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EXECUTIVE SUMMARY

[. INFORMATION ON HEATHROW AIRPORT LIMITED (HAL)

London Heathrow Airport is the largest airport in the United Kingdom and the world’s
busiest airport in terms of international passengers, and the busiest airport in
Europe in terms of total passengers. The airport is owned and operated by BAA,
who also own and operate five other UK airports. Heathrow is managed by
Heathrow Airport Ltd (HAL).

The airport’s vision is to “Become the UK’s direct connection to the world and
Europe’s hub of choice by making every journey better” and relies on achievement
of eight strategic objectives:

- Make Heathrow the preferred choice for passengers;
- Win support for our vision;

- Run our airport responsibly, safely and securely;

- Succeed through airline success;

- Transform the airport;

- Improve airport operations everyday;

- Focus people and teams on service and results;

- Deliver the business plan;

All facets of Heathrow's operation have the potential to be affected by future climate
change.

II. BUSINESS PREPAREDNESS BEFORE DIRECTION TO REPORT WAS
ISSUED

Heathrow's strategic corporate response to climate change has, to date, primarily
focussed on the mitigation of GHG emissions arising from the airport’s activities.
Climate change risks relating to mitigation are already built into BAA’s corporate risk
registers.

In terms of adaptation, there are numerous weather related risks already considered
and managed on BAA's risk registers, however these have not, to date, been
specifically informed by the physical impacts of climate change but are based on
current conditions and recent observed changes on the ground.

In addition there are numerous weather-related contingency plans and procedures
already in place at the airport because of the weather-sensitivity of aviation. Day to
day activities at the airport are guided by detailed meteorological forecasts which
dictate corresponding changes to staffing levels, procurement of seasonal and
contingency supplies, direction of work patterns and the implementation of
contingency plans and procedures if needed.
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Several changes to risk management systems are currently being implemented as a
result of the findings of the Heathrow Winter Resilience Enquiry which are
anticipated to significantly improve the airport’s resilience to the future impacts of
climate change.

[ll. SCOPE OF STUDY AND RESOURCES USED

This study considers assets owned by Heathrow Airport Limited and has involved a
comprehensive risk assessment of climate related risks to the direct and indirect
operations of Heathrow.

It was led by Heathrow's Corporate Responsibility and Environment Department
with the expert support of ERM. The approach has been quantitative (where
possible) incorporating climate modelling, a literature review, and concerted
consultation with HAL/ external partners.

Climate modelling has been undertaken for two time periods: the short term (i.e.
now to 2020) and the medium / longer term (i.e. 2020 to the 2050s) with high,
medium and low scenarios that ensure a precautionary approach is taken.

IV. RISK ASSESSMENT APPROACH

To maximise the accessibility of the findings of this study to HAL staff; to put the
risks into the context of day to day risk management activities; and to allow
comparison of the risks associated with climate change to other risks on BAA's risk
registers for the airport, the results of this assessment have been expressed in
terms of the language, objectives and processes currently used at Heathrow for risk
management where they are appropriate.

The prioritisation of risk is based on classic assessment that relies on judgements
on likelihood and consequences of risk events and subsequent classification of risks
into significant (red), moderate (amber) and low (green) risks taking into account
HAL'’s control measures currently in place.

To address DEFRA’'s guidance BAA’s risk assessment approach has been
developed to address risks in the short (to 2020) and medium to long term (2040/50),
alternative future scenarios of climate change, the implications of critical thresholds
and uncertainty in core data used.

V. UNCERTAINTIES AND ASSUMPTIONS

Key uncertainties identified relate to the modelling of future climate change, future
development of assets at Heathrow, indirect risks from 3™ parties, as well as critical
threshold levels for specific assets. The assessment addresses uncertainties by
adopting a precautionary approach and classifying the uncertainty of risks identified.
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Key assumptions include;

UKCPQ9 projections are an accurate representation of the climate change
impacts which will occur;

risks to the supply of key services upon which Heathrow relies, i.e. electricity,
gas, water will be adequately managed by the authorities and organisations
responsible for their supply;

aviation infrastructure and technology continues to operate fundamentally in the
same way as envisaged today; third party organisations, whose business affects
HAL'’s activities and resilience continue to operate in the same manner and at
the same performance standards that they do today;

passenger and cargo requirements for air transportation will continue to develop
in line with HAL and CAA forecasts, and that UK population levels develop in
line with Government forecasting; and

Heathrow's current business and development plans are assumed to be
acceptable to the Regulators and Government.

