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1.1 Background 

1.1.1 Mott MacDonald has been commissioned by West Midland Combined Authority (WMCA), to 
undertake a Climate Change Risk Assessment (CCRA) which forms part of the Environmental 
Impact Assessment (EIA) for the proposed Birmingham Eastside Extension (BEE) of the 
Midland Metro network.  

1.1.2 The BEE involves the construction of 1.9km of both on street and off-street twin-tracked 
tramway, and subsequent operation of the tram system.  The BEE route starts from the 
existing section of the Birmingham City Centre Extension (BCCE) at Bull Street/Corporation 
Street providing a new link to the proposed HS2 Station at Curzon Street and terminating at 
High Street Deritend to the east of Birmingham City Centre. This Technical Appendix should 
be read in conjunction with Chapter 8 Climate Change Resilience of ES Volume 1: Main 
Statement. 

1.2 Legislation, Policy Guidance and Best Practice 

West Midland Combine Authority (WMCA) 2014 Environmental Strategy and 
Delivery Plan 

1.2.1 WMCA recognises its responsibility to help create a sustainable future. Its 'Think Global: Act 
Local' Environmental Strategy for 2014 sets out its key priorities for the next five years and 
serves as its commitment to reducing Centro’s impact on the environment (WMCA, 2014). The 
strategy's supporting Delivery Plan (WMCA, 2014)  includes the establishment of tangible 
deliverables for climate change resilience over five years. Its gold objective entails: 
 development of a climate change adaptation and resilience plan (CCARP) embedded 

across the organisation in assets plans, policies, financial and business planning 
processes; 

 ensuring essential services and infrastructure are ready to cope with potential changes; 
and 

 joint partnership working with key stakeholders to ensure a cohesive response to climatic 
changes affecting the transport network. 

1.2.2 Programmes identified to help support the achievement of the five year objectives include:  
 health and safety management; 
 risk management systems; 
 business planning process; 
 asset management procedures; 
 ISO14001 development (addresses environmental impact/climate change mitigation); 
 unplanned disruption process and ‘Travel Information Deliver Plan’ – in regards to the use 

of social media and communication; 
 network disruption strategy (part of Transforming Bus Travel Partnership Strategy); and 

1. Climate Change Resilience 
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 Sustainable Design Guide and Gateway Project management process (to support climate 
change adaptation). 

European directives and guidance 

1.2.3 EU Guidance on Integrating Climate Change and Biodiversity into EIA (European 
Commission, 2013) was developed to improve the way in which climate change and 
biodiversity are integrated in EIAs carried out across the EU. This assessment is aligned with 
the guidelines and recommendations presented in the document.  

The EIA Directive (2014/52/EU) 

1.2.4 In May 2014, the revised EIA Directive (2014/52/EU) strengthened the provisions related to 
climate change. It introduced clear references to ‘climate change’ and ‘greenhouse gases’. It 
also provided detailed descriptions of climate change issues to be addressed in the EIA  (EC, 
2013): 
 
 climate change mitigation - impacts of the BEE on climate change in terms of greenhouse 

gas emissions and mitigation potential, including from land use, land-use change and 
forestry; and 

 climate change adaptation - impacts relevant to adaptation including the impacts of 
climate change on the BEEand the contribution of the scheme to wider resilience.  

1.2.5 The EIA Directive must be transposed into United Kingdom (UK) regulation by May 2017. 
Whilst the revised EIA Directive has not yet been formally transposed into UK regulations, the 
intention is to take account of it for the purposes of this ES (see mitigation in ES Volume 1 
Main Statement Chapter 12: Greenhouse Gases, and adaptation in ES Volume 1 Main 
Statement Chapter 8: Climate Resilience, and other relevant technical considerations such as 
ES Volume 2 Main Statement Chapter 13: Townscape and Visual Amenity, and the Flood 
Risk Assessment (Technical Appendix S2) and in this Technical Appendix). 

National legislation and guidance 

1.2.6 In 2003 the UK Climate Impacts Programme (UKCIP) developed guidance for improving 
decision-maker’s capacity to manage the uncertainty associated with climate change. This 
risk based framework has provided the foundation for the management of uncertainty 
associated with climate change as part of a risk based approach which has informed this 
assessment. 
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The Climate Change Act (2008) 

1.2.7 The UK Government has passed legislation that introduces the world’s first long-term legally 
binding framework to tackle the risks posed by climate change. The Climate Change Act 
(2008) creates a new approach to managing and responding to climate change in the UK, by: 
 setting ambitious, legally binding emission reduction targets; 
 taking powers to help meet those targets; 
 strengthening the institutional framework; 
 enhancing the UK’s ability to adapt to the impact of climate change; and  
 establishing clear and regular accountability to the UK Parliament and to the devolved 

legislatures (DECC, 2012). 

1.2.8 Key provisions of the Climate Change Act (2008) in respect to climate change adaptation 
includes a requirement for the UK Government to report, at least every five years, on the risks 
to the UK of climate change, and to publish a programme setting out how these will be 
addressed.  

1.2.9 The Climate Change Act (2008) also introduces powers for Government to require public 
bodies and statutory undertakers to carry out their own risk assessment and make plans to 
address those risks. The Adaptation Sub-Committee of the Committee on Climate Change will 
provide advice to, and scrutiny of, the Government's adaptation work.  

1.2.10 In response to a lack of specific guidance on integrating climate change within the EIA 
process, the Institute of Environmental Management and Assessment (IEMA) has developed 
guides on climate change mitigation and EIA Principles (2010). IEMA have also recently 
developed a framework for effectively considering adaptation and resilience in the EIA 
process (IEMA, 2015). The principles of the IEMA guidance have been applied to this 
assessment. 

UK policy 

National Planning Policy Framework (NPPF) 

1.2.11 The NPPF was published on 27 March 2012 and replaces the majority of the Planning Policy 
Statements and Planning Policy Guidance. The Climate Change Act (2008) strengthened the 
institutional framework in respect of planning policy and managing the impact of climate 
change. In line with the objectives and provisions of the Climate Change Act (2008), the 
NPPF states that local authorities should adopt proactive strategies to mitigate and adapt to 
climate change.  
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Regional and local policy 

Birmingham City Council (BCC) Climate Change Adaptation Action Plan (CCAAP) 2012+ 

1.2.12 BCC CCAAP (2012+) (BCC, 2012)   has been developed to help the city prepare for the 
impacts of climate change. The BCC CCAAP outlines the recent developments on this 
agenda and provides an implementation framework to allow Birmingham to make the most of 
opportunities whilst addressing the risks. Its production in 2011 was a commitment to the 
city’s 2010 Climate Change Action Plan and is the responsibility of the Cabinet Committee for 
Climate Change. It aims to help deliver outcomes from the Sustainable Community Strategy 
such as: 
 Birmingham as the first sustainable global city in modern Britain; and 
 Birmingham as a safe, clean and friendly city tackling climate change and enhancing the 

local environment. 

1.2.13 The CCAAP focuses on the risks and opportunities within various functions that make up 
Birmingham including: 
 built and critical infrastructure; 
 business and the economy; 
 community; and  
 health and wellbeing. 

1.2.14 By outlining strategic processes for developing and embedding evidence and taking action, 
the CCAAP is intended to improve services, increase resilience and reduce the economic 
impact. The CCAAP emphasises that adaptation now will have a long-term direct economic 
benefit by ensuring continuity, decreasing the resources required to help communities and 
businesses recover from the impacts of climate change and creating jobs and business 
opportunities. 

