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EXECUTIVE SUMMARY

1 Climate change is an issue that affects us all. It is considered by central
government to be one of the greatest threats affecting society. The damaging
effects of severe weather have been seen across the UK over recent years. There
have been recent examples of flooding in Boscastle, York and Carlisle; heatwaves
across the UK in 2003 and 2006; tornadoes at Selsey Bill and in Birmingham; and
water shortages in the south east of England. Global climate change is set to
increase the frequency of these events.

2 The Environment Agency has recognised the importance of climate change on its
operations and has placed the topic high on its work agenda. The organisation is
keen to promote awareness of the topic and debate amongst other organisations.
Due to this, it has commissioned a climate change ‘demonstration project’ on the
River Wear catchment, in north east England.

3 The aim of the study is to forecast the climate changes across the Wear catchment
by the 2050s, assess their impacts on buildings, infrastructure and vulnerable
members of society, and identify possible adaptation measures to counter the
impacts.

4 The most significant changes in the climate by the 2050s across the Wear
catchment are forecast to be:

Increases in average and extreme temperatures, with extreme hot summer
temperatures being around 3°C greater than the present day;

Increases in the number of heatwaves;

Decrease in average rainfall over the course of a typical year, but with a
significant increase (of up to 20%) in winter rainfall and reductions in spring,
summer and autumn rainfall;

A notable reduction in winter snowfall (of up to 50%); and
An increase in sea levels, surges and wave energy at the coastline.

5 These forecast climate changes will have impacts on the buildings, infrastructure
and people of the catchment. However, these impacts will not be of a devastating
or sudden nature between now and the 2050s, but instead will occur progressively.
This means that existing structures and infrastructure will need to be inspected and
maintained on a more frequent basis to ensure that ‘minor’ damage is adequately
repaired. However, none of the impacts expected by the 2050s are beyond the
scope of existing adaptation measures or strategies.

6 The climate changes that are forecast for the 2050s are largely unavoidable. The
climate expected by this time will mostly be dictated by greenhouse gas emissions
that have already occurred or will occur in the near-future. This is because there is
a time-lag between emissions happening and the impacts occurring of perhaps 20-
30 years.
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7 For the impacts of climate change to remain manageable across the Wear
catchment beyond the 2050s, it is essential that mitigation and control measures
are put in place now at global, national, regional and local scales to reduce or offset
greenhouse gas emissions.

8 In the Wear catchment, there are expected to be the following notable impacts due
to climate change by the 2050s:

Areas presently at risk of flooding from the rivers, streams or the sea will be
more frequently affected by flooding than during the present day. A small
number of assets will become newly affected by flooding, including commercial
buildings and residential areas. However, the major change is expected to be in
the increased frequency of flooding rather than in the extent of flooding, and this
is due to the particular topography (shape and level) of the catchment area.

Flood and coastal defence structures will be exposed to greater loading forces
through increased winter river flows, sea level rise and wave energy. Their
maintenance will be critical to the continued protection of areas at risk of flooding
from the rivers, streams and the sea.

There will be more frequent flooding from drainage systems, especially in winter
months due to the increased winter rainfall which at times will exceed the
capacity of the systems.

Intense rainfall events will lead to the collapse of shallow, near-surface, mine
workings and breakout of large volumes of mine water. This has (short-term)
implications for river water quality. Assuming that present pumping operations
continue in the lower catchment, this impact will only affect parts of the upper
catchment.

Due to the presence of Europe’s largest man-made reservoir at Kielder, together
with other strategically important reservoirs, water supply volume will not be a
problem by the 2050s. The increased temperatures will lead to increase
demand, however, especially during the summer months.

Electricity lines and supporting pylons are most vulnerable to wind increases in
upland locations, and increased temperatures will lead to line sagging and loss
of transmission efficiency. The scale of impacts is, however, not too problematic
as long as inspection and maintenance is continued.

The rail network is most vulnerable to the effects of flooding, scour around river
crossings and earthwork instability caused by changes in winter rainfall.
However, the temperature changes will also lead to increased incidents of track
buckling and an increase in the number of speed restrictions in force on lines.

Similarly, the road network will be affected by flooding, scour around river
crossings and earthwork instability and the surface of local and rural roads will in
places experience ‘melt’ effects due to the increased extreme hot temperatures.

Climate Change - i - 9R8792/R/303294/Newc
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Road and rail bridges will mainly be affected by the increased winter rainfall
causing faster river flows and higher water levels which in turn will lead to scour
and damage to bridge inverts. Maintenance activities should also focus on
bridge drainage, corrosion and mortar loss which will all be affected by the
predicted climate changes.

Road and rail embankments and cuttings will be more susceptible to instability
during winter months, when rainfall is greater, particularly when these wetter
winters follow unusually wet summers/autumns. However, due to the nature of
the soils present across the catchment, existing maintenance strategies are
considered appropriate, although the frequency of inspections should increase.

Impacts of climate change on local government buildings and residential housing
will depend largely on their age and condition and the inspection and
maintenance regimes, which will vary across the catchment. The greatest
problems will be associated with the increased water ingress through roofs
during winter months resulting in timber rot and spalling of masonry and
concrete.

