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ABSTRACT

From various sources of literature and data, this report aims to provide an assessment of climate risks
affecting the case study city Southampton, United Kingdom. This risk assessment takes flooding reports
and previous assessments into account, as well as survey data relating to the city, to determine flood
and heat risk facing Southampton today and in the future. Our report is split into 20 primary sections,
starting with the introduction and data sources and analysis structure, finishing with the conclusions and
recommendations, and the 17 in-between are risk assessments for each ward. The introduction contains
information of how Southampton might change, adaptation methods to climate events, definitions of key
questions, and information about structure and data sources. Each ward contains a profile outlining
indices that may make the ward ill-prepared for flood and heat, and then the heat and flood risks on
an low-layer super output area level concluding each section with comparisons to other models and
recommendations. The final conclusion section includes general lessons learnt about Southampton
and recommendations for these general cases, limitations and data gaps, and priority for specific
recommendations. We have concluded that among others, the most vulnerable at-risk neighbourhood for
flooding is Northam who faces fluvial flood risk from the River Itchen, and for heat Lordshill faces extreme
struggles going forward.
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1 INTRODUCTION

1.1 Southampton's Changing Climate
1.1.1 How will Southampton change and what must we prepare for?
The Department for Environment, Food & Rural Affairs 2022 Climate Change Risk Assessment acknowl-
edges that climate change is happening now. Not only is it one of the biggest challenges of our generation,
but our future generations too, and has already begun to cause damage to our planet that is irreversible for
millennia (Solomon et al., 2009; Ridley et al., 2010; Albrich et al., 2020). The Southampton City Council
cabinet meeting of 16th April 2019 declared a climate emergency; recognising that the extent and impacts
of climate change will depend our success as a society over the coming decades.

Whilst carbon emissions continue to rise, Southampton's climate will also continue to change. The
extent of this change will have potentially far-reaching consequences for our communities and the natural
environment. Since 1997 to 2023, Southampton has continued to get warmer every year by approximately
0.036� C, a staggering �gure considering by 2100, at this linear rate only, our city will be almost 3� C
warmer on average. The people who this affects are the people of our city.

Figure 1. Yearly average temperature in Southampton City Centre (Weather Underground, 2024)

Corroborating this is the ClimateJust Map Tool see in �gure 2. This tool can tell us heat risk within
wards of Southampton and the greater United Kingdom, as well as using this heat risk data to map
socio spatial heat vulnerability of differing communities based on not just neighbourhood and housing
environment and properties, but also age, health, income, tenure, English pro�ciency, internet access, local
knowledge, social networks, mobility, crime, infrastructure, GP access, hospital access, and pharmacy
access. The indicated highest risk areas are Redbridge, North Millbrook, Freemantle, South-west Shirley,
West Coxford, North Swaythling, South Portswood, Bevois, Bargate, Hare�eld, Thornhill, South Peartree,
and Woolston. ClimateJust's central estimate heat exposure map shows Southampton as relatively high
risk (orange, 17.61� C), therefore this suggests extremely high risk areas, and especially acute risk areas
(North Bargate, East Bevois, South Woolston) are in need of direct and immediate aid to prepare for the
upcoming 2025 summer and beyond. Heat related mortality was estimated at 2,295 in 2023, signi�cant
in all regions, including South England, with exception of North-east England and East England. One
particular place of extremely high risk is Lordshill, a place reported in Shahid (2024) wherein a social
housing block became so hot a resident had to resort to makeshift air conditioning, utilising fans and a
container of ice, adding that"We can't breathe, we feel suffocated". The article adds context that using
data compiled by the University of Manchester, Southampton was ranked one of the most vulnerable areas
to the impacts of extreme hot weather in the UK outside of London (Friends of the Earth, 2022). Lordshill
in particular is an area with a notable lower density of tall greenery, contributing to the heat island effect
in the area (Park et al., 2017). This in particular can exacerbate issues with unprepared areas, and there
are more at-risk neighbourhoods in Southampton like this. It's not just our neighbourhoods though; land
and water ecology will also be impacted (Grimm et al., 2013; Venegas et al., 2023; Ananthakrishnan et al.,
2023; May et al., 2023).
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Figure 2. England socio spatial heat and �ood vulnerability index respectively, displayed by the
ClimateJust (2024) Map Tool.
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Not only will temperature become warmer globally, but humidity too, as global temperature increases
cause higher moisture capacity of air and higher ocean temperatures. This too is happening in Southampton
(Met Of�ce, 2023a). This higher humidity not only directly causes a higher 'feels-like' temperature
(Steadman, 1979), but also contributes to higher rates of moisture based weather events, such as droughts
(Trenberth, 1998) and extreme rainfall (Met Of�ce, 2023b).