1.3 Methodology 

Scope of the assessment 

Technical scope 

1.3.1 The CCRA outlines the level of climate risk to specific elements of the BEE and identifies their 
long-term climate resilience. This assessment focuses on the period of the forecast design 
lives of the primary structural features of the BEE, see Table 1.1, with drainage design 
adopting a general flood protection standard of 1 in 30 years + climate change (see the Flood 
Risk Assessment in ES Volume 2 Technical Appendix S2). It is understood that subject to 
necessary consents and permissions, under the current programme for BEE the construction 
phase is proposed to commence in early 2020 and be operational in early 2022. 
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1.3.2 The specific elements and forecast design lives of the BEE are set out in Table 1.1. 

Table 1.1: BEE elements and forecast design lives 

Primary structural features 
Minimum forecast design life 
(years)  

Minimum 
approx. end 
year 

Climate 
projection 
period 

Light rail infrastructure – 
installation of twin-tracked 
tramline approximately 1.7km 
in length 

50 (trackform) 
40 (rail greater than 100mm 
radius) 
20 (rail less than 100mm radius) 
10 (switches and crossovers) 

2070 
2060 
2040 
 
2030 

2080s 
2050s 
2030s 
 
2030s 

On-street tram vehicles 
running on shared and 
segregated tracks 

30 2050 2050s 

Use of overhead line 
equipment (OLE), and 
supports / fixings, and OLE-
free system subject to design 
feasibility 

50 (support and foundations) 
25 (electrical components) 

2070 2080s 

One substation measuring 
approximately 15m (length) x 
8m (width) x 3m (height) on 
Meriden Street. 

120 (Building) 
25 (electrical components) 

2140 
2046 

>2080s1 
2050s 

Platforms 40 2060 2050s 

Footpaths and/or bike paths 40 (with surface repaving / 
replacement approximately every 
10 years) 

2060 2050s 

Source: Mott MacDonald, 2016 

Spatial scope 

1.3.3 This focus of the CCRA is the ground footprint of the BEE infrastructure. Limits of deviation as 
identified in drawing MMD-300207-HS30-DRA-0000-1001 and the wider Birmingham area 
have been considered. Metrological data purchased from the Metrological Office was provided 
by the Halesowen Weather Station (National Grid Reference SO 954831) approximately 
12.6km south west of the point at which High Street Deritend reaches Meriden Street on the 
BEE route (National Grid Reference SP 075865) and Coleshill Weather Station (National Grid 
Reference SP 215875) approximately 14.0km of the point at which High Street Deritend 
reaches Meriden Street on the BEE route (National Grid Reference SP 075865). These 
weather stations were considered by the Met Office as the most appropriate comprehensive 
source of weather and climate information (Halesowen data available 1987–2003; Coleshill 
data available 1999-2014) in close proximity to the BEE route.  

1 No UKCP09 projection periods beyond the 2080s (2070 to 2099). 
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Temporal scope 

1.3.4 The temporal scope of the CCRA is focused on observational climate data and how these are 
projected to change over time for the key climate variables identified for this sector, split as 
set out below:2 
 current climate – based on the best available observational climate records provided by 

the Meterological Office, the baseline climate was characterised for the 1990s using the 
Halesowen data (1987 to 2003). This data represents the ‘current’ climate. The Coleshill 
data was not suitable as it would already include the climate change signal; and 

 future climate – applying UKCP09 (Murphy et al, 2009) to the current climate data to 
determine an absolute projected change for the 2030s (2010 to 2039), 2050s (2040 to 
2069) and 2080s (2070 to 2099). These periods are chosen to reflect the construction 
period, and the variability in the forecast design life of primary structural features of the 
BEE as set out in Table 1.1. The high emissions scenario was selected because it depicts 
the current trajectory of emissions and ensures that the BEE is rigorously tested against a 
plausible climate outcome3. UKCP09 projections are probabilistic and percentiles are 
presented with the scenarios to reflect the uncertainty associated with them.4 

Assessment criteria 

1.3.5 This section outlines the methodology applied in Section 8.5 of Chapter 8: Climate Resilience 
in ES Volume 1 Main Statement, to evaluate (for each climate variable) a climate risk score 
based on the probability of impacts and their severity to determine the current and future level 
of risk to the BEE. The calculation method used is as follows: 

Probability of impact (occurrence) x Severity of impact = Risk 

Probability of impact 

1.3.6 The ‘probability of impact’ to the BEE is determined by our climate specialist’s evaluation of 
observational data5 and projected (future) climate data (UKCP09 projections) to establish a 
quantitative representation of the likelihood of impacts to the structure and operation.  

2 This assessment is based on an observational climate data sets obtained from the Met Office and the appropriate 
UKCP09 projections. 

3 This scenario has been chosen in respect to current emission pathways, which are currently exceeding the high 
(SRES – A2) and the higher (A1F or RCP 8.5) emission scenario, although the changes associated with other 
emission scenarios have also been considered in our analysis. 

4 The following percentiles are presented, known as the likely range: 10th, 33rd, 50th, 67th, and 90th. The 50% value 
represents the median or 'central' estimate of change. This is not the most likely outcome. It simply shows that half 
of the climate scenarios used to construct the probability distribution fell below that figure and half fell above it. At 
the 10% probability level, only 10% of the climate model runs fall at or below that level, at the 90% probability level, 
only 10% of the climate model runs fall at or above that level 

5 Being observational data purchased from the Met Office 2016: Climate summaries for Birmingham Coleshill and 
Halesowen. 
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1.3.7 The probability of impact from the current climate impact is based on an estimated impact 
return period (Table 1.2). 

Table 1.2: Probability of current climate impact (occurrence) 

Score Estimated return period 

5 Frequently throughout the year 

4 Seasonally 

3 A return period of at most 1 in 3 years 

2 A return period of at most 1 in 5 years 

1 A return period of at most 1 in 10 years 

1.3.8 The probability of impact from the future climate is based on a combination of an estimated 
impact return period from the projections (Table 1.2) and the confidence in the future direction 
of change (Table 1.3) recalculated using the matrix on the probability of impact of future 
climate (Table 1.4). 

Table 1.3: Confidence in future direction of change (Mastrandrea et al, 2010) 

Score Confidence (future climate) Rating 

5 90 to 100% probability Very likely 

4 66 to 90% probability Likely  

3 33 to 66% probability About as likely as not 

2 10 to 33% probability Unlikely 

1 0 to 10% probability Very unlikely 

Table 1.4: Probability of impact of future climate 

Pr
ob

ab
ili

ty
 

5 3 3.5 4 4.5 5 

4 2.5 3 3.5 4 4.5 

3 2 2.5 3 3.5 4 

2 1.5 2 2.5 3 3.5 

1 1 1.5 2 2.5 3 

 1 2 3 4 5 
Confidence 

Severity 

1.3.9 The potential ‘severity of impact’ to the BEE is rated (Table 1.5), which was determined by our 
climate specialist based on a combination of expert judgement and review of available 
evidence and literature as set out in the Reference section, such as the summary of risks 
identified by Transport for London and Arcadia. 
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Table 1.5: Potential severity of impact to the BEE 

Score Impact to the BEE Rating 

5 Structural failure Very high 

4 Structural damage High 

3 Major operational loss Moderate 

2 Minor operational loss Low 

1 Increased maintenance Very low 

Risk 

1.3.10 The resulting current and future risk to the BEE was categorised (very low, low, medium, high) 
applying the probability and severity scores to a risk matrix (Table 1.6). 