Durham Cathedral and Castle will be most affected by expansion of lead
flashing during summer months, and increased water ingress and increased wet
rot problems during the wetter winters. However, these aspects can be
managed effectively through inspection and maintenance activities.

Older stadiums, shopping centres and other public buildings will experience
increased thermal expansion of roofing materials during summer, but again
adequate inspection and maintenance regimes would remedy this. Newer
stadiums and buildings will be more resilient to the predicted climate changes
expected by the 2050s.

The major concern for business parks is the increase in winter rainfall and the
possibility that existing drainage systems are inadequately sized to deal with the
necessary capacity. This risk will vary across the catchment, depending on the
location and age of the development.

Increases in average and extreme temperatures, and the predicted increases in
the numbers of heatwaves, will lead to greater health effects on the very young
and elderly members of society. During the 2003 heatwave, there was a 22%
increase in the number of deaths in people over 75 years of age across England
and Wales, with a 59% increase in London. In parallel with the rising
temperatures, the population demographics are changing and by the 2050s
there will be more people living within the vulnerable age group of over 75 years
of age. This means that with both the temperatures increasing and the
percentage of vulnerable people increasing, the relative impact of heatwaves will
be high.

Occupants of bars, clubs and public houses will be at increased risk to extreme
hot weather if adequate ventilation and cooling is not available. The combined
effects of extremely high temperatures and the dehydrating nature of alcohol will
lead to increased incidents of adverse health effects such as dehydration and
fainting.
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The Port of Sunderland will be most vulnerable to changes in sea level, surges
and wave energy which will increase the risk of damage to, and overtopping of,
existing coastal defence structures. Also of concern is the presence of disused
cranes at the port which, if left to dereliction, will be susceptible to any increase
in wind climate.

The increased likelihood of heatwaves and flooding events will have an impact
on the frequency of emergency response incidents and this will need
consideration in forward-looking Emergency Response Plans.

9 When assessing the risks posed to existing buildings, infrastructure and society by
the climate changes expected across the Wear catchment by the 2050s, the two
greatest impacts are:

the effects of extreme hot temperatures and increasing number of heatwaves on
vulnerable populations, such as babies and the elderly; and

the impacts of increased sea levels and winter rainfall on flood risk from rivers,
streams, the sea and drainage systems.

10 Of these, the risks from flooding are presently being addressed in a pro-active
manner by the Environment Agency, Sunderland City Council and Northumbrian
Water through long term and strategic planning, capital investment in schemes,
maintenance of existing structures and research into the effects of climate change.

11 The effect of heatwaves on vulnerable populations is presently a matter of greater
concern. This primarily is because not only are extreme temperatures and the
number of heatwaves set to increase notably by the 2050s but predicted
demographic changes mean that there will be more people within vulnerable age
classes by this time.

12 Whilst many of the impacts expected across the Wear catchment by the 2050s
appear at the present time to be progressive and manageable, they should not be
underestimated. This is because these impacts will lead to increased inspection
and maintenance needs for infrastructure and buildings. Unless existing
commitments are increased, there will be progressive deterioration in the condition
of some features. When combined with an increase in a particular weather aspect,
the full impact will be felt through a gradual deterioration over time, rather than a
single sudden event, but nonetheless will ultimately be equally damaging.

13 Whilst many of the identified impacts expected by the 2050s can be reduced
through available adaptation measures, actions need to be taken now (at local,
regional and global scales) to ensure that greenhouse gas emissions are controlled
in order that climate changes, and their associated impacts, remain manageable
beyond the 2050s. To this end, it is recommended that experience and ‘best
practice’ is shared between organisations across the catchment (or perhaps more
appropriately across the north-east region) so that the effects of climate change are
better understood, the impacts are anticipated at the earliest possible opportunity
and suitable adaptation measures and strategies are put in place to allow the
impacts to be managed in a pro-active manner.
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INTRODUCTION

From recent events it is clear that the UK is starting to experience the more extreme
weather patterns attributable to the effects of global climate change.

Over recent years we have seen significant flood
events, for example in York in 2000, 2001 and
2004, in Boscastle in 2004 (pictured) and in Carlisle
in 2005. These events resulted in some loss of life
and extensive flood-related damages to homes,
industry and infrastructure. Other notable events
have included the record high temperatures across
much of the UK in 2003 and then again in 2006,
and the tornadoes that affected Selsey Bill in 1998
and Birmingham in 2005, wreaking damage to
infrastructure and buildings.

Due to this, the Environment Agency has placed the issue of climate change high on its
agenda and has commissioned this ‘demonstration project’ on the Wear catchment
(Figure 1). The purpose of this study is to raise awareness of the relevant issues
associated with the climatic changes that are expected by the 2050s. It is intended that
this will contribute to debate about the type and extent of impacts across the catchment
and help to identify suitable adaptation measures. The study focuses on the built
environment, infrastructure and vulnerable social groups in particular.

The present report provides a summary of the key findings from the study. Further
information can be found in two detailed project reports (see Section 5 for further
details).