VI. APPROACH

A summary of the prioritised climate change risks identified for the short and
medium / longer term at Heathrow is summurised in the tables that follow broken
down by business unit.

Each risk is prioritised based on the expert judgment made through the study team
and stakeholders in terms of:

the identified effects and its likelihood and consequences on airport operations,
the likelihood critical thresholds are exceeded, and
the robustness of existing control measures in place to manage the risk.

Risks have been classified into significant (red), moderate (amber) and low (green)
risks in the short and longer term in line with Heathrow's risk management
framework assuming no additional adaption response.

Each risk is additionally characterized in terms of the uncertainty that relates to the
core climate modeling and the key climate variable resulting in the risk.

VII. KEY RISK OUTCOMES

The risk assessment has identified 34 risks in the short and medium to longer term.
Risks in the short term are generally low (green).

In the medium to longer term as climate change is predicted to accelerate, and
assuming no changes to existing airport controls, risk levels are shown generally to
rise in significance. This assessment is common to both the central and high climate
scenarios.
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In a low climate scenario risk levels in the medium to longer term would be
essentially similar to those in the short term. The results as presented are therefore
a worst case.

For Heathrow the most significant risks arise from climate change from projected
longer term changes to temperature and precipitation extremes.

The biggest uncertainties surround future prevailing wind conditions. This is
significant since Heathrow’s two runways are parallel and the airport does not have
a cross-wind runway.
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(a) Airside Business Unit Climate Adaptation Risks