Table 1.6: Risk rating matrix 

   

Frequency of 
climate variable 
(current climate) 

Severity of impact 

Structural 
failure (5) 

Structural 
damage (4) 

Major 
operational 

loss (3) 

Minor 
operational 

loss (2) 

Increased 
maintenance 

(1) 

Critical Major Moderate Minor Insignificant 

Pr
ob

ab
ili

ty
 o

f o
cc

ur
re

nc
e 

(li
ke

lih
oo

d)
 

Frequently 
throughout 
the year (5) 

High (25) High (20) High (15) Medium (10) Low (5) 

Seasonally 
(4) High (20) High (16) Medium (12) Medium (8) Low (4) 

At most 1 
in 3 years 

(3) 
High (15) High (12) Medium (9) Low (6) Low (3) 

At most 1 
in 5 years 

(2) 
High (10) Medium (8) Medium (6) Low (4) Very Low (2) 

At most 1 
in 10 years 

(1) 
High (5) Medium (4) Low (3) Low (2) Very Low (1) 
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Appraisal of climate resilience 

1.3.11 This section outlines the methodology applied in Section 8.5 of Chapter 8: Climate Resilience 
in ES Volume 1 Main Statement to categorise the resilience of the primary structural features 
of the BEE to climate risks (Table 1.7). This is based on our climate specialist’s expert 
judgment supported by evidence and literature. 

Table 1.7: Climate resilience levels 

Level Definition 

High  A low level of vulnerability to specific climate risk(s) remains. Remedial action or adaptation 
may be required, but is not a priority. 

Medium  A moderate level of vulnerability to specific climate risk(s) remains. Mitigating action or 
adaptation could improve resilience, although an appropriate level of resilience is provided 

Low  A significant level of vulnerability to specific climate risk(s) remains. Mitigating action or 
adaptation is recommended as a priority. 

Very low A very significant level of vulnerability to specific climate risk(s) remains. Mitigating action or 
adaptation is recommended as a priority. 

1.4 Baseline Conditions 

Key data sources 

1.4.1 Data, and literature were reviewed, and relevant aspects fed into the assessment phases to 
understand the potential vulnerability of the BEE to long term climate risks, and the resilience 
options for the BEE. The key documents in Table 1.8 were identified. 

Table 1.8: Table of documents reviewed for the CCRA 

Relevant documents  Summary of information 

Birmingham Local Client Impacts Profile 
(LCLIP) http://www.bebirmingham.org.uk/uploads/LC
LIP.pdf?phpMyAdmin=b5998cc58dff68a4b03a480ef5
9038da 

Background of Birmingham climate, including case 
studies of significant weather events. 

Department for Environment Food and Rural Affairs 
(DEFRA) 2011 Climate Resilient Infrastructure: 
Preparing for a Changing 
Climate https://www.gov.uk/government/publications/
climate-resilient-infrastructure-preparing-for-a-
changing-climate 

Background of Birmingham climate, including case 
studies of significant weather events. 

Engineering the Future 2011 Infrastructure, 
Engineering and Climate Change Adaptation: 
ensuring services in an uncertain 
future http://www.raeng.org.uk/publications/reports/en
gineering-the-future 

Climate change risk assessment: Transport sector 
perspective. 

European Commission 2013 Guidance on Integrating 
Climate Change and Biodiversity into Environmental 
Impact 

Includes relevant chapters such as: 
 climate resilient infrastructure; 
 why focus on adapting national infrastructure to 

the impacts of climate change?; 
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Relevant documents  Summary of information 
Assessment http://ec.europa.eu/environment/eia/pdf/
EIA%20Guidance.pdf 

 aim of climate resilient infrastructure: preparing 
for a changing climate; 

 climate risks to infrastructure; 
interdependencies; and 

 actions to prepare infrastructure for a changing 
climate. 

Ford (undated) Analysing The Potential For Climatic 
Extremes To Disrupt Urban Transport Systems: 
Transport Model http://www.arcc-network.org.uk/wp-
content/pdfs/ARCADIA-04-transport.pdf 

Includes relevant chapters such as: 
 adaptations within infrastructure sectors 

(transport); and 
 appendices – transport sector report. 

HM Government 2015 Providing transport services 
resilient to extreme weather and climate 
change https://www.gov.uk/government/uploads/syst
em/uploads/attachment_data/file/466602/climate-
adrep-tfl.pdf 

Includes relevant chapters linked to Tramlink and 
London Underground such as: 
 risks to Transport for London’s services from 

Extreme Weather and Climate Change;  
 review of Transport for London’s Key Extreme 

Weather and Climate Risks; and 
 table of detailed impacts related to assets. 

IEMA 2015 Guidance on integrating climate change 
assessment within the 
EIA http://www.iema.net/system/files/iema_guidance
_documents_eia_climate_change_resilience_and_ad
aptation.pdf 

Includes relevant chapters such as: 
 identifying the future climate; and 
 building climate resilience into the project  

Met Office 2016 Past weather events 
(online) http://www.metoffice.gov.uk/climate/uk/intere
sting 

Includes information on past weather events across 
the UK. 

Murphy et al. 2009 UK Climate Projections Science 
Report: Climate change projections. Met Office 
Hadley Centre, 
Exeter http://ukclimateprojections.metoffice.gov.uk/m
edia.jsp?mediaid=87894&filetype=pdf 

Includes background on climate change projections 
in the UK. 

UK Climate Projections 2010 Reports & 
guidance http://ukclimateprojections.metoffice.gov.uk/
22530 

UKCP09 published reports. 

Met Office station climate summaries for Coleshill 
and Halesowen (Purchased from the Met Office in 
January 2016) 

Site specific climate estimates report from the Met 
Office for postcode B5 5NY.  
The estimates are interpolated from values on a 
5km grid (analysed from station data closest to the 
BEE route) and takes into account the altitude of the 
location. 

Source: Mott MacDonald (2016) 
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Observational Climate Data 

Table 1.9: Climatological means and extremes for Halesowen climate station 1983-2003.  NGR:  3949E 2821N. Alt:  153 Metres AMSL 
Climate variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Te
m

pe
ra

tu
re

 (o C
) 

Absolute max 14.3 16.8 20.0 25.4 27.0 31.0 31.7 34.7 27.0 23.2 15.8 14.2 34.7 
Average monthly 
max 12.2 13.1 16.4 20.0 24.6 26.6 28.2 28.5 24.1 19.1 14.4 12.7 29.9 

Average daily 
max 6.9 8.0 10.5 13.1 16.9 19.2 21.8 21.8 18.1 13.8 9.7 7.2 14.0 

mean daily 4.1 4.7 6.7 8.5 11.9 14.4 16.7 16.7 13.7 10.2 6.7 4.5 9.9 
Average daily 
min 1.4 1.4 2.9 3.9 6.8 9.5 11.7 11.6 9.4 6.6 3.7 1.8 5.9 

Average monthly 
min -5.7 -4.6 -3.0 -2.6 0.6 4.4 6.5 5.8 3.5 -0.6 -2.9 -5.7 -7.7 

Absolute min -13.0 -10.1 -6.4 -4.4 -2.3 -0.1 2.9 3.7 0.8 -5.0 -6.0 -11.0 -13.0 
Lowest max -6.0 -2.1 0.4 3.1 8.1 10.3 13.5 13.4 9.8 6.4 -2.0 -2.8 -6.0 
Highest min 10.0 11.3 10.6 11.7 14.6 18.1 18.4 18.4 16.1 14.5 12.8 11.7 18.4 

R
ai

nf
al

l (
m

m
) Monthly average 67 52 48 61 47 61 52 54 58 86 70 75 731 

Wettest month 126.3 92.1 83.2 150.6 88.1 155.4 130.8 133.0 146.4 136.8 136.5 142.7 898.2 
Driest month 10.0 7.7 16.8 13.3 12.2 16.1 9.6 8.7 11.3 45.6 34.7 10.0 561.5 
Wettest day 42.2 28.9 15.9 30.4 20.9 32.3 39.1 44.8 72.7 33.1 39.5 31.2 72.7 