The study was undertaken by a consortium of organisations that combine state-of-the-
art knowledge of climate change, cutting-edge research into the topic and a practical
understanding of the applied consequences of climate change on people and
infrastructure. The consortium involved:

consulting engineers and scientists Royal Haskoning (lead organisation);
the Met Office and its Hadley Centre for Climate Prediction and Research;
Newcastle University; and

specialist transport consultants JMP Consulting.

Collectively this consortium provided a strong track record in understanding climatic
changes and their associated impacts and consequences, with inputs provided from
many nationally- and internationally-recognised experts in several key disciplines, such
as climatology, geomorphology, transportation, geotechnics, masts and towers, and
buildings and infrastructure.

Climate Change 9R8792/R/303294/Newc
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2.1

CHANGES IN THE CLIMATE

The United Kingdom Climate Impacts Programme (UKCIP) has previously made
predictions of future climatic changes across the UK under four different greenhouse
gas emissions scenarios (Low, Medium-Low, Medium-High and High). These
predictions are commonly known as UKCIP0O2 and were made using Hadley Centre
models that were run with super-computers, based on a 50km by 50km grid across the
UK. Two of these grid cells cover the Wear catchment (Figure 2), one generally
covering the lowland areas and the other covering the upland (although much of this grid
cell lies outside of the Wear catchment).

In the present study, UKCIPO2 predictions for the Medium-High emissions scenario
have been used for the 2050s for many of the weather aspects under consideration.
Much of the change that will be experienced over the next 30-50 years has largely been
governed already by past emissions of greenhouse gases that are now locked-in to the
atmospheric system. Present and near-future emissions are unlikely to significantly
affect the climatic conditions up to the 2050s due to the inertia in the atmospheric
system, but they will affect the climate beyond that horizon.

Some weather aspects needing to be considered in the present study were not
addressed by UKCIP02 and some subtleties of the catchment’s climate were not picked
up by the relatively coarse-grid UKCIP model. Due to this, the present study has
enhanced the UKCIPO02 predictions specifically for the Wear catchment by customising
and running a climate model that was previously developed by Newcastle University for
the Environment Agency. This is the ‘Environment Agency Regional Weather Impact
Generator’, known in short as ‘EARWIG'.

In the present study, EARWIG provides improved resolution over previous UKCIP02
predictions because it runs on a finer resolution model grid (5km by 5km; Figure 3).
This has enabled three ‘representative locations’ across the Wear catchment to be
analysed, namely; (i) a coastal location (Sunderland); (ii) an inland location (Durham);
and (iii) an upland location (Weardale). EARWIG also enables the assessment of
extreme values in addition to average values for particular weather parameters. To
further supplement the EARWIG outputs, detailed literature reviews have been
undertaken to determine key findings of relevance to phenomena such as hail and ice
storms, thunderstorms, hurricanes and tornadoes.

Wear Catchment and Present Climate

The study area covers approximately 1,315km? within County Durham and Tyne and
Wear and was selected for this demonstration project because it has a range of natural
characteristics and man-made influences across the catchment. There are: (i) high
altitude upland moors with steep, fast-flowing streams; (i) flatter glacial floodplain areas
with a meandering main river channel; and (iii) tidally-influenced and heavily modified
reaches through urbanised and industrialised areas.

Climate Change 9R8792/R/303294/Newc
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Figure 2: UKCIP Model Grid Cells (50km by 50km) Covering the Wear Catchment

Figure 3: EARWIG Model Grid Cells (5km by 5km) Covering the Wear Catchment
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2.2

There presently exists a notable weather gradient across the catchment from west
(upland) to east (lowland). For example, the minimum temperature average for a typical
January in upland areas is sub-zero, whilst in lowland areas it remains above freezing.
In a typical year, there can presently be up to 535 fewer hours of sunshine in the upland
compared to coastal areas, and there is considerably more rainfall and more days with
ground frost, air frost and snow lying in the uplands.

The climate is not a static measure, however. It has changed over geological and
recent-historic time and will continue to change into the future. These future climatic
changes will be caused by a combination of natural and human-induced factors.

Global Climate Change

The main human influence on the Earth’s climate is now widely recognised to be our
emissions of greenhouse gasses, particularly carbon dioxide (CO,). There is now more
CO, in the atmosphere than at

any time during the last 650,000

years, with billions of tonnes still

being added annually (Figure

4). The most dramatic effects

to date have been due to

industrialisation in the western

world, but with  China’s

population of 1.3 billion people

set on a course towards an

energy-hungry lifestyle, it is

predicted to become the world’s

greatest polluter of greenhouse

gases within the next 20 years.

Figure 4: Global CO, Concentrations

Increased concentration of
greenhouse gases leads to
more heat being trapped in
the Earth’s atmosphere and
increases in global
temperatures (Figure 5). This
has direct impacts on human
health and lifestyle, causes
changes in the natural
ecosystems and  affects
agricultural production.

Figure 5: Global Temperature Changes

Climate Change 9R8792/R/303294/Newc
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It further leads to melting of sea ice (Figure 6), mountain glaciers and snow-covered
areas and causes changes in sea levels through both increased water volumes due to
ice/snow melt and thermal expansion of oceans (Figure 7).