Risk d Control M A Action Defines actions that are known and required now to mitigate identified short-term climate related risks
Isks an ontro easures Excessive and/or longer-term risks if the solution requires action now
® Prepare Defines tasks to improve understanding of the cause or solution to a significant short or medium term
Significant Optimal risk. Tasks are therefore predominately research based
A A 'Watching Brief Watching brief to be maintained in the short term on the latest climate science developments,
dequat and the situation on the ground.
G
Low Inadequate
o Risk Grading (no adaptation) Existing Control Measur susness Unit orecors
Climate Variable Threshold (climate projections and Adaptation Response Needed
. owners Responsible
or consequences) Short Term Medium / Long (2020
(to 2020) t0 20505) Summary Adequacy
AIRSIDE
. . . Prepare: Research into spill clean up options currently used at
1 |Flashpoint of aviation fuel exceeded on hot days Temp Aviation fuel flash point is 38T. Temperatures H A Spill reporting and defined clean up procedures. A airports in warmer climates to commence to develop policies robust Airside Airside Director
potential fire hazard. during the summer of 2003 peaked at 37.5C " .
to air temperatures exceeding 38T.
, |increased incidence of fuel venting  from aircraft in warm Temp Avition fuel lash point is 36C. " A A Spill reporting, clean up procedures, airport pollution o Prepare: Research into options currently used at airports in Airside Airside Director
weather. control system 'warmer climates for spill reporting and clean up procedures.
Onsite fire brigade, fire water supply and fire mains, Prepare: Ensure that the planned changes and development of the
Increased fire risk due to hotter temperatures combined . regular drills, smoke and fire detection systems, Tobe N Ny . . .
3 Temp Requires research M G A (o) airport's fire main considers and addresses the potential for Airside Airside Director
with increased lightning and drought potential. \egetation management plans, PATS testing of
" increased fire risk resulting from climate change.
electrical equipment.
Change in distribution of pests and wildlife specie  s.
4 |Potential changes to bird migration patterns and bird strike Temp Requires research L © © PPE, first aid for outdoor workers. Veterinary serce, o Watching Brief Airside Airside Director
risk bird management controls.
. o o i i Potential to change load factors, ATM rates, if
5 |Reducedift for departing aircrait due to thin air' and Temp Aircralt operate in multiple temp zones, unikely H © © needed. Existing noise footprint monitoring and Watching Brief Airside Airside Director
reduced engine efficiency in very hot weather. to be breached ™
mitigation tools.
Grooved runway, drainage system, ATC procedures
Torrential rain creates hazardous conditions for Defined in Strategic Flood Risk Assessment i.e. increased separation distances, runway safety
6  |vehiclesand planes i.e. airside and landside road Precip. SFRA 9 H G A zones, operational guidance for pilots/airside staff, o Watching Brief Airside Airside Director
\ehicles, and taxiing and landing aircraft. ( ) warning signs on motorway network to announce
hazardous conditions.
Low Visibility Procedures when the Runway . .
Seasonal changes to fog related disruption  (increase in Visual Range (RVR) is < 600m and/or cloud LVPs, operational guidance for pilots and airside
7 Fog o . L G G \ehicles, warning signs on nearby motorway network Watching Brief Airside Airside Director
winter months, decrease for remainder of year). ceiling is < 200 ft. Projections do not suggest N "
to alert drivers to hazardous conditions.
any critical thresholds would be crossed
Increased risk of schedule interruption from stormy High wind procedures and cross wind ATC procedures i.e. separation distances,
8 Storms procedures enacted at defined criteria L G A Iané f;)r disruption ' [e] \Watching Brief Airside Airside Director
(dependent on aircraft type). P tion.
. Wing tip vortex is particularly problematic for .
Increased longevity of wing tip vortex effect  due to n Reparation programme to repair affected roofs, ATC : " " "
9 gevity 9 b Wind small planes taking off in quick succession after L G G P prog P ‘Watching Brief Airside Airside Director
general becalming of surface wind speeds. procedures i.e. increased separation distances.
large aircraft.
All commercial aircraft are tested to a
. N . N "demonstrated” maximum crosswind as part of L
10 |Change w prevailing wind direction affects runway Wind speed/ i certification. Large aircraft are better able to L ictaiclolbelessess sdioialol e Kuppisetion Watching Brief Airside Airside Director
utilisation and schedules. direction : ; data.
handle cross winds than light aircraft.
Technology is improving all of the time.
All commercial aircraft are tested for resilience
to lightning strike as part of their certification.
Disruption to airfield operations from lightning i.e Planes can withstand lightning strike in the air of refuelling, changes to stack locations N N N "
1 lrefuelling suspension, changes to flight routing. Lighting but during take off and landing instrument loss L C A and departure routes, diversions. o Watching Brief Airside Alrside Director
would be critical hence the diversion of routes
and stacks.
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(b) Capital Business Unit Climate Adaptation Risks

Risks and Control Measures

|Excess|\,e

Action Defines actions that are known and required now to mitigate identified short-term climate related risks

and/or longer-term risks if the solution requires action now

o Prepare Defines tasks to improve understanding of the cause or solution to a significant short or medium term
Significant Optimal risk. Tasks are therefore predominately research based
A N Watching Brief Watching brief to be maintained in the short term on the latest climate science developments,
Moderate Adequate and the situation on the ground.
G
Low Inadequate

Confidence Risk Grading (no adaptation)
(climate projections and

Climate Variable Threshold

or consequences)

Short Term
(to 2020)

Medium / Long (2020
10 20505)

CAPITA

Changesto groundwater levels affect asset integrit ~ y

12(a) |and could cause subsidence and water ingress damage to Precip. See Strategic Flood Risk Assessment M G A

Existing Control Measur es

Summary

Design standards and construction practices,
lemergency contingencies for areas affected by
flooding / water ingress, Strategic Flood Risk

Adequacy

Adaptation Response Needed

Action: Ensure appropriate design standards are applied to new
buildings to address risks from water ingress/flooding

Business Unit
owners

Capital

Director/s
Responsible

Group Engineering

for 2 weeks+. Temperature envelopes of some

breach regulated conditions N
safety critical equipment not clear.

buildings.

