temperature (summer and
winter)

Mean daily minimum temperature is Absolute
the average of the daily minimum
temperatures over the temporal
averaging period (a month, season
or year).

°C

N/A

Relative

°C

°C

Change in temperature on the Temperature on the warmest day is Relative
warmest day (summer)
the change in the 99th percentile of
the daily maximum temperature of
the summer.

°C

°C

Change in temperature on the Temperature on the coldest night is Relative
coldest night (winter)
the change in the 1st percentile of
the night-time minimum temperature
of the winter.

°C

°C

Change in temperature on the Temperature on the warmest night is Relative
warmest night (summer)
the change in the 99th percentile of
the night-time maximum
temperature of the summer.

°C

°C

Change in temperature on the Temperature on the coolest day is
coolest day (winter)
the change in the 1st percentile of
the daily minimum temperature of
the winter.

Absolute
or relative
climate
change

Mean precipitation (annual,
summer and winter)

Mean precipitation is given as an
Absolute
average daily rate, in millimetres.
This accounts for precipitation of all
types – rain, snow and hail.

mm/day

N/A

Precipitation on the wettest

Precipitation on the wettest day is

mm/day

mm/day
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day (winter)

the change in the 99th percentile of
the daily precipitation rate.

The 15 variables have been assessed for two pre-defined time-slices:
• The 2020s (2010-2039); and
• The 2050s (2040-2069).
Projections for summer are the average conditions over June, July and August and projectiosn
for winter are the average conditions over December, January and February. Baseline climate
data for the thirty-year period 1961-90 has been used where available to allow for temporal
comparisons to be made.
Appendices 1 and 2 present the full climate change projections for the 3CAP area over the two
selected time-slices in more detail:
• The 2020s (2010-2039); and
• The 2050s (2040-2069).
Output maps for each of the three emissions scenarios for a particular climate variable are
shown in the Appendices, accompanied by a CDF plot and brief textual descriptions. This layout allows for the full range of climate projections for a particular variable for a particular timeslice to be displayed together.
Three maps have been produced for each variable in each time-slice. These show projections
for:
• 10% probability for the low emission scenario;
• 50% probability for the medium emissions scenario; and
• 90% probability for the high emissions scenario.
The maps show the wide range of projections for that particular variable – the central estimate,
and what the change is unlikely to be more or less than (the lowest and highest projected
changes). This allows for comparisons to be made.
Table 11 provides a summary of these climate change projections for the 3CAP area for the
2020s and 2050s. The relative figures show the projected changes under the various scenarios
and are based on the 1961-90 baseline.
Table 11: Summary of climate change projections for the 3CAP area
Variable

Baseline
conditions
(average for
the period
1961-90)

Mean daily 9.1°C
temperature
(annual)

Summary of projections

By the 2020s (2010-2039) the mean daily temperature (annual) will be
between 9°C and 12°C. The central estimate is 11.2°C
By the 2050s (2040-2069) the mean daily temperature (annual) will be
between 9°C and 15°C. The central estimate is 11.5°C

Mean daily 15.1°C
temperature
(summer)

By the 2020s (2010-2039) the mean daily temperature (summer) will be
between 15°C and 18°C. The central estimate is 16.5°C
By the 2050s (2040-2069) the mean daily temperature (summer) will be
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Variable

Baseline
conditions
(average for
the period
1961-90)

Summary of projections

between 15°C and 21°C. The central estimate is 17.6°C
Mean daily 3.6°C
temperature
(winter)

By the 2020s (2010-2039) the mean daily temperature (winter) will be
between 3°C and 6°C. The central estimate is 4.9°C
By the 2050s (2030-2069) the mean daily temperature (winter) will be
between 3°C and 9°C. The central estimate is 5.8°C

Mean daily 19.9°C
maximum
temperature
(summer)

By the 2020s (2010-2039) the mean daily maximum temperature in the
summer will be between 18°C and 24°C. The central estimate is 21.7°C

Mean daily 10.3°C
minimum
temperature
(summer)

By the 2020s (2010-2039) the mean daily minimum temperature in the
summer will be between 9°C and 15°C. The central estimate is 11.8°C

Mean daily 6.7°C
maximum
temperature
(winter)

By the 2020s (2010-2039) the mean daily maximum temperature in the
winter will be between 6°C and 9°C. The central estimate is 8.1°C

Mean daily 1.0°C
minimum
temperature
(winter)

By the 2020s (2010-2039) the mean daily minimum temperature in the
winter will be between 0°C and 6°C. The central estimate is 3.6°C

Change in
temperature
on the
warmest
day
(summer)

No baseline
data available.
However, see
Section 3.5 for
comments.

By the 2020s (2010-2039) the temperature on the warmest day in summer
is unlikely to be more than 2.2°C colder or more than 5.2°C warmer than
during the period 1961-90. The central estimate is an increase of 1.0°C

Change in
temperature
on the
warmest
night
(summer)

No baseline
data available.
However, see
Section 3.5 for
comments.

By the 2020s (2010-2039) the temperature on the warmest night in summer
is unlikely to be more than 0.6°C colder or more than 2.8°C warmer than
during the period 1961-90. The central estimate is an increase of 1.0°C

Change in
temperature
on the
coolest day
in winter

No baseline
data available.
However, see
Section 3.5 for
comments.

By the 2020s (2010-2039) the temperature on the coolest day in winter is
unlikely to be more than 0.2°C colder or more than 3.0°C warmer than
during the period 1961-90. The central estimate is an increase of 1.4°C

Change in
temperature
on the
coldest
night in
winter

No baseline
data available.
However, see
Section 3.5 for
comments.

By the 2020s (2010-2039) the temperature on the coldest night in winter is
unlikely to be less than 0.4°C warmer or more than 3.7°C warmer than the
period 1961-90. The central estimate is an increase of 1.8°C

By the 2050s (2040-2069) the mean daily maximum temperature in the
summer will be between 18°C and 27°C. The central estimate is 23.3°C

By the 2050s (2040-2069) the mean daily minimum temperature in the
summer will be between 9°C and 18°C. The central estimate is 13.0°C

By the 2050s (2040-2069) the mean daily maximum temperature in the
winter will be between 6°C and 12°C. The central estimate is 8.9°C

By the 2050s (2040-2069) the mean daily minimum temperature in the
winter will be between 0°C and 6°C. The central estimate is 3.4°C

By the 2050s (2040-2069) the temperature on the warmest day in summer
is unlikely to be more than 2.0°C colder or more than 8.2°C warmer than
during the period 1961-90. The central estimate is an increase of 2.2°C

By the 2050s (2040-2069) the temperature on the warmest night in summer
is unlikely to less than 0°C warmer or more than 5.1°C warmer than during
the period 1961-90. The central estimate is an increase of 2.3°C

By the 2050s (2040-2069) the temperature on the coolest day in winter is
unlikely to be more than 0.2°C colder or more than 4.4°C warmer than
during the period 1961-90. The central estimate is an increase of 1.7°C

By the 2050s (2040-2069) the temperature on the coldest night in winter is
unlikely to be less than 0.8°C warmer or more than 5.7°C warmer than
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Variable

Baseline
conditions
(average for
the period
1961-90)

Summary of projections

during the period 1961-90. The central estimate is an increase of 2.9°C
Mean daily 1.65mm
precipitation
(annual)

By the 2020s (2010-2039) the mean daily precipitation (annual) will be
between 0mm and 4mm. The central estimate is 1.65mm
By the 2050s (2040-2069) the mean daily precipitation (annual) will be
between 0mm and 4mm. The central estimate is 1.65mm

Mean daily 1.78mm
precipitation
(summer)

By the 2020s (2010-2039) the mean daily precipitation in the summer will
be between 0mm and 4mm. The central estimate is 1.67mm
By the 2050s (2040-2069) the mean daily precipitation in the summer will
be between 0mm and 4mm. The central estimate is 1.55mm

Mean daily 1.62mm
precipitation
(winter)

By the 2020s (2010-2039) the mean daily precipitation in the winter will be
between 0mm and 4mm. The central estimate is 1.70mm
By the 2050s (2040-2069) the mean daily precipitation in the winter will be
between 0mm and 4mm. The central estimate is 1.85mm

Change in
precipitation
on the
wettest day
(winter)

No baseline
data available.
However, see
Section 3.5 for
comments.

By the 2020s (2010-2039) precipitation on the wettest day in winter is
unlikely to be more than 6% less or more than 16% more than during the
period 1961-90. The central estimate is an increase of 5%
By the 2050s (2040-2069) precipitation on the wettest day in winter is
unlikely to be more than 5% less or more than 27% more than during the
period 1961-90. The central estimate is an increase of 9%

As shown in Table 11, there is no baseline climate data available for:
• Change in temperature on the warmest day (summer);
• Change in temperature on the warmest night (summer);
• Change in temperature on the coolest day (winter);
• Change in temperature on the coldest night (winter); and
• Change in precipitation on the wettest day (annual).
However, it is projected that there will be an increase in temperature/precipitation levels across
all of these variables in the future. Additionally, a number of extreme weather events over the
past forty years help to indicate the potential severity of future conditions:
• Temperatures exceeded 32°C for 15 consecutive days during June 1976, and for three and
eight consecutive days in August of the same year.
• There was a widespread hot spell at the beginning of August 1990, during which a new UK
high temperature record was set. In the East Midlands, the temperature reached 34.8°C.
• July 2006 was the warmest month on record over much of the UK with temperatures
reaching 30-32°C in parts of southern England and the Midlands. In Buxton, Derbyshire,
temperatures reached 30.1°C, almost breaking records for the town.
• Record high summer temperatures were experienced in 2003 with a high of 38.5°C being
experienced in parts of the UK. In the Midlands, daytime temperatures reached 35°C and
night-time temperatures reached 23.7°C.
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• New records for snow and low temperatures in October were experienced in 2008. In
Nottingham, maximum daytime temperatures dropped to 5.3°C, breaking the previous low
temperature for that month of 5.4°C. Night-time temperatures dropped to -2.3°C, the third
lowest temperature for October on record.
• During December 2009 and January 2010, the UK experienced a spell of very low
temperatures and heavy snowfall which affected almost the entire country. Daytime
temperatures often failed to rise above 0°C and snowfall depths of 10-20cm were
experienced across parts of England and Wales.

3.4.2

Climatic thresholds
In order to understand the likelihood of future extreme weather events, the UKCP09 Weather
Generator (WG) has been used to develop probabilistic daily climate conditions for the 2020s
(2010-2039) and the 2050s (2040-2069).
The Weather Generator develops statistical relationships among daily climate variables across
the baseline period (1961-90) and uses UKCP09 probabilistic projections to produce possible
daily and hourly weather scenarios for future time periods. The scenarios generated are
consistent with the underlying probabilistic projections and are provided at a 5km resolution.
The WG is designed to be used to:
• Investigate more local-scale impacts;
• Explore extreme weather events;
• Explore a sub-sample of the selected probabilistic projections’ distribution;
• Investigate the risk of a specific climatic threshold being exceeded; and
• Obtain a representative daily climate sequence for the future.
The WG’s Threshold Detector (TD) also assesses the likelihood of extreme weather events in
the future, such as heatwaves and prolonged heavy rainfall. The TD is a post-processing tool
that can is applied to outputs from the WG. It allows for selected thresholds, such as
temperatures or daily rainfall totals greater/lower than a certain level, to be investigated to
identify how often they are likely to be exceeded during future time periods.
Table 12 shows outputs from the WG and TD for the 2020s and 2050s, for the 5km grid square
located over the city of Derby. Unless specified (for example, for temperatures), counts are
days per year. For the baseline period (1961-90) information, the values given are the average
observed conditions over the 30-year baseline period.
To be consistent with the climate change projections developed for the 3CAP area, the 10%
probability level for the low emissions scenario, the 50% probability level (central estimate) for
the medium emissions scenario, and the 90% probability level for the high emissions scenario
have been used. In the case of the TD, however, these probability levels are defined as:
• 10% probability level – likely to be exceeded every 9 in 10 years
• 50% probability level – likely to be exceeded every 5 in 10 years
• 90% probability level – likely to be exceeded every 1 in 10 year
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Table 12: Probabilistic occurrence of climatic thresholds being exceeded
Baseline
observed
(average
for 196190)
Heatwaves (2 days
with max daily
temp of >29˚C and
min daily temp of
>15˚C
Hot days (above
28˚C)
Hot days (above
25˚C)
Annual highest
max temp (˚C)
Dry spells (10+
days)
Dry spells (20+
days)
Number of days
per year when
precipitation is
greater than 25mm
per day (Met Office
definition of ‘heavy
rain’)
Number of days
per year when
precipitation is
greater than 40mm
per day (likely to
cause flash
flooding as defined
by UKCIP)

2020s (2010 – 2039)
Low
Medium
High
10%
50%
90%

2050s (2040 – 2069)
Low
Medium
High
10%
50%
90%

0

0

1

5

0

1

8

0

1

4

15

1

7

22

4

4

12

38

7

22

59

27.6

26.5

29.2

33.9

28.3

31.5

37.6

7

1

3

6

2

5

9

1

0

1

1

0

1

3

1.4

1.5

2.3

8.5

2.1

5.5

15.2

0.2

0.3

0.8

1.2

0.4

1.0

1.8

Table 12 shows that the likelihood of heatwaves, hot days, prolonged dry spells, and days with
high levels of precipitation are projected to increase in the future. These increases in likelihood
and frequency will have significant impacts on the condition and maintenance requirements of
highways. This is discussed in more detail in the following sections.

3.5

Potential timescale of projected climate change impacts on the
3CAP highway network

3.5.1

High temperatures
Table 11 showed that by the 2050s (2040-2069) the temperature on the hottest day in summer
is likely to be up to 8.2°C warmer than it was on the hottest days in summer during the period
1961-90. Additionally, the mean maximum daily summer temperature by the 2050s could be up
to 27°C (compared to the average daily summer temperature of 19.9°C during the period 196190).
Outputs from the UKCP09 Weather Generator and Threshold Detector (Table 12) show that
the number of annual heat waves (2 consecutive days with a maximum daily temperature of
>29°C and a minimum daily temperature of >15°C) is projected to increase by the 2020s and
2050s time periods. The number of days per year where the temperature exceeds 28°C is also
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projected to increase to around an average of 4 days by the 2020s and to 7 days per year by
the 2050s (compared to the average of 1 day per year for the 1961-90 baseline period), based
on the 50% probability level for the medium emissions scenario. Similarly, the number of days
per year when the temperature exceeds 25°C is projected to increase to around 12 days by the
2020s and 22 days by the 2050s (compared to the average of 4 days per year for the 1961-90
baseline period).
If these temperatures and thresholds are reached and/or exceeded, there will be significant
impacts on the 3CAP highway network. Incidences of ‘melting’ roads may increase, and there
will be a higher risk of fire on the soft estate and risks to highways workers from heat
stroke/exhaustion and sun burn. Examples of this were seen when daytime temperatures of
between 30°C and 35°C were consistent over a period of six days in the summer of 2003,
causing asphalt pavements to melt. This recurred in July 2006 when temperatures reached
37°C in parts of the UK. These temperatures exceed the average maximum temperature of 2123°C in England for the same period.
To allow for comparisons to be made, the summer of 1995 was one of the warmest on record
with a mean temperature of +2.0°C above the 1961-90 average and an exceptionally large
number of days with maximum temperatures exceeding 25°C. Comparable conditions and
frequencies are approached under the UKCP09 scenarios for the 2050s. The summer of 1995
was also the driest on record in Central and Eastern England with just 32% of the normal
rainfall total falling. This summer rainfall deficit is more extreme than any 30–year average
scenario expected under any UKCP09 scenario. Therefore, the drought of summer 1995 was
more severe than normal conditions expected by the 2050s. However, the likelihood of
individual summers being as dry as 1995 is likely to increase by the 2050s.
By the 2050s (2040-2069), the central estimate for the mean daily minimum temperature in
winter is 3.4°C, compared to an average of 1.0°C during the period 1961-90. Furthermore,
during this baseline period, the average annual number of days with minimum temperatures
below 0°C was 53 days in the East Midlands [Kersey et al, 2000]. Under the medium emissions
scenario, this is projected to drop to around 26 days per year by the 2050s. In comparison, the
temperature dropped below 0°C on 29 days in the exceptionally mild winter of 1995.
If these projections are realised, there will be implications on the requirement for winter service,
such as a reduced requirement for gritting by the 2050s. The risk of pavement cracking and
deterioration due to the freeze-thaw action may also be reduced.

3.5.2

Heavy rainfall
Average annual daily precipitation is not projected to change significantly over the next forty
years. However, by the 2020s (2010-2039) there is likely to be lower levels of daily precipitation
in the summer and higher levels in the winter, with greater differences between summer and
winter precipitation levels projected by the 2050s (2040-2069). These heightened differences
between summer and winter precipitation levels will lead to increased risks of heave and
subsidence on the highway network, caused by changes in soil moisture content and
alternating occurrences of soil saturation and drying.
By the 2050s (2010-2039), UKCP09 projections show that there could be up to 27% more
precipitation on the wettest days in winter (16% more by the 2020s) than the average level
during the period 1961-90. This may lead to more frequent and/or more intense periods of
flooding on the highway, saturation of the pavement structure and incidences of pavement
cracking and deterioration.
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In the baseline period (1961-90), the average winter precipitation was 155mm in the East
Midlands [Kersey et al, 2000]. Under the medium emissions scenario, this is projected to rise to
172mm by the 2050s. In comparison, the winter precipitation was 261mm during the
exceptionally wet winter of 1989/90. Therefore, the extreme wet weather of winter 1989/90 was
more severe than normal conditions expected by the 2050s. However, the likelihood of
individual winters being as wet as 1989/90 is likely to increase by the 2050s.
Projected increased incidences of extreme rainfall in the future could occur at any time of the
year. Recent examples of extreme rainfall events include record-breaking summer rainfall
experienced in summer 2007, when 256% of the average precipitation fell in June (167.5mm in
total for the month) and 278% of the average precipitation fell in July (144.8mm in total for the
month). Record-breaking rainfall was also experienced in April 2000 with a total monthly rainfall
of 119.4mm in Nottingham, and between October and December 2002, with total rainfall in the
Midlands in October and November reaching 234.4mm. This represented a 171% anomaly
compared to average precipitation levels for the same period for the 1961-90 baseline.
Outputs from the UKCP09 Weather Generator and Threshold Detector (Table 12) show that
the number of days when precipitation is greater than 25mm/day (classed as ‘heavy rain’ by the
Met Office) is projected to increase to 2.3 days per year by the 2020s and 5.5 days per year by
the 2050s, based on the 50% probability level for the medium emissions scenario (compared to
an average of 1.4 days per year for the 1961-90 baseline period). The number of days per year
when precipitation is greater than 40mm/day (likely to cause flash flooding as defined by
UKCIP) is also projected to increase to 0.8 days per year by the 2020s and 1.0 days per year
by the 2050s, based on the 50% probability level for the medium emissions scenario
(compared to 0.2 days per year for the 1961-90 baseline period). If these projections are
realised, incidences of flooding, landslips, subsidence and pavement deterioration are likely to
increase.
Resurfacing seasons may be also affected by projected changes in precipitation and
temperature. The periods in which the application of surface dressing is recommended may be
extended into the winter, early spring and early late autumn periods due to warmer annual
temperature and, more importantly, warmer night-time temperatures. However, higher levels of
precipitation during the winter, and higher risks of extreme rainfall events may reduce the
predictability of laying times. Higher summer temperatures may restrict laying during the hottest
periods due to risks of cracking and ‘melting’.
The potential effects of climate change on highway materials are discussed in greater detail in
Sections 4 and 5.
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4

Highways materials and specification review

4.1

Purpose of the review
A review has been conducted of Derbyshire, Leicestershire and Nottinghamshire County
Council’s existing policies and standards for highway construction and maintenance materials
and their suitability in the light of projected climate change. The purpose of the review is to
address the following adaptation responses from the Adaptation Action Plan:
• AR10: Review current material specifications to assess their suitability for resistance to the
effects of climate change. Consider changing to end performance specifications which
address the adverse effects of climate change;
• AR13: Review new material and treatment choices and specify appropriate replacements;
and
• AR14: Use polymer modified binders that are less prone to binder stripping and other
materials with greater ‘stiffness’.
The review comprises:
• A general review of the impacts on pavement materials and specific reviews of the impacts
on asphalt, rigid and modular pavements;
• An assessment of methods of adapting pavements to the effects of climate change through
design, construction and maintenance activities; and
• An assessment of existing 3CAP material policies and standards, taken from the Midland
Highway Alliance Harmonised Specification for Highway Works, including the development
of recommendations for amendment and improvement.