Figure 6: Thinning of Arctic Sea Ice Figure 7: Global Sea Level Change

Some of these changes trigger feedback mechanisms which in turn increase global
warming. For example, increased temperatures lead to increased evaporation from
surface water bodies across the globe: water vapour is one of the most potent
greenhouse gases.

In addition to temperature increases, climate change is often associated with effects on
patterns of rainfall and snowfall, the frequency and magnitude of storm (wind and wave)
generation and storm tracks, and phenomena such as hurricanes, drought, typhoons
and monsoons across the globe.

The consequences of global climate change are increasingly being felt in the UK: more
Mediterranean species are visiting our shores; the growing season for plants is
lengthening; heatwaves are becoming more frequent occurrences; there are now fewer
frosts and winter cold spells; wetter winters are being experienced relative to summers;
a decline in light and medium intensity winter rainfall is being more than offset by intense
winter rainfall; and sea levels are rising.

Future Climate in the Wear Catchment

In the present study, the future climate of the Wear catchment has been discussed for
certain weather aspects through means of reviewing previous work and outputs (e.g.
scientific literature, UKCIP02) and by running the EARWIG model. There is proven to
be good correlation between the results from the different models, and between
modelled results and the published scientific literature.

Temperature
There is predicted to be an increase in annual average daily
temperature by the 2050s across the whole of the catchment of
around 1.8 to 1.9 C. The greatest increases are expected during
summer and autumn (2.0 to 2.2 C), with the lowest increases (1.3 C)
in winter.

Climate Change 9R8792/R/303294/Newc
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There are predicted to be higher increases in the average maximum daily temperatures
during summer (2.4 to 2.5 C) and autumn (2.1 to 2.2 C) than spring (1.7 to 1.8 C) or
winter (1.3 to 1.4 C). Average minimum daily temperatures are also set to increase
through all four seasons, also with greater increases in autumn and summer than in
spring and winter.

Extreme hot and cold temperatures will increase across all seasons and locations with
the greatest increases in extreme hot summer temperatures (2.9 C). Extreme cold
winter temperatures will remain below zero for all locations.

Heatwaves, which have a significant effect on public health in vulnerable members of
society, are set to increase notably in frequency of occurrence particularly in the lowland
areas.

Rainfall

There is expected to be a decrease in average annual rainfall of
between 4 and 10% (the predicted decrease in the uplands is less
than in the lowlands). However, whilst the average seasonal rainfall in
spring, summer and autumn is set to decrease, there is expected to
be an increase in winter rainfall of up to 20%.

The seasonal average changes in winter (increased rainfall) and summer (decreased
rainfall) are much more significant than the changes expected in spring and autumn.

One-day rainfall totals during extreme events are expected to reduce in the lowland
areas, but increase in the uplands by up to 20%.

Short duration droughts are expected to become more frequent and there will therefore
be implications for the management of short term deficits of storage in surface water
reservoirs, but long duration droughts that have the potential to affect larger reservoirs
and groundwater resources will see a decrease in severity and maximum duration,
showing that this issue will not be problematic in the Wear catchment by the 2050s.

Snowfall and Snow Melt

There is expected to be a very large percentage reduction in rates of
winter snowfall by the 2050s, especially in lowland areas of the
catchment. The snow which does fall and lie, however, will melt more
rapidly in the 2050s compared with the present situation.

Wind

Changes in wind climate are difficult to predicted using existing
models because there is so much variability in the ‘natural’
system. That said, model results from the present study
predict an increase in wind speed in upland areas.

Climate Change 9R8792/R/303294/Newc
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2.3.6

Sea Level, Surges and Waves

Long-term sea levels from North Shields (outside of the study area, but close enough to
be representative) have revealed a recent historic rise of relative sea level of 1.86mm/yr
over 90" years (Figure 8). To account for future climatic changes, the present
recommended regional allowance in the design of flood and coastal defence structures
is 4.0mm/year.

Figure 8: Sea Level Rise at North Shields (near Study Area)

Surge events, which generate the
extreme sea levels that lead to tidal
flooding, are expected, under the
Medium-High emissions scenario,
to increase by up to 0.35m for an
event which, typically, may occur
on average once every fifty years
(Figure 9).

Figure 9: Predicted 1 in 50 year
Return Period Surge Heights (by
the 2080s)

Wave energy at the shore will increase as a
consequence of rising sea levels. This is because the
waves will reach closer to shore before they break.

Other Weather Events

The available literature reveals no compelling evidence for widespread systematic long-
term changes in severe weather events that are more locally generated, such as hall
and ice storms, thunder and lightning or tornadoes. Hurricanes are not predicted to
become typical in the UK by the 2050s.

Climate Change 9R8792/R/303294/Newc
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3.2

IMPACTS ASSESSMENT AND ADAPTATION MEASURES
Approach

In the assessment of impacts and adaptation measures, the features under
consideration were as follows:

Areas at risk of flooding from rivers, - Rail and Metro network;

streams or the sea,; - Road network;

Flood and coastal defences; - Fuel storage and distribution
Foul and surface water drainage infrastructure;

systems; - Road and rail bridges;

Groundwater flooding and - Road and rail embankments and
minewater breakouts; cuttings;

Water resources and supply; - Public buildings and business parks;
Electricity network; - Vulnerable populations;

Gas supply network; - Residential housing;
Telecommunications network; - Port facilities; and

TV and radio transmitters and - Emergency planning.

centres;

Following sections of this report consider each of these features to assess the impacts
that the predicted climate changes will have on the communities, businesses and
infrastructure within the Wear catchment.