Southampton and much of southern Great Britain has already had 'hosepipe bans' to preserve water
during it's Environment Agency drought status, triggered by the driest summer in 50 years (Bouchard,
2022; Environment Agency et al., 2022). In the UK, this has caused impacted river �ows, which primarily
brings �sh deaths, reduced wading bird breeding, toxic algal outbreaks, impacted plant health, and other
ecological stresses. These are among things Southampton has already experienced, such as the Peartree
Green �re that destroyed wildlife and killed animals in the affected area and the Common ornamental
lake which dried up shrinking its aquatic life during 35� C temperatures, both of which took place during
the same August 2022 drought (George, 2022; Liddell, 2022b; BBC South, 2022). Similarly during a
particularly dry 2019, toxic algal blooms were reported in Southampton, impacting �sh and wading bird
life heavily (Turner et al., 2021; Orde, 2019; Liddell, 2019; BBC South, 2019a,b). These have since
become commonplace as temperatures continue to soar, and in some cases, these blooms cyclically repeat
during summer in the same key areas (Southampton City Council, 2021; Liddell, 2022a; George, 2023g).
The impacts drought has on plant health also negatively affect productivity and economic heavily for the
farming sector, exacerbating food insecurity (Environment Agency, 2015; Environmental Agency, 2023).

While in summers we are set to experience hotter and drier temperatures, winter is set to be warmer too,
with more rain and less snow, though localised extreme colds will still happen (Met Of�ce, 2022). Extreme
rainfall in the UK has increased from past levels, and is projected to increase further, due to increased
moisture capacity in the worlds warming air. In Southampton, this has been apparent, with rainfalls
of around 1000mm becoming commonplace during the 2010s and beyond. Analysis of Southampton
Weather private station data located on the A33 road in the centre of the city shows a 21.1mm increase of
rainfall per year in Southampton on average, utilising data from December 2007 - November 2023.

Figure 3. Yearly average rainfall in Southampton City Centre (Southampton Weather, 2024). The data is
split into seasons, i.e., each year on the graph is 4 seasons primarily attributable to that year. For example,
2008 means December 2007 - November 2008, etc...

There are many implications of this change in frequency. Originating from �ood risk is an increased
risk of building and structural damage, increased disruptions to people and services, dangerous driving
conditions, overwhelmed urban drainage systems, and dangerous pedestrian conditions (Met Of�ce,
2024c). This risk is real in Southampton. Due to low lying land and other factors, along the west bank of
the River Itchen and the Southampton side of the River Test river �ooding is an identi�ed concern. Further,
due to late 1800s to early 1900s construction replacing brooks �owing into both rivers, ageing water
infrastructure, and a number of other reasons, Southampton also has a surface water �ooding problem
(Southampton City Council, 2017a,b). This �ooding can absorb into fragile ground causing landslides
(British Geological Survey, 2024), as well as discharge sewage into rivers and streams decreasing water
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quality for both humans and reliant ecosystems (Salvidge and Hosea, 2023). Other infrastructures such as
dams, levees, and water treatment plants can also fail more often, causing a £56 billion committent to
be made to improve infrastructure throughout the country (Department for Environment, Food & Rural
Affairs, 2023). Flooding can exert other health effects as well as danger to drinking water; if unprepared,
�oods can directly cause drowning and injuries including hypothermia and animal bites, disruption of
essential medical supplies, and indirectly can cause infected wounds and injury complications, poisoning,
poor mental health, communicable diseases, and food insecurity. These indirect causes can then go on
to leave a legacy of continued poor mental and physical health if unaddressed (Du et al., 2010). Like
droughts, heavy rainfall can also cause crop failure due to overwatering (Knox et al., 2010).