4.2

The impacts of climate change on pavement materials
Climate change is set to have significant impacts on the construction and maintenance of local
authority highways. Drier and hotter summers will lead to more incidences of pavement rutting,
deterioration, subsidence and binder stripping. Wetter winters and more frequent heavy rain
events will result in more frequent incidences of flooding, particularly in low-lying areas and
floodplains, and higher risk of landslides. This will have negative impacts on pavement
performance and resilience, and the condition of drainage assets, utilities and highways
structures.
Sections 4.3 to 4.5 provide an overview of the effects of climate change on the most common
UK pavement types; asphalt, rigid and modular.

4.2.1

Hotter and drier summers
The effect of high temperatures on highways surfaces is likely to become a significant
consideration in highway maintenance activities as extremes of temperature may become more
severe and frequent in the future [Roads Liaison Group, 2005]. Extreme and/or prolonged high
temperatures can lead to pavement softening and traffic-related rutting, buckling (especially on
older, jointed concrete), and flushing or bleeding of asphalt from older or poorly constructed
and maintained pavements [Mills and Andrey, 2005].
High temperatures can damage bituminous surfaces by reducing skidding resistance and
increasing susceptibility to rutting. Sanding of surfaces can improve skid resistance somewhat,
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but does not help to reduce the risk of rutting. In extreme high temperatures, concrete roads
can suffer acute damage as a result of expansion beyond their design. This may result in ‘pop
outs’ leading to the need for complete reconstruction [Roads Liaison Group, 2005].
Increased temperature variations, combined with increased extreme rainfall events, leads to
greater incidences of pavement cracking and deterioration as the presence of cracks will allow
water to enter the pavement structure. These events can also cause pavement deterioration
through alterations in the moisture balance.
With particular attention to soil type and the surrounding landscape, large changes in soil
moisture content may cause the soil to expand and shrink substantially. All pavement types are
vulnerable to heave and subsidence cycles caused by large changes in soil moisture content,
particularly those built on soils consisting of primarily clay or peat. Differences between the soil
moisture content of the pavement and the neighbouring verge can also cause problems
through moisture transfer causing the pavement to rise and fall in relation to the verge;
eventually leading to cracking [Baldachin et al, 2007].
Case study – Effects of soil moisture deficit on pavements
The prolonged dry weather during the summer and autumn of 2003 led to clay shrinkage and
surface cracking on the highways of Hampshire. In some areas the shrinkage cracks extended
beyond the shoulder into the carriageway and there were many incidents where vertical
displacement at the longitudinal crack occurred. Some of the cracks were 25mm or more wide
and extended deep into the sub-grade material. Approximately £400,000 was spent on
emergency repairs. These funds were diverted from routine maintenance and resulted in an
increase in the maintenance backlog. The nature of the more permanent repairs required was
found to vary from site to site. Repairs included joint sealing, 100mm inlays, 200mm inlays and
geogrids. This is estimated to cost around £3 million. [TRL, 2007b].
Evolved pavements are particularly vulnerable to extreme of temperature and precipitation and
the likelihood and magnitude of consequences increase dramatically with pavements in poor
condition, whether as a result of poor design, construction or maintenance.

4.2.2

Heavy rainfall
A high water table caused by increased rainfall can accelerate the rate of pavement
deterioration due to capillary action within the pavement structure [Austroads, 2004]. Ineffective
sub-surface drainage can lead to saturation of the unbound pavement construction, loss of fine
material, settlement and premature pavement failure [TRL, 2007b]. The plasticity of subgrade
soils decrease when they become saturated, leading to a loss of strength. This can be partly
mitigated by adding lime or cement to the clay soils during the construction process. Extreme
rainfall can also lead to drainage issues if gullies are blocked or if drainage assets are poorly
maintained.

4.2.3

Warmer winters
Warmer winter temperatures and a reduced risk of ice and snow should theoretically reduce
the need for winter maintenance on local authority highway networks. Relationships between
temperature and historic rates of salt use suggest that a warming of 3-4°C could decrease salt
use by between 20 and 70 percent resulting in substantial cost savings [TRL, 2007]. Based on
UKCIP02 climate change projections, Cambridgeshire County Council estimated that a
reduced requirement for winter highway gritting will result in average annual climate changeinduced cost savings of between £210,000 (for 2020s low emissions climate scenario) and
£765,000 (for 2080s high emissions climate scenario). These represent savings of 16% and
60% of current annual costs [Capps and Lugg, 2005].
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However, it will still be necessary to have winter maintenance services available for
mobilisation at short notice for colder periods. Although the number of days of frost and snow
will decrease, it will be important to retain experience in dealing with sub-zero temperatures.
There may be increased occurrences of snow and ice thawing and refreezing in the future as
the temperature hovers around 0°C. This will increase the rate of surface run-off, therefore
leading to the need for heavier sprays of grit being administered. UKCP09 and UKCIP02
predictions show that snowfall levels are likely to decrease across the UK but heavy rainfall
events in winter are likely to increase, also increasing the amount of surface run-off.
Extreme snowfall events and prolonged low temperatures, indicate that very cold winters and
prolonged periods of snow and ice are still likely and will have significant impacts on pavement
materials. For example, the icy conditions and heavy snowfalls between December 2009 and
February 2010 made it the coldest winter in around thirty years and highlighted the vulnerability
of the road network to extensive pothole damage as a result of the freeze-thaw cycle.
The 15th Annual Local Authority Road Maintenance (ALARM) survey, published in March 2010
highlighted the effects of the cold winter of 2009/10 on local authority roads in the UK. The
survey found that in London alone at additional £48m was required to repair and maintain the
road network as a result of the extreme winter weather (compared to average winter
maintenance costs). Overall, a 53% increase in the number of potholes in London was seen
[ALARM, 2010].

4.2.4

Indirect impacts on the highway network
Indirect impacts of climate change, such as changes in population settlement patterns, may
have an impact on pavement condition. For example, if the amount of heavy vehicle traffic on a
particular road increases, the pavement will reach the end of its useful life earlier that expected,
therefore requiring greater maintenance and rehabilitation [Austroads, 2004].
Extremes of weather may have an impact on road safety. For example, periods of heavy rain
after a dry spell has been shown to increase the risk road accidents, most likely caused by the
fact that precipitation clears the oil that accumulates on roads during dry periods, thereby
making roads slippery [Koetse and Rietveld, 2009]. Furthermore, changes in temperature and
moisture balance can also cause embankments to become unstable and collapse, leading to
increased safety risks.

4.3

Effects of climate change on asphalt pavements
Asphalt pavements are vulnerable to surface and structural damage as a result of high
temperatures, wetter winters and prolonged heavy rainfall. These effects will have negative
impacts on materials within the pavement, through the asphalt surface course to the main
structural layers in the subbase. These impacts are interdependent, as structural failure of the
subbase will affect the surface layers, and vice versa [Lugg, 2009].
A Canadian study on effects of projected climate change on asphalt pavement performance on
low-volume roads in temperate regions (similar climate to that of the UK) found that rutting of
asphalt, base, and subbase layers, and longitudinal cracking will be exacerbated by climate
change, while transverse cracking will become less of a problem. In general, maintenance,
rehabilitation, and reconstruction will be required earlier in the design life as a result of the
effects of projected future climate change [Tighe et al, 2008].
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4.3.1

Effects of high temperature on asphalt pavements
Asphalt pavements are affected by changes in temperature. An increase in temperature can
accelerate the rate of deterioration of the pavement’s binder and leads to the requirement of
more frequent surface dressing treatments. High temperatures reduce the stiffness of the
pavement and thus its ability to spread the traffic load. This leads to cracking, rutting and
deformation of the pavement structure over time.
At high temperatures asphalt becomes more susceptible to deformation and rutting is more
likely to occur, particularly on highly trafficked roads and at low traffic speeds. Research has
found that rutting in the asphalt surfacing typically occurs when the temperature of the road
surfacing exceeds 45°C [TRL, 2007b].
Asphalt pavements are susceptible to age hardening, caused by high temperatures and
porosity of the asphalt mix. This hardening produces a brittle binder that is less flexible under
traffic loads, leading to premature cracking. Oxidation and UV radiation also cause hardening
of the asphalt in the pavement surface, causing the material to become increasingly brittle and
for cracks to be initiated and propagated throughout the pavement structure. The oxidation
process is intensified during hot weather, thus making the material more vulnerable to cracking
[TRL, 2007b]. Embrittlement and associated pavement deterioration can be reduced through
more frequent maintenance and resealing treatments; however, this increases the costs for
local authorities [Austroads, 2004].
Case study – Effects of high temperature on asphalt pavements
In 2006, areas of rutting were observed on the approaches to two major junctions on the
Highways Agency’s network. These surface courses were originally Hot Rolled Asphalt (HRA),
but were planed and resurfaced with 30mm of propriety thin surfacing and a high friction
surfacing (HFS) laid adjacent to the junction in 2005. Investigation of the two sites showed that
the deterioration was the result of a number of factors. Elevated temperatures experienced in
the summer of 2006 caused softening of the bitumen binder and in other areas the combination
of heavy commercial traffic and high temperatures had caused the underlying HRA to deform in
the wheel tracks [TRL, 2007b].
Areas of full-depth asphalt construction, as found in parts of 3CAP’s trunk and principal roads,
makes rural highways more vulnerable to climate change. High temperatures soften the road
surface which in turn leads to the formation of potholes and wheel-track rutting. Additionally, a
loss of texture depth in the pavement layers reduces skid resistance which makes the roads
particularly dangerous to motorcyclists and cyclists. Around 80km of Leicestershire’s roads
were damaged by the high temperatures in summer 2006 [Lugg, 2009].
Case study – Effects of high temperature on asphalt pavements
High temperatures in the summer of 2006 caused significant damage to the rural highways of
Leicestershire. As a lot of these roads have evolved from cart tracks, they often consist of only
a thin bituminous surfacing on top of the granular layers that have then been maintained over
the years with multiple surfacing dressings. The lack of full depth asphalt construction, as is
found on the county’s trunk and principle roads, makes the rural highways more vulnerable to
climate change. In July 2006 around 80km of these roads were damaged by the high
temperatures [Lugg, 2009].
A study by the Scottish Government investigated the relationship between maximum road
surface temperatures and surface deformation in Scotland through recording mean maximum
daily temperatures within asphalt wearing courses over three Scottish summers [Scottish
Government, 2005]. The highest maximum surface temperatures recorded was 44°C which
indicates that high surface temperatures are likely in normal summers. However, daily
maximum temperatures rarely approached the Dry Wheel Tracking (DWT) test temperature of
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45°C, the temperature at which certain design mix asphalts may be liable to deformation; and
the temperatures 25mm below the surface within the asphalt wearing course rarely exceed
40°C over the course of the three years of the study.
The length of time the road surface is at an elevated temperature is the most significant factor
affecting the risk of rutting and deterioration. The study by the Scottish Government found that
the road surface temperature would be likely to be above 44.5°C for one hour in 20 years and
3.5 hours once in 100 years, suggesting deformation due to prolonged high road surface
temperature is likely occur once in every 20 years [Scottish Government, 2005]. The study
therefore recommends that consideration should be given to the 20 year period design mix of
asphalts.
The Scottish Government study also found that increasing temperatures will make pavements
less stiff. Increased temperature in the upper layers of a pavement can cause the binder to
lubricate the aggregate. This is a particular risk in instances where the aggregates used are not
sufficiently angular, thus reducing mechanical interlock. Therefore, thicker pavements of the
use of stiffer pavement materials may be required provide the required lifespan of a pavement
[Scottish Government, 2005].

4.3.2

Effects of heavy rain and freeze-thaw on asphalt pavements
Asphalt pavements are particularly susceptible to binder stripping; a separation of asphalt
binder from the aggregate surface due to excess moisture and heavy traffic. This is particularly
problematic during periods of warm and wet weather. As stripping often begins at the base of
the asphalt layer, significant damage can often occur before it becomes visible. Binder stripping
can lead to localised areas of deterioration and eventually total disintegration of the asphalt
layer. Limestone is less prone to stripping than acidic aggregates such as granite and quartzite
and additives, such as amine and hydrated lime, can reduce an aggregate’s vulnerability to
stripping.
Case study – Binder stripping in asphalt pavements
Devon County Council has typically used locally sourced quartzite as a highway aggregate.
However quartzite is prone to stripping and the council has found that the recent warmer and
wetter winters have led to rapid deterioration in areas of surfacing constructed with this
material. Surface deterioration, cracking, pothole formation, edge deformation and haunch
failure have all been exhibited [TRL, 2007b].
Asphalt surface dressing also reacts poorly to freeze-thaw conditions as it has a highly
exposed binder [Scottish Government, 2005]. A combination of this and its low thickness may
result in embrittlement of the underlying layers and decreased pavement strength. The
vulnerability of the pavement to damage from freeze-thaw conditions depends on the
characteristics including its level of permeability and the presence of surface cracks [TRL,
2007]. This is particularly an issue during periods of prolonged heavy winter precipitation.

4.4

The effect of climate change on rigid pavements
Rigid pavements are less susceptible to damage from excess water than asphalt pavements
but are more at risk from higher temperatures due to the expansion of the pavement structure
beyond its design limits during hot weather, leading to water ingress risks and ultimately
pavement failure [TRL, 2007b].
High temperatures and large changes in temperature cause thermal expansion and contraction
of rigid pavements, generating longitudinal internal stresses and excessive movements at joints
if not taken into account at the pavement design stage. As most concrete surfaces are covered
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with asphalt, high temperature within the pavement structure can be created, leading to
structural weakness and failure. This can lead to cracks migrating up into the asphalt layers
and failure of the pavement over time. Heavy trafficking increases the speed of failure.
Water penetration through cracks and joint seals can cause a weakening of the foundation and
subgrade through reduced stiffness and vertical movements within the joints. The subbase and
subgrade can also be eroded, leading to the development of voids and decreased structural
strength. Poor drainage systems and slope maintenance increases the risk of deterioration.
Furthermore, periods of flooding can fill the surface of rigid pavements with detritus, reducing
skid resistance and increasing surface noise from trafficking. An accumulation of detritus in
joint gaps/voids also leads to restricted joint movement and a loss of subbase support.
Rigid concrete pavements are generally more robust than asphalt pavements during periods of
cold weather. However, during frost periods, water-saturated concrete is subjected to
deterioration, particularly when the concrete has already deteriorated or has been poorly
compacted. As the temperature of concrete is reduced, water contained within it freezes into
ice which increases in volume. This causes internal pressure in the pores within the structure
of concrete. Freeze-thaw cycles are therefore destructive when the internal pressure exceeds
the tensile strength of concrete. Once the surface starts to deteriorate, loose pieces of material
may come away and cause further damage and become a hazard to passing traffic.

4.5

The effect of climate change on modular pavements
Modular pavements can be used as an alternative to asphalt and concrete pavements on low
traffic roads, shared-use routes and footways. However, modular pavements are at particular
risk from temperature-induced expansion and contraction and can be prone to water ingress
[TRL, 2007b].
High pavement surface temperatures can cause slabs to warp when the surface expands faster
than the material underneath the slab. When the temperature of a rigid pavement surface cools
the reverse happens; the surface cools more quickly than the material underneath the slab and
the slab becomes concave on its top surface. Cycles of heating and cooling cause expansion
and contraction and can lead to cracks developing in the slabs. Extreme changes in
temperature can cause cracking, even without trafficking. This causes a hazard to vehicles and
pedestrians and can lead to failure of the pavement.
High temperatures and significant temperature change have the most significant effect on
modular pavements with large paving slabs. Therefore, new modular pavements should be
designed with small element modules as surfacing, rather than large slabs. Modular pavement
slabs that are laid directly onto concrete or other rigid bases can also be particularly
susceptible to cracking with expansion and contraction.
Water ingress can have a significant effect on modular pavements where prolonged heavy
rainfall can cause water to drain through into the underlying base layer and move the bedding
and grouting sand. This can lead to gap development and the movement of the paving
modules. Once the interlock between the modules has been lost, traffic loads will no longer be
carried evenly; this will lead to high stresses being put on the bedding layer. Water in the
foundation can reduce the pavement’s load bearing capacity and facilitate deformation.
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4.6

Adapting pavements to the effects of climate change:
Experience and good practice

4.6.1

Increasing resilience through design and construction
There are a number of methods by which pavements can be designed and constructed to
increase resilience to the effects of projected climate change. These are presented in Table 13.
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Table 13: Measures to adapt pavements to the effects of climate change [TRL, 2007b]
Climate change
impact
Increased heavy
rainfall

Asphalt pavements
• Ensure asphalt layers are well compacted
• Use impermeable binder courses with high
bitumen content and low air voids
• Use anti-stripping agents, such as hydrated lime
• Use binder adhesion promoting materials to
improve impermeability
• Use bond coats to reduce voids
• Select permeable pavements to reduce run-off in
low-trafficked areas and car parks

Rigid pavements
• Properly construct joint seals
• Consider open-textured aggregate
concrete surfacing which are less prone to
clogging
• Do not carry out concrete paving during
periods of heavy rain
• Use an exposed aggregate concrete
surface (EAS) to reduce surface erosion

Modular pavements
• Lay pavements on porous foundations
• Use concrete block paving with
enlarged joints
• Apply a geotextile under bedding sand

•
•
•
•

Select and use good materials and construction practices
Ensure there is sufficient and well maintained drainage to cope with the increased frequency of intense rainfall events
Ensure the pavement is in good condition to avoid water entering the structure
Construct stronger hydraulically bound foundations

Variation in soil
moisture

•
•
•
•
•
•
•
•
•

Ensure there is sufficient and well maintained drainage to cope with more extreme rainfall events
Ensure the pavement is in good condition
Construct stronger hydraulically bound foundations
Import and use granular material or carry out soil stabilisation in areas where soil moisture content is too high
Ensure longitudinal cracks in the pavement are sealed
Stabilise clay soils by adding lime and/or cement to improve strength and reduce susceptibility to moisture
Use reinforcement techniques to treat cracks
Use techniques to reduce moisture change in embankments
Construct deeper foundations and use reinforcements, such as geotextiles

Increased
temperature

• Use rut resistant asphalt surfacings
• Use modified binders to reduce rutting and
cracking
• Treat ‘fatted’ areas with hot fine aggregate
• Remove rut prone material (hot rolled asphalt
surface course) during routine resurfacing
operations

• Ensure joint seals are properly constructed
• Upgrade joint seal composition
• Use a low coefficient of expansion coarse
aggregate
• Modify concrete mixtures to ensure
adequate workability and curing time
• Restrict paving activities during periods of
high temperatures
• Use exposed open-textured aggregate
surfaces as low noise layers (as an
alternative to asphalt)
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• Ensure the pavement is maintained in a good condition
• Increase surface reflectance to reduce the amount of solar radiation absorbed by the pavement. This can be through the use of conventional
concrete, roller-compacted concrete, concrete-over-asphalt (whitetopping etc), asphalt concrete and surface dressing with light-coloured
aggregate, and asphalt pavements with modified colour
• Construct stiffer foundations using slow-curing hydraulic binders (containing blastfurnace slag)
• Consider increasing the permeability of the pavement to help cool the structure through increases evaporation of water
• Use composite structures (such as rubber asphalt surfacing over concrete slabs) for noise reduction and lower heat emittance
• Develop water retention and heat shield pavements
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4.6.2

Increasing resilience through maintenance
The resilience of pavements to climate change, specifically warmer summer temperature and
more intense rainfall, can be increased through maintenance activities and decisions made
regarding materials and application methods.
Table 14 presents recommended steps to be taken during the maintenance of asphalt, rigid
and modular pavements to help minimise the potential impacts of climate change.
Table 14: Pavement maintenance activities to increase resilience to climate change
[TRL, 2007b]
Pavement
type

Recommendations

Asphalt
pavements

• Deformation-resistant resurfacing mixtures should be selected
• Flexible contract specifications should be established to allow for thinner
layers to be used in periods of hot weather and thicker during periods of cold
weather
• Laying should be done during the night and evenings in hot weather to allow
the material to cool adequately
• Laying should not be carried out during the hottest part of the day, specifically
when the surface temperature exceeds 45°C
• The laying season may need to be adapted to allow for thicker layers of
asphalt to cool prior to opening of the road to traffic
• Changes to the surface dressing season to accommodate climate change
should be considered

Rigid
pavements

• If paving has to take place during periods of heavy rain, the surface should
be protected
• Paving should be carried out during evenings and nights during periods of
hot weather
• The paving season should be adjusted to avoid the hotter summer months
and take advantage of warmer winters
• Newly paved areas may need protection from solar heat during the initial
curing period
• Concrete mixture designs should be modified to achieve improved
workability and setting times by using selected additives
• Aggregates with a low coefficient of thermal expansion in concrete mixtures
should be used

Modular
pavements

• It should be ensured jointing/bedding sands are neither too dry or too wet
during compaction
• During paving the sand should not be left for extended periods of time as
this makes it vulnerable to moisture content changes