Context

The present study has been undertaken at a catchment scale and, where possible, has
sought and utilised the expertise and knowledge of officers and specialists working
within the catchment in a variety of organisations and across numerous fields of work.
In addition to this, latest scientific research has informed the study via links with the Met
Office’s Hadley Centre for Climate Prediction and Research and Newcastle University’s
involvement on the Tyndall Centre programmes. This has enabled a greater level of
detail to be considered than has previously been provided through available published
documents, which generally have been based on the outcome from broader national or
regional studies, such as the UKCIP programme.

The research has revealed that there undoubtedly will be some impacts to existing
buildings, infrastructure and society due to the climatic changes that are expected by the
2050s. In general, these impacts will not be of a devastating or sudden nature. Instead,
some features will become progressively more vulnerable or affected. The type and
scale of impacts expected by the 2050s are not beyond the scope of existing available
adaptation measures, which can be used to negate or reduce the impacts.

Despite this, it is critical that mitigation measures are set in place now at a variety of
scales (e.g. global through to local) to offset or reduce ongoing greenhouse gas
emissions. If this is undertaken then climate changes, and hence impacts across the
catchment, will remain manageable beyond the 2050s. |If it is not undertaken, the
climate changes beyond the 2050s will be markedly greater.

Climate Change 9R8792/R/303294/Newc
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3.4

3.5

3.6

Areas at Risk of Flooding from Rivers, Streams and the Sea

Under the present climate there are a number of key assets at risk of flooding from the
rivers, streams or the sea, including health centres, a hospital, a prison, council offices,
libraries, sports centres, business parks, fuel storage facilities, sewage treatment works,
an electricity substation as well as rail and road infrastructure and numerous commercial
and residential properties. Existing flood and coastal defences provide some of these
assets with certain standards of protection. Under a future climate those presently at
risk will be at risk of more frequent flooding than at present. Also, a small number of
additional assets will become at risk, including a school, a community centre, a surgery,
a water treatment works and further commercial buildings and residential areas. Rapid-
rise flooding in upland areas is envisaged to become more problematic during wetter
winter months, but flooding due to snow melt will reduce.

Coastal Defences

Coastal defence structures will, by the 2050s,
experience greater loading forces than at present due to
the combined effects of sea level rise, waves and
surges. This will lead to greater structural damage and
increasing maintenance commitments. Given the age
of some structures, upgrades will also be required in
certain areas, although the defences will remain
sustainable over this time period.

There will also be increased frequency of overtopping in areas where the coastal
defences front lower-lying land (e.g. around the Port) and there will be erosion of beach
material from some frontages. In summary, none of the coastal defences are foreseen
to fail due to the effects of climate change alone, but it will be important to maintain the
defences to prevent failure from a series of (individually minor) damage events.

Flood Defences

The weather aspect that has the greatest effect on flood defences is rainfall. The
decrease in spring, summer and autumn rainfall and the increase in winter rainfall will
result in a change in the rates and timing of erosion, sediment transport and deposition
along watercourses within the catchment. In particular, the increase in river flows and
occurrence of high flow events during winter months will lead to increased scour of the
river bed and bank along certain watercourses, especially around in-channel structures.
There will also be increased loading and more frequent overtopping of flood defences,
notably along the middle and lower reaches of the River Wear. Predicted changes in
temperature and drought conditions will have less of an impact on river geomorphology,
although some minor changes in existing weathering patterns due to wetting-drying and
freeze-thaw cycles will occur.

Foul and Surface Water Drainage Systems

These drainage networks are spread extensively across the catchment and are
particularly concentrated in urban areas. They provide drainage of foul industrial and
domestic waste and surface water run-off. Flooding from such systems is more
localised than flooding from the rivers, streams and sea, but typically occurs on a more
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frequent basis and can cause significant disruption and damage. With expected climate
changes by the 2050s, incidents of flooding will become more prevalent during winter
months, when average seasonal rainfall will increase. Such events will overwhelm the
capacity of existing systems in places. Many of the surface water drainage problems
will occur in urbanised areas due to the extensive areas of impermeable hard surfaces.
Rural upland areas characterised by steep gradient peats and bogs are also vulnerable
when the ground is saturated. Although some key infrastructure components of the
drainage system, such as pumping stations and sewage treatment works, are presently
located in areas at risk of river flooding, there are no additional elements at risk by the
2050s. Rather, those presently at risk will become susceptible to more frequent
flooding.

Groundwater and Mine Waters

The predicted climate changes present only very modest risks to the regime of natural
groundwater flow within the catchment. Mine water discharges from abandoned mines
are, however, likely to occur. Structural instability as a result of intense rainfall events
will lead to occasional collapse of shallow, near-surface workings and breakout of mine
water. Such events would lead to (likely short-term) contamination of river waters.
These are not expected in the lower catchment due to the influence of continuing
pumping operations, but historically have occurred in parts of the upper catchment and
would be expected to continue into the future. There will also be issues associated with
slumping of spoil heaps (although risks of these are considered small under current
inspection and maintenance regimes) and low flow induced water quality problems.