W
in

d 
sp

ee
d 

(k
no

ts
) 

Mean speed 7.7 8.0 8.0 6.5 5.9 5.8 5.5 5.2 5.4 6.1 6.1 6.7 6.4 

Highest Daily 
Mean 22.3 24.7 21.1 15.3 13.0 14.2 13.6 12.8 13.7 17.7 16.4 24.2 24.7 

Su
ns

hi
ne

 (h
rs

) 

Monthly average 52 76 110 148 200 192 207 196 138 110 60 44 1533 

Sunniest month 74.7 104.2 175.9 201.1 257.8 263.0 289.7 287.5 180.9 149.7 88.6 74.6 1837.9 

Dullest month 12.5 46.8 55.9 97.6 138.8 107.1 126.8 143.2 84.1 85.0 30.8 10.5 1243.7 

Sunniest day 8.0 9.9 11.8 13.7 15.5 15.6 15.2 14.1 12.5 10.4 8.3 7.0 15.6 
Average no of 
days with no sun 12.6 6.9 6.1 3.2 2.3 2.0 1.4 1.5 3.2 5.8 10.6 13.0 68.5 
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Climate variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average no of 
days with sun > 
9hrs 

0.0 0.5 2.5 5.6 10.3 9.5 10.5 9.1 4.8 1.4 0.0 0.0 54.2 

N
o.

 d
ay

s 
w

ith
: 

Air Frost (min < 
0C) 9.5 9.2 5.9 4.2 0.5 0.1 0.0 0.0 0.0 1.9 5.2 9.8 46.4 

Ground Frost (G 
min < 0C) 18.9 17.1 14.3 10.5 3.5 0.3 0.1 0.1 0.9 5.8 12.5 17.0 101.0 

Concrete frost 
(C.min <0c) 15.6 13.9 9.5 6.4 0.9 0.1 0.0 0.0 0.0 3.2 8.5 14.2 72.3 

Snow/sleet falling 3.8 4.7 2.8 2.6 0.1 0.0 0.0 0.0 0.0 0.0 0.6 3.5 18.2 
Snow lying at 
09gmt 2.3 1.8 0.9 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.2 6.5 

Thunder heard 0.1 0.4 0.1 1.0 1.4 1.6 1.6 1.8 1.1 0.8 0.0 0.3 10.1 

Hail (>5mm 
diam.) 0.0 0.3 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.7 

Ice pellets (<5mm 
diam.) 0.1 1.0 1.0 1.5 0.6 0.2 0.1 0.0 0.2 0.1 0.4 0.2 5.4 

Fog at 09GMT 2.8 2.1 1.3 0.9 0.5 0.2 0.1 0.1 0.8 1.4 2.1 2.7 14.8 

Gale (34kn for 10 
min) 0.5 0.4 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.2 1.6 

No Precipitation 8.6 6.6 10.8 11.3 13.2 12.0 13.4 13.7 11.8 9.4 8.3 9.6 128.6 

Precip. 0.2mm or 
more 16.8 15.7 14.9 14.8 12.7 14.4 12.2 12.3 14.1 16.7 16.3 17.3 178.3 

Precip. 1.0mm or 
more 11.6 10.7 9.8 11.3 9.1 10.8 8.8 8.3 9.7 12.1 11.6 11.9 125.6 

Precip. 10 mm or 
more 1.8 0.9 0.9 1.9 1.1 1.5 1.4 1.5 1.2 2.6 2.0 2.3 19.2 

Precip. 25 mm or 
more 0.1 0.1 0.0 0.1 0.0 0.3 0.2 0.1 0.3 0.4 0.1 0.1 1.6 

Source: Met Office 2016 
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Table 1.10: Climatological means and extremes for Coleshill Climate Station 1999-2014.  NGR:  4211E 2869N. Alt:  96 Metres AMSL 
Climate variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Te
m

pe
ra

tu
re

 (o C
) 

Absolute max 14.9 18.7 19.7 25.9 27.2 31.4 34.9 34.5 28.5 29.1 18.0 15.3 34.9 
Average 
monthly max 12.7 13.1 16.7 20.2 24.3 27.2 28.7 28.0 24.9 19.7 15.3 12.9 29.9 

Average daily 
max 7.4 7.9 10.5 13.8 16.5 19.8 21.8 21.3 18.9 14.7 10.4 7.6 14.2 

mean daily 4.5 4.8 6.6 9.2 11.9 15.0 16.9 16.7 14.5 11.2 7.4 4.8 10.3 
Average daily 
min 1.7 1.7 2.7 4.5 7.4 10.1 12.0 12.1 10.1 7.6 4.4 1.9 6.4 

Average 
monthly min -4.6 -4.2 -3.5 -1.6 0.8 4.6 7.1 6.4 3.8 1.5 -2.3 -4.8 -7.0 

Absolute min -10.9 -8.3 -7.5 -3.9 -1.6 2.0 4.6 3.9 0.9 -3.1 -10.0 -12.6 -12.6 
Lowest max -1.3 -1.6 0.0 3.5 7.7 11.2 13.7 13.6 11.2 5.2 -2.0 -4.0 -4.0 
Highest min 10.7 11.8 11.2 12.8 14.6 17.0 18.8 18.9 16.9 16.1 13.2 11.8 18.9 

R
ai

nf
al

l (
m

m
) 

Monthly 
average 64 48 43 48 59 64 60 70 51 78 71 63 719 

Wettest 
month 153.8 86.0 81.3 113.1 112.7 151.8 137.0 160.0 115.0 137.6 116.2 108.8 930.2 

Driest month 11.8 20.2 10.8 2.2 28.2 15.4 11.8 16.2 4.6 32.4 35.0 15.4 422.4 
Wettest day 25.4 17.8 26.8 21.6 22.2 45.2 52.2 64.2 32.0 39.4 35.2 21.6 64.2 

W
in

d 
sp

ee
d 

(k
no

ts
) 

Mean speed 8.0 7.8 7.6 7.2 6.8 6.0 6.0 6.0 6.1 6.8 7.0 7.6 6.9 
Highest Daily 
Mean 19.8 21.8 19.8 17.3 16.8 12.8 13.0 13.7 13.5 16.2 18.3 19.0 21.8 

Highest gust 56 51 54 46 41 39 35 37 40 56 49 51 56 

N
o.

 d
ay

s 
w

ith
 

Air Frost (min 
< 0C) 6.6 5.7 2.9 0.6 0.1 0.0 0.0 0.0 0.0 0.3 2.3 5.5 24.0 

Ground Frost 
(G min < 0C) 14.6 12.5 11.6 8.8 2.3 0.2 0.0 0.0 0.4 3.2 9.6 12.8 76.0 

Concrete 
frost (C.min 
<0c) 

10.6 8.7 4.9 1.9 0.0 0.0 0.0 0.0 0.0 1.1 4.1 8.8 40.1 

Snow/sleet 
falling 2.8 3.4 2.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.1 2.8 11.9 

Snow lying at 
09gmt 0.9 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.7 
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Climate variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Thunder 
heard 0.7 0.7 0.3 2.1 2.6 2.4 1.3 3.4 1.6 1.2 1.0 0.0 17.3 

Hail (>5mm 
diam.) 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6 

Ice pellets 
(<5mm diam.) 0.9 1.2 0.7 1.1 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.6 5.1 