Research in China into reducing premature pavement rutting in hot and very wet weather has
found that one of the most effective methods of reducing these risks is through ensuring
adequate aggregate gradation of the surface layer mix and also the application of asphalt with
a high viscosity during resurfacing activities [Jun et al, 2007].
For asphalt-surfaced roads in particular, temperature variations should be taken into
consideration during the selection of bituminous binders and bitumen emulsions [Natural
Resources Canada, 2010]. In order to minimise thermal cracking under cold temperatures and
traffic-associated rutting under hot temperatures, premium bituminous binders may be required
to increase tolerance to extremes of temperature. The effects of changing patterns of freezethaw damage on asphalt pavements are more difficult to plan for, but innovations related to
design and construction may reduce current and future vulnerability of the highway network.
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4.6.3

Evolved roads
Evolved roads can be defined as [ADEPT, 2011]
"…the undesigned, unclassified roads. These roads generally form the greatest length of
the highway network and because they have simply evolved with limited design, form the
greatest financial risk to the local authority in the event of climate change."
Evolved roads cover any part of the highway network that was not designed and/or constructed
using current standards and have evolved over the years through multiple maintenance/
improvement activities. Therefore, they are likely to be sub-standard when compared with
current specifications and standards. This includes many of 3CAP’s rural roads which
originated from farm tracks and so therefore lack full-depth construction, but also includes
inadequately/poorly designed and constructed newer roads which are susceptible to the same
risk of deterioration and damage from future climate change.
During periods of prolonged high temperatures, these evolved roads can suffer from ‘melting’.
For example, excessively high temperatures in the summer of 2006 caused significant damage
to rural highways across Leicestershire. The formation of potholes and a loss of skid resistance
resulted in the roads becoming dangerous to users and emergency maintenance activities had
to be conducted.
During periods of heavy rain, evolved roads can be susceptible to stripping and loss of surface
material. This loss of material and the formation of cracks can lead to intensified freeze-thaw
action during the winter months which can result in further deterioration of a road’s structure.
As these roads are typically at the bottom of highway maintenance hierarchies, establishing a
programme for management and maintenance can be difficult.
As the typical maintenance treatment for evolved roads is to carry out repeated surface
dressing, stripping and deformation problems can be intensified over time. Continuous patching
can lead to deformation and the development of large ruts and weaknesses. In situ recycling is
an option during the maintenance of evolved roads. However, the high bitumen and small
aggregate content of many evolved roads means that the material can perform badly when
heated during the in situ recycling process and the materials are often not of sufficient quality to
be incorporated back into the road. The materials also tend to be aged, oxidised and brittle,
and can contain high levels of tar, thus making them increasingly unsuitable for the in situ
recycling process.
To improve the quality of material used in the in situ recycling process, a large aggregate can
be added to the mixture (ideally if available on site on locally). The recycled material can then
be used as an underlying pavement layer which can then be surface dressed or treated with
coated chippings or lime dust to stabilise the excess bitumen.
There is a lack of guidance and good practice available in the UK on the maintenance of
evolved roads and on methods and opportunities to increase their resilience to the effects of
climate change. However, potential opportunities to reduce the impact of climate change on
evolved roads include:
• Pre-cautionary sanding when periods of prolonged high temperatures are forecast, for
example using 0-3mm quarry dust material and/or coarse mortar sand;
• The use of pre-coated hot chippings to reduce the risk of binder stripping and to increase
surface stiffness; and
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• The application of membranes (such as fibre glass matting) to hold the structure in place
and reduce the risk of material loss and deterioration during periods of heavy rainfall.
ADEPT’s (the Association of Directors of Environment, Economy, Planning and Transport)
report on the ‘Climate Change and Evolved Pavements’ [2011] provides a further evaluation of
climate change impacts on the evolved road network. It provides a guide for design and
remedial techniques, and management decision strategies to help improve the resilience of
evolved roads to the effects of climate change.
It is recommended that 3CAP take note of any future publications of good practice for the
maintenance of evolved roads and on methods for adapting them to the effects of climate
change. Any future research and recommendations should be considered for implementation
by the three councils to minimise the negative impacts of climate change on these important
parts of their highway networks.

4.6.4

Other recommendations
Use of Proprietary Thin Surfacing Systems
Thin surfacing systems, such as Thin Stone Mastic Asphalt (TSMA) and Thin Asphalt Concrete
(TAC), offer an alternative to traditional hot rolled asphalt wearing course and are the standard
surfacing material for all new and maintenance works on the UK’s motorway and trunk road
network within the Design Manual for Roads and Bridges (DMRB).
Thin surfacing systems are generally gap graded proprietary materials with a high stone
content. TSMA consists of a coarse aggregate skeleton bound with mastic consisting of
crushed rock fines, filler, bitumen and fibres; whilst TAC generally uses modified binders.
Some thin surfacing systems (20-35mm thick) can be significantly thinner than Hot Rolled
Asphalt (40-50mm thick), thus reducing material use [Cattley, 2008].
Thin surfacing systems can offer high skid resistance and a good resistance to deformation and
wheel ruts. This resistance means that economic benefits can be achieved, as well as reducing
traffic disruption caused by routine and emergency maintenance activities. Thin surfacing
systems are becoming more popular on urban roads as they are also able to reduce traffic
noise levels [Cattley, 2008]. The application of thin surfacing systems does not typically require
specialist site equipment and so can be used as easily as traditional materials.
Anti-stripping additives
Binder stripping occurs when the bond between asphalt and the aggregate breaks down due to
the presence of excess moisture. Aggregate type and climatic characteristics such as heat,
heavy rains and freeze/thaw cycles all contribute to this stripping. Hydrated lime helps to
reduce this risk and mitigate the effects of binder stripping as, when incorporated, it reacts with
the aggregate and strengthens its bond with the binder.
Lime has been used in the USA to reduce the moisture sensitivity of asphalt mixtures for over a
century. As well as offering anti-stripping benefits, the addition of hydrated lime [NLA, 2010]:
• Helps to stiffen the binder to increase resistance to rutting;
• Improves resistance to crack formation and growth during cold weather;
• Changes the oxidation chemistry in the binder to reduce age hardening; and
• Alters clay particles to improve moisture stability and durability.
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The amount of lime used is typically in the range of 10 to 20% by weight of asphalt. The
amount of lime added will influence its ability to resist the effects of high temperatures and
excessive moisture [NLA, 2010].
Hydrated lime can be added to hot mix asphalts through:
• Dry injection into drum mixes: dry lime is added to the mixing drum at the same time as the
mineral filler
• Dry lime on damp aggregate: lime added to damp aggregate before being added to the
mixing plant
• Slurry method: a slurry mixture of lime and water is applied at a metered rate to the
aggregate
Lime is also increasingly being used in cold, in-place recycling for the rehabilitation of
distressed asphalt pavements in the USA. The existing pavement is broken up using a milling
machine and then a hot lime slurry is added with asphalt emulsion. The mix can be placed and
compacted using conventional asphalt paving equipment, and produces a smooth based
course for the new asphalt surface. The addition of lime results in superior cold recycled
mixtures, with much greater early strength and resistance to moisture damage [NLA, 2010].
Research has shown that anti-stripping additives within road surface materials may be used to
reduce deformation during periods of combined high temperature and heavy rainfall. These
conditions can lead to frequent road surface deformation, rutting and binder stripping [Kerh et
al, 2005]. The use of rock flour with 1% lime within mixtures of asphalt-concrete has shown to
lead to better performance in several categories including stability value, flow value, retained
strength, wrapped asphalt rate in grains, resilient modulus, dynamic stability and rate of rutting
deformation. This shows that the use of anti-stripping additives such as these can increase the
asphalt concrete’s abilities to resist rutting deformation and stripping of the road surface, thus
increasing the durability [Kerh et al, 2005].
Sulphur based additives
In climates where there is a significant difference between summer and winter temperatures
softer, high penetration bitumens tend to perform successfully in the winter and are able to
resist thermal cracking, but are not stiff enough to resist high summer temperatures.
Additionally, stiffer, low penetration bitumens can resist rutting as a result of high summer
temperatures but are less resistant to cold weather cracking.
Therefore, materials used in highway construction and maintenance in these climates need to
be resistant to high temperatures whilst also maintaining resilience in cold weather. A number
of proprietary additive materials have been developed for this purpose.
‘Thiopave’ has been developed by Shell for use in hot climates and/or where there locally
available bitumens can be too soft to give the desired road life. It is primarily used to stiffen the
asphalt mix in order to improve the overall structural capacity of the road and increase its
resistance to deformation and rutting.
Thiopave is a sulphur-based product which acts as both a binder extender and an asphalt mix
modifier. It is introduced to an asphalt mix in a solid form as a pellet. Further additives are
included in Thiopave to improve its workability and performance benefits. The material has
been successfully been used countries including in Qatar, Canada and France. See
http://www.shell.com/home/content/sulphur/your_needs/products/in_roads/
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Open graded asphalt surface materials
A number of US states including Washington, Oregon and California use and promote open
graded asphalt surface materials to provide environmental benefits, skid resistance and added
durability during new construction and resurfacing activities. Open graded asphalt materials
provide good skid resistance and a quick draining surface. This is particularly beneficial during
periods of heavy rain. Open graded asphalt mixes also reduce noise from passing vehicles and
have a high resistance to rutting and deformation due to the interlock between the larger
aggregates and the smaller fractions.
In the USA, these materials have shown to provide excellent durability in a range of climatic
and traffic conditions, including dry desert, moderate and wet coastal areas; and snowy and
cold mountain areas. They have been used widely in California to prevent asphalt bleeding
problems, particularly in areas with a hotter climate. The high voids in these mixtures provide a
reservoir for excess asphalt bleeding, preventing it from migrating to the surface. A thickness of
around 20mm is typically recommended for open graded asphalt surfaces in the USA [Schlect,
1994].
Organic Binders
Organic binders are manufactured from natural binding agents and can be used as compaction
aids and soil stabilisation agents to increase soil density and bearing strength while reducing
voids and plasticity. These binders can create a hard and durable surface that resists dusting
and surface abrasion and offer a cost effective solution to road construction and maintenance.
They are also environmentally safe and are effective in a range of soil types.
Organic binders are particularly effective when used to reduce material loss and dust on
unsealed roads. Over time, the amount of fine material on the road is lost, leading to larger and
larger materials breaking away. This loosened surface becomes prone to pot holes and severe
deterioration, making the road difficult to use and dangerous to drivers.
Organic binders are typically made from natural binding agents, such as calcium and lignin; a
complex natural polymer extracted from paper pulp. Unlike ionic stabilisers, these binders still
perform on soils that do not respond to ionic exchange agents. However, the bonds are not as
rigid as cement bonds. Therefore, organic binders display the best characteristics of a bound
pavement and a flexible pavement.
These binders are easy to apply as the process typically involves simply adding the material to
water at the required dosage rate. Standard machinery such as water trucks, rollers and
graders are sufficient for the application process. Roads stabilised with organic binders can
remain maintenance free for a number of years and can also be reworked easily as they do not
set as rigidly as cement. As organic binders consist of natural binding agents, they are typically
non-toxic and environmentally safe.
Dense grade asphalts
Excess moisture affects asphalt pavements in two ways [Berger and Huege, 2006]:
• Through entering the interface between the bitumen and aggregate destroying the bond
between the two components; and
• Through penetrating the bitumen itself, softening it and reducing its strength.
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The management of excess water during storms and periods of heavy rain has shown to be
improved through the use of porous or dense-graded asphalt. This is gaining particular
popularity in the USA for use on car parks and low volume roads [Thomas and Wolters, 2008].
Experience in Malaysia has also shown that dense asphalts have lower risks of abrasion from
surface water than porous mixes, due to the high air voids within porous mixes and the
associated lower adhesion between aggregate particles [Hamzah et al, 2010].
EME2
EME2 (Enrobe a Module Eleve) is a high strength, long-life asphalt base and binder course
material developed in France that provides high levels of workability and impermeability plus
greater resistance to cracking and deformation than other surfacing materials. It is a dense
material used for full-depth reconstruction and has been used in France for some time with
considerable success.
A hard binder (typically 15/25 Pen grade bitumen) is typically mixed with good aggregate
grading (usually 20mm nominal single size) at high temperatures to give a strong asphalt with
high stiffness and resistance to deformation. The high content of binder produces durability in
terms of resistance to fatigue and cracking and it also means major benefits of workability and
laying quality.
EME2’s benefits include better workability, improved impermeability and greater resistance to
cracking and deformation. The comparatively small aggregates used and its high binder
content produces a homogeneous mix that is unlikely to segregate, is easily compacted and
has a low air void content. Using EME2 bases and good quality surfacing means that only the
surface course needs to be replaced when it wears out as the lower EME2 layers have high
strength and resilience and therefore have a long life-span. This provides a sustainable solution
to pavement design and construction. However, the high temperatures required during
production means that EME2 has a relatively high embodied carbon content. This should be
included in decision-making processes.
A three year collaborative R&D programme has been conducted in the UK on the material and
has demonstrated its high strength and ability to provide a long life pavement. This R&D
programme has been overseen by the Highways Agency, Quarry Products Association and the
Refined Bitumen Association. The results of the research and associated trails have been
published in TRL Report 636 [TRL, 2005] which includes a full draft specification for the design,
production and laying of EME2. However, each EME2 mix must be designed to meet exacting
performance criteria. Therefore, a specific mix design for each source of aggregate should be
considered.
th

The UK Design Manual for Roads and Bridges (7 Volume) introduced EME2 as a permissible
base material for flexible and flexible composite design. It also emphasised that integrating the
principles of sustainability can include using pavement designs that give good value in wholelife cost terms. Transport Scotland has sanctioned the use of EME2 on its trunk roads.
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5

Review of 3CAP materials policies and standards
A review has been conducted of existing 3CAP policies and standards for highway construction
and maintenance materials and their suitability in the light of predicted climate change. The
findings of the review have been used as the basis of recommendations for changes to current
material choices. Particular attention has been paid to surface dressing materials and their
likely durability to the future effects of climate change.
In 2009 Derbyshire, Leicestershire, Nottinghamshire and Staffordshire County Councils, with
dedicated support from URS Scott Wilson under the 3CAP framework, undertook a review of
standard details and specifications across all four Authorities to provide a harmonised set of
documents for use in the Midlands Highway Alliance Framework (MHA) Contract. These details
are now available for use by all 14 local authority members of the MHA, providing a library of
up to date standards and details for use on highway works throughout the East Midlands.
The MHA recently produced a Harmonised Specification for Highway Works (HSHW). The
3CAP counties have not formally adopted this document but are in the process of reviewing it.
In this review, references have been limited to the following sections of the MHA HSHW:
• Appendix 0/1: Contract specific additional, substitute and cancelled clauses, tables and
figures included in the contract;
• Appendix 1/5: Testing to be carried out by contractors;
• Appendix 1/6: Supply and delivery of samples to the overseeing organisation;
• Appendix 7/1: Permitted pavement options;
• Appendix 7/3: Surface dressing – performance specification;
• Appendix 7/4: Bond coats, tack coats and other bituminous sprays;
• Appendix 7/5: In situ recycling: the remix and repave process; and
• Appendix 7/7: Slurry surfacing incorporating microsurfacing.

5.1

Asphalt layers
Table 15 summarises options for surfacing materials listed in Appendix 7/1 of the HSHW.
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Table 15: Surface material options
Type*
Grading
Layer
designation

Binder

Design

Note

SMA

10, 14, 20

Surface

40/60

Design

0/4mm grit

SMA

6

Surface

40/60

Design

Footway and
carriageway
regulating only

HRA

35/14F

Surface

40/60

Design,
Recipe

14/20 PCC

HRA

55/10F, 55/14F

Surface

40/60

Design

-

AC

10, 14

Surface

100/150

Recipe

-

AC

6

Surface

100/150,
160/220

Recipe

Footways only

TSCS

6, 10, 14

Surface

-

Design

BBA HAPAS

AC

20, 32

Binder, Base

40/60,
100/150

Recipe

-

AC

32

Base

160/220

Recipe

-

AC

20

Binder

160/220

Recipe

Footways only

AC HDM

20, 32

Binder

40/60

Design

-

AC HDM

32

Base

40/60

Design

-

HRA

50/20, 60/20

Binder

40/60

Recipe

-

HRA

50/10, 50/14

Reg

40/60

Recipe

-

HRA

60/32

Base

40/60

Recipe

-

* SMA = stone mastic asphalt, HRA = hot rolled asphalt, AC= asphalt concrete, TSCS = thin surface course
systems, HDM = heavy duty macadam, PCC = pre-coated chipping.

The above mixtures should be selected to suit particular design requirements. For heavily
trafficked roads, design or performance-related mixtures should be selected in preference to
recipe mixtures since the former approach would have inherent flexibility to accommodate
changes in traffic level and environmental conditions. Apart from using well designed mixtures,
other important factors relating to durable asphalt surfacing materials include managing the air
voids and permeability of the compacted asphalt layers, and considering winter maintenance
practices. Managing air voids and permeability of the compacted asphalt layers can be
achieved by applying good compaction and adopting construction best practice, whilst the
effects of cold weather can be reduced by using mixtures incorporating softer bitumen. Fretting
is a typically associated defect with harder grade bitumen (such as grade 40/60) during cold
weather.
In order to enhance asphalt mixture resistance to wider variations in temperature and humidity,
hydrated lime (typically added at 1 – 2% by weight of aggregate) and polymer modified binders
are recommended as mixture additives. Polymer modified binders can be included in thin
surface course systems (TSCS) certified by the British Board of Agrement Highways
Authorities Product Approval Scheme (BBA HAPAS).
Clause 970 AR of HSHW specifies air voids in the compacted layer must not be greater than
6%; to promote better resistance to moisture and age-hardening in carriageway surfacing.
Specifying a smaller air void content of 4% or less would further increase resistance to agehardening.
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There is a specified value for the Polished Stone Value (PSV) of aggregates within Stone
Mastic Asphalts (SMA), however the PSV requirement for the grit appears to be missing within
the HSHW. It recommended that a value of not less than PSV55 should be adopted for the
parent material of the grits to promote skid resistance.
Reference should be made to the resurfacing decision-making matrices found in Section 6.
These tools allow designers, specifiers and engineers to understand the most suitable
resurfacing materials to be used on different parts of their highway network, in terms of:
• Compliance with standards, specifications and policy;
• Application method and ease of laying and compaction;
• Effectiveness, durability and life expectancy;
• Ease of recycling and the recycled materials permitted for use;
• Availability;
• Cost;
• Carbon impact; and
• Resilience to climate change.

5.2

Bond between asphalt layers
For a thin pavement structure specifically, it is important to have well bonded layers, since
deterioration can develop at a much faster rate if one or more layers are not well bonded. This
failure mechanism is illustrated in Figure 2.
Figure 2: Effect of bituminous layers de-bonding on crack initiation and propagation
[Hakim, 2004]

Upper bituminous layer

Well bounded Interface
Lower bituminous layer

Unbound Foundation
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Upper bituminous layer

Debonded Interface
Lower bituminous layer

Unbound Foundation
For very thin overlay (20mm thickness or less), the presence of a bond with the substrate
varies, particularly if the underlying surface is Hot Rolled Asphalt (HRA) with pre-coated chips
(PCC) [Nicholls et al 2002, 2004, 2007; Parkinson 2004]. In the case of premature failure,
fretting and cracking are the most common mechanisms of deterioration followed by a lack of
bond with substrate. This reinforces the importance of having good bond between pavement
layers. Lack of bond can accelerate crack propagation leading to earlier failure.
Appendix 7/4 of HSHW provides an option whether to use tack coat or bond coat. The use of
bond coat between asphalt layers should be encouraged as it provides increased durability.
Bond coats are generally formulated to enable application at heavier application rates than are
possible with tack coats and to provide greater cohesion. It is recommended that a minimum
2
bond coat residual binder film of 0.35kg/m should be set. Bond coats can provide additional
benefits, including improved relative impermeability between layers and less sensitivity to
weather or workmanship during application. For maximised improvement, for example for
bridge structures between the installed bridge deck waterproofing membrane and a SMA
overlay, special hot-applied bond coats could be applied at much higher rates of spread. BS
594987 provides guidance regarding the use of bond coats and Table 16 presents a summary
of four basic elements to promote a good bond.
Table 16: Four basic elements to promote a good bond [Heslop, 2009]
Substrate preparation (B/510/1 and NHSS Bond coat characteristics (B/510/19 and
NHSS 15)
14)
• Standing water should be removed as the • Adhesion to bituminous mixtures and
steam produced can damage the asphalt
aggregate (planed, textured, polished or
dusty)
• Loose, aged and brittle material and dust
should be removed
• Ability to be applied in hot, cold and/or
damp weather
• Planed/milled substrates should be used
as they provide good bond and interlock • Once applied be resistant to damage by
construction traffic
• Thin and weak areas that are not bonded
(often exposed after planning) should be • Resistant to flow through an asphalt layer
removed
caused by traffic and/or moisture
(bleeding)
• The soundness should be checked and
any defects that cannot be corrected
• Resistant to ageing and fatigue especially
under very thing surface course overlays
should be recorded and reported – a very
thin overlay should not be placed on a
weak substrate
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Proper application (B/510/2 and NHSS 13)
• Computerised calibrated sprayer should
be used
• Should hold Certificated Quality
Assurance scheme to NHSS 13
• On-site testing for rate of spread and
accuracy of spread on bond coat should
be carried out
• Rate of application should be dependent
on the substrate, asphalt type and traffic
stress
• Site conditions (weather, difficult small
areas, safety, etc.) should be considered
• At the higher rates of spread using
chippings to accelerate break and prevent
damage by construction traffic should be
considered
• Use breaking agents, but beware of
reduction in adhesion to substrate
• Reverting to swirl jets for evenness at this
low rate of spread (high speed) should be
considered

5.3

Testing for bond (B/510/1, NHSS 14 and
BAA/HAPAS)
• For layers of more than 20mm the
BBA/HAPAS Guidelines documents for
the Torque Bond Test should be used
(requires cores for laboratory testing)
• For ultra thin overlays, including
microsurfacing, use the Sheer Bond
Strength method in site (Defence Estates
Specification 045: 2009)
• There are pull-off tests that also may be
used to confirm bond, the results have
been reported to be similar to torque (UK
experience has been mainly testing of
overlays on bridge decks)

In situ recycling
Specifications for in situ recycling appear to remain open between MHA members, as shown by
the reference to Package Order in Appendix 7/5. This Appendix refers to Remix and Repave
process only.
Remix and Repave are hot in situ recycling methods which could provide a cost effective and
quick fix solution to maintain and restore the skid resistance and performance of road
surfacing. The hot recycling of road planings can also be conducted.
Repave: This process involves the heating and breaking up of the road surface to the depth of
20-25mm. A layer of new material (typically HRA or SMA) is then laid over the top of the
broken road surface while it is still hot. Chippings are then added to the new surface and finally
all are compacted.
Remix: This process is similar to that of Repave although in this case the existing road surface
is broken up, removed and crushed before being graded and eventually heated/melted. The
melted material is then thoroughly mixed with an appropriate amount of new material before
being re-laid and compacted at the original site.
Hot recycling of road planings: This process is similar to the Remix process except that the
bituminous road surface material is removed by the method of planing. Once planed, crushed,
graded and heated the material is mixed with added bituminous binder, cut-back oil or flux oil to
generate the required consistency.