Water Resources

Due to the presence of Europe’s largest man-made reservoir at
Kielder Water (pictured), together with other strategically
important reservoirs such as Burnhope, continuing the
sufficiency of water supply will not be problematic in the Wear
catchment by the 2050s, even under the climatic conditions
expected which include net reductions in average annual
rainfall.

Water demand will increase, however, as summer
temperatures increase and heatwaves become more frequent.
This will present some problems for existing pipe system
capacity.

Electricity Network

The electricity lines and their supporting pylons that traverse the
Wear catchment will not be significantly affected by increased wind
loads or ice loads in inland and coastal locations by the 2050s
because the predicted climate changes are small. However, the
more vulnerable locations will be in the uplands where both wind
loads and ice loads would be greatest and wind speeds are indeed
predicted to increase. In addition, any sections of the network that
are not adequately maintained would also be vulnerable to failure.
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More significantly, increasing temperatures will reduce the transmission capacity of the
lines, cause sagging in the lines and place extra demand on the energy resource as
more is required for cooling purposes. The predicted increases in winter wetness and
soil moisture content will result in an increased likelihood of underground cable
breakages due to ground movements, although this should be minimal if correct cable
laying techniques have been adopted. There is a risk of increased frequency of flooding
of the electricity sub-station near Durham, which is already located within the fluvial
flood zone.

Gas Supply Network

Due to the presence of intermediate to low plasticity clays, seasonal changes in climate,
and future climate changes, are not likely to cause major problems for gas supply
pipelines. This is especially true where pipes are constructed from modern plastics as
opposed to the more antiquated cast iron infrastructure.

Telecommunications, TV and Radio Networks

The tall masts which support transmitters are susceptible to winds and
ice loading. Of these types of structure, it is the TV/radio transmitters
at Burnhope and Stanleg which are the most vulnerable since they are
located in an area where wind speeds are predicted to increase.

Rail Network

The rail network will be most affected by flooding, scour around river
crossings and earthwork instability caused by the changes in winter
rainfall patterns, together with track buckling due to temperature
changes. This latter point will require more frequent speed regulations
as extreme high temperatures and incidents of heatwaves are set to
increase by the 2050s. The effects of snowfall or wind-blown debris
will not be any more problematic than the present day.

Metro Network

In addition to the increased risk of track buckling under the higher
temperatures, issues of sagging of the overhead power lines and
reduced transmission efficiency arise during warmer periods, especially
when they are prolonged.

The pantograph of the metro trains, which connects the trains to the overhead electricity
supply, has in the past been blown from the transmission lines, causing disruption to
services. In the coastal and inland areas, however, the predicted changes in wind
speed are so small that this occurrence will not be any more frequent than during the
present day.
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Road Network

Expected temperature changes by the 2050s will in places
adversely affect the local and rural road network, causing the
surface to ‘melt’ in some places during extremely hot conditions.
This would lead to closures, congestion and diversions. Such
problems are not expected on the strategic road network,
however, due to the materials and surface treatments used.

Additionally, the road network would be affected by flooding, scour around river
crossings and earthwork / cutting instability on a more frequent basis during winter
months, when rainfall is set to increase compared to the present day.

Although snowfall is set to decrease dramatically, winter rainfall will increase. This
means that existing winter maintenance campaigns will need to plan for reduced snow
ploughing commitments, but increased ‘precautionary salting’ and ‘post-salting’ to
prevent or remove ice on the roads.

Fuel Storage and Distribution

Fuel distribution is dependent on the continued operation of the road network, which has
been discussed above. Regarding fuel storage, the effect of increases in average and
extreme temperatures, and the more frequent occurrence of heatwaves, will have
effects in terms of more vapour production within storage tanks and hence more volatile
conditions. This can be countered, however, by adding chemical mixes or additives and
by maintaining a slight pressure or covering the fuel with a floating roof or plastic
blanket. Under extreme temperature conditions, underground storage represents the
safest option, but although the envisaged temperate changes by the 2050s are high,
they will not prove problematic for present fuel storage operations.

Road and Rail Bridges

The increase in upland winter rainfall will result in more water reaching the River Wear
and the tributaries in the upper catchment such as the Rookhope, Stanhope and
Bollihope Burns. These streams are high gradient and the associated faster flows will
see increased scour at locations where scour action is already occurring and the
commencement of scour at some previously unaffected structures. There will also be
other flood-related damage to bridge inverts, for example.

Other than the effects of scour and flood-related damage,
the bridges of the catchment should not suffer any direct
effects due to the weather changes in cases where regular
inspections and maintenance are already undertaken.

Bridge drainage should be checked to ensure water is not

ponding on the decks of bridges. Iron rail bridges found in
Weardale and the iron and steel structures in Sunderland should be correctly maintained
to limit the effects of corrosion, and the loss of mortar from the arches of masonry
bridges due to freeze-thaw cycles should be monitored and repaired as part of regular
maintenance.
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Road and Rail Embankments and Cuttings

In general, the overall average predicted decrease in rainfall is
beneficial to slope stability. The prediction that long duration
droughts are to decrease in frequency will also be of benefit by
reducing the likelihood of shrinkage leading to reduced soil
strength and/or cracking.