Fog at 
09GMT 0.7 0.5 0.4 0.0 0.0 0.0 0.0 0.0 0.1 0.2 1.1 1.2 4.2 

Gale (34kn 
for 10 min) 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.4 

Gusts of 34kn 
or more 4.4 5.0 2.2 1.9 1.3 0.9 0.2 0.3 0.9 2.8 1.5 3.3 24.5 

Gusts of 48kn 
or more 0.5 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.5 1.9 

No 
Precipitation 7.7 8.3 12.2 9.9 12.0 12.0 15.3 13.5 14.0 9.6 5.3 7.9 127.7 

Precip. 
0.2mm or 
more 

15.4 13.6 12.0 14.5 12.8 11.9 11.2 11.8 11.6 15.6 17.5 16.5 164.4 

Precip. 
1.0mm or 
more 

9.8 8.7 7.7 10.7 9.0 8.6 7.4 8.1 8.0 12.1 11.7 11.1 112.9 

Precip. 10 
mm or more 0.9 0.6 0.5 0.9 1.2 1.5 0.7 1.3 2.0 2.2 1.6 1.5 14.9 

Precip. 25 
mm or more 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.4 0.0 0.3 0.2 0.0 1.1 

Source: Met Office, 2016 
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Table 1.11: Future climate change projection percentiles (being the projected variation between current climate and future climate) 

 

2030s (ºC) 2050s (ºC) 2080s (ºC) 
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Mean daily max. 
Temp. Future: 
summer 

-0.2 1.0 2.0 2.5 3.1 4.4 6.5 -0.2 1.6 3.1 3.9 4.8 6.8 10.1 0.4 2.8 5.0 6.2 7.6 10.7 15.9 

Mean daily temp 
future: annual 

0.1 1.1 1.5 1.8 2.1 2.6 4.4 0.4 1.7 2.3 2.7 3.1 4.0 6.6 1.0 2.8 3.7 4.3 4.9 6.2 10.1 

Warmest day 
temp future 
summer 

-4.3 -1.4 1.0 2.3 3.7 6.4 10.6 -4.8 -1.4 1.5 3.2 5.0 8.7 14.8 -5.2 -1.6 2.1 4.4 6.8 12.5 21.8 

Coolest night 
temp future: 
winter 

-2.4 -0.4 1.2 2.0 2.8 4.3 6.6 -2.0 0.0 1.8 2.7 3.6 5.5 7.9 -1.6 0.1 2.1 3.2 4.4 6.7 9.6 

Minimum air 
temp future: 
winter 

0.1 0.8 1.4 1.8 2.2 2.9 4.2 0.3 1.3 2.2 2.7 3.2 4.4 6.2 0.2 1.8 3.2 4.0 4.9 6.7 9.6 

Change in 
precipitation (%) 
future: annual 

-12.5 -0.8 5.3 8.8 12.5 20.8 46.9 -
12.9 

2.8 11.4 16.4 22.0 35.1 81.5 -14.9 6.4 18.6 26.2 35.1 57.4 143.
9 

Change in 
precipitation (%) 
future: winter 

-18.2 -7.3 -2.1 0.6 3.5 9.3 24.4 -
17.2 

-7.2 -2.4 0.2 2.8 8.2 21.4 -17.4 -6.9 -1.9 0.8 3.6 9.2 23.5 

Change in 
precipitation (%) 
future: spring 

-50.2 -26.8 -15.3 -9.1 -2.7 10.5 46.1 -
64.8 

-
38.0 

-
24.2 

-
16.6 

-8.8 7.7 54.3 -79.2 -
50.7 

-
34.2 

-
25.2 

-
15.6 

4.3 62.0 

Change in 
precipitation (%) 
future: summer 

-33.6 -12.6 -2.2 3.5 9.6 22.8 62.4 -
25.5 

-8.0 0.2 4.6 9.3 19.1 48.1 -25.3 -7.5 0.7 5.3 10.0 20.0 49.7 

Change in 
precipitation (%) 
future: autumn 

-14.7 -5.7 -1.9 0.1 2.2 6.4 17.9 -
15.5 

-6.1 -2.1 0.0 2.1 6.5 19.1 -19.5 -7.2 -2.0 0.7 3.5 9.4 28.0 

Source: UKCP09,  
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Results 

High temperature extremes 

1.4.2 A number of high temperature extremes and heatwaves in Birmingham that resulted in, at 
minimum, disruption to local transport services (2000–2015) are outlined in Table 1.12 
(specific data included where available from the sources quoted). 

Table 1.12: High temperature events recorded in Birmingham (2000 – 2015)  

Event (high temperature)  

• July 2015;  
• April 2007 – (heatwave) maximum temperatures 

of 21.5oC on the 14/04/07 and 23.2oC on the 
15/04/07; 

• July 2006* – (heatwave) maximum temperature 
of 34.6oC; 

• June 2005 – (heatwave) maximum temperature 
of 30.1oC on 19/06/05; 

• August 2003 – (heatwave) maximum temperatures 
of 29.3oC on 04/08/03, 27.0oC on the 07/08/03, 
27. 4oC on 08/08/03, 33.0oC on 09/08/03 and 
26.9oC on 10/08/03; 

• May 2003 – maximum temperature of 26.6oC; and 
• August 2001 – maximum temperature of 24.5oC. 

Event (drought) 

• February 2006 – (daily rainfall of 0.0mm) • November 2003 – (daily rainfall of 0.5mm) 

Example event (drought): In November 2003, Reservoirs 39 % lower than the previous year in the 
Midlands. Initiation of drought management plan.  

Source: Birmingham LCLIP (2008) and Met Office (2016) (online). Available 
at: http://www.metoffice.gov.uk/climate/uk/interesting 

Notes:  * indicates disruption to services and structural damage – natural and built environment.  

1.4.3 Future projections on the direction of change for the maximum daily summer temperatures 
and temperature on the warmest day as against the current climate are set out in (Figure 1.1) 
and Figure 1.2 respectively. These show a high degree of certainty in the projections that 
temperatures will increase over time. As a result the impacts associated with high temperature 
extremes and heatwaves in the region are expected to become more frequent and severe. 
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Figure 1.1: Projected change in summer mean daily maximum temperature (˚C) for Birmingham 

 
Source: Met Office (2016) and UK Climate Projections (2010) 

Figure 1.2: Projected change in warmest day temperatures over all seasons (˚C) for Birmingham 

 
Source: Met Office (2016) and UK Climate Projections (2010) 
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Low temperature extremes  

1.4.4 The frequency and impacts of recent events related to snow and ice in Birmingham that, as a 
minimum, resulted in disruption to local transport services (2000 – 2015) are outlined in Table 
1.13 (specific data included where available from the sources quoted). 

Table 1.13: Low temperature extreme events recorded in Birmingham (2000 - 2015).  

Event (low temperature extremes) 

• Late November/December 2010; 
• April 2008 – maximum and minimum 

temperatures of 6.2oC and -0.2oC respectively 
on 05/04/08; 

• January 2008** – maximum and minimum 
temperatures of 7.2oC and -4.9oC respectively 
on 12/01/08 

• November 2007** - maximum and minimum 
temperatures of 8.1oC and 0.5oC respectively  

• February 2007* – maximum and minimum 
temperatures of -0.1oC and -2.0oC respectively 
on 08/02/07; 

• February 2006 – maximum and minimum 
temperatures of 1.6oC and -0.8oC respectively 
on 24/02/06; 

• December 2004 – maximum and minimum 
temperatures of 3.0oC and -2.1oC respectively on 
26/12/04, and minimum temperature of -4.0oC on 
27/12/04; 

• January 2004** – maximum and minimum 
temperatures of 3.3oC and -2.6oC respectively on 
29/01/04; 

• January 2003** – minimum temperatures of -4.7oC on 
05/01/03, -5.1oC on 08/01/03, and -3.0oC on 31/01/03; 
and 

• April 2000 – maximum temperature of 2.0oC. 