Prepare : Ensure design and development of Heathrow's long term
masterplan manages risks from future climate change.

buildings and surfaces. Assessment (SFRA) on-going to identify risk and Director
solutions.
Overheating of aircraft on stands.  Increased cooling Sustained temperatures above 25-30T require Auxiliary Power Units (APUs), Fixed Ground Power Prepare: Research robustness of PCA and FEGP (and any cooling Group Engineering
13 - Temp use of APUs or fixed ground power for cooling H G A at some stands, development of Preconditioned Air A alternatives) making sure that the design standards used are as Capital -
demand and rise in energy use. Director
aircratt. (PCA) robust as practicable against future temperature extremes.
UK tarmac standards (roads, aprons) begin to
lose integrity once temperatures in the shade
Heat damage to road and apron surfaces ~ caused by exceed 32C. Tarmac itself is black, absorbs Regular inspections, rapid maintenance response, Prepare: Review and ensure continued robustness of hard Group Engineerin
14 temperatures exceeding design standards i.e. melting, Temp heat and can hit 80T at such temperatures. H G A regular surface relaying, surfaces defined by detailed (o] standing (road/apron/runway) assets design standards to future Capital 73"93‘0’ 9
cracking. Runway surfaces design standards withstand far design standards based on current best practice. climate change.
higher temperatures to be able to cope with
aircraft braking.
Problems rarely experienced today i.e. only in Prepare: Review and ensure continued robustness of building Group Engineering
Overheating of operationally-critical buildings which " HVAC, temporary spot cooling (fans) if needed, design standards to future temperature change. Director
15 [could impair of critical staff or and Temp some areas after temperatures exceed 30-35T M G A onsite medical staff, monitoring of temperatures in o) Capital

Masterplanning
Director
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sks

(c) Engineering Business Unit Climate Adaptation Ri

Risks and Control Measures

Significant

|Excesswe

Action Defines actions that are known and required now to mitigate identified short-term climate related risks

and/or longer-term risks if the solution requires action now

Optimal

Prepare Defines tasks to improve understanding of the cause or solution to a significant short or medium term

risk. Tasks are therefore predominately research based

Moderate

Adequate

Watching Brief Watching brief to be maintained in the short term on the latest climate science developments,

and the situation on the ground.

Risk Grading (no adaptation)