Any asphalt material is suitable for Repave and/or Remix provided that there are no significant
defects, for example rutting or fretting, and the residual bitumen grade remains above 15pen.
However, surface treatments such as surface dressing should be removed prior to Repave or
Repave; a guide can be found in the DMRB HD 31/94. Previous field trials demonstrate the
benefits from this process in delivering a satisfactory level of performance. A summary is
reproduced in Table 17.
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Table 17: Visual condition of the road surface following Remix and Repave [Edwards
and Mayhew, 1989]
Transverse
cracking

Longitudinal cracking

Site
Newmarket
Thetford
Kidderminster
Gailey
Howden
Brickhill

Alfreton

Treatment
Conv 40 mm wc
Conv 50 mm wc
Repave
Remix
Repave
Conv 40 mm wc
Repave
Conv 40 mm wc
Repave
Conv 40 mm wc
Repave
Conv 40 mm wc
Repave
Remix
Conv 40 mm wc
30% wc inlay
50% wc inlay
30% wc overlay
50% wc overlay
30% wc 50% bc

Traffic
carried
(msa)
13.0
3.4
1.8
16.0
3.6
1.7

1.0

OWT
%L
0
0
0
0
19
0
0
0
0
0
1
0
0
0
0
14
9
0
0
0

S
/
/
/
/
2-3
/
/
/
/
/
1-2
/
/
/
/
2
1
/
/
/

WTC
%L
0
0
0
0
1
35
21
16
15
0
13
0
0
0
0
1.5
0
0
0
0

S
/
/
/
/
2
2
2
2-3
2-3
/
2
/
/
/
/
1
/
/
/
/

FW/
100
m
0
0
0
0
1
0.2
0.1
2
1
0
0.8
6.2+
0.3
1
0.7
0.5
0
0
0.2
0

S
/
/
/
/
2
1
1
1
2
/
2
2
1-2
1-2
1
2
/
/
2
/

Crazing

Patching
% area
0
0
0
0
<1
2.5
4.0
7
7
6
3
0
0
0
0
0
0
0
0
0

%
length
0
0
0
0
3*
31*
10*
2.2*
1.5*
0
0
0
0
0
0
0
0
0
0
0

S
/
/
/
/
2
2-3
2-3
2
2
/
/
/
/
/
/
/
/
/
/
/

Fretting

%
area
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
0
0
0

S
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
1
/
/
/

Potholes
No./ 100
m
0
0
0
0
0.2
0
0
0
0.2
0
0
0
0
0
0
0
0
0
0
0.3

Key:
* associated with longitudinal cracking
+ local to one carriageway
S severity

The Repave process was recently used by Blackburn with Darwen Borough Council during
essential maintenance works on the A6119, a busy dual carriageway on the outskirts of
Blackburn which joins the A677 at a traffic light controlled junction. The existing HRA surface
course showed no foundation failure and was in good condition structurally but ‘worn out’ as
evidenced by joints ravelling, surface cracking, rutting and some chip loss. 25mm of existing
material was recycled and an additional 25mm of new 10mm BBA HAPAS approved thin
2
surfacing applied. The works comprised recycling a total of 16,000m of existing road surface
which was in need of replacement together with an overlay of thin surfacing. Using the Repave
process led to a 38% reduction in new asphalt being required and an associated reduction of
lorry movements on the local road network, reducing the impact on the local community and
environment. The newly recycled road foundation was able accept surfacing and traffic rapidly,
reducing the need for a long-term diversion scheme.
If deeper recycling of existing surfacing is required, for example up to 75mm, the Retread
recycling process can be used as an alternative. This process involves milling and remixing the
existing material with new aggregates and bituminous emulsion. The Retread process can
accommodate any existing site conditions. Surfacings with potholes or cracks can be
pulverised, remixed and re-profiled into a new Retread layer. Surface treatments such as
surface dressing or slurry/microsurfacing can then be applied to improve skid resistance.
The Retread process has been used as a sustainable, low-carbon and economical solution for
lightly trafficked roads by a number of local authorities and agencies including Leeds, Kirklees,
Wiltshire, Norfolk and Transport for London. Experience in Leeds suggests that a twelve year
service life has been achieved by the Retread process with only routine surface treatments
being required to maintain durability.
These in situ recycling processes can help to reduce the energy requirements and carbon
implications of highway maintenance and construction activities. URS Scott Wilson and Colas
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have identified that using Retread instead of traditional planing and replacement with an
asphalt concrete binder course on a carriageway maintenance contract in Huddersfield
reduced the energy used in the process by 59.7% and reduced CO2-equivalemt emissions by
221,845kg.

5.4

Surface treatment
Asphalt concrete surfacing, formerly known as dense bitumen macadam (DBM), has
historically been a typical choice for the surface treatment of minor and lightly-trafficked roads
to improve friction characteristics (skid resistance) of the running surface. If applied to the
surface course of a road before major patching is required, this treatment can also improve
surface resistance against moisture ingress, thus providing a temporary seal of minor surface
defects (e.g. hairline cracks, binder-lean surface, bad joints etc) and helping to prevent and
delay deterioration.
Other typical surface treatments are slurry and microsurfacing, high friction surfacing and
surface dressing.
Surface dressing (SD) can vary from a single layer of sprayed binder with a layer of applied
chippings (single laid, SSD) to multiple layers of bitumen emulsion and chippings of varying
particle size grading (multiple, MSD). The MSD system includes racked-in, double, inverted
double and sandwich dressings. Some paver laid SD products, such as Safepave, Colrug and
Tuffgrip, have BBA HAPAS certificates, which demonstrate the process of quality management
from manufacturing, laying and the end-product. Amongst surface treatments options, SD is
typically the most commonly adopted method in the UK. There are common requirements to
ensure achievement of the desired service life from SD, which include the provision of a sound
substrate and good bond with the substrate.
Appendix 7/3 (Surface dressing – performance specification) of the MSHW refers to a Package
Order which will be contract specific. Good practice guidance on surface dressing is available
within Road Note 39 (6th Edition). This is recommended as a primary source of information and
guidance when specifying SD material [Roberts and Nicolls, 2008].
Appendix 7/7 (Slurry surfacing incorporating microsurfacing) of HSHW specifies slurry
surfacing thickness of 3mm but does not specify the thickness of microsurfacing. Both
materials are machine laid cold mix surface treatments which either incorporate standard grade
bitumen emulsions (for slurry surfacing in general) or polymer modified bitumen emulsions (for
microsurfacing). The typical thickness of microsurfacing is 15mm, with a typical range of
between 10 and 20mm. A thicker layer tends to provide longer service life. Some of these
materials have BBA HAPAS certificates, for example Gripfibre. A performance based in situ
test of slurry and microsurfacing has been published by the Defence Estates [2009]; the same
method is currently under consideration for publication in the BS EN standard. The test
incorporates an assessment of the material resistance against shear failure during its early life.
This is beneficial as it ensures the desired level of serviceability of the laid material can be
achieved.
The effects of snow and ice on pavement durability can also be reduced through surface
material choice and enhancement. For example:
• Air entraining admixtures can be used within concrete to produce air bubbles to
accommodate the increased volume of ice during winter.
• Electrically conductive concrete (a composite surface made up of steel fibre, steel shavings
and concrete) can be used to reduce the effects of ice. Typically about 15% of conductive
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material by volume is mixed with concrete [Nuttall, 2001]. When electrical power is applied
to this conductive concrete surface layer, heat is generated due to the electrical resistance
of the metallic particles and steel fibres, and this enables ice melting and destroys the bond
between the ice and the pavement surface.
• Microwave absorbing aggregates can also be used to increase pavement resilience to ice.
Certain aggregates can absorb large amounts of microwave energy, which can transfer into
heat to de-ice the pavement. The natural magnetite in taconite is an effective microwave
absorber. When a microwave generator is driven over an ice covered road constructed with
crushed taconite as the aggregate, the microwaves can pass through the ice and be
absorbed by the aggregate and generate heat, allowing the ice to melt [Hopstock and
Zanko, 2005].
• Anti-icing porous pavement overlay consisting of aggregates and a dual layer epoxy resin
(such as SafeLaneTM) can help to retain anti-acing substances for a longer period of time
through their aggregate and epoxy being able to absorb the chloride applied to the road
surface [PIARC, 2007]. These materials can retain anti-icing properties up to 4-10 times
longer than conventional road surfaces, even during rain events, thus reducing required
salting frequencies.
SafeLane: British-based Safecote Ltd. holds the rights to market SafeLaneTM overlay in
England. SafeLaneTM system utilises a dual (or single) layer(s) of porous asphalt mixture
comprising polymer epoxy and selected grades of aggregates paved on treated asphalt or
concrete surface [Cargill Incorporation, 2008]. The solid ‘sponge-like’ mixture is expected to
hold the anti-icing chemicals for a longer period of time [Nixon, 2007]. SafeLaneTM is
2
estimated to cost in the region of £30/m in the UK. Although further maintenance of
SafeLaneTM is not specified, porous pavements do require periodic cleaning to maintain the
void spaces [FHWA, 2008]. Therefore, it may be assumed that an additional maintenance cost
may be incurred. The life of the overlay is anticipated to be in the region of 7 -10 years [De
Rosa and Brady, 2007].

5.5

Surface dressing
The current Appendix 7/3 (Surface dressing – performance specifications) of MSHW has left
decision on SD requirements open to individual members of the MHA. Good design practice
guidance within Road Note 39 should be followed; the main components of which are
presented in this section [Roberts and Nicholls, 2008].
The following documents should also be considered when specifying requirements in Appendix
7/3:
• DMRB HD 37/99;
• SHW Clauses 919 and 922 (preferred);
• BS EN 12271 and BSI PD 6689; and
• BS EN 13808.
Paver laid SD (PLSD) can be expected to maintain an acceptable performance for 12 years
with 0/14mm grading. This service life reduces with smaller aggregate size and associated
layer thickness. MSD can be expected to maintain an acceptable performance for 5 years
[Nicholls, 2007].
However, SD application and performance life can be highly affected by climatic and/or
geometric conditions during laying and service, and also by the traffic level during service.
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Road Note 39 provides practical guidance regarding the design and application of SD in the UK
and Northern Ireland through a geographical approach for SD application based on mean
summer maximum temperatures. The UK and Northern Ireland are split into three regions
(South, Central and North) and four categories of surface temperature (A, B C and D; A being
the warmest and D the coldest temperatures). The 3CAP area is located within the South
region with surface categories A and B; Figure 3 refers to this.
Figure 3: Illustration of region and surface temperature categories [Roberts and
Nicholls, 2008]

Laying season plays an important role in promoting good long-term performance of SD
materials. Road Note 39 recommends a number of mix design options and specifies laying
seasons for the South region and surface categories A and B. This specified laying season for
SD is presented in green in Table 18.
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Table 18: Surface dressing season for the South region [Roberts and Nicholls, 2008]
Size and type of
surface dressing
8/14 mm single

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

6.3/10 mm single
8/14 & 2.8/6.3 mm
racked-in
2.8/6.3 mm
racked-in
6.3/10 & 2.8/6.3 or
2/4 mm racked-in
8/14 & 2.8/6.3 mm
double
6.3/10 & 2.8/6.3 or
2/4 mm double

Early
Season

Late
Season

High risk

Surface dressing should not be undertaken because of the probability of
failure.

Significant
risk

There is some risk of failure (higher in late season) so extra care in the
design and execution of the system is required. There is a good possibility
of success in favourable weather conditions.

Low risk

Normally successful provided the weather conditions are appropriate for
the project.

Laying SD in the late and early season, as shown as being ‘high risk’ in red in Table 18, should
be avoided due to low overnight temperatures and a higher risk of cold and wet weather during
the weeks following application. These conditions can lead to premature surface failure. Where
possible, laying should also be avoided during the ‘significant risk’ period, highlighted in yellow
in Table 18. This is due to risk of cold and wet weather induced failure.
Binder content can be increased for materials that are laid during the ‘high’ or ‘significant’
periods to improve winter performance. However, an increased binder content can lead to
‘fatting up’ during the subsequent summer. Therefore, it is highly recommended that laying
should only be carried out within the ‘low risk’ season. However, laying during the summer
does not necessarily always guarantee good performance. For example, low pavement
temperatures in shaded areas can cause aggregate loss during the following winter, and
extremes of weather soon after SD is laid, such as sudden heavy rainfall, can disturb the
stability of the material. Consideration should always be given to suitable climatic conditions for
SD application on a site specific basis.
Traffic category and condition of the existing surfacing (substrate) also play a major role in
maintaining the serviceability of SD materials. Good practice guidance for the design of SD
materials to suit the existing surface characteristic and traffic category can be found in Road
Note 39. This is presented in Table 19. Traffic Category H is the lowest category and
represents roads which carry which up to 50 medium and heavy vehicles per lane per day.
Traffic Category A is the highest category and represents roads which carry more than 3250
medium and heavy vehicles per lane per day.
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Table 19: Effect of existing road surface characteristics on achievable surface dressing
performance levels [Roberts and Nicholls, 2008]
Existing surface
characteristics
Very hard and
homogeneous
Hard and
homogeneous
Normal and
homogeneous
Soft and
homogeneous
Very soft and
homogeneous
Fatting up in wheel
tracks
High macrotexture or
fretted
Porous
Very variable
Extensive patching

Traffic category
E
D

H

G

F

C

B

A

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Texture

Texture

E

Yes

Yes

Yes

Texture

E

E

Yes

Yes

Texture

Texture

E

E

Yes

Yes

Yes

Yes

Defects

Defects

Yes

Yes

Yes

Defects

Defects

E

Defects

Defects

Defects

Defects

Defects

E

E

E

E

E

E

E

E

Severe bleeding and
extensive blackening

Yes

The surface dressing can be designed to meet the most onerous requirements in
terms of macrotexture and levels of defects to BS EN 12272-2

Texture

It is difficult to maintain high macrotexture, especially in the wheel tracks and for
high-speed roads. Texture requirements for low speed roads may be achievable.

Defects

It is difficult to design a surface dressing that will meet the most onerous
requirements for the test method of visual assessment of defects to BS EN 12272-2
and the requirements should not be specified

E

In some circumstances, a suitable surface dressing may be designed by an expert
to meet less onerous performance levels. Extra care in execution is required.
Surface dressing is not an appropriate option.

Table 19 demonstrates that a hard and homogenous substrate could provide higher levels of
in-service performance over a wider traffic category.
As illustrated earlier in Table 15, there are several options for the size and type of SD; each
with various benefits in relation to constructability, cost and durability (long-term performance).
Other factors that should be carefully considered to promote durability of SD, specifically to the
future effects of climate change, include:
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• Aggregate properties such as grading, dimension, shape, angularity and coating properties;
• Binder properties such as standard grade emulsion or polymer modified bitumen emulsion.
The use of the latter is highly recommended;
• Adhesion promoters which can be dosed into the bitumen line as the spray tanker is filled;
and
• Application method, such as spread rate.
Binders for use in SD should be stable, workable and suitable for application on specific sites
and in specific conditions. Binder requirements for SD are detailed in BS EN 12271 and the
guidance for UK application can be found in BSI PD 6689. Four of the six binder categories in
the BS EN 12271 have been historically used in the UK, these being:
• Class 3: Unmodified;
• Class 4: Intermediate grade;
• Class 5: Premium grade; and
• Class 6: Super premium grade.
2

Experience in the UK has shown that a binder with peak cohesion of less than 0.7 J/cm (lower
2
than Class 3) is prone to early failure when a minimum temperature range of 15°C for 0.5 J/cm
is not achieved. This minimum range and Class for a SD binder should always been specified
where possible.
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6

Materials Guidance and Selection
Six decision-making matrices for highway construction and maintenance materials have been
developed on the basis of findings from the materials review and from URS Scott Wilson and
3CAP expertise. The matrices consist of:
• A ‘quick-reference’ matrix that can be used to select appropriate resurfacing materials
based on their current suitability for different types of carriageway.
• A more detailed matrix covering the characteristics of each resurfacing material, including
considerations such as: link to the Midland Highway Alliance (MHA) Harmonised
Specification for Highway Works (HSHW), local material availability, indicative costs, ease
of recycling, and the carbon implications of the materials. This matrix is accompanied by
more detailed information on the issues and considerations relating to the laying and
compaction of each resurfacing material, and issues and recommendations for maximising
the resilience of each material to the effects of future projected climate change.
• Two matrices indicating the suitability of each resurfacing material in the future in light of
UKCP09 climate change projections for the 2020s (2010-2039) and the 2050s (2040-2069)
for periods of high temperature; one indicating resilience if current practice continues and no
adaptation is carried out and one matrix indicating likely resilience if recommendations for
changes to material choice and application method are carried out.
• Two matrices indicating the suitability of different pavement types in the future in light of
UKCP09 climate change projections for the 2020s (2010-2039) and the 2050s (2040-2069)
for periods of extreme heavy rainfall; one indicating resilience if current practice continues
and no adaptation is carried out and one matrix indicating likely resilience if
recommendations for changes to material choice and application method are carried out.
These tools will help 3CAP decision-makers to select the most appropriate highway materials
in a consistent way across the three councils. These matrices are presented in the following
sections.