Example event: In April 2000, motorways around Birmingham were hazardous. Planes diverted from Luton 
to Birmingham Airport. Traffic was at standstill and transport systems were disrupted.  

Source: Birmingham LCLIP (2008) and Met Office (2016) 
(online) http://www.metoffice.gov.uk/climate/uk/interesting/dec2010 

Note: * indicates disruption to services and structural damage – natural and built environment.  
** indicates disruption to services, structural damage – natural and built environment and injury/death to individual(s). 

1.4.5 Future projections on the direction of change for the average daily minimum winter 
temperature and temperatures on the ‘coldest night’ as against the current climate are set out 
in Figure 1.3. This shows a projected increase in temperatures. It is, however, important to 
note that temperatures on the ‘coldest night’ will remain below freezing for all scenarios into 
the 2080s (Figure 1.4). 

 

 

MMD/300207/HS30/DOC/0000/1032/B October 2016  
C:\Users\wor69917\AppData\Roaming\OpenText\OTEdit\EC_EUNAPiMS\c2093549151\TA K - Climate Change Resilience 
Technical Information - Final for PDF_.docx 

18 

http://www.metoffice.gov.uk/climate/uk/interesting/dec2010


 Birmingham Eastside Extension 
Climate Change Resilience Technical Information 
 

 

Figure 1.3: Projected changes in winter mean daily minimum temperature (˚C) for Birmingham 

 
Source: Met Office (2016) and UK Climate Projections (2010) 

Figure 1.4: Projected changes in coldest night temperatures over all seasons(˚C) for Birmingham  
 

Source: Met Office (2016) and UK Climate Projections (2010) 
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Precipitation extremes (including heavy and prolonged rainfall, 
thunderstorms, lightning and hail, fog, and snow) 

Heavy and prolonged rainfall 

1.4.6 The frequency and impacts of events related to extreme precipitation in Birmingham that, as a 
minimum, resulted in disruption to local transport services (1998 – 2015) are set out in Table 
1.14 (specific data included where available from the sources quoted).  

Table 1.14: Precipitation extreme events recorded in Birmingham (1998 - 2015).  

Event (prolonged rainfall - relative level in respect to average) 

• March 2008** – daily rainfall of 19.2mm on 16/03/08; 
• January 2008** – (flooding) daily rainfall of 3.0mm on 

12/01/08; 
• September 2007* - (flooding) daily rainfall of 20.0mm 

on 24/09/07; 
• July 2007; 
• June 2007** – daily rainfall of 98.0mm on 14/06/07 

and 98.0mm on 15/06/07; 
• December 2006 – daily rainfall of 16.8mm on 

04/12/06; 
• July 2001 – (heavy rain and storms) daily rainfall of 

33.4mm on 05/07/01 and 06/07/01; 

• July 2000* – (flooding) daily rainfall of32.0-
64.0mm; 

• August 1999* – (heavy rain and severe flooding) 
daily rainfall of 57.9mm; 

• June 1999* – (flooding) 58.2mm over 01/06/99 
and 02/06/99; 

• September 1998* – >33.0mm rainfall in 1hour 
and total of 50.3mm; and 

• March 1998 – (flooding) 19.3mm of rainfall.  

Example event (prolonged precipitation): In September 2007 the roads flooded, negatively impacting 
commuter traffic on roads, motorways and trains Motorists used grass verges to avoid flooding on Hagley Road 
West 200 yards from New Wolverhampton Road;  drove through  approx. 2ft of water near Bristol Street Motors 
on Bristol Road; Delays and cancellations in train services. The Environment Agency issued flood watch 
warnings on Middle Tame, rivers Rea, Cole, Stour and Smestow Brook. 

Source: Birmingham LCLIP (2008) 
Note: * indicates disruption to services and structural damage – natural and built environment. 
 ** indicates disruption to services, structural damage – natural and built environment and injury/death to individual(s). 

1.4.7 Projected changes in precipitation patterns are uncertain. Annual (Figure 1.5) autumn (Figure 
1.6) and spring (Figure 1.8) precipitation is more likely to increase than not (33% to 66% 
probability) but the strength in this direction of change is weak. The direction of change in 
winter (increase) (Figure 1.7) and summer (decrease) (Figure 1.9) precipitation is stronger. A 
graph denoting ‘change in precipitation on the wettest day (mm)’ could not be made due to a 
lack of appropriate data.  
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Figure 1.5: Projected changes in annual precipitation (mm) for Birmingham  

 
Source: Met Office (2016) and UK Climate Projections (2010) 

Figure 1.6: Projected changes in autumn precipitation (mm) for Birmingham  

 

Source: Met Office (2016) and UK Climate Projections (2010) 

 

 

MMD/300207/HS30/DOC/0000/1032/B October 2016  
C:\Users\wor69917\AppData\Roaming\OpenText\OTEdit\EC_EUNAPiMS\c2093549151\TA K - Climate Change Resilience 
Technical Information - Final for PDF_.docx 

21 



 Birmingham Eastside Extension 
Climate Change Resilience Technical Information 
 

 

Figure 1.7: Projected changes in winter precipitation (mm) for Birmingham  

 
Source: Met Office (2016) and UK Climate Projections (2010) 

Figure 1.8: Projected changes in spring precipitation (mm) for Birmingham  

 

Source: Met Office (2016) and UK Climate Projections (2010) 
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Figure 1.9: Projected changes in summer precipitation (mm) for Birmingham  

 
Source: Met Office (2016) and UK Climate Projections (2010) 

1.4.8 Although the uncertainty associated with future changes in heavy precipitation events cannot 
be quantified due to a lack of appropriate data, it is generally believed to be high. The full 
range of likely outcomes therefore ought to be considered, in particular the higher end of the 
‘likely’ range of future wettest day precipitation, which would result in record levels of rainfall. 
The assessment of flood risk to the BEE is detailed in the Flood Risk Assessment (ES Volume 
2 Technical Appendix S2), and therefore is not included in this assessment scope. 

Thunderstorms, lightning and hail 

1.4.9 The frequency and impacts of events related to extreme precipitation in Birmingham that, as a 
minimum, resulted in disruption to local transport services (2000 – 2015) as set out in the 
Table 1.15. (Met Office, 2016).  

Table 1.15: Recent recorded thunderstorm and lightning events in Birmingham (2000 -2015) 

Dates impacts recorded in Birmingham area 

• August 2007* - (lightning strike) daily rainfall 0.0mm, 
maximum and minimum temperatures of 18.2oC and 
9.0oC on 17/08/07; 

• July 2007* – (lightning strikes and storms) daily rainfall 
3.6mm, maximum and minimum temperatures of 
19.7oC and 12.7oC on 17/07/07; 

• June 2007* – (thunder and rain) daily rainfall 3.2mm 

• June 2005 – (thunder and lightning, heavy rain) 
daily rainfall 21.4mm, maximum temperature 
20.3oC on 24/06/05, daily rainfall 10.6mm and 
maximum temperature of 23.9oC on 29/06/05; 

• August 2004* – (thunder and lightning) daily 
rainfall 39.6mm and maximum temperature of 
26.7oC on 05/08/04 and 06/08/04; and 
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Dates impacts recorded in Birmingham area 
on 31/06/07; 

• September 2006* – (lightning strike, thunderstorm) 
daily rainfall 1mm, maximum and minimum 
temperatures of 26.1oC and 10.8oC on 11/09/06; 

• August 2006* – (lightning strike) daily rainfall 7.0mm, 
maximum temperature of 23.7oC on 06/08/06; 

• July 2006 – (lightning strike) daily rainfall 8.2mm, 
maximum and minimum temperatures of 23.7oC and 
8.2oC respectively on 06/07/06;  

• August 2005 – daily rainfall 2.4mm, maximum 
temperature of 28.3oC on 31/08/05; 

• August 2003** - (lightning) daily rainfall 6.0mm 
and maximum temperature of 26.9oC on 
10/08/03.  
 