The greatest problem is the predicted increase in winter rainfall, particularly if this is
preceded by an unusually wet spring and/or summer. The types of soils present across
the region mean that changes in volume due to changes in water content will not be
significantly different to those occurring in the current climate. Therefore, it is not
envisaged that there will be a significant increase in the incidences of slope failure due
to changes in water content.

Current maintenance strategies employed in the management of road and rail
embankments and cuttings are considered to be adequate for the continued
management of these assets. However, increased inspection rates will be necessary
following a wetter than average spring/summer, particularly for busy routes where there
has been a previous history of failure.

Local Government Buildings

The damage to these buildings will generally depend on
the age and condition of the buildings and greater water
ingress through roofs and the outer skin of buildings will
be expected during wetter winter months if inspections
and maintenance are not regularly undertaken,
resulting in timber rot and the spalling of masonry and
concrete.

Greater winter rainfall will result in changes being needed to guttering and drainage
systems on some buildings and higher summer temperatures will result in the increased
use of air conditioners presenting the risks of increased structural loading and energy
demands.

Durham Cathedral and Castle

The predicted increases in average
temperatures could see the introduction of new
wood-boring insect species in the structural
timber. This will need to be offset by chemical
or biological treatments. Temperature changes
will also cause expansion of lead flashing and
gutters. The increased winter rainfall would
cause more fungal wet rot problems in the
building if regular maintenance does not
prevent water ingress.
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Other Public Buildings

Older stadiums will be at risk to the increased
thermal expansion of roofing materials during
extreme hot weather, and there will also be a
similar risk for shopping centres and other
buildings. Increased winter rainfall will result in
increased loading to roofing and guttering, which
on some buildings will be undersized. Newer
stadiums (e.g. pictured) are not expected to be
adversely affected.

Occupants of bars, clubs and public houses will be at increased risk to extreme hot
weather if adequate cooling means and adequate hydration are not in place to offset the
combined effects of alcohol consumption and increased temperatures. Shopping
centres and concert halls will further rely on air conditioning.

Business Parks

The major concern for business parks is the
increase in winter rainfall and the possibility
that current drainage systems are not
adequately sized to deal with this increased
rainfall. The strategies that could be adopted,
either exclusively or in combination, include
the increased transfer of water away from
business parks or attenuation of the flow (e.g.
using storage areas or sustainable drainage
systems) to allow transfer at the current rate.

Vulnerable Populations

The existing flood zones extend across a number of locations, mainly in inner-city areas
of Sunderland, which are classified as being populated by people at ‘*high’ vulnerability
to flooding, according to the Social Flood Vulnerability Index. This is based on
measures of age, illness, family structure and financial deprivation of the populus. In
addition, a number of health centres, hospitals, a rest centre and five primary / junior
schools are presently located within the Environment Agency’s flood zones. These will
be more susceptible to flooding in the future than at present as the standard of service
offered by existing defences will effectively drop as tide and river levels increase by the
2050s with climate change. A further number of health centres and primary / junior
schools and nurseries are located close to the existing flood zone and will newly
become affected by flooding in the future.

The increases in average and extreme temperatures and the number of occurrences of
heatwaves in the 2050s will bring health problems for further vulnerable members of
society, namely the young and the elderly. To compound the effect of the temperature
changes, the population demographics are predicted to change across the catchment in
a manner similar to England and Wales as a whole (Figure 10), resulting in a larger
number of people within the vulnerable groups above 75 years of age. This will place
great strain on the National Health Service and Primary Health Trusts.
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2003 2050

Figure 10: Changing Age Structure of the Population of England and Wales

Residential Housing

The future impacts to council-housing stock are more related to their structure condition
(e.g. maintenance) than to the scale of climatic change expected by the 2050s.
Recently-constructed housing is expected to suffer minimal damage, with the older
houses which represent a large proportion of council-owned properties expected to
suffer a wider spectrum of problems. Many of these buildings will need improvements to
roofing and the skin of the buildings to offer protection against extreme weather
conditions, especially during winter.

It is advised that any new housing developments or major refurbishments should be
designed to take account of predicted climate changes for the design life of the
buildings. Consideration should be given to the use of unpaved green areas and
sustainable drainage systems (SUDS).

Port Facilities

Should extreme wind speeds increase in the future (as is
considered likely by many specialists) there would be
significant impact on operations of the cranes at the port.
This will result in increased down-time and a greater risk of
accidents than at present. As well as the two 35 tonne
cranes on Corporation Quay, there are a number of
currently unused cranes elsewhere around the port.
Concern would arise if these were allowed to fall into
disrepair since their risk of failure would increase.

The principal impact on the port, however, will be in the higher tidal levels caused by sea
level rise and changes in surge and wave conditions. These would lead to greater
loading forces on existing defences and increased risk of damage and overtopping.
Consideration of these defences within ongoing shoreline management activities by
Sunderland City Council will mean that such risks should be identified and managed
pro-actively.
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Emergency Planning

The effect of climate change on emergency planning will be in increasing the frequency
and magnitude of events that require the implementation of incident plans. These will
primarily be associated with flooding events and heatwaves.