6.1

Resurfacing Decision-Making Matrix: Quick-Reference
This matrix provides a quick-reference guide on the main resurfacing options available to the
three councils and their indicative suitability for different road classes. This should be read in
conjunction with the more detailed matrices in the following sections.
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Table 20: Resurfacing Decision-making Matrix – Quick Reference

Road
Class

Hierarchy
description

2a

Strategic
'Regional'
Route

2b

Strategic
'Country'
Route

3a

Main
Distributor

3b

Secondary
Distributor

4a

Link Road

4b

Local
Access
Road

General description*

Trunk and some
Principal 'A' roads
between Primary
destinations
Principal A Roads.
Primary destinations
that are used by
regional traffic and
inter-county traffic
Major urban network
and interprimary links.
Short – medium
distance traffic
Classified road (B and
C class) and
unclassified urban bus
routes, carrying local
traffic with frontage
access and frequent
junctions
Roads linking between
main and secondary
distributor network with
frontage access and
frequent junctions
Roads serving limited
numbers of properties
carrying only access
traffic

Slurry Seals
and Micro
Asphalts

Close
Graded
Asphalt
Concrete
Surface
Course

Concrete
Surfaces

Composite
Surfaces

Surface
Dressing

R
(economic)

x

x

R
(noise)

R
(economic &
performance)







x

x

R
(noise)

R
(economic &
performance)



R
(performance)





R
(performance)

x

R
(noise)

R
(economic &
performance)





R
(performance)





R
(performance)

x

R
(noise)

R
(economic)





R
(economic)

R
(performance)





R
(performance)

x

R
(noise)

R
(economic)



R
(economic)

R
(economic)

R
(performance)

x

x





R
(noise)

x



Hot Rolled
Asphalt
(HRA)

Thin
Surface
Course
Systems
(TSCS)

Cold Lay
Asphalt
(including
Cold Lay
SMA)

High
Friction
Road
Surfacing
(Hot Lay)

High
Friction
Road
Surfacing
(Cold Lay)







R
(performance)

R
(economic)







R
(performance)















Stone
Mastic
Asphalt
(SMA)

Key
 = typically suitable for use
x = typically unsuitable for use
R (economic) = restrictive use due to economics (satisfactory performance is possible but the option can be uneconomic in these circumstances)
R (performance) = restrictive use due to performance (satisfactory performance is not guaranteed in these circumstances)
R (noise) = restrictive use due to high levels of noise from traffic passing over the surface (the option may provide satisfactory performance and be economic)
* see overleaf
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*Additional Notes on Road Classification
2a: Routes for fast moving long distance traffic with little frontage access. Speed limits are usually in excess of 40 mph and there are few junctions. Parked vehicles are generally prohibited.
2b: Routes between important primary locations with little frontage. In rural areas speeds on these routes are usually in excess of 40 mph. Parking is restricted and there are positive measures for vulnerable road users.
3a: Routes between strategic routes and linking urban centres to the strategic network with limited frontage access. In urban areas speed limits are usually 40 mph or less. Parking is restricted at peak times and there are positive
measures for pedestrian safety.
3b: In rural areas these roads link the larger villages and HGV generators to the strategic and main distributor network. In built-up areas these roads have 30 mph speed limits and high levels of pedestrian activity with some
crossing facilities e.g. Zebra Crossings. On-street parking is generally unrestricted except for safety reasons.
4a: In rural areas these roads link smaller villages to the distributor roads. They are of varying width and not always capable of carrying two-way traffic. In urban areas they are residential or industrial inter-connecting roads with 30
mph speed limits, random pedestrian movements and uncontrolled parking.
4b: In rural areas these roads serve small settlements and provide access to individual properties and land. They are often only single lane width and are unsuitable for HGV’s. In urban areas they are often residential loop roads or
cul-de-sacs.
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6.2

Resurfacing Decision-Making Matrix: Guidance
This matrix provides more details on the characteristics of each resurfacing option, including
considerations such as local material availability and their carbon impact. Additional information
on the laying and compaction of each material and the resilience of each material to the effects
of climate change are included in Sections 6.2.1 and 6.2.2.
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Table 21: Resurfacing Decision-making matrix – Guidance (see the notes below the matrix for more details on data sources, calculations, references and assumptions made)
Option

Compliance

References within the Midland
Highway Alliance Harmonised
Specification for Highway
Works (HSHW)

Application
method and
ease of
laying and
compaction

Effectiveness, durability and life
expectancy

Ease of recycling and recycled
materials permitted

Stone Mastic
Asphalt (SMA)

HAUC SROH

Permitted SMA materials
specified in the HSHW:

See separate
note on the
effective
application of
resurfacing
materials.

Textured, durable and rut resistant
surface course. Deformation resistant.
Good spray and traffic-noise reducing
properties. However, it may be brittle
and have a lower capacity to flex than
other surface courses. If the
underlying pavement is cracked it
must be repaired prior to surfacing to
mitigate the risks of reflective
cracking.

SMA is more difficult to recycle than
many other resurfacing options and
is not typically suitable for the
Repave, Remix or Retread
processes and the subsequent use
of SMA as the overlaying material.

BS 594987:2007
If not BBA
HAPAS, then BS
EN 13108-5, BS
EN 13108-20 and
BS EN 13108-21
PD 6691: 2007
PD 6682-2: 2009
BS EN 13043:
2002

Thin Surface
Course
Systems
(TSCS)

MCHW1, SHW
900
DMRB HD 37/99
- Volume 7
BS EN 13108-2
PD 6691: 2007
Contractors
should provide a
copy of the BBA
HAPAS
Certificate(s) for
the TSCS,
together with a
copy of the
Quality Plan and
Installation
Method
Statement
associated with

•
•
•
•

SMA 14 surf 40/60
SMA 10 surf 40/60
SMA 20 surf 40/60
SMA 6 surf 100/150 for
footway surfacing

For the aggregate, only crushed
rock and steel slag are permitted.

SMA produced in accordance with BS
EN 13108-5 and laid in accordance
with BS 594987 may be considered
durable for a reasonable working life.
SMA produced and laid in accordance
with the requirements of European
Standards has been shown to be
durable for up to 11 years [PD 6689].
To extend the lifespan, surface
dressing can be applied to SMA
surfacing. However, this may lead to
increased surface noise.

Course aggregates should have a
minimum PSV of 60 for
carriageway surface course after
reference. The minimum PSV for
all footway surface course
material should be 45.

The HSHW specifies that all
TSCS should be guaranteed for a
minimum of five years and
provides a specification for
minimum PSV and texture depth.
No other reference is made to the
material in the HSHW.

See separate
note on the
effective
application of
resurfacing
materials.

This will be dependent upon the
particular material selected and its
engineering properties.
Thickness of layer is also an
important factor, mixtures laid 40mm
thick are likely to be more durable,
and will add some strength to the
pavement.
TSCS can be serviceable for at least
5 years and is often serviceable in
excess of 8 years if it is laid correctly
and has been designed and selected
to suited to the site’s conditions and
traffic levels [TRL Report 606].
The reduction in skid resistance,
through polishing in the normal
manner, appears to take over 10
years to develop.

WRAP recognise the following
secondary and recycled materials
as being suitable for inclusion within
SMA
(www.aggregain.wrap.org.uk)*:
•
•
•
•
•
•
•
•

Blast Furnace & Zinc Slag
China clay sand and Stent
Foundry sand
Pulverized-fuel ash
Reclaimed asphalt (<10%)
Recycled aggregate (RA)
Recycled Concrete
Aggregate (RCA)
Steel slag

TSCS are harder to recycle that
SMA and HRA due to the
proprietary nature of the material.
However, can be recycled in situ or
ex situ by an approved contractor.
WRAP recognise the following
secondary and recycled materials
as being suitable for inclusion within
TSCSs
(www.aggregain.wrap.org.uk)*:
•
•
•
•
•
•
•

Carbon implications
(embodied carbon of
the material as a
result of the
manufacturing
process only)**
Carbon range 2

No data is currently
available for the
embodied carbon of
SMA. However, the
embodied carbon of
SMA can be minimised
if recycled aggregates
are incorporated within
the mix (rather than
premium primary
aggregate).

Resilience
to climate
change

Availability

Indicative
2
cost per m
of material
laid***

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

Available within
the 3CAP area.
However, SMA
has a high
demand for
premium
aggregate
which may
become scarce
in the future.

Price range
2 or 3.
However, this
price will vary
depending on
the binder
type and
amount, size
of the site,
and
application
method.

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

Available within
the 3CAP area

Price range
2. However,
this price will
vary
depending on
the binder
type and
amount, size
of the site,
and
application
method.

The binder content of
SMA is often lower than
that for HRA, thus
reducing the embodied
carbon. However, the
temperature required
for mixing tends to e
higher, leading to
increased emissions
from the manufacture
process.

Carbon range 2
No data is currently
available for the
embodied carbon of
TSCS. However, the
embodied carbon can
be reduced if recycled
aggregates are
incorporated within the
mix.

Blast Furnace & Zinc Slag
China clay sand and Stent
Foundry sand
Incinerator bottom ash
Pulverized-fuel ash
Reclaimed asphalt
Steel slag
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Option

Compliance

References within the Midland
Highway Alliance Harmonised
Specification for Highway
Works (HSHW)

Application
method and
ease of
laying and
compaction

Effectiveness, durability and life
expectancy

Ease of recycling and recycled
materials permitted

Carbon implications
(embodied carbon of
the material as a
result of the
manufacturing
process only)**

Resilience
to climate
change

Availability

Indicative
2
cost per m
of material
laid***

Unless otherwise permitted in the
Package Order the use of
reclaimed asphalt shall not be
used in HRA surface courses
(design and recipe mixes).

See separate
note on the
effective
application of
resurfacing
materials.

HRA wearing course generally
performs well, with good durability
and levels of safety. A reasonable
tolerance of weather conditions at the
time of laying permits the placing of
the material in winter and at night.
Good lighting is required during laying
to avoid a ‘ripple effect’ forming on the
surface.

HRA can be recycled in situ through
Repave, Remix or Retread
processes (or similar).

Carbon range 2

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

Available within
the 3CAP area.
However, the
increasing
scarcity of high
PSC aggregate
may pose an
issue in the
future.

Price range
2 or 3.
However, this
price will vary
depending on
the binder
type and
amount, size
of the site,
and
application
method.

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

Available within
the 3CAP area.
However, the
increasing
scarcity of high
PSC aggregate
may pose an
issue in the
future.

Price range
2 or 3.
However, this
price will vary
depending on
the binder
type and
amount, size
of the site,
and
application
method.

each Certificate.
Hot Rolled
Asphalt (HRA)
with pre-coated
chippings

BS EN 13108-4
BS 594987:2007
DMRB HD 37/99
- Volume 7
BS EN 12697:
2009
PD 6691
PD 6692
MCHW1, SHW
900

Permitted HRA materials
specified in the HSHW:
HRA 35/14 F surf 40/60 recipe
HRA 35/14 F surf 40/60 design
HRA 55/10 F surf 40/60 design
HRA 55/10 F surf 100/150
design
• HRA 55/14 F surf 40/60 design

•
•
•
•

This process allows the most
economical use of scarce resources
of high specification, as the premium
high PSV aggregate is only required
as a surface applied layer.
Pre-coated chippings have a good
adherence to the wearing course,
leading to good early-life skid
resistance and resilience to surface
deformation. However, these
materials cane be lost

HRA 30/14 surf 40/60 design has
also been successfully applied in
the three counties.
For the aggregate, only crushed
rock, blastfurnace slag and steel
slag are permitted.

WRAP recognise the following
secondary and recycled materials
as being suitable for inclusion within
HRA
(www.aggregain.wrap.org.uk)*:
•
•
•
•
•
•
•
•
•
•

Blast Furnace & Zinc Slag
China clay sand and Stent
Foundry sand
Incinerator bottom ash
Pulverized-fuel ash
Reclaimed asphalt
Recycled aggregate (RA)
Recycled Concrete
Aggregate (RCA)
Slate aggregate
Steel slag

Deformation resistance depends on
binder properties and fine aggregate
characteristics. Therefore, design
mixes should be used in areas with
high levels of HGV traffic.

140kgC02 per tonne
[Bath Inventory of
Carbon and Energy:
http://people.bath.ac.uk
/cj219/].
However, this varies
depending on the
binder content and the
temperature required
during manufacture.
Design mix HRA can
have a similar binder
content to SMA and so
therefore the embodied
carbon will be as high.
The embodied carbon
of HRA can be
minimised if recycled
aggregates are
incorporated within the
mix (rather than
premium primary
aggregate).

HRA produced in accordance with the
requirements of BS EN 13108-4 and
laid in accordance with BS 594987
may be considered durable for a
reasonable working life.

Hot Rolled
Asphalt (HRA)
with high stone
content (High
Stone Content
Asphalt –
HSCA)

BS EN 13108-4
BS 594987:2007
DMRB HD 37/99
- Volume 7
BS EN 12697:
2009
PD 6691
PD 6692
MCHW1, SHW
900

Unless otherwise permitted in the
Package Order the use of
reclaimed asphalt shall not be
used in HRA surface courses
(design and recipe mixes).
Permitted HRA materials
specified in the HSHW:
HRA 35/14 F surf 40/60 recipe
HRA 35/14 F surf 40/60 design
HRA 55/10 F surf 40/60 design
HRA 55/10 F surf 100/150
design
• HRA 55/14 F surf 40/60 design

•
•
•
•

See separate
note on the
effective
application of
resurfacing
materials.

HRA with high stone content has a
similar performance to SMA and the
high stone content can make this
material resistant to rutting and
deformation but may make aesthetics
poor.
Deformation resistance depends on
binder properties and fine aggregate
characteristics. Therefore, design
mixes should be used in areas with
high levels of HGV traffic.
HRA produced in accordance with the
requirements of BS EN 13108-4 and
laid in accordance with BS 594987

HRA can be recycled in situ through
Repave, Remix or Retread
processes (or similar).
WRAP recognise the following
secondary and recycled materials
as being suitable for inclusion within
HRA
(www.aggregain.wrap.org.uk)*:
•
•
•
•
•

Blast Furnace & Zinc Slag
China clay sand and Stent
Foundry sand
Incinerator bottom ash
Pulverized-fuel ash

Final Report

Carbon range 2
Likely to be slightly
lower than that for HRA
with pre-coated
chippings.
However, this varies
depending on the
binder content and the
temperature required
during manufacture.
Design mix HRA can
have a similar binder
content to SMA and so
therefore the embodied
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Option

Compliance

References within the Midland
Highway Alliance Harmonised
Specification for Highway
Works (HSHW)

Application
method and
ease of
laying and
compaction

Effectiveness, durability and life
expectancy

may be considered durable for a
reasonable working life.

HRA 30/14 surf 40/60 design has
also been successfully applied in
the three counties.

HAUC SROH
and Advice Note
2009/01
MCHW1, SHW
900
BS 4987: Parts
1&2
BS EN 13108

Permitted Close Graded Asphalt
Concrete Surface Course
materials specified in the HSHW:
• AC 14 close surf 100/150
• AC10 close surf 100/150

See separate
note on the
effective
application of
resurfacing
materials.

Durable due to good mechanical
interlock.
Particularly durable when compacted
correctly and sealed during early
service life.
Deformation resistant with good load
spreading ability.

AC dense bin 100/150 has also
been used successfully as a
surface course, requiring Surface
Dressing a year or two after
laying.

Can be susceptible to fatigue damage
and cracking if stiff mixtures are laid
too thin. It is recommended that as
minimum thickness of 30mm is laid.

PD 6691

Once laid, the surface is likely to
require the application of grit to
ensure early life skid resistance.

Dense Asphalt
Concrete
Surface Course
(for footways
only)

HAUC SROH
and Advice Note
2009/01
MCHW1, SHW
900
BS 4987: 2005 –
Parts 1&2
BS EN 13108
PD 6691

Permitted Dense Asphalt
Concrete Surface Course
materials specified in the HSHW
are for footway application only:
• AC 6 dense surf 100/150 for
footway surfacing
• AC 6 dense surf 160/220 for
footway Surfacing
The material has also
successfully been machine laid as
a reshaping option prior to
surface dressing. A footway
surface course with a 100/150
pen binder or above is too stiff to
be successfully applied by hand.

•
•
•
•
•

For the aggregate, only crushed
rock, blastfurnace slag and steel
slag are permitted.

Close Graded
Asphalt
Concrete
Surface Course

Ease of recycling and recycled
materials permitted

See separate
note on the
effective
application of
resurfacing
materials.

Durable to good mechanical interlock.
Particularly durable when compacted
correctly and sealed during early
service life.
Deformation resistant with good load
spreading ability.
Can be susceptible to fatigue damage
and cracking if stiff mixtures are laid
too thin. It is recommended that as
minimum thickness of 30mm is laid.
Once laid, the surface is likely to
require the application of grit to
ensure early life skid resistance.

Reclaimed asphalt
Recycled aggregate (RA)
Recycled Concrete
Aggregate (RCA)
Slate aggregate
Steel slag

Close graded asphalt concrete
surface courses are typically quite
difficult to recycle and is not
typically suitable for the Repave,
Remix or Retread processes.
WRAP recognise the following
secondary and recycled materials
as being suitable for inclusion within
close graded asphalt concrete
surface course
(www.aggregain.wrap.org.uk)*:
Blast Furnace & Zinc Slag
China clay sand and Stent
Foundry sand
Incinerator bottom ash
Pulverized-fuel ash
Reclaimed asphalt
Recycled aggregate (RA)
Recycled Concrete
Aggregate (RCA)
• Steel slag
WRAP recognise the following
secondary and recycled materials
as being suitable for inclusion within
dense asphalt concrete surface
courses
(www.aggregain.wrap.org.uk)*:

Carbon implications
(embodied carbon of
the material as a
result of the
manufacturing
process only)**
carbon will be as high.

Resilience
to climate
change

Availability

Indicative
2
cost per m
of material
laid***

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

Available within
the 3CAP area.

Price range
2. Generally
cheaper than
SMA and
HRA. The
price will vary
depending on
the binder
type and
amount, size
of the site,
and
application
method.

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

Available within
the 3CAP area.

Price range
1 or 2.
However, this
price will vary
depending on
the binder
type and
amount, size
of the site,
and
application
method.

The embodied carbon
of HRA can be
minimised if recycled
aggregates are
incorporated within the
mix (rather than
premium primary
aggregate).
Carbon range 1
No data is currently
available for the
embodied carbon of
close graded asphalt
concrete surface
courses. However, the
embodied carbon can
be reduced if recycled
aggregates are
incorporated within the
mix.

•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•

Blast Furnace & Zinc Slag
China clay sand and Stent
Foundry sand
Incinerator bottom ash
Pulverized-fuel ash
Reclaimed asphalt
Recycled aggregate (RA)
Recycled Concrete
Aggregate (RCA)
Recycled glass
Steel slag

Final Report

Carbon range 2
No data is currently
available for the
embodied carbon of
dense asphalt concrete
surface courses.
However, it tends to be
high due to the use of
cement and asphalt.
The embodied carbon
can be reduced if
recycled aggregates
are incorporated within
the mix.
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Cold Lay
Asphalt
(including Cold
Lay SMA)

Compliance

HAUC SROH

PD 6691: 2007
PD 6682-2: 2009
BS EN 13043:
2002
BBA HAPAS
approved
For SMA, if not
BBA HAPAS,
then BS EN
13108-5, BS EN
13108-20 and BS
EN 13108-21*

MCHW1, SHW
1000
BS EN 13877:
2004 – Parts 1
and 2
BS EN 13863

Composite
Surfaces

Permitted SMA materials
specified in the HSHW:

BS 594987:2007
BS EN 13108-5

Concrete
Surfaces

References within the Midland
Highway Alliance Harmonised
Specification for Highway
Works (HSHW)

Varies. Depends
on the material
type.

•
•
•
•

SMA 14 surf 40/60
SMA 10 surf 40/60
SMA 20 surf 40/60
SMA 6 surf 100/150 for
footway surfacing

Application
method and
ease of
laying and
compaction

See separate
note on the
effective
application of
resurfacing
materials.

Effectiveness, durability and life
expectancy

The use of polymer modified binders
gives good early life cohesion and
strength. However, durability may be
reduced in the surface is trafficked too
early.
A UK specification for the use of
these materials is currently under
development.

The HSHW specifies that for the
aggregate, only crushed rock and
steel slag are permitted.
However, PD6691 states that a
wider range of recycled and
secondary materials are permitted
for inclusion (see the ’Ease of
recycling and recycled materials
permitted’ column).

Ease of recycling and recycled
materials permitted

PD 6691 recommends that asphalt
concrete binder courses should not
contain more than 50% recycled
asphalt.
Cold lay asphalt (specifically cold
lay SMA) is more difficult to recycle
than many other resurfacing options
and is not typically suitable for the
Repave, Remix or Retread
processes.
Recycled materials permitted
depends on the specification within
HAUC SROH. However, WRAP
recognise the following secondary
and recycled materials as being
suitable for inclusion within cold lay
asphalt
(www.aggregain.wrap.org.uk)*:
Blast Furnace & Zinc Slag
China clay sand and Stent
Foundry sand
Pulverized-fuel ash
Reclaimed asphalt (<10%)
Recycled aggregate (RA)
Recycled Concrete
Aggregate (RCA)
• Steel slag
WRAP recognise the following
secondary and recycled materials
as being suitable for inclusion within
concrete surfacing
(www.aggregain.wrap.org.uk)*:

Carbon implications
(embodied carbon of
the material as a
result of the
manufacturing
process only)**

Resilience
to climate
change

Availability

Indicative
2
cost per m
of material
laid***

Carbon range 1

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

Available within
the 3CAP area

Price range
1 or 2.
However, this
price will vary
depending on
the binder
type and
amount, size
of the site,
and
application
method.

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

Available within
the 3CAP area.

Varies widely
depending on
type of
material.

See
separate
note on the
resilience
to climate
change of
these
resurfacing

Available within
the 3CAP area.

Varies widely
depending on
type of
material.

Estimated that cold-mix
asphalts have 45% less
embodied carbon than
hot mix designs
[http://www.aggregate.c
om/Documents/Brochur
es/Asphalt-lifebrochure.pdf].

•
•
•
•
•
•
•

There are no comments relating
to the use of concrete surfaces in
the HSHW. Concrete surfaces
are not typically applied on
carriageways in the UK.
However, they have a history of
application in paved areas, low
traffic estate roads, footways and
car parks, and also as proprietary
repair systems.