Wind storms are a severe and direct risk, and projected to become more common (Manning et al., 2024).
Risks of extreme wind include infrastructure, building, and nature damage and disruption (Bergseng, 2018;
Gardiner et al., 2013). Damaged infrastructure can cause power outages and loss of services (Karagiannis
et al., 2019), as well as along with building and nature damage injure pedestrians due to rogue wind-caused
instabilities such as airborne branches and falling structures. Injury can also be caused by people being
blown over during these extreme winds. These are issues that Southampton has experienced. In 2012
strong winds throughout the UK caused buildings and trees around Southampton to be heavily damaged,
falling dangerously (BBC, 2012). In 2023 we faced Storm Ciarán which:

- Left schools closed (George, 2023a,b; BBC South, 2023b).

- Flooded areas and housing. This closed areas due to dangerous conditions, in some cases having to
rescue those in the area (George, 2023d; Marshall, 2023c,a,d).

- Shut down the cities water supply, causing water insecurity in Hampshire (George, 2023e; Yandell,
2023a).

- Downed trees and infrastructure Marshall (2023b); Davey (2023); George (2023f).

Read more about Storm Ciarán and it's effects on the city: Yandell (2023b); George (2023c). In 2024
we also had Storm Henk, which issued a 'do not travel' warning as disruptions spanned Hampshire
(Ramos, 2024). Later in the year, Storm Ashley also hit, causing �oods and structural collapse, killing a
76-year-old woman (George, 2024; White, 2024). While rainfall will increase, it is hard to know whether
storms will increase in wind speed and frequency; some models indicate some regions to increase in
both, some indicate neutrality, and others indicate decreases (Watson et al., 2015; Wolf et al., 2020).
What is known, is that �ooding will become more severe due to increased rainfall and Southampton's
�oodplain developments (Andrew J. Stevens and Nicholls, 2016), and thus effective coastal area response
will become harder. For this reason, and the fact that storms alike the aforementioned are here to stay,
preparation and support is necessary.

Increased drought rates, extreme rainfall, �ooding, over and underheating, storm surges, and other
weather events are not something that can be stopped for years to come as are exacerbated by anthropogenic
effects. After net-zero, our climate state is projected to stabilise, and eventually begin to repair to pre-
industrial levels after hundreds of thousands of years (Matthews and Weaver, 2010; Hausfather, 2015;
Hoegh-Guldberg et al., 2019; Allen et al., 2022). This climate is something we must adapt to, and for
generational futures their only mitigation is climate action, so how can the Southampton adapt?

1.1.2 Heat Adaptation Measures in the UK
To combat extreme heat on a national level, the UK government has laid out the Heatwave Plan (Gardiner,
2011). This system forecasts heatwaves and assesses health risk. This is an effective measure, and already
in place via email and weather reports in form of the heat-health alert service (Met Of�ce, 2024b). This
service could also be used to provide recommendations to the community very effectively, spreading
awareness for public and private adaptation methods, such as the public right to free water in alcohol
serving locations, and do-it-yourself strategies to cool your home (Home Of�ce, 2010). As for physical
heat-aid strategies, in the long term, the Heatwave Plan aims to"increase trees and green space, external
shading, re�ective paint, loft and wall insulation, and water features, and reduce internal energy and heat".
These are all conducted on a local level, and Southampton City Council (2023) has already committed
to expanding green space and tree cover in the city. Similarly for private land, commercial planning
permissions require a certain percentage surface area to be dedicated to green space and maintaining
biodiversity (Southampton City Council, 2024c). Green space is fantastic at reduction of heat due to urban

7/102



heat island effect, an environmental problem wherein urban air temperature is raised over surrounding
rural areas, due to non-green urban landscapes that absorb and radiate solar heat in greater quantity
than green, and waste heat, the majority of which is from building heat leakage and electricity heat loss
(Shahmohamadi et al., 2010).