Example event: In August 2006 Midland Metro service disrupted as lightning struck power cables between 
Birmingham and Wolverhampton. Power surge caused, tripping electricity breakers. Engineers repaired 
damage by evening. System's public address system disrupted 

Source: Birmingham LCLIP (2008) 
Note: * indicates disruption to services and structural damage – natural and built environment.  
** indicates disruption to services, structural damage – natural and built environment and injury/death to individual(s). 

1.4.10 There is no available reliable data on projected future likelihood of thunderstorms, lightning or 
hail (UKCP09, 2014) and therefore no projections for these climate variables have been 
assessed. However, thunderstorms and lightning can be assumed to increase if convective 
activity (heavy intense rainfall) increases. 

Fog 

1.4.11 Fog reduces visibility which can cause issues such as tram drivers being unable to read 
signals. Responses to address this include slower travelling speeds to enable drivers better 
visibility. 

1.4.12 The future climate projections indicate a reduction in the number of days of fog in southern 
Britain: a reduction in fog days of up to 22% is projected in the West Midlands annually, with 
greatest reductions projected in summer (up to -69% fewer fog days) (UKCP09, 2010). 
Therefore, fog is not expected to become an increasing problem with climate change. It is 
therefore assumed that design standards account for this existing risk. No further data was 
analysed in this assessment. 

Snow 

1.4.13 The projected warming will significantly reduce snowfall, despite projected increases in winter 
precipitation, due to a substantial shift from snow to rain. Snow days are projected to reduce 
by 70% to 80% in winter and 80% to 90% in spring in the 2080s (Figure 1.10). 
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Figure 1.10: Percentage change in number of days with snow falling in winter (Ieft) and spring (right) 
for the 2080s 

  

Wind storms and strong winds 

1.4.14 Average monthly mean wind speed at a height of 10m in Birmingham (Coleshill climate 
station) ranges from 5.9 to 8.6knots from 1981-2010, with higher average wind speeds 
recorded in winter months (Met Office, 2016). The record gust in the region was 99knots 
(114mph), while in Birmingham itself gusts of 93-130mph were recorded by the Met Office 
and the Tornado and Storm Research Organisation during the 2005 tornado. Extreme 
weather is rare but Birmingham has been known to experience tornados, with the largest 
recorded on 28 July 2005, causing extensive damage estimated at £40million (TORRO, 
2015).  

1.4.15 An indication of the frequency and impacts of events related to wind storms and strong winds 
in Birmingham that, as a minimum, resulted in disruption to local transport services (1999 – 
2015) as set out in Table 1.16. 

Table 1.16: Recent recorded events associated with wind storms, strong winds and tornadoes in 
Birmingham (1999-2015) 

Event 

• May 2014 - (tornado, rating unknown); 
• March 2008 – (high winds) daily rainfall 0.6mm, 

maximum and minimum temperatures of 7.0oC and 
2.4oC respectively, wind speeds of >50mph on 

• July 2004* – (storm) rainfall 17.8mm and 
maximum wind gust of 57mph on 07/07/04; 

• October 2000** – (heavy rain and gale force 
winds) daily rainfall of 35.0mm, maximum gust 
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Event 
03/03/08; 

• February 2008** – (strong winds) daily rainfall 9.0mm, 
maximum and minimum temperatures of 6.6oC and 
1.2oC respectively on 01/02/08; 

• January 2008* – (strong winds) daily rainfall 0.6mm, 
maximum and minimum temperatures of 7.2oC and 
2.0oC respectively on 07/01/08; 

• October 2005* – (tornado) daily rainfall 2.4mm, 
maximum and minimum temperatures of 18.3oC and 
10.4oC respectively on 12/10/05; 

• July 2005** – (tornado) daily rainfall 10.8mm, maximum 
and minimum temperatures of 21.6oC and 11.6oC 
respectively on 28/07/05; 

of 78mph on 29/10/00; 
• June 2005 – (thunder and lightning, heavy 

rain) daily rainfall 21.4mm, maximum 
temperature 20.3oC on 24/06/05; 

• December 1999** – wind gust of 64mph on 
03/12/99; 

• July 1999* - (tornado) daily rainfall 61.5mm on 
05/07/99; 

Example event: In July 2005, a tornado damaged around 100 buildings and gardens, including uprooting 
trees. 19 people were injured of which 3 people seriously injured. Majority of damage in the Kings Heath and 
Sparkbrook area of Birmingham.  

Source: Birmingham LCLIP (2008) 
Note: * indicates disruption to services and structural damage – natural and built environment. ** indicates disruption 

to services, structural damage – natural and built environment and injury/death to individual(s). 

1.4.16 Probabilistic projections of wind speed released by the Met Office (UKCP09, 2010) show 
projected change in average wind speed across the West Midlands region of between -0.4m/s 
to 0.2m/s (0.8knots to 0.4knots) by the 2050s (Figure 1.11 and Figure 1.12). There is however 
relatively high uncertainty in these projections (UK Climate Projections, 2010).6 

6 The projected changes in wind speed are derived principally from ensembles of perturbed variants of the Met Office 
Hadley Centre (HadCM3) model. These show a variety of changes, due to a spread of forced responses to 
increased greenhouse gas concentrations, augmented considerably by natural climate variability. The forced 
changes are influenced by several factors, and vary between different ensemble members. There is little evidence 
of a consistent response in surface wind speed over the UK. The spread due to uncertainties in the forced 
response is typically larger in winter than in summer, but is always smaller than the spread due to natural 
variability. These combined factors provide much of the total uncertainty in the projections. Where the changes 
show a small shift in the balance of probabilities towards lower or higher wind speeds, this arises from the net 
impact of a variety of physical mechanisms captured in the HadCM3 ensembles and in a small ensemble of 12 
international climate models used to complement the sampling of model uncertainties achieved via the HadCM3 
simulations. However, these shifts are always small in the context of the observed climatological mean wind speed.   
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Figure 1.11: Projected change in wind speed (ms-1) (in summer)for the 2050s (2040 – 2069) relative to 
the 1961-1990 baseline for the high emissions scenario 

 

 
Source: UK Climate Projections (2010) 

Figure 1.12: Projected change in wind speed (ms-1) (in winter) for the 2050s (2040 – 2069) relative to 
the 1961-1990 baseline for the high emissions scenario 
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Source: UK Climate Projections (2010) 

Insolation (solar irradiation)  

1.4.17 External elements of the BEE exposed to sunlight will get hot, which may impact their 
performance, for instance in the case of electronic equipment, or may cause glare to tram 
drivers. There is unlikely to be a significant change from current climate conditions as there is 
limited change projected in future cloud cover (ARCC Network, 2016). Current design 
standards therefore account for this existing risk. Further insolation data was not obtained. 
Even though the single impact of insolation may not change in the future, hotter temperatures 
will exacerbate radiative warming. No technical impacts are anticipated as all of the BEE route 
is on street or segregated and will be embedded track-form (i.e. surrounded by concrete).  