See separate
note on the
effective
application of
resurfacing
materials.

There are no comments relating
to the use of composite surfaces
in the HSHW. However, these
surfaces are typically used for
pavement rehabilitation on lowtrafficked roads in the UK, with
ongoing research into their
suitability for wider use and their

See separate
note on the
effective
application of
resurfacing
materials.

Concrete surfaces are typically
stronger and more durable than
asphalt surfaces. They also can easily
be grooved to provide a durable skidresistant surface. As they are typically
used as proprietary repair systems,
concrete surfacing is designed and
selected to provide the levels of
durability and performance
characteristics for the particular site.

Depending on their composition,
composite surfaces tend to show
good durability to extremes of
temperature, freeze-thaw cycles and
heavy loading from traffic. Durability
and life expectancy depends on the
material’s constituents.

Blast Furnace & Zinc Slag
China clay sand and Stent
Foundry sand
Incinerator bottom ash
Pulverized-fuel ash
Recycled aggregate (RA)
Recycled Concrete
Aggregate (RCA)
• Slate aggregate
Composite surfacing can prove
difficult to recycle due to the
complexity of the structure and the
variability in the composition.
•
•
•
•
•
•
•

Final Report

Carbon range 1-3
The embodied carbon
of concrete surfacing
varies widely
depending on type of
material but tends to be
high due to the high
cement content. This is
reduced if recycled
aggregates are
incorporated within the
mix.

Carbon range 1-3
The embodied carbon
of composite surfacing
varies widely
depending on type of
material. This is
reduced if recycled
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Option

Compliance

References within the Midland
Highway Alliance Harmonised
Specification for Highway
Works (HSHW)

Application
method and
ease of
laying and
compaction

environmental and performance
benefits.

High Friction
Road Surfacing
(HFS) - Hot Lay

Specified in
accordance
MCHW 1 with
Clause 924

A minimum PSV of 70 should be
achieved and the material shall
not contain Lead, Chromate,
Cadmium or Barium.

BBA HAPAS
Roads and
Bridges
Certificate.

Where a thin wearing course is to
be covered by HFS the contractor
shall reduce the texture of the
area of the thin wearing course
system to 1-2 mm. Where the
surfacing is to be trafficked prior
to the application of HFS, 3mm
grit shall be applied and rolled in
to provide enhanced short-term
skid resistance, as detailed in HD
37/99.

The minimum
PSV of the
aggregate,
determined in
accordance with
BS 812: Part 114

High Friction
Road Surfacing
(HFS) - Cold
Lay

Specified in
accordance with
HD 36 (DMRB
7.5.1)

The contractor must provide a
copy of the BBA HAPAS
Certificate(s) for the thin surface
course system or systems that
are proposed for use in the works.

Specified in
accordance
MCHW 1 with
Clause 924

A minimum PSV of 70 should be
achieved and the material shall
not contain Lead, Chromate,
Cadmium or Barium.

BBA HAPAS
Roads and
Bridges
Certificate.

Where a thin wearing course is to
be covered by HFS the contractor
shall reduce the texture of the
area of the thin wearing course
system to 1-2 mm. Where the
surfacing is to be trafficked prior
to the application of HFS, 3mm
grit shall be applied and rolled in
to provide enhanced short-term
skid resistance, as detailed in HD
37/99.

The minimum
PSV of the
aggregate,
determined in
accordance with
BS 812: Part 114
Specified in
accordance with
HD 36 (DMRB
7.5.1)

The contractor must provide a
copy of the BBA HAPAS
Certificate(s) for the thin surface
course system or systems that
are proposed for use in the works.

See separate
note on the
effective
application of
resurfacing
materials.

Effectiveness, durability and life
expectancy

An asphalt overlay can be placed
over distressed concrete to produce a
smooth wearing course. However, a
disadvantage of this method is that
the joints between the underlying
concrete slabs usually cause cracks,
called reflective cracks in the asphalt.
Suitable for all classes of road. Laid
when required to achieve resistance.
Application is typically set by the
individual authority’s skidding policy.
Reference should also be made to
CSS Skidding Resistance Guidance
Note [2005].

Ease of recycling and recycled
materials permitted

The high value of high PSV
aggregate makes it desirable for
recycling. Recycling can be carried
out in situ or ex situ by an approved
contractor.

Careful attention to material selection
and installation has provided service
lifetimes of typically 5 - 10 years.

Carbon implications
(embodied carbon of
the material as a
result of the
manufacturing
process only)**
aggregates are
incorporated within the
mix.

Resilience
to climate
change

Carbon range 2

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

No data is currently
available for the
embodied carbon of
HFS. However, the
embodied carbon can
be reduced if recycled
aggregates are
incorporated within the
mix.

Availability

Indicative
2
cost per m
of material
laid***

Available within
the 3CAP area.
However, high
PSV aggregate
has limited
availability
when
compared to
other
aggregates.

Price range
3 or 4.
However, this
price will vary
depending on
the binder
type and
amount, size
of the site,
and
application
method.

materials.

Although this system is regarded as
less durable than systems that apply
the resin and aggregate separately it
is a lot less weather dependent, and
can be opened to traffic within ten to
fifteen minutes of the last screed
being laid, which can be important.

See separate
note on the
effective
application of
resurfacing
materials.

Certain areas of road, like the
approach to traffic lights, may require
surfaces with higher friction values
that can be achieved by SMA or
HRA). In these circumstances a HFS
material may be used.

If 65 PSV or
68 PSV is
required,
Surface
Dressing can
offer an
alternative
lower cost
option.
The high value of high PSV
aggregate makes it desirable for
recycling. Recycling can be carried
out in situ or ex situ by an approved
contractor.

HFS is particularly effective when
applied on sharp bends and has been
shown to reduce the frequency of
accidents.

Carbon range 1
No data is currently
available for the
embodied carbon of
HFS. However, the
embodied carbon can
be reduced if recycled
aggregates are
incorporated within the
mix.

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

Available within
the 3CAP area.
However, high
PSV aggregate
has limited
availability
when
compared to
other
aggregates.

This material is most durable if it is
machine laid.
HFSs can be specified in accordance
with The Specification for Highway
Works Clause 924.
Careful attention to material selection
and installation has provided service
lifetimes of typically 5 - 10 years.
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Option

Compliance

References within the Midland
Highway Alliance Harmonised
Specification for Highway
Works (HSHW)

Application
method and
ease of
laying and
compaction

Effectiveness, durability and life
expectancy

Ease of recycling and recycled
materials permitted

Slurry Seals
and Micro
Asphalts

MCHW1, SHW
900

The HSHW specifies that for
these materials a minimum
thickness of 3mm should be
applied, and the minimum PSV
must be 60.

See separate
note on the
effective
application of
resurfacing
materials.

Slurry surfacings do not usually
increase the load bearing capacity of
the pavement structure.

WRAP recognise the following
secondary and recycled materials
as being suitable for inclusion within
slurry seal / micro asphalts
(www.aggregain.wrap.org.uk)*:

BS EN 12274:
2003
BBA HAPAS
certificate when
used in trunk
roads

Contractors must state the
estimated design life of the slurry
surfacing for each location in
which they will be applied.
Performance must be guaranteed
for a minimum of 2 years.

It can provide a 'settled' surface
almost immediately and have a longterm life similar to that of surface
dressing.

•
•

Blast Furnace & Zinc Slag
Steel slag

Typical in-service performance of 712 years if carefully designed and
installed.

Carbon implications
(embodied carbon of
the material as a
result of the
manufacturing
process only)**
Carbon range 2

No data is currently
available for the
embodied carbon of
slurry seals and microsurfacing. However, the
embodied carbon can
be reduced if recycled
aggregates are
incorporated within the
mix.

Resilience
to climate
change

Availability

Indicative
2
cost per m
of material
laid***

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

Available within
the 3CAP area.

Price range
1. However,
this price will
vary
depending on
the binder
type and
amount, size
of the site,
and
application
method.

See
separate
note on the
resilience
to climate
change of
these
resurfacing
materials.

Available within
the 3CAP area.

Price range
1. However,
this price will
vary
depending on
the binder
type and
amount, size
of the site,
and
application
method.

These materials have typically
been used on footways and
estate roads. However, it is
suitable for use instead of surface
dressing on high trafficked roads.
Surface
Dressing

MCHW1, SHW
900
BS EN 12271:
2006
BS EN 12272:
2002
PD 6689: 2009
TRL Road Note
39

The HSHW leaves the decision
on surface dressing requirements
to individual members of the
MHA.

See separate
note on the
effective
application of
resurfacing
materials.

This treatment does not add strength
to the road but provides a protective
and hard-wearing layer. However, it
seals the underlying surface against
the ingress of water and air, thereby
directly influencing the durability and
life of the road.
An added advantage of surface
dressing is that it can be repeated
cost-effectively, thereby extending the
life of the pavement even further.
However, care must be taken as
repeated application of surface
dressing treatments can increase the
risk of areas 'fatting up' and may
cause bleeding of excess binder in
hot conditions. However, this is less
of a problem with emulsion based
surface dressing. It is recommended
surface dressing is applied no more
than once every 7-10 years.

Excess chippings can be swept and
returned to the recycling stock
ground to be washed and rescreened.
Recycled chippings must meet the
appropriate nominal size and
grading requirements of the
particular specification.
WRAP recognise the following
secondary and recycled materials
as being suitable for inclusion within
surface dressing
(www.aggregain.wrap.org.uk)*:
•
•
•

Blast Furnace & Zinc Slag
China clay sand and Stent
Steel slag

Carbon range 3
The embodied carbon
of surface dressing is
much higher per tonne
than that of asphalt.
However, due to the
rate of spread, the
embodied carbon per
2
m is lower than most
other options.
The embodied carbon
of surface dressing is
reduced if recycled
aggregates are
incorporated within the
mix.

Proper attention to design and
execution has provided surface
dressing lifetimes 10 years and more,
even on very heavily trafficked sites.
This can be significantly higher in low
stress situations (e.g. on low
trafficked straight roads)
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Notes to accompany Table 21

* The AggRegain website refers to the standards and specifications set out in MCHW1 SHW
900, the 2007 Structural Design of Heavy Duty Pavements for Ports and Other Industries, BS
EN 13108, and PD6691 when stating the secondary and recycled materials permitted and
suitable for inclusion in the specific resurfacing options. It is recommended that reference us
made to the AggRegain website and the associated standards and specifications that it refers
to when making decisions regarding the use of secondary and recycled materials in resurfacing
applications - http://aggregain.wrap.org.uk/.
** Carbon impact of the material production process – the ‘embodied carbon’ of each material.
This is based on the production of equal amounts of each material (such as per tonne etc) and
does not take into account differences in laying depths etc.
1: Low embodied carbon
2: Medium embodied carbon
3: High embodied carbon
2

*** Ranges for indicative costs of the materials per m laid:
1: £0-5
2: £5-10
3: £10-15
4: £15-20
5: £20-25
6: £25+
Matrix standards and specifications references
BBA HAPAS – British Board of Agrément Highways Authorities Product Approval Scheme.
This was set up by the Highways Agency, CSS (County Surveyors' Society) and the BBA in
1995, with the objective of establishing a nationally recognised approval scheme for innovative
highways products and systems.
BS 4987: 2005 – Parts 1&2 – Close Graded Macadam Wearing Courses & Dense Bitumen
Macadam Basecourses / Roadbases
BS 594987:2007 – Asphalt for roads and other paved areas – Specification for transport, laying
and compaction and type testing protocols
BS EN 12271: 2006 – Surface Dressing – Requirements
BS EN 12272: 2002 – Surface Dressing – Test Methods
BS EN 12274: 2003 – Test methods for slurry surfacings detailed
BS EN 12697: 2009 – Bituminous mixtures – Test methods for hot mix asphalt
BS EN 13043: 2002 – Aggregates for bituminous mixtures and surface treatments for roads,
airfields and other trafficked areas
BS EN 13108-1 – Bituminous mixtures. Material specifications – Asphalt Concrete
BS EN 13108-4 – Bituminous mixtures. Material specifications - Part 4: Hot Rolled Asphalt
BS EN 13108-5 – Bituminous mixtures. Material specifications - Part 5: Stone Mastic Asphalt
BS EN 13863 – Concrete Pavements
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BS EN 13877-1: 2004 – Concrete Pavements – Part 1: Materials
BS EN 13877-2: 2004 – Concrete Pavements – Part 2: Functional requirements for concrete
pavements
DMRB HD 37/99 – Volume 7 – Pavement Design and Maintenance - Bituminous Surfacing
materials and Techniques
HAUC SROH – Highway Authorities and Utilities Committee Specification for the
Reinstatement of Openings in Highways and Advice Note 2009/01
MCHW1, SHW 900 – Manual of Contract Documents for Highway Works: Volume 1 (MCHW1),
Specification for Highway Works, Series 900
MCHW1, SHW 1000 – Manual of Contract Documents for Highway Works: Volume 1
(MCHW1), Specification for Highway Works Series 1000
PD 6682-2: 2009 – Aggregates for bituminous mixtures and surface treatments for roads,
airfields and other trafficked areas - Guidance on the use of BS EN 13043
PD 6689: 2009 – Surface treatments – Guidance on the use of BS EN 12271 and BS EN
12273
PD 6691: 2007 – Guidance on the use of BS EN 13108 Bituminous mixtures – Material
specifications
PD 6692: 2006 – Guidance on the use of BS EN 12697
TRL Road Note 39 – Design guide for road surface dressing
TRL SR 627 – A guide to road surface dressing practice
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6.2.1

Application method and ease of laying and compaction
This section accompanies Table 21 (Guidance decision-making matrix) and details
considerations, issues and recommendations specifically associated with the laying and
compaction of typical resurfacing options. It should further assist decision-makers in selecting
the most appropriate resurfacing material(s) for their networks in order to maximise resilience
to climate change and extreme weather events.
There are a number of issues relating to material laying and compaction that should be
considered when carrying out resurfacing activities and which are universal across all material
options. These being:
• Prior to commencement of laying, the underlying course should be prepared to produce a
stable surface of appropriate profile on which the surface layer is to be placed. This ensures
that the underlying course facilitates the laying of the surface course within the permitted
thickness range.
• Laying should be carried out with due regard to ambient weather conditions so that
materials can be properly compacted. Material should not be laid on any surface which is
frozen or covered with ice, water or snow and it is recommended that that laying is not
conducted below -1°C to allow for the cooling effect of wind chill.
• Resurfacing should only be carried out on surfaces which are dry, hard and free from dust,
oil, excess bitumen or other contaminants that may cause a lack of adhesion. It should also
only be carried out on surfaces that are free of loose materials and foreign matter.
• Resurfacing materials should only be laid on pavements with adequate underlying strength
and condition for the traffic levels.
• Laying and compaction should be controlled and carried out by trained and experienced
personnel.
There are also a range of material-specific considerations, issues and recommendations for
effective laying and compaction which will increase the level of resistance to the effects of
climate change and reduce the need for future maintenance and rehabilitation activities. These
are outlined in Table 22.
Table 22: Consideration and recommendations for laying and compaction of resurfacing
materials
Material
Stone
Mastic
Asphalt
(SMA)

Considerations, issues, recommendations and guidance.
Laying of SMA does not typically cause any problems, but hand laying
should be avoided as the high stone content and fibre reinforced or
modified binder make the material difficult to hand work. The final
appearance of hand laid material is very different from that of the machine
laid material and may, because of higher void content, be significantly less
durable.
To maximise durability, bond coats should be applied when using SMA
mixtures.
Texture depth as specified in the MHA harmonised Specification, should
generally be 1.3mm for high speed roads and 1.0mm for all other roads.
Laying of SMA should cease when the air temperature reaches 0°C,
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Material

Considerations, issues, recommendations and guidance.
except in calm dry conditions, when laying shall cease if the air
temperature reaches −3°C.
Where the road is to be trafficked immediately following the application of
SMA, 0-4mm grit can be applied and rolled in to provide enhanced shortterm skid resistance.

Thin Surface
Course
Systems
(TSCS)

TSCS are proprietary products and so their laying and compaction are the
responsibility of the supplier / contractor. The application of TSCS can, in
some circumstances, be more rapid than the laying of HRA or SMA;
resulting in less disruption to traffic flow and lower traffic management
costs. It is preferable that TSCS are not laid by hand except where a paver
can not operate.
It is essential that the binder layer can tolerate the new works. If the
underlying layer needs regulating, the speed advantage of the application
process may be lost.
Where the road is to be trafficked immediately following the application of
TSCS, 0-4mm grit can be applied and rolled in to provide enhanced shortterm skid resistance.
The application of TSCS is strictly controlled by the BBA HAPAS certified
process.

Hot Rolled
Asphalt
(HRA) with
pre-coated
chippings

HRA with pre-coated chippings is typically laid to the required thickness
using a paving machine.
Once a section of the surface course is laid a chipping spreader passes
over it distributing high quality aggregate chippings onto its surface to
produce texture and a skid resistant surface.
After the chippings have been spread they must be compacted into the
surface course using a heavy roller. Care must be taken when
compacting. If the surface course is too hot the chippings may be pressed
too deep into the material – effectively losing their purpose as a high
friction surface layer.

Hot Rolled
Asphalt
(HRA) with
high stone
content
(High Stone
Content
Asphalt –
HSCA)
Close
Graded
Asphalt
Concrete
Surface
Course

The minimum material laying temperature is 110°C. This should be higher
where wind chill is an issue, such as on exposed sites. If compacted whilst
the surface course is too cold the chippings may not stick to the course
adequately and may become detached by passing traffic.
HRA with HSCA is typically laid to the required thickness using a paving
machine.
The minimum material laying temperature is 110°C. This should be higher
where wind chill is an issue, such as on exposed sites.
It may be necessary to apply a thin layer of grit to the surface to promote
early life skid resistance if trafficking is required immediately.
It is recommended that these materials are machine-laid by a paver except
where it is impossible or impractical to do so, for example on driveways
and small car parks, confined spaces and footpaths. The contractor /
supplier should ascertain the most appropriate method to use.
The material can be laid by hand but the finish achieved by machine-laying
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Material

Dense
Asphalt
Concrete
Surface
Course
Cold Lay
Asphalt
(including
Cold Lay
SMA)

Concrete
Surfaces

Considerations, issues, recommendations and guidance.
tends to be superior.
Design mixtures can be difficult to compact and require significant
compaction effort.
This material can be laid by hand but the finish achieved by machinelaying tends to be superior. It can be machine laid as reshaping option
prior to surface dressing or used as a footway treatment.

Cold lay asphalt can be applied by hand or machine and is typically easy
to lay and compact.
These materials are usually only used for minor patching and repair and
not on major carriageways. Experience in the use of this material is
limited, with research currently being carried out. However, it has shown
some suitability for the reinstatement of SMA and macadam carriageways.
The material also potentially has a long-shelf life and is easy to handle.
The material is typically applied as a freshly-mixed slurry and worked
mechanically to compact the interior and to produce a smooth and dense
surface free from honeycombing.
Mixes can be designed to provide the required workability and
performance using selected additives. Newly laid areas require protection
from the sun’s heat during the initial curing period.

Composite
Surfaces

High
Friction
Road
Surfacing
(HFS) – Hot
Lay

Joint seals should be properly constructed and laying should not be
conducted during periods of heavy rain or in extreme high summer
temperatures.
Composite surfaces combine cement with asphalt. They can be laid over
distressed concrete to restore a smooth wearing surface.
The specific application method and level of ease of laying and
compaction depends on the material constituents. This should be advised
by the material supplier and/or contractor.
HFS systems with a current BBA HAPAS certificate should only be
installed by a contractor approved by the BBA.
Hot lay HFS is reduced to a fluid state in a temperature controlled hot-pot.
Once in a fluid state the material is poured from the outlet-shoe of the pot
onto the road where it is manually spread to the desired thickness by the
site personnel.
In theory, hot lay HFS can be trafficked straightaway. However, suppliers
do not typically recommend this. Where the road is to be trafficked
immediately following the application of HFS, 3mm grit can be applied and
rolled in to provide enhanced short-term skid resistance, as detailed in HD
37/99.