Inadequate

Existing Control Measur

Confidence
Climate Variable Threshold (climate projections and Adaptation Response Needed Business Unit Director/s
owners Responsible
or consequences) Short Term Medium / Long (2020
(to 2020) to 2050s) Summary Adequacy
ENGINEERING
N N Design standards and construction practices, "
Changes to groundwater levels affect asset integrit 'y § emergency contingencies for areas affected by Action: Investigate and address risks of groundwater flooding to Operations Director,
12b) [and could cause subsidence and water ingress damage to Precip. See Strategic Flood Risk Assessment M G A Engineering Engineering &
flooding / water ingress, SFRA on-going to identify existing critical assets.
buildings and surfaces. tiok and solutions Baggage
Water quality action plan, Pollution Control System Action: Continue to liaise with the EA to develop and implement
Pollution Control System (PCS) challenged du’"jg " N (due to be upgraded), water quality monitoring, improvement options for the Pollution Control System (PCS), Operaﬂfms I?lvec(or,
16 episodes of extreme weather.  Increased sewerity of first Precip. Pollution Control System capacity limits M A A Engineering Engineering &
debris removal from surfaces, new permitting ensuring that the risks identified by this study are considered
flush effect, less seasonal distinction in PCS operation. - Baggage
procedures with EA. appropriately.
Design standards and construction practices, " "
o P Action: Sensitivity test airport drainage infrastructure to ensure as Operations Director,
Localised flooding  if older drainage overwhelmed by heawy emergency contingencies for areas affected by
17 " Precip. Design standards for drainage M G A h ! Y A robust as practicable to future climate extremes. and &
rainfall events. flooding / water ingress, SFRA on-going to identify address risks of flooding to existing critical assets Ba e
risk and solutions. 9 9 9929
Action:  Continue to liaise with the EA to develop and implement Operations Director
Integrity of balancing ponds at risk of  subsidence of " Daily monitoring and evaluation, WQMS, evacuation 3 P '
18 grity g p Precip. See Strategic Flood Risk Assessment M S A ly g Q! o improement options for the Pollution Control System (PCS), Engineering Engineering &
earth walls and / or extreme rainfall events. contingency plans, ensuring that the risks identified by this study are considered Baggage
Prepare: Ensure that future changes to the airport's heat, power
Increased energy demand for cooling in the summer, and and cooling and i assets are sti tested to
Operations Director,
1o |for heating during winter extremes increases energy spend Temp Challenging only if temperatures exceed 30-35C " © A Dual fed supply, back up generation, move toward o be as robust as practicable against future climate change Engineering Engineering &
and emi: High reduce of for 2 weeks+. renewable energy centres. projections. Research spare capacity and critical thresholds for Ba e
'some plant. plant and transmission infrastructure performance in hot weather 0939
and potential to accommodate increased demand.
0 |Heatstess isktosaff , particulary those in highly Temp Sustained temperatures above 25-30C require " . A Onsite medical facilties, PPE, temporary spot o \Watching Brief Engineering Op;’:;;’;ﬁ:;egm'
physical roles. Additional cooling costs may result. cooling or changes to working patterns. cooling (i.e. fans etc) if needed. Baggage
water strategy, measures
Drought conditions affect water availability and cause being retrofitted, design standards, WQMS, use of Operations Director,
21 |bore hole levels to drop. Restrictions may be posed to Precip. Borehole capacity M G G non-potable water where appropriate i.e. toilet Watching Brief Engineering Engineering &
water intensive activities. flushing. Dual bore hole and mains supply, new Baggage
permitting procedures with EA.
Freeze | thaw damage of surfaces  as winter Regular inspections, rapid maintenance response, Operations Director,
22 | e bewmegmore \ariable Snow/Winter  |Requires research M G A regular surface relaying, surfaces defined by detailed o Watching Brief Engineering Engineering &
P - design standards based on current best practice. Baggage
Design standards, regular inspections, maintenance Operations Director
23 Increased risk O'qu davmage to assets, standing Wind/Storm Various wind speed resilience thresholds L G A 2 nee,dEd' operavl\cnal guidance for airside staffin (o] Watching Brief Engineering Engineering &
aircraft, vehicles and injuries to staff. high winds, waming signs on nearby motorway Ba e
network alerting drivers to hazardous conditions. 0929
Impacts of lighting on control systems and electric ity All modern control systems are sensitive to . " Operations Director,
24 |supply. Power cuts and voltage spikes to parts of the Lighting voltage spikes, risk of disruption and equipment L G A :’:S""’ saety critical systems, dual fed electrcity o Watching Brief Engineering Engineering &
airport not on UPS during electrical storms. failure or damage PPl Baggage
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(d) First and Last Risks

Risk d Control M A Action Defines actions that are known and required now to mitigate identified short-term climate related risks
Iks and Control Measures Excessive and/or longer-term risks if the solution requires action now
o Prepare Defines tasks to improve understanding of the cause or solution to a significant short or medium term
Significant optimal risk. Tasks are therefore predominately research based
A N Watching Brief Watching brief to be maintained in the short term on the latest climate science developments,
Moderate Adequate and the situation on the ground.
G
Low Inadequate
o Risk Grading (no adaptation) Existing Control Measur ~ es Susness Unit Dreciors
Climate Variable Threshold (climate projections and Adaptation Response Needed
owners Responsible
or consequences) Short Term Medium / Long (2020
(to 2020) to 2050s) Summary Adequacy
FIRST & LAST IMPRESSIONS
De-icing, gritting, PPE, additional heating, onsite
Wint diti health and safe isks. f Al ft and surfe treated with de-i h C: S it
25 intry conditions pose health and safety ri or pax Snow/Winter reralt and suriaces treated with de-icer when M G G medical facilities, waming signs on nearby motorway [e} Watching Brief FaL ampus Securty
and staff. temperatures fall below 3T. N N Director
network alerting drivers to hazardous conditions.
Offsite impacts (snow, flooding, storms etc) could There are limits to the number of people who can Disruption contingency plans (marquees,
. . . refreshment vouchers, comfort facilities, flexible
impede the flow of people  (pax, crew and staff) if be safely accommodated within HAL terminal N N N Campus Security
26 Offsite impacts working pattems, communications plans), (o) \Watching Brief F&L
destination airports or the UK surface transport network is buildings and min requirement for fire senvice Director
diversification of surface access toward public
affected. cover.
transport, motorway waming signs.
Contingency plans for disruption, (limited) storage of
27 Remote impacts Fould restrict the flow of essential Offsite impacts Storage space critical supplies, investigation of prg(erenllal o Watching Brief FaL Campys Security
supplies to the airport. partnership status / altemate supplies of key Director
resources i.e. glycol.
Air conditioning, design standards, onsite medical
5 |Overheating on surface accesstransport  from fising Offste impacts | TePeratures over 30C can be problematic for " © A facilities, coordination with HPA and TfL, public o \Watching Brief el Campus Security
temperatures. surface transport and underground. of in Director
terminals.