1.5 Definition of Assets at Risk from Climate Variables 

1.5.1 A climate variable may result in an impact on the BEE. The impact may be direct, for example 
flooding of the infrastructure, or indirect, for example heat exhaustion of the workers which 
could disrupt operation. The consequence in either of these cases would be a disruption of 
the service. From our technical knowledge, literature review and discussions with technical 
specialists from the BEE team, the following infrastructure and assets may be impacted by the 
climate and were therefore considered as part of our resilience analysis: 
 abstraction, drainage and flood conveyance systems; 
 auto-transformer feeder stations; 
 earthworks and landscaping (including retainer walls); 
 emergency response services (for staff and passengers); 
 grid supply points; 
 fencing and noise barriers; 
 grid supply points; 
 human factors (staff and passenger experience of the BEE); 
 lineside equipment; 
 mechanical and electrical equipment (including tunnel ventilation); 
 overbridges and underbridges; 
 overhead line equipment (OLE); 
 signalling and communications; 
 stations/interchanges; 
 track work; 
 tunnels (portals and vent shafts); 
 utilities; 
 viaducts; and 
 water supply. 
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1.6 Potential Impact of Climate Events on Light Rail Infrastructure 

1.6.1 Table 1.17 identifies the potential impacts of climate events on light rail infrastructure in general (not specifically 
related to the BEE).  

Table 1.17: Potential impacts on light rail infrastructure caused by climate events (urban and rural) (general – not tailored to BEE) 

Is
s

ue
 

Structural damage  Operational impacts Wider impacts 

H
ig

h 
te

m
pe

ra
tu

re
 e

xt
re

m
es

 trams affected as tarmac melts in hot weather impacting on rails and 
shrinkage of clay causing fissures; 
expansion of the rails and associated buckling, derailments and changes to 
track alignment; 
bridges affected as expansion causes over-stressed bearings, compromising 
stability; 
substation affected because of heat haze distortion and equipment failure; and  
OLE affected by sags and de-wiring. 

high temperatures reducing user or worker 
comfort/working conditions (fatigue, sunburn, 
heatstroke) with increased maintenance inspections 
required and extensive delays causing disruption to 
commuter journeys; 
reduced window of opportunity to carry out 
construction/ maintenance/renewals work due to 
heat and health and safety concerns; and 
communication systems affected by equipment 
failure as signal computers need cooling and 
windows crack on trains. 

damage to natural landscape features, 
through wildfires or heat stress to plants. 

Lo
w

 te
m

pe
ra

tu
re

 
ex

tre
m

es
, s

no
w

 a
nd

 ic
e freeze-thaw action and ballast heave can cause damage to structures and 

surfaces; 
lower temperatures can cause broken rails, frozen points, frozen tram track 
gullies, rail shrinkage and damage; 
snow can cause tram track gullies to be blocked, derailments, poor 
conductivity, rolling stock stuck in drifts; and 
lower temperatures and the weight of snow can cause problems with the OLE 
and can result in power failures. 

lower train reliability as doors get stuck, wheel-rails 
have a lack of traction, and maintenance teams 
cannot wash trains if they are frozen; 
increased risk of operational loss, with closures due 
to frozen points, heaters failing to work, and vents, 
train horns and door pockets getting blocked by 
snow; and 
increased risk to light rail and pavement users. 

cold weather may impact safety on light rail, 
as ice and snow can cause slips, trips and 
falls by passengers and staff; and 
water mains freeze affecting staff facilities. 
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Is
s

ue
 

Structural damage  Operational impacts Wider impacts 

Pr
ec

ip
ita

tio
n 

ex
tre

m
es

 

prolonged rainfall and flooding can cause general damage to the track bed, 
wet beds, debris washed into switches and crossings, abnormal wear on rail 
head due to sediment; scouring of tunnel roofs, blockage of drains, failure of 
pump systems, flooding from water mains and changes in stresses on tunnel 
walls; 
prolonged rainfall and flooding may weaken or wash-out culverts that support 
bridges or lead to an increase in earthworks failures and increased landslides 
or mudslides and undercutting 
significant soil moisture fluctuations (wetting or drying) can cause ground 
movement or subsidence in clay and peat soils as it swells and shrinks. As the 
ground rises and falls it can cause subsidence and slope instability of 
embankments and cuttings. The damage potential depends on the stability of 
structures and their foundations (Swiss Re, 2011); 
OLE can be affected by failure of power supply and substations can be 
knocked out; 
longer-term flooding or rainfall can cause corrosion of structures (bridges, 
signs, lampposts etc.); and 
lightning associated with thunderstorms can cause structural damage and fire. 

transport of debris caused by flooding can cause 
operational impacts including track circuit failure, 
obscured visibility, speed restrictions, timeouts, 
failure of axle counters and point machines; 
overcapacity and blockage of drainage or other 
storm damage can increase maintenance and 
repair requirements and costs, or exacerbate flood 
risk; 
ground movement can cause landscaping such as 
trees to fall; and 
standing water-related speed restrictions imposed 
for health and safety purposes causing disruption 
and safety issues for users. 

flooding of light rail infrastructure can 
impact on user safety or comfort; 
structural instability can occur in certain 
areas and flooding of lift shafts can occur 
due to rising groundwater 
lightning or heavy rainfall and flooding can 
cause power outages; 
subsidence can damage the wider 
infrastructure and utility pipelines and 
conduits within the vicinity of the BEE, 
potentially causing impacts to its operation; 
and 
increased likelihood of slips, trips and falls 
and the inability of staff to get to work. 

W
in

d 
st

or
m

s,
 s

tro
ng

 w
in

ds
 

an
d 

to
rn

ad
oe

s 

Damage to structures as a result of windborne debris and the loading of 
structures; and  
fatigue of OLE structures. 

problems with operating ventilation systems 
causing fire risk; and 
landscape features such as trees or overhead lines 
can be vulnerable, causing impacts and disruption 
to the operation of light rail. 

strong winds wind storms can have safety 
implications for light rail users, with 
potential for injury to passengers; 
exacerbation of wildfire risks, which can 
impact on light rail user safety 
fatigue of lineside structures and affect 
construction activities; and 
disruption and safety implications for road 
users. 

Source: Extracted from various guidance materials, including Arcadia (undated) ‘Analysing the potential for climatic extremes to disrupt urban transport system: 
Transport model’, available at:  http://www.arcc-network.org.uk/wp-content/pdfs/ARCADIA-04-transport.pdf and Transport for London (2015) ‘Providing 
transport services resilient to extreme weather and climate change’, available at: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/466602/climate-adrep-tfl.pdf 
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1.7 Potential Mitigation Measures 

1.7.1 Potential mitigation measures that could be integrated within detailed design of the BEE could 
include: 
1. measures to regularly review workforce safety and respond to updates and early warnings 

provided by the UK Met Office National Severe Weather Warning Service on climate risks 
in the area, including considering the impact on staff accessing and egressing from the 
construction sites;  

2. use of track hot weather preparation procedures to ensure that all required hot weather 
mitigation preparation work is completed before the onset of high temperatures; 

3. fitting of mitigation measures on critical assets e.g. covers and heat retainers where 
required to provide point resilience in periods of severe cold temperatures (or snow); 

4. the development of a communication programme in response to notification of periods of 
high temperatures or temperature extremes; 

5. preparation of good water management and a co-ordinated drainage investment strategy, 
which could incorporate a drainage hotspot improvement programme; 

6. fitting of surge arresting equipment to minimise the damage from lightning strikes with 
routine replacement at particularly vulnerable sites; and 

7. use of lightning alert and monitoring systems to assist with the identification of failed 
assets and reduce impact on performance. 
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