High
Friction
Road
Surfacing
(HFS) – Cold
Lay

It is recommended that HFS is only applied to recently laid surfaces or
where there are no signs of fatigue cracking or deformation.
HFS systems with a current BBA HAPAS certificate should only be
installed by a contractor approved by the BBA.
Cold lay HFS typically consists of a resin which is mixed with a hardener in
a large container using a paddle before being poured and spread onto the
road manually. High quality aggregate is then spread over the resin and
any excess swept away when the product is dry. Cold lay HFS can be
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Material

Slurry Seals
and Micro
Asphalts

Surface
Dressing

Considerations, issues, recommendations and guidance.
either an epoxy resin based material which should always be machine laid
and is the most durable, or polyurethane binder based which can be hand
laid but is less durable.
Even in good weather cold lay HFS usually take at least three hours to set
completely, in cool weather it can take a lot longer, and this can present
traffic management problems.
Slurry seals and micro surfacing with BBA HAPAS Roads and Bridges
Certificates should only be laid by approved contractors. Installation and
quality control procedures should comply with the requirements of Clause
918 and Clause 927, respectively, of the Specification (MCHW 1) and with
the requirements of the BBA HAPAS Certificate and method statement
agreed by the BBA. Laying slurry and micro-surfacings can be slow and
the material must be left to break and stabilise prior to opening to traffic.
Application should not be carried out when the ground temperature falls
below 4°C or above 40°C or when standing water is present. When
spreading in hot, dry conditions it may be appropriate to slightly dampen
the surface by means of a mist spray, to avoid the emulsion breaking too
quickly. The surfacing should also be protected from the effects of rain or
frost before the slurry or micro surfacing has developed sufficient
resistance.
Surface dressing is a relatively low cost method of increasing the life of a
road and typically costs less than other resurfacing options. However, the
process does not add strength to the road and should only be carried out if
the underlying road is structurally sound. Surface dressing is used to
create a fresh hard wearing surface with increased texture and therefore
skid resistance. It also seals the surface of the road preventing the
penetration of water, whilst arresting the disintegration of the existing
surface.
The process is a relatively fast operation and is achieved by initially
spraying a bituminous adhesive coat onto the existing road, followed by
the careful spreading of high quality chippings of aggregate onto the
adhesive surface.
After laying the new surface, it is important that traffic speed is kept to a
minimum to prevent the removal of adhered chippings.
The underlying road must be structurally sound. Pre-patching is
recommended the year before surface dressing application and some
patches may need pre-dressing to avoid bleeding of the binder.

6.2.2

Resilience to climate change
This section provides information on the various resurfacing options available and it specifically
details considerations, issues and recommendations specifically associated with the resilience
of resurfacing materials to the effects of climate change and extreme weather events
(accompanying the decision-making matrices).
Table 23 details how each typical resurfacing material option is affected by climate change and
extreme weather events; particularly hot and dry conditions and periods of prolonged rainfall.
These impacts should be taken into account when selecting the most appropriate materials for
application during construction, maintenance and rehabilitation activities.
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Table 23: Impacts of climate change and extreme weather events on resurfacing
materials
Material
Stone Mastic
Asphalt (SMA)
Thin Surface
Course Systems
(TSCS)
Hot Rolled
Asphalt (HRA)
with pre-coated
chippings

Hot Rolled
Asphalt (HRA)
with high stone
content (High
Stone Content
Asphalt –
HSCA)
Close Graded
Asphalt
Concrete
Surface Course
Dense Asphalt
Concrete
Surface Course
Cold Lay
Asphalt
(including Cold
Lay SMA)
Concrete
Surfaces

Issues and Effects
Age hardening of SMA can occur during periods of high temperature,
leading to a brittle binder, reduced pavement flexibility, and cracking.
Age hardening of TSCS can occur during periods of high temperature,
leading to a brittle binder, reduced pavement flexibility, and cracking.
Binder stripping is also a risk during periods of heavy and prolonged
rainfall.
HRA has a reasonable tolerance to weather conditions. However, it has
shown evidence of poor resistance to deterioration on roads with high
concentrations of heavy vehicles during periods of hot weather. Elevated
temperatures over a prolonged period of time can also cause softening
of the bitumen binder when combined with heavy traffic.
Prolonged periods of wet weather can cause binder stripping and erosion
of the pre-coated chippings.
HRA has a reasonable tolerance to weather conditions. However, it has
shown evidence of poor resistance to deterioration on roads with high
concentrations of heavy vehicles during periods of hot weather. Elevated
temperatures over a prolonged period of time can also cause softening
of the bitumen binder when combined with heavy traffic, thus leading to
binder stripping and loss of skid resistance.
Age hardening of these materials can occur during periods of high
temperature, leading to a brittle binder, reduced pavement flexibility, and
cracking.
Age hardening of these materials can occur during periods of high
temperature, leading to a brittle binder, reduced pavement flexibility, and
cracking.
Cold lay asphalt is particularly susceptible to early-life deformation if
trafficked too early or laid during periods of extreme hot weather or
heavy rainfall. Age hardening can also occur during periods of high
temperature, leading to a brittle binder, reduced pavement flexibility, and
cracking.
Large changes in temperature can cause thermal expansion and
contraction in concrete pavements. This can result in internal longitudinal
stresses.
Concrete surfaces are generally more robust than asphalt surfaces in
periods of cold weather. However, in periods of frost, water saturated
concrete is subjected to deterioration, particularly when the concrete has
already deteriorated or has been poorly compacted.

Composite
Surfaces

Penetration of water through cracks and joint seals can cause weakening
of the foundation and subgrade through reduced stiffness and vertical
movements in the joints. Furthermore, periods of flooding can fill any
cracks on the surface with detritus, reducing skid resistance and
increasing surface noise from trafficking. An accumulation of detritus in
joint gaps/voids also leads to restricted joint movement and a loss of
subbase support.
The level of resilience to climate change depends on the type of material
included in composite surfacing. As with most other resurfacing
materials, composite surfaces are susceptible to age hardening during
periods of high temperatures, and binder stripping and deformation
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Material
High Friction
Road Surfacing
(HFS) - Hot Lay

High Friction
Road Surfacing
(HFS) - Cold Lay

Slurry Seals and
Micro Asphalts
Surface
Dressing

Issues and Effects
during prolonged periods of wet weather.
HFS has shown incidences of deterioration during prolonged periods of
elevated temperatures and extensive use by heavy commercial traffic,
particularly when the conditions of the underlying surface are poor.
The material is also susceptible to binder stripping during periods of
excess moisture and heavy trafficking.
HFS has shown incidences of deterioration during prolonged periods of
elevated temperatures and use by heavy commercial traffic, particularly
when the conditions of the underlying surface are poor. Cold lay
materials are also particularly susceptible to early-life deformation if
trafficked too early or laid during periods of extreme hot weather or
heavy rainfall.
The material is also susceptible to binder stripping during periods of
excess moisture and heavy traffic.
Slurry and micro-asphalts are particularly sensitive to high humidity and
wet weather during construction. They can also be prone to age
hardening during prolonged periods of hot weather.
Given a proper design and good construction carried out at the correct
time of year, surface dressing has a high probability of success. Wet
weather shortly after construction may cause the chippings to become
detached from the binder (binder stripping). A maximum road
temperature of 40°C may be specified, to reduce this risk of ‘bleeding’ of
the excess binder during hot weather. Laying season plays an important
role in promoting good long-term performance of surface dressing
materials.

Resurfacing materials should ultimately be selected and designed to suit the environment,
traffic levels and current and projected future climatic conditions of the specific location to be
treated.
There are a number of actions that can be taken to increase the resilience of resurfacing
materials to the effects of projected future climate change and more frequent extreme weather
events. These actions will help to build resilience in order to maximise the life of the pavement
and reduce the requirement for and cost of future maintenance and rehabilitation activities.
These actions include:
• Specifying an asphalt binder with a minimum high temperature viscosity to prevent
pavement deformation during periods of hot weather;
• Specifying an asphalt binder with adequate low temperature properties to prevent, or at
least limit, low temperature cracking;
• Using an asphalt binder with a low stiffness and specifying a high enough binder content to
increase the mixture’s fatigue life and flexibility, and increase reduce the rate of oxygen
absorption;
• Treating areas that have ‘fatted up’ due to hot weather with the application of hot fine
aggregate;
• Applying grit to the surface after initial laying and/or during periods of prolonged high
temperatures to prevent ‘bleeding’ and loss of skid resistance;
• Applying anti-stripping asphalt binder modifiers or anti-stripping additives (such as hydrated
lime) to reduce the risk of binder stripping;
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• Ensuring a good bond between the pavement layers to reduce the risk of deformation and
fatigue cracking. Bond coats are particularly beneficial when used in SMA applications;
• Giving consideration to changing the laying season to suit changing summer (hotter and
drier) and winter (warmer and wetter) conditions;
• Specifying air voids of no more than 4%. Air voids above this can lead to water easily
penetrating the structure, causing moisture damage through pore pressure or ice expansion
[TRL Overseas Road Note 19, 2002; and
• Not conducting laying during extreme hot or cold weather and when there is standing water
or ice on the road.
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6.3

Decision-Making Matrices: Resilience to Extreme Weather

6.3.1

Resilience to extreme high temperatures
The two matrices on the following pages provide an indication of the likely suitability of each
typical resurfacing material option in light of projected future climate change.
The first matrix (Table 25) provides an assessment of the likely resilience of each resurfacing
material if current practices continue and no changes are made to material choice and
composition, or application methods.
The second matrix (Table 26) provides an assessment of the likely resilience of each
resurfacing material if specific adaptation recommendations for changes to application methods
and material choice and composition are carried out.
Each material has been assessed against the range of UKCP09 scenarios for the 2020s (20102039) and the 2050s (2040-2069) for:
• Mean daily temperature (summer);
• Mean daily maximum daily temperature (summer);
• Change in temperature on the warmest day (summer);
• Change in temperature on the warmest night (summer);
• Number of heatwaves per year (2 or more days with a maximum daily temperature of >29°C
and minimum daily temp of >15°C);
• Number of ‘hot’ days per year where the temperature exceeds 28°C;
• Number of ‘hot days per year where the temperature exceeds 25°C; and
• Annual highest maximum temperature (°C).
The annual number and duration of heatwaves, the number of days where 28°C and 25°C are
exceeded, and the highest maximum temperatures are likely to have the largest impact on the
resilience of different resurfacing materials as these are extreme events where a concentrated
amount of stress is placed on the network.
Table 24 provides details of the temperature-related climate change projections for the 3CAP
area that the resurfacing materials have been assessed against in Tables 25 and 26.

Final Report

March 2011
71

The 3 Counties Alliance Partnership (3CAP)
The Effects of Climate Change on 3CAP’s Highway Network Policies and Standards: Phase 2

Table 24: High temperature-related probabilistic projections for the 3CAP area

Variable
Mean daily temperature
(summer)
daily
maximum
Mean
temperature (summer)
Change in temperature on
the warmest day (summer)
Change in temperature on
the
warmest
night
(summer)
Number of heatwaves per
year (2 days with max daily
temp of >29°C and min
daily temp of >15°C)
Number of ‘hot’ days per
year where the temperature
exceeds 28°C
Number of ‘hot’ days per
year where the temperature
exceeds 25°C
Annual highest maximum
temperature

2020s (2010-2039)
Low
Medium
High
10%
50%
90%
level
level
level
9°C
11.2°C
12°C

2050s (2040-2069)
Low
Medium High
10%
50%
90%
level
level
level
9°C
11.5°C
15°C

18°C

21.7°C

24°C

18°C

23.3°C

27°C

-2.2°C

1.0°C

5.2°C

-2.0°C

2.2°C

8.2°C

-0.6°C

1.0°C

2.8°C

0°C

2.3°C

5.1°C

0

1

5

0

1

8

1

4

15

2

7

22

4

12

38

7

22

59

26.5°C

29.2°C

33.9°C

28.3°C

31.5°C

37.6°C
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Table 25: Resilience to extreme high temperatures: Current Practice

2020s (2010-2039)

Scenario

Low
emissions
scenario (10%
probability
level)

Medium
emissions
scenario (50%
probability
level)

2050s (2040-2069)

High emissions
scenario (90%
probability
level)

Low emissions
scenario (10%
probability
level)

Medium
emissions
scenario (50%
probability
level)

High emissions
scenario (90%
probability
level)

Stone Mastic
Asphalt (SMA)

Thin Surface
Course Systems
(TSCS)
Hot Rolled Asphalt
(HRA) with precoated chippings
Hot Rolled Asphalt
(HRA) with high
stone content (High
Stone Content
Asphalt - HSCA)
Close Graded
Asphalt Concrete
Surface Course
Dense Asphalt
Concrete Surface
Course
Cold Lay Asphalt
(including Cold Lay
SMA)
Concrete Surfaces

Composite
Surfaces
High Friction Road
Surfacing (Hot Lay)
High Friction Road
Surfacing (Cold
Lay)
Slurry Seals and
Micro Asphalts

Surface Dressing

KEY
Good resilience – similar to current situation
Moderate resilience – some maintenance, rehabilitation and material changes likely
Poor resilience – significant maintenance, rehabilitation and material changes likely
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Table 26: Resilience to extreme high temperatures: With adaptation carried out*

2020s (2010-2039)

Scenario

Low
emissions
scenario (10%
probability
level)

Medium
emissions
scenario (50%
probability
level)

2050s (2040-2069)

High emissions
scenario (90%
probability
level)

Low emissions
scenario (10%
probability
level)

Medium
emissions
scenario (50%
probability
level)

High emissions
scenario (90%
probability
level)

Stone Mastic
Asphalt (SMA)

Thin Surface
Course Systems
(TSCS)
Hot Rolled Asphalt
(HRA) with precoated chippings
Hot Rolled Asphalt
(HRA) with high
stone content (High
Stone Content
Asphalt - HSCA)
Close Graded
Asphalt Concrete
Surface Course
Dense Asphalt
Concrete Surface
Course
Cold Lay Asphalt
(including Cold Lay
SMA)
Concrete Surfaces

Composite
Surfaces
High Friction Road
Surfacing (Hot Lay)
High Friction Road
Surfacing (Cold
Lay)
Slurry Seals and
Micro Asphalts

Surface Dressing

KEY
Good resilience – similar to current situation
Moderate resilience – some maintenance, rehabilitation and material changes likely
Poor resilience – significant maintenance, rehabilitation and material changes likely
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* Assumed adaptation recommendations carried out
Material resilience to extremes of high temperature shown in Table 26 assumes that the
following adaptation recommendations are carried out, where appropriate:
• The underlying course is prepared to produce a suitable substrate before a surface layer is
applied and materials are only laid on surfaces with adequate underlying strength and
condition for the traffic levels and that are dry, hard and free from dust, oil, excess bitumen
and other contaminants.
• Resurfacing materials are only laid in appropriate weather conditions and in accordance
with recommended laying seasons and traffic levels.
• Anti-stripping agents, such as hydrated lime, are applied within asphalt mixes where
appropriate to reduce the risk of binder stripping.
• Bond coats are applied to reduce voids and the risk of deformation and fatigue cracking;
particularly in SMA and TSCS mixes.
• Polymer modified binders are used to reduce rutting and cracking; particularly in SMA and
TSCS.
• Design mixtures (rather than Recipe mixes) are applied on heavily trafficked roads or those
specifically prone to deformation.
• Air void contents of 4% or less are specified to reduce the risk of age hardening.
• Asphalt binders with a minimum high temperature viscosity are specified to prevent
pavement deformation during periods of hot weather.
• Asphalt binders with low stiffness and high enough binder content are used to increase
fatigue life and flexibility, and increase the rate of oxygen absorption.
• Grit is applied to the surface after initial laying and/or during periods of prolonged high
temperatures to prevent ‘bleeding’ and loss of skid resistance.
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6.3.2

Resilience to extreme rainfall
The two matrices on the following pages provide an indication of the likely suitability of various
pavement types in light of projected future climate change. Each pavement type has been
assessed against a range of UKCP09 projections for the changes in different precipitation
variables for the 2020s (2010-2039) and the 2050s (2040-2069), and selected outputs from the
UKCP09 Weather Generator and Threshold Detector.
The first matrix (Table 28) provides an assessment of the likely resilience of each pavement
type if current practices continue and no changes are made to material choices and
composition, or construction and maintenance methods.
The second matrix (Table 29) provides an assessment of the likely resilience of each pavement
type if specific recommendations for changes to construction and maintenance methods and
material choices and composition are carried out.
The pavement types detailed in Tables 28 and 29 are consistent with those assessed in Table
20 (‘Resurfacing Decision-making matrix: Quick Reference’) and as detailed in the Midlands
Highway Alliance Harmonised Specification for Highway Works (HSHW). Each pavement type
has also been split into two to allow for separate assessments of ‘evolved’ and ‘designed’ roads
to be carried out. It is assumed that the majority of roads within the 3CAP network are asphalt
pavements.
Evolved roads are defined as those part of the highway network that were was not originally
designed and/or constructed using current standards and have evolved over the years through
multiple maintenance/ improvement activities. Therefore, they are likely to be sub-standard
when compared with current specifications and standards. This includes many of 3CAP’s rural
roads which originated from farm tracks and so therefore lack full-depth construction, but also
includes inadequately/poorly designed and constructed newer roads which are susceptible to
the same risk of deterioration and climate change impacts as older evolved roads.
Designed roads are defined as those which have been designed ad constructed to current
standards and specifications and have shown to (so far in the main) meet the particular route’s
requirements with minimal signs of deterioration and low maintenance needs.
An assessment of the resilience of modular and rigid pavements to future extreme rainfall is
also shown in Tables 28 and 29.
Each pavement type has been assessed against the range of UKCP09 scenarios for 2020s
(2010-2039) and the 2050s (2040-2069) for:
• Mean daily precipitation (annual);
• Mean daily precipitation (winter);
• Change in precipitation on the wettest day (winter);
• Number of days per year when precipitation is more than 25mm per day (Met Office
definition of ‘heavy rain’); and
• Number of days per year when precipitation is more than 40mm per day (like to cause flash
flooding as defined by UKCIP);
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The change in precipitation rate on the wettest day and the number of days per year when
precipitation is more than 25mm or 40mm per day are likely to have the largest impact on the
resilience of different pavement types as these are extreme events where a concentrated
amount of stress is placed on the network.
Table 27 provides details of the precipitation-related climate change projections for the 3CAP
area that the pavement types have been assessed against in Tables 28 and 29.
Table 27: Precipitation-related probabilistic projections for the 3CAP area

Variable
Mean daily precipitation
(annual)
Mean daily precipitation
(winter)
Change in precipitation on
the wettest day (winter)
Number of days per year
when
precipitation
is
greater than 25mm/day
Number of days per year
when
precipitation
is
greater than 40mm/day

2020s (2010-2039)
Low
Medium
High
10%
50%
90%
level
level
level
0mm
1.65mm
4mm

2050s (2040-2069)
Low
Medium High
10%
50%
90%
level
level
level
0mm
1.65mm
4mm

0mm

1.7mm

4mm

0mm

1.85mm

4mm

-6%

+5%

+16%

-5%

+9%

+27%

1.5

2.3

8.5

1.9

5.5

15.5

0.3

0.8

1.2

0.4

1.0

1.8
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Table 28: Resilience to extreme rainfall: Current practice

2020s (2010-2039)

Scenario

Low
emissions
scenario (10%
probability
level)

Medium
emissions
scenario (50%
probability
level)

2050s (2040-2069)

High emissions
scenario (90%
probability
level)

Low emissions
scenario (10%
probability
level)

Medium
emissions
scenario (50%
probability
level)

High emissions
scenario (90%
probability
level)

2a: Strategic
‘Regional’ Route –
Designed (Asphalt)
2a: Strategic
‘Regional’ Route –
Evolved (Asphalt)
2b: Strategic
‘Country’ Route –
Designed (Asphalt)

2b: Strategic
‘Country’ Route –
Evolved (Asphalt)

3a: Main Distributor
– Designed
(Asphalt)
3a: Main Distributor
– Evolved (Asphalt)
3b: Secondary
Distributor –
Designed (Asphalt)
3b: Secondary
Distributor –
Evolved (Asphalt)
4a: Link Road –
Designed (Asphalt)
4a: Link Road –
Evolved (Asphalt)
4b: Local Access
Road – Designed
(Asphalt)
4b: Local Access
Road – Evolved
(Asphalt)
Modular Pavements

Rigid Pavements

KEY
Good resilience – similar to current situation
Moderate resilience – some maintenance, rehabilitation and material changes likely
Poor resilience – significant maintenance, rehabilitation and material changes likely
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Table 29: Resilience to extreme rainfall – With adaptation carried out*

2020s (2010-2039)

Scenario

Low
emissions
scenario (10%
probability
level)

Medium
emissions
scenario (50%
probability
level)

2050s (2040-2069)

High emissions
scenario (90%
probability
level)

Low emissions
scenario (10%
probability
level)

Medium
emissions
scenario (50%
probability
level)

High emissions
scenario (90%
probability
level)

2a: Strategic
‘Regional’ Route –
Designed (Asphalt)
2a: Strategic
‘Regional’ Route –
Evolved (Asphalt)

2b: Strategic
‘Country’ Route –
Designed (Asphalt)
2b: Strategic
‘Country’ Route –
Evolved (Asphalt)
3a: Main Distributor
– Designed
(Asphalt)

3a: Main Distributor
– Evolved (Asphalt)
3b: Secondary
Distributor –
Designed (Asphalt)
3b: Secondary
Distributor –
Evolved (Asphalt)
4a: Link Road –
Designed (Asphalt)
4a: Link Road –
Evolved (Asphalt)
4b: Local Access
Road – Designed
(Asphalt)
4b: Local Access
Road – Evolved
(Asphalt)
Modular Pavements

Rigid Pavements

KEY
Good resilience – Similar to current situation
Moderate resilience – some maintenance, rehabilitation and material changes likely
Poor resilience – significant maintenance, rehabilitation and material changes likely
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* Assumed adaptation recommendations carried out

Pavement resilience levels shown in Table 29 assume that the adaptation recommendations
listed below are carried out during construction and/or maintenance activities, where
appropriate.
General adaptations:
• Longitudinal ditches are constructed and/or maintained where possible to aid drainage and
run-off;
• Scour from surface water is reduced by protecting highways that are lower than the
surrounding area from damage;
• Aggregates and binders with good water resistant properties are selected during
construction and maintenance activities;
• The use of hydrated lime as a proportion of the filler is considered;
• Bond coats at layer interfaces are specified to improve adhesion and waterproofing;
• Surface dressing is carried out to mitigate cracks, poor joints and inadequate waterproofing;
and
• Free draining materials should be selected for unbound pavements, such as aggregate with
a low fines content.
For asphalt pavements:
• Water sensitive subgrades are stabilised by the addition of lime or cement to improve their
resistance to deterioration due to water ingress;
• Asphalt layers are adequately compacted to a high compacted density with low air voids;
• Cracked asphalt or open joints within existing pavements are effectively and efficiently
sealed;
• Both reclaimed and new aggregates for use in construction and maintenance activities are
appraised for binder/aggregate affinity to ensure resistance to binder stripping is maximised;
• Waterproofing at layer interfaces is improved, such as through the use of bond coats, to
reduce the presence of voids and minimise the risk of water penetration;
• Dense and well graded asphalt materials with low permeability are selected during
resurfacing activities; and
• Polymer modified binders are considered to improve binder viscosity without losing the
pavement’s resistance to deformation.
For modular pavements:
• Subbase materials with high permeability, such as a coarse graded and free draining
material, are applied;
• Geotextile layers are incorporated at the underside of the sand bedding to prevent erosion
of the layer from water migration; and
• Modular pavements are not constructed in areas particularly prone to flooding.
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For rigid pavements:
• The condition of joint seals are regularly inspected and maintained to ensure perform their
intended function (including keeping detritus and water out of the joint) and remain
watertight; and
• Defective joint seals are replaced to ensure sealants are adequately bonded and adhering
to the concrete slabs at the joint detail.