Figure 4. Contributing factors to a higher-than-rural urban temperature, urban heat island effect, from
Nuruzzaman (2015)

Utilising the main causes of urban heat island effect, we may also see other council level solutions,
such as insulation and other retro�t subsidisation for those disadvantaged and unable to afford, and
encouragement and deployment of energy ef�ciency strategies. Cool roofs, pavements, and roads are also
simple retro�t methods that may help. Historically, building colour in the UK has been based on stylistic
choices (Homes & Antiques, 2022), and as temperatures rose and the modernism style became more
popular, so did commercial building air conditioning as a predominant and reliably consistent cooling
method (Met Of�ce, 2024a; Pender and Lemieux, 2020; Arnold, 1999). Coating roofs and walls with
white or light painted roofs has been shown to reduce cooling usage and improve air temperature of
urbanised areas through lower energy and air conditioning usage (Simpson et al., 2024; Nuruzzaman,
2015) and similarly for cool pavements which will re�ect more solar radiation thus radiate less heat
(Kousis and Pisello, 2023). Green roofs and walls also pose an effective solution providing insulation and
heating and cooling savings, unlike cool roofs which may demand an increase in yearly heating energy. A
downside to green roofs though is their far higher maintenance demand, and that they may need to use
vital water supply in a summer drought (Virk et al., 2015). Both cool and or green structures may also be
combined with photovoltaic panels, of which can provide energy as well as a decrease in temperature
(Radhakrishnan, 2018).

Building on the Heatwave Plan, is the Adverse Weather and Health Plan (UK Health Security Agency,
2023a). This expanded the heatwave plan and laid out how early warning systems and risk assessments
will transform going forward, as well as expanding on vulnerable populations and giving care advice
for such people. These include planning your day to be indoors or shaded during hottest times (11:00
- 15:00), closing curtains and windows that face the sun, wearing appropriate clothing and sun cream,
drinking good levels of non-alcoholic �uids, checking on known vulnerable people, and advertising
heatstroke symptoms. A council solution that is more direct support to the individual are emergency
cooling stations. This is an active intervention that helps in the extreme case of heatstroke, although
without other mitigation and adaptation methods this solution would be quickly overwhelmed (Bedi
et al., 2022). Similarly, the 4 dangerous hours of the midday could be enforceable onto companies such
as construction, landscaping, and other majority outdoor work, to require them to provide appropriate
clothing and shade or indoor work during this time on high-heat days.
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Urban temperature can also be exacerbated by pollutant emissions and lessened air convection from
wind blocked by larger density and height of buildings. While reduction in building density is hard to
do due to historic buildings taking space in most of the UK, efforts to reduce air pollution are very real.
The Climate Change Act 2008 (after amendment in 2019) commits to reducing the UK's greenhouse
gas emissions to net-zero by 2050 (Department for Business, Energy and Industrial Strategy, 2019). In
Southampton, this is is projected for sooner, by 2035; there are also plans to reduce transport pollution in
the city though speci�c pollutants are not considered (Southampton City Council, 2023). A gap exists
here for intervention to reduce speci�c pollutants.

1.1.3 Storm and Flood Adaptation Measures in the UK
Southampton has risk of surface �ooding in a wide number of areas (Southampton City Council, 2017a).
This is primarily because large portions of the city along the coast were built on �oodplains. Another cause
is that water from rain will attempt to �ow into low points on ground, as affected by gravity. Intervention
is needed at these low points, generally where old brooks have been built over due to the presence of a
now urbanised dell. Permeable ground, such as green space, can be used to prevent �ooding in areas that
would otherwise contain non-permeable materials such as asphalt. Situational analysis needs to be done
into this type of intervention, as if a permeable ground space handles too much water then it might exceed
100% �eld capacity and cause surface water or groundwater �ooding even with this intervention.

Figure 5. Surface �ooding in a green space that has reached 100% �eld capacity (Sky News, 2024)

This process can be aided by the public, with residential encouragement of loose gravel, dirt, and
other permeable lawn materials rather than concrete or tarmac. These low-points in land may also be dealt
with using culverted and maintained channels, man-made and man-maintained channels for the water to
�ow through with little resistance so it doesn't �ow into nearby areas.