Page 12 of 129
HAL FINAL REPORT lIssue date: May 2011
© Heathrow Airport Limited 2011.



(e) Cross Business Unit and Technical Standards and

Assurance Climate Adaptation Risks

Risk ID

Risks and Control Measures

Risk

Climate Variable

Threshold

Confidence
(climate projections and
or consequences)

Significant

|Excesswe

Action Defines actions that are known and required now to mitigate identified short-term climate related risks

and/or longer-term risks if the solution requires action now

Optimal

Prepare Defines tasks to improve understanding of the cause or solution to a significant short or medium term

risk. Tasks are therefore predominately research based

Moderate

Adequate

Watching Brief Watching brief to be maintained in the short term on the latest climate science developments,

and the situation on the ground.

Short Term
(to 2020)

Risk Grading (no adaptation)

Medium / Long (2020
to 2050s)

CROSS BUSINESS UNIT

Inadequate

Existing Control Measur es

Summary

Adequacy

Adaptation Response Needed

Business Unit
owners

Director/s
Responsible

Prepare: Investigate winerability of underground senices to climate
Fracture risk to underground infrastructure ~ from Regular inspections, rapid maintenance response
o . ! change risks from fracture /damage and ensure appropriate adaption| Jointly: Airside .
29 increased winter temperature variability and freeze / thaw 3rd party not known M A A and repairs as needed, back up links and spare A 4 N Airside/Ops Directors
changes are incorporated into future development plans as Engineering
damage. capacity in utility supply.
appropriate.
Aircraft and surfaces treated with de-icer when .
De-icing procedures, snow clearing vehicles, Jointly: Airside
- . temperatures fall below 3C. Contingency plans Action: Continue to implement the recommendations of the y. B .
Increasing variability of snowfall challenges winte r changes to staff working patterns, contingency Engineering Airside/Ops/Risk
30 Snow/Winter [in place today being updated to incorporate the M G A [e} Heathrow Winter Resilience Enquiry and ensure that planned future
contingency plans , de-icing supplies and staff experience. " ™, plans, weather forecasts, findings of the Heathrow " " ! Standards and Directors
findings of the Heathrow Winter Resilience contingencies consider future climate change.
Enquiry. Winter Resilience Review implemented. Assurance
ASSURANCE
Heathrow Airwatch, air quality monitoring, targeted
Heat wave conditions result in negative impacts on air Standards are clearly demarcated and air quali fanding fees, improved departure procedures, Clean
31 uality. More difficult to comph w?lh air u':\il standards. Temp is reqularl momtore{l and reported quality M G A Vehicles Programme, green travel initiatives, move (o] ‘Watching Brief TS&A Sustainability Director
quality. ply quality g gularly ported. toward PCA. GHG reduction targets for buildings and
operations.
Ch: to global distributi f di id Dail it d evaluation, WQMS, u
32 anges fo global distribution of disease  COUIAINCIEASE|  gie impacts  [Requires research L G A aily monitoring and evaluation, WQMS, evacuation [e} Watching Brief TS&A Sustainability Director
and frequency of epidemics and pandemics. plans,
Sea Level Rise / storm surge risks lossof low lyin_ g Elevation data for coastal airports and their Contingency plans for changes to international
33 |destination airports i.e. Schiphol, Hong Kong (without Sea level rise P L G G gency p g o Watching Brief TSeA Sustainability Director
" design standards. schedules and airport closures.
adaptation).
Sea Level Rise / storm surge risks disruption to UK Not a direct risk for HAL. Infrastructure being Contingency plans for loss of supplies, disruption to
34 |infrastructure  i.e. utility supplies, surface transport routes | Sea level rise  |managed and critical threshold being considered L © © gency pl pplies, disrup o Watching Brief TS&A Sustainability Director
surface transport routes and utility supply problems.
(without adaptation). by others i.e. utilities, TfL etc
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VIIl. HEATHROW'’S ADAPTATION STRATEGY