Final Report

March 2011
81

The 3 Counties Alliance Partnership (3CAP)
The Effects of Climate Change on 3CAP’s Highway Network Policies and Standards: Phase 2

7

Summary
The aim of this project is to further progress the work carried out during the 3CAP project ‘The
Effects of Climate Change on 3CAP’s Highway Network Policies and Standards’, completed in
February 2009 (Phase 1).
This study has highlighted 3CAP’s progress against the Adaptation Action Plan developed
during the Phase 1 project. This review has shown that while all three councils are making
progress against the majority of the adaptation responses, progress is varied across the
service areas and across the councils. Most progress has been made against the adaptation
responses for bridges and other structures and for drainage. It is important that the three
councils keep a record of ongoing progress in order to meet the requirements of NI188 (Levels
3 and 4).
• Level 3 – The Authority has embedded climate change impacts and risks across council
decision making. It has developed a comprehensive adaptation action plan to deliver the
necessary steps to achieve the existing objectives set out in council strategies, plans,
investment decisions and partnership arrangements in light of projected climate change and
is implementing appropriate adaptive responses in all priority areas. This includes
leadership and support for Local Strategic Partnerships in taking a risk based approach to
managing major weather and climate vulnerabilities/opportunities across the wider local
authority area.
• Level 4 – The Authority and LSP are implementing the comprehensive adaptation action
plan across the local authority area, and there is a robust process for regular and continual
monitoring and review to ensure progress with each measure and updating of objectives.
The Authority and LSP are taking appropriate adaptive responses.
As assessment of UK Climate Projections 2009 (UKCP09) up until the 2050s show that there
are expected to be significant changes to the East Midland’s climate. The projections indicate
that summers will become hotter and drier, with the mean summer daily temperature projected
to be up to 8.2°C warmer by the 2050s, compared to the mean for the period 1961-90. Winters
are expected to become warmer and wetter, with precipitation on the wettest days in winter
projected to be up to 27% greater than the mean rate for 1961-90.
These climate changes are set to have significant impacts on the construction and
maintenance of local authority highways. Drier and hotter summers will lead to more incidences
of pavement deterioration and subsidence. Wetter winters and more frequent heavy rainfall
events will result in more frequent incidences of flooding, particularly in low-lying areas and
floodplains, and a higher risk of landslides. This will have an impact on pavement performance
and resilience, drainage capacity and condition, utilities and highways structures (such as
bridges, culverts, road signs and street lighting). The projections should be considered during
the preparation of any long-term asset management plan and lifecycle strategies and
documents, and should be integrated within wider council policies and plans.
Following requests from 3CAP, and in order to address the requirements of adaptation
responses relating to materials and resurfacing, a review of highway construction and
maintenance materials in the light of projected climate change has been conducted and has led
to a number of recommendations being made. These include:
• Enhancing asphalt mixtures to wider variations in temperature and humidity through the
application of mixture additives such as hydrated lime and polymer modified binders;
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• Adopting minimum PSV values for parent grit materials for use within SMA mixtures, in
order to promote skid resistance;
• Always ensuring a good bond between pavement layers to avoid crack initiation and
propagation, particularly in thin pavement systems;
• Encouraging the use of bond coats rather than tack coats to improve durability;
• Encouraging in situ recycling wherever possible (such as Repave and Remix methods);
• Specifying the thickness of microsurfacing if it is to be used (a thicker layer tends to provide
a longer surface life, e.g. 20mm); and
• Considering climate change projections when establishing the laying season for surface
dressing.
The findings of this review and the resulting recommendations for standard and specification
amendment should be considered by the three councils in order to successfully adapt their
network and services to the effects of climate change.
The development of resurfacing decision-making matrices will provide the councils with tools
for selecting the most appropriate resurfacing materials for their network in a consistent and
effective way.
By taking into account the findings and recommendations of this study, the three councils will
be able to more confidently ensure that they are prepared for the effects of climate change and
will make maintenance, repair and inspection activities more efficient and consistent across the
region. This will lead to capital and whole-life resource savings for Derbyshire, Leicestershire
and Nottinghamshire County Councils and an increasing synergy of operations across the
region.
By continuing to work together to align and co-ordinate policies, standards and activities, the
three councils will be able to plan for and adapt to climate change more effectively than if they
work separately.
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Appendix 1: Climate Change Projections for the 2020s
(2010-2039)
The climate change projections for the 2020s time-slice (2010-2039) are presented on the
following pages; and indicate the projected average climate for the period (absolute values or
relative to the baseline period).
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Mean daily temperature (annual) for the 2020s
Low emissions scenario, 10% probability level

© UK Climate
Projections
2009

Medium emissions scenario, 50% probability level

© UK Climate
Projections
2009
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in daily mean temperature (annual) for the 2020s

For the 2020s (2010-2039), the mean daily temperature (annual) in the East Midlands will be between 9°C
and 12°C. The change in mean daily annual temperature is very likely to be more than +0.75°C and less
than +2.1°C. The central estimate is +1.35°C. This is compared to a baseline mean annual daily
temperature of 9.1°C (1961-1990 average).
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Mean daily temperature (summer) for the 2020s
Low emissions scenario, 10% probability level

© UK Climate
Projections
2009

Medium emissions scenario, 50% probability level

© UK Climate
Projections
2009
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in daily mean temperature (summer) for the 2020s

For the 2020s (2010-2039), the mean daily temperature (summer) in the East Midlands will be between
15°C and 18°C. The change in mean daily summer temperature is very likely to be more than +0.6°C and
less than +2.5°C. The central estimate is +1.4°C. This is compared to a baseline mean summer daily
temperature of 15.1°C (1961-1990 average).
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Mean daily temperature (winter) for the 2020s
Low emissions scenario, 10% probability level

© UK Climate
Projections
2009

Medium emissions scenario, 50% probability level

© UK Climate
Projections
2009
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in daily mean temperature (winter) for the 2020s

For the 2020s (2010-2039), the mean daily temperature (winter) in the East Midlands will be between 3°C
and 6°C. The change in mean daily winter temperature is very likely to be more than +0.5°C and less than
+2.2°C. The central estimate is +1.3°C. This is compared to a baseline mean winter daily temperature of
3.6°C (1961-1990 average).
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Mean daily maximum temperature (summer) for the
2020s
Low emissions scenario, 10% probability level

© UK Climate
Projections
2009

Medium emissions scenario, 50% probability level

© UK Climate
Projections
2009
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in mean daily maximum temperature (summer) for the 2020s

For the 2020s (2010-2039), the mean daily maximum temperature (summer) in the East Midlands will be
between 18°C and 24°C. The change in mean daily maximum summer temperature is very likely to be
more than +0.5°C and less than +3.6°C. The central estimate is +1.8°C. This is compared to a baseline
mean daily maximum summer temperature of 19.9°C (1961-1990 average).
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Mean daily minimum temperature (summer) for the
2020s
Low emissions scenario, 10% probability level

© UK Climate
Projections
2009

Medium emissions scenario, 50% probability level

© UK Climate
Projections
2009
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in mean daily minimum temperature (summer) for the 2020s

For the 2020s (2010-2039), the mean daily minimum temperature (summer) in the East Midlands will be
between 9°C and 15°C. The change in mean daily minimum summer temperature is very likely to be more
than +0.6°C and less than +2.7°C. The central estimate is +1.5°C. This is compared to a baseline mean
daily minimum summer temperature of 10.3°C (1961-1990 average).
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Mean daily maximum temperature (winter) for the
2020s
Low emissions scenario, 10% probability level

© UK Climate
Projections
2009

Medium emissions scenario, 50% probability level

© UK Climate
Projections
2009
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in mean daily maximum temperature (winter) for the 2020s

For the 2020s (2010-2039), the mean daily maximum temperature (winter) in the East Midlands will be
between 6°C and 9°C. The change in mean daily maximum winter temperature is very likely to be more
than +0.3°C and less than +2.6°C. The central estimate is +1.4°C. This is compared to a baseline mean
daily maximum winter temperature of 6.7°C (1961-1990 average).
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Mean daily minimum temperature (winter) for the 2020s
Low emissions scenario, 10% probability level

© UK Climate
Projections
2009

Medium emissions scenario, 50% probability level

© UK Climate
Projections
2009
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in mean daily minimum temperature (winter) for the 2020s

For the 2020s (2010-2039), the mean daily minimum temperature (winter) in the East Midlands will be
between 0°C and 6°C. The change in mean daily minimum winter temperature is very likely to be more
than +0.3°C and less than +2.7°C. The central estimate is +1.4°C. This is compared to a baseline mean
daily minimum winter temperature of 1.0°C (1961-1990 average).
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Change in temperature on the warmest day (summer)
for the 2020s
Low emissions scenario, 10% probability level

© UK Climate
Projections
2009

Medium emissions scenario, 50% probability level

© UK Climate
Projections
2009
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in temperature on the warmest day (summer) for the 2020s

For the 2020s (2010-2039), the change in temperature on the warmest day in summer in the East
Midlands is very likely to be more than -2.2°C and less than +5.2°C. The central estimate is +1.0°C.
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Change in temperature on the warmest night (summer)
for the 2020s
Low emissions scenario, 10% probability level

© UK Climate
Projections
2009

Medium emissions scenario, 50% probability level

© UK Climate
Projections
2009
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in temperature on the warmest night (summer) for the 2020s

For the 2020s (2010-2039), the change in temperature on the warmest night in summer in the East
Midlands is very likely to be more than -0.6°C and less than +2.8°C. The central estimate is +1.0°C.
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Change in temperature on the coolest day (winter) for
the 2020s
Low emissions scenario, 10% probability level

© UK Climate
Projections
2009

Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in temperature on the coolest day (winter) for the 2020s

For the 2020s (2010-2039), the change in temperature on the coolest day in winter in the East Midlands is
very likely to be more than -0.2°C and less than +3.0°C. The central estimate is +1.4°C.
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Change in temperature on the coldest night (winter) for
the 2020s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level

© UK Climate
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2009

Change in temperature on the coldest night (winter) for the 2020s

For the 2020s (2010-2039), the change in temperature on the coldest night in winter in the East Midlands
is very likely to be more than +0.4°C and less than +3.7°C. The central estimate is +1.8°C.
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Mean daily precipitation (annual) for the 2020s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level

© UK Climate
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2009

Change in mean daily precipitation (annual) for the 2020s

For the 2020s (2010-2039), the mean daily precipitation (annual) in the East Midlands will be between
0mm and 4mm. The change in mean daily precipitation (annual) is very likely to be more than -4% and less
than +6.5%. The central estimate is +0.2%. This is compared to a baseline mean daily precipitation
(annual) of 1.65mm (1961-1990 average).
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Mean daily precipitation (summer) for the 2020s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level

© UK Climate
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2009

Change in mean daily precipitation (summer) for the 2020s

For the 2020s (2010-2039), the mean daily precipitation (summer) in the East Midlands will be between
0mm and 4mm. The change in mean daily precipitation (summer) is very likely to be more than -22% and
less than +16%. The central estimate is -7%. This is compared to a baseline mean daily precipitation
(summer) of 1.78mm (1961-1990 average).
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Mean daily precipitation (winter) for the 2020s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level

© UK Climate
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2009

Change in mean daily precipitation (winter) for the 2020s

For the 2020s (2010-2039), the mean daily precipitation (winter) in the East Midlands will be between 0mm
and 4mm. The change in mean daily precipitation (winter) is very likely to be more than -3% and less than
+16%. The central estimate is +5%. This is compared to a baseline mean daily precipitation (winter) of
1.62mm (1961-1990 average).
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Change in precipitation on the wettest day (winter) for
the 2020s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in precipitation on the wettest day (winter) for the 2020s

For the 2020s (2010-2039), the change in precipitation on the wettest day in winter in the East Midlands is
very likely to be more than -6% and less than +16%. The central estimate is +5%.
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Appendix 2: Climate Change Projections for the 2050s
(2040-2069)
The climate change projections for the 2050s time-slice (2040-2069) are presented on the
following pages; and indicate the projected average climate for the period (absolute values or
relative to the baseline period).

Final Report

March 2011
119

The 3 Counties Alliance Partnership (3CAP)
The Effects of Climate Change on 3CAP’s Highway Network Policies and Standards: Phase 2

This page has been left blank intentionally.

Final Report

March 2011
120

The 3 Counties Alliance Partnership (3CAP)
The Effects of Climate Change on 3CAP’s Highway Network Policies and Standards: Phase 2

Mean daily temperature (annual) for the 2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level

© UK Climate
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2009

Change in mean daily temperature (annual) for the 2050s

For the 2050s (2040-2069), the mean daily temperature (annual) in the East Midlands will be between 9°C
and 15°C. The change in mean daily annual temperature is very likely to be more than +1.2°C and less
than +3.9°C. The central estimate is +2.4°C. This is compared to a baseline mean annual daily
temperature of 9.1°C (1961-1990 average).
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Mean daily temperature (summer) for the 2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level
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Change in mean daily temperature (summer) for the 2050s

For the 2050s (2040-2069), the mean daily temperature (summer) in the East Midlands will be between
15°C and 21°C. The change in mean daily summer temperature is very likely to be more than +1.0°C and
less than +4.7°C. The central estimate is +2.5°C. This is compared to a baseline mean summer daily
temperature of 15.1°C (1961-1990 average).
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Mean daily temperature (winter) for the 2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level
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Change in mean daily temperature (winter) for the 2050s

For the 2050s (2040-2069), the mean daily temperature (winter) in the East Midlands will be between 3°C
and 9°C. The change in mean daily winter temperature is very likely to be more than +0.8°C and less than
+3.7°C. The central estimate is +2.2°C. This is compared to a baseline mean winter daily temperature of
3.6°C (1961-1990 average).
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Mean daily maximum temperature (summer) for the
2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level
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Change in mean daily maximum temperature (summer) for the 2050s

For the 2050s (2040-2069), the mean daily maximum temperature (summer) in the East Midlands will be
between 18°C and 27°C. The change in mean daily maximum summer temperature is very likely to be
more than +1.0°C and less than +6.7°C. The central estimate is +3.4°C. This is compared to a baseline
mean daily maximum summer temperature of 19.9°C (1961-1990 average).
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Mean daily minimum temperature (summer) for the
2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level
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Change in mean daily minimum temperature (summer) for the 2050s

For the 2050s (2040-2069), the mean daily minimum temperature (summer) in the East Midlands will be
between 9°C and 18°C. The change in mean daily minimum summer temperature is very likely to be more
than +1.0°C and less than +5.4°C. The central estimate is +2.7°C. This is compared to a baseline mean
daily minimum summer temperature of 10.3°C (1961-1990 average).
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Mean daily maximum temperature (winter) for the
2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level
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Change in mean daily maximum temperature (winter) for the 2050s

For the 2050s (2040-2069), the mean daily maximum temperature (winter) in the East Midlands will be
between 6°C and 12°C. The change in mean daily maximum winter temperature is very likely to be more
than +0.6°C and less than +4.4°C. The central estimate is +2.2°C. This is compared to a baseline mean
daily maximum winter temperature of 6.7°C (1961-1990 average).
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Mean daily minimum temperature (winter) for the 2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level

© UK Climate
Projections
2009

Final Report

March 2011
133

The 3 Counties Alliance Partnership (3CAP)
The Effects of Climate Change on 3CAP’s Highway Network Policies and Standards: Phase 2

High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in mean daily minimum temperature (winter) for 2050s

For the 2050s (2040-2069), the mean daily minimum temperature (winter) in the East Midlands will be
between 0°C and 6°C. The change in mean daily minimum winter temperature is very likely to be more
than +0.8°C and less than +4.6°C. The central estimate is +2.4°C. This is compared to a baseline mean
daily minimum winter temperature of 1.0°C (1961-1990 average).
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Change in temperature on the warmest day (summer)
for the 2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level
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Change in temperature on the warmest day (summer) for the 2050s

For the 2050s (2040-2069), the change in temperature on the warmest day in summer in the East
Midlands is very likely to be more than -2.0°C and less than +8.2°C. The central estimate is +2.2°C.
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Change in temperature on the warmest night (summer)
for the 2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level
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Change in temperature on the warmest night (summer) for the 2050s

For the 2050s (2040-2069), the change in temperature on the warmest night in summer in the East
Midlands is very likely to be more than +0°C and less than +5.1°C. The central estimate is +2.3°C.
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Change in temperature on the coolest day (winter) for
the 2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level
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Change in temperature on the coolest day (winter) for the 2050s

For the 2050s (2040-2069), the change in temperature on the coolest day in winter in the East Midlands is
very likely to be more than -0.2°C and less than +4.4°C. The central estimate is +1.7°C.
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Change in temperature on the coldest night (winter) for
the 2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level
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Change in temperature on the coldest night (winter) for the 2050s

For the 2050s (2040-2069), the change in temperature on the coldest night in winter in the East Midlands
is very likely to be more than +0.8°C and less than +5.7°C. The central estimate is +2.9°C.
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Mean daily precipitation (annual) for the 2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level

© UK Climate
Projections
2009

Change in mean daily precipitation (annual) for the 2050s

For the 2050s (2040-2069), the mean daily precipitation (annual) in the East Midlands will be between
0mm and 4mm. The change in mean daily precipitation (annual) is very likely to be more than -5% and less
than +7%. The central estimate is +0%. This is compared to a baseline mean daily precipitation (annual) of
1.65mm (1961-1990 average).
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Mean daily precipitation (summer) for the 2020s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level
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Change in mean daily precipitation (summer) for the 2050s

For the 2050s (2040-2069), the mean daily precipitation (summer) in the East Midlands will be between
0mm and 4mm. The change in mean daily precipitation (summer) is very likely to be more than -32% and
less than +10%. The central estimate is -15%. This is compared to a baseline mean daily precipitation
(summer) of 1.78mm (1961-1990 average).
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Mean daily precipitation (winter) for the 2050s
Low emissions scenario, 10% probability level
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Medium emissions scenario, 50% probability level
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High emissions scenario, 90% probability level
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Change in mean daily precipitation (winter) for the 2050s

For the 2050s (2040-2069), the mean daily precipitation (winter) in the East Midlands will be between 0mm
and 4mm. The change in mean daily precipitation (winter) is very likely to be more than 0% and less than
+34%. The central estimate is +14%. This is compared to a baseline mean daily precipitation (winter) of
1.62mm (1961-1990 average).
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Change in precipitation on the wettest day (winter) for
the 2050s
Low emissions scenario, 10% probability level
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High emissions scenario, 90% probability level
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Change in precipitation on the wettest day (winter) for the 2050s

For the 2050s (2040-2069), the change in precipitation on the wettest day in winter in the East Midlands is
very likely to be more than -5% and less than +27%. The central estimate is +9%.
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