Drainage in problem areas for �ooding can also be retro�tted, though this also needs to be done with
care as ageing and neglected pipelines can be overwhelmed with too much intake, and become dangerous.
Sewer systems in historic wards such as Bargate, Banister & Polygon, Bevois, and Portswood rely on
Victorian age sewer systems built between 1840 and 1870 (Rance, 1986). Modern retro�t may also
question their structural integrity. Drainage systems must also be well maintained and placed well to
keep optimised function. Commonly, drains can �ll up over time with land erosion, also facing issues
short term with debris including branches and leaves (Gloustershire City Council, 2024). As an example,

9/102



during Storm Bert, surface �ooding was seen around the city. Figure 6 contains some examples of a
neighbourhood debris �ooding. Flooding may also occur due to land dips, due to degradation over time.
This can be exacerbated with patchwork repairs. Figure 7 shows both cases.

Figure 6. Examples of �ooding due to debris on May�eld Road.

Figure 7. Examples of �ooding due to degraded repair (left) and land dips (right) on Woodcote Road.
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Encouraging of residential rainwater storage can also help to reduce water entering the sewer network,
as well as having water to use during a drought to water a garden or wash a car. Other solutions include
geo-cellular crates, retention ponds, in�ltration basins and trenches, and swales (Southampton City
Council, 2024a).

Fluvial (from river) and tidal �ooding is also a large risk to Southampton. Strategies to protect our
coastal areas can include sea or land walls, breakwaters, arti�cial reefs, and embankments (Borangic,
2024; Southampton City Council, 2017a). Southampton City Council employ many measures to secure
our coastlines from �ooding, such as the implementing rock armour in Weston Shore, as well as multiple
studies on key coastal areas and alleviation schemes to install more �ood risk structures (Southampton
City Council, 2024a).

Buildings may be reinforced with resistance measures. These include �ood doors, barriers, gates,
and walls. If water enters a house, possessions may be lost and electrical systems may be compromised,
causing serious danger to those nearby (UK Health Security Agency, 2023b). Flooding may also carry
microbial danger to humans. Heavy metals have been found in soil around Hampshire (Vincent and
Passant, 2006; Rimmer et al., 2006), and these heavy metals can drain into �ood water to cause damage
to ecological systems and animals (Foulds et al., 2014). Further, bacterial infections can spawn from
�oodwater (UK Health Security Agency, 2023a). Due to these reasons more publication of the invisible
danger of �ood water needs to be on the forefront alongside larger physical risks. It is displayed nationally
and locally (UK Health Security Agency, 2006; Southampton City Council, 2024a). Further, post-�ood
dampness in buildings can weaken structures (Kelman and Spence, 2003), as well as leave dampness
which supports unwanted life such as fungi, pathogens, and volatile organic compounds, which can also
emit airborne risks (Taylor et al., 2011).

Storm Ciarán can give us a great view into our response. Necessary highway maintenance, tree repair
and clearance, and drainage teams were deployed to deal with locational hazards. Warnings of danger
areas and cancellations to transport over dangerous routes were announced and followed through. Higher
staf�ng levels to deal with energy cuts were put into effect, and emergency bottling stations were opened
in lieu of tap water which had become contaminated (BBC South, 2023a; George, 2023e). We focused
on protecting the people rather than their personal property; this is good policy but can have long-term
effects that need to be on the forefront of concerns. Sandbags and �ood reinforcement are prioritised for
emergency services and not given to the public to redirect water, recommending that the members of the
public purchase or fashion their own sandbags (Southampton City Council, 2024b). As an example, those
in Bevois are highest risk for �ooding from the River Itchen, and also many there are among the 20% most
deprived in England (Southampton City Council, 2017a; Southampton City Council and Southampton
Data Observatory, 2024). Residents there may not be able to afford adequate protection for their property,
therefore in cases such as this either rationing of sandbags and other aid, or support in making their
home live-able post-�ood, or both, is needed. If this is not provided, and those deprived cannot afford
to repair their home and remove pathogens, volatile organic compounds, fungi, or heavy metals safely
or effectively, this may have serious long term health effects, physical and mental, that pose risks to
our already overloaded healthcare system in Southampton. Loss of personal property due to inadequate
housing �ood defence may also exacerbate mental strain. This was recognised by the community and
sandbags were sel�essly distributed, but ef�ciency is impacted when it is one or few that need to cover a
whole city or ward (Marshall, 2023d). For post-�ood repairs, council house occupants should contact the
council, homeowners should contact their insurance, and renters should contact their landlords. Effective
repair should be accountable and enforced against all responsible parties, and aid given to those who need
it. This is where funding shortcomings become apparent. Making post-�ood houses live-able takes time,
and those in them need alternate accommodation, which can cost thousands per person as �ood damage
can take several weeks to repair (SDM Property, 2024).