RECOMMENDED ADAPTATION STRATEGIES

As can be seen from the above summaries, the predicted climate changes by the 2050s
will not necessarily lead to any single catastrophic impact, risk or disaster in the Wear
catchment. However, when assessing the risks posed by the predicted changes, the
two greatest impacts are:

1) the effects of extreme hot temperatures and increasing number of heatwaves on
vulnerable populations, such as babies and the elderly; and

2) the impacts of increased sea levels and winter rainfall on flood risk from river,
streams, the sea and drainage systems.

Of these, the risks from flooding are presently being addressed in a pro-active manner
by the Environment Agency, Sunderland City Council and Northumbrian Water,
involving:

flood warning;

land use planning and development control;

long term and strategic planning;

capital investment in schemes;

maintenance of existing structures; and

research and development in to the effects of climate change.

Consideration of both climate changes and innovative management approaches, such
as flood storage areas and sustainable drainage systems, is now common-place and
therefore future risks are being identified and planned for at the present time.

The effect of heatwaves on vulnerable populations is presently a matter of greater
concern. This primarily is because not only are extreme temperatures and the number
of heatwaves set to increase notably by the 2050s but predicted demographic changes
mean that there will be more people within vulnerable age classes by this time. During
the heatwave in August 2003, the number of deaths in the population over the age of 75
years increased by 22% overall in the UK, with London experiencing a 59% increase.
During times of high temperatures, increased demand is placed on cooling and
refrigeration systems. These in turn demand more energy and thereby increase the
very greenhouse gas emissions that are largely causing man-made climate change. To
address this impact, more green areas should be created in urban areas to reduce the
‘heat island’ effect and new-buildings can be designed to offer maximum natural cooling.
Primary Care Trusts and hospitals should also anticipate increased future demand
during summer months and greater emphasis shall need to be placed on raising
awareness and effective use of the Met Office’s Heat Health-Watch warning service.

Climate Change 9R8792/R/303294/Newc
Final Report -17 - October 2006



Whilst many of the impacts expected across the Wear catchment by the 2050s appear
at the present time to be progressive and manageable, they should not be
underestimated. This is because these impacts will lead to increased inspection and
maintenance needs for infrastructure and buildings. Unless existing commitments are
increased, there will be progressive deterioration in the condition of some features.
When combined with an increase in a particular weather aspect, the full impact will be
felt through a gradual deterioration over time, rather than a single sudden event, but
nonetheless will ultimately be equally damaging.

Specific aspects in need of maintenance consideration have previously been highlighted
as appropriate in the relevant sections. In addition to these, there are also some
adaptation strategies that are more generically applicable across the catchment (or
region).

These include:

including climate change adaptation when capital schemes are designed and
implemented;

planning for increased maintenance commitments over time;

monitoring the changes in climate or, where this is not directly possible or
practical, logging the nature and frequency of climate-related damage and repair
costs to yield an improved understanding of any changes over time;

investing in knowledge and prediction of climate-related impacts through research
and development;

nominating a dedicated individual within each organisation to maintain knowledge
and awareness of latest research into climate change prediction, impact
assessments and both mitigation and adaptation techniques;

learning from actions and activities in other regions and from overseas; and

sharing knowledge of climate change between organisation and across the
catchment (or region) via an annual Regional Climate Change Symposium.

Whilst some of the above recommendations are specific to individual organisations,
others are applicable to groupings of organisation voluntarily working together across
the catchment (or perhaps also the region). In this respect, some of the costs of such
activities should be shared between organisations, yielding a high value of benefit for a
relatively nominal cost.

As previously stated, whilst many of the identified impacts expected by the 2050s
appear manageable through adaptation measures, actions need to be taken now (at
local, regional and global scales) to ensure that emissions are controlled in order that
climate changes, and their associated impacts, remain manageable beyond the 2050s.
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FURTHER INFORMATION

The project methods and findings have been more fully reported in the following
reports:

1) Royal Haskoning, Met Office, Newcastle University, JMP Consulting, 2006a.
Climate Change Adaptation on the Wear. Volume 1 — Changes to the Climate.
Report to Environment Agency, Report No. 9R8792, June 2006.

2) Royal Haskoning, Met Office, Newcastle University, JMP Consulting, 2006b.
Climate Change Adaptation on the Wear. Volume 2 — Assessment of Impacts and
Adaptation Measures. Report to Environment Agency, Report No. 9R8792, October
2006.

Further information about the study and its findings can be obtained from:

Mr Peter Kerr Dr Nick Cooper
Environment Agency Royal Haskoning
Tyneside House Marlborough House
Skinnerburn Road Marlborough Crescent
Newcastle Business Park Newcastle upon Tyne
Newcastle upon Tyne NE1 4EE
NE4 7AR
Tel: 0191 203 4062 Tel: 0191 211 1300
E: peter.kerr@environment-agency.gov.uk E: n.cooper@royalhaskoning.com
Climate Change 9R8792/R/303294/Newc
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