1.1.4 Drought and Water Insecurity Adaptation Measures in the UK
As a product of summer and winter weather, water insecurity response is of high concern. Water insecurity
can happen due to �ooding and extreme heat, therefore �ood defence, cooler temperatures, and storm and
heatwave adaptation are all vital in limiting the reach and severity of water insecurity.

Water insecurity may also happen due to water mismanagement (Bevan, 2019). High accountability is
very important for water handling companies to prevent leakages - not only will it deter practises that
result in long-term water insecurity but also can fund periods of water insecurity response. For example,
Southern Water, Southampton's water supplier, leaked 107.5 million litres of water a day on average
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based on their 2023-24 annual performance reports, among the 10 worst UK water companies for leakage
Kersley (2024). While this was down from last year, it marks a increase of their 3 year rolling average
per day leakage by almost 5 million litres (Southern Water, 2024). This has caused the Water Services
Regulation Authority (Ofwat) to order Southern Water to return £31.9m of bills for leakages and sewage
spillovers. Sewage dumping has been a consistent issue with water companies including Southern Water
which has been �ned multiple times, at highest £126 million, for dumping sewage illegally (Ofwat, 2019;
Department for Environment, Food & Rural Affairs, 2021; Environment Agency, 2024). Not only does
this ruin vital ecology, but also pollutes ground water far beyond a suitable level for drinking. But do
these �nes work? Considering their leakages trend upwards and illegal sewage dumping remain practise
in face of consistent �nes it is hard to tell. Further, while leakages are a problem draining reservoirs, we
have seen in the past rainwater over�ow on the River Test cause Southern Water to struggle to treat water
for drinking to replenish their reservoirs (Yandell, 2023a). In this case, emergency bottled water stations
were set up for free public use. This instance is not Southern Water's fault as they are not responsible
for �ood defence in this area, and the New Forest District Council has published that there is no active
shoreline intervention plan in place for this shore on the River Test (New Forest District Council, 2024).
Each council must work together with surrounding councils to ensure water security.

On a national level, procedure and policy has been put in place for drought mitigation. Landowners
and businesses cannot abstract more than 20 cubic metres of water a day during dry weather using
boreholes and wells without an abstraction license (Environmental Agency, 2019). Water allocation,
agriculture support packages, and water aerators to aid water ecosystems, as well as national data such as
reservoir levels, rainfall, and groundwater level and quality can be used in forecasting drought and water
insecurity for a more effective response (Environmental Agency, 2017, 2023). These measures, especially
water allocation and rationing, can be reinforced with council support and compliance.

1.2 Risk Assessment Key Questions
Climate change will affect us all. Along with continuing to reduce our carbon emissions, we must consider
how we will respond and adapt to climate change to protect the population of our city. This report aims to
answer questions:

- What impacts may climate change have on Southampton?

- Where are the current vulnerabilities? What can be done to mitigate effects on vulnerable areas?

- What can we learn from current trends to future proof our city?

- Where does our current knowledge need strengthening?

Answers to these questions inform Southampton's communities, as well as the public and private sectors
how we will need to adapt to Southampton's changing climate effectively. This allows us to make ef�cient
future governance and decision making related to climate change adaptation.

2 DATA SOURCES AND ANALYSIS STRUCTURE
Within this report, we use two key words: risk and vulnerability. Risk relates to physical risks involving
�ooding and heat, such as an areas susceptibility to �ooding due to lack of defences or heat due to high
density of high-rise buildings. Vulnerability relates to the populations preparedness for heat and �ooding,
i.e., if they experience an extreme climate event, how well can they prepare, evacuate, and or recover from
such event. Our main sources of data are:

- Southampton Data Observatory, public facing repository of multiple census data by the Data,
Intelligence and Insight Team in Southampton City Council.

- Southampton City Council strategic �ood risk assessment, coming from a number of sources of
which under licence agreement and cannot be passed to external sources without the permission
from the owner.

- Data from Southampton City Council not, or not yet, made publicly available.

- Feedback from the public and their qualitative issues where speci�ed.
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