The adaptation response to the risks identified by this study has been determined and
prioritised through:

a consideration of the scale and importance of the risk in terms of likelihood and
consequence for HAL in the short and medium / longer term;

an appraisal of the adequacy of the current control measures in place to deal with
that risk;

an understanding of any uncertainties and critical thresholds involved; and finally
consideration of the timescales involved both in terms of when the risk may occur,
and how long it may take to implement adaptation measures.

This has led to 3 classes of priority adaptation responses as follows:

Action: Action is required in the short term, either to manage short term risks
(classified as high) or because the solution to longer term risks needs to
begin in the short term because of long planning or implementation
cycles;

Prepare: Identifies need for additional research and or development prior to
confirming any risk management actions;

Watching Brief: Risks are longer term and require an ongoing watching brief to monitor
science and effects of climate change.

The development and delivery of the adaptation strategy identified through this study will
be a continuous and on going activity that responds and adapts to new and improved
information on the science and understanding of critical thresholds. “Action” and “prepare”
responses identified will be delivered within 3 years.

Delivery of the adaptation strategy will require detailed cost benefits of specific remedies
as these are developed as well as an assessment of their wider sustainability implications
in line with Heathrow’s Sustainability policy.

The adaptation strategy will continue to be evolved based on the on going review and
monitoring of climate change risks and detailed consideration of the barriers to adaptation
identified and principles of good adaption.

IX. RESIDUAL RISKS

The adaptation strategy has been designed to address key risks in the shorter term as
well as to prepare Heathrow for risks that may occur in the longer term and which require
early action due to long timescales for implementation.

Heathrow is committed to the delivery of this strategy and its on going development and
evolution with the objective of ensuring that residual risks are managed to acceptable
levels.
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X. BARRIERS, STAKEHOLDERS AND INTERDEPENDANCIES

Key barriers to adaptation identified include:

. Scientific uncertainty;

. Financial uncertainties and resource constraints;
. Uncertainty regarding future aviation industry trends and developments;
. Onsite space constraints;

. Runway capacity constraints;

. Legacy infrastructure;

. Permitting constraints;

. Interdependencies;

. Stakeholder perception;

. Pace of regulatory change;

. Other regulatory requirements.

Key external partners and regulators consulted through this study included the
Environment Agency, NATS, London Borough of Hillingdon, TfL, surface transport
operators, and key Heathrow airlines.

Interdependencies have been identified where others’ actions are likely to impact on
Heathrow’s ability to manage its own climate change risks. These relate primarily to
provision of key utilities, aircraft fuel infrastructure, surface access services and
infrastructure and airline operations.

XI. MONITORING, REVIEW AND GOVERNANCE OF ADAPTATION RESPONSE

The adaptation “responses” identified by this study will be monitored through periodic
review at existing senior Heathrow Health, Safety and Environment governance fora to
track progress and where this is considered inadequate, escalate action.

Additionally it is proposed that the Corporate Responsibility team carries out a
“comprehensive” review of the risks and climate science every 5 years to coincide with the
development of Heathrow's Capital Infrastructure Plan (to respond to quinquenia
regulatory settlements with the CAA) , with an “interim” review at each quinquenia
midpoint.

This will manage HAL's climate change business risks, aligns with key decision points
around HAL'’s capital plan and prepares HAL for any future response that may be required
by Government.

The review cycle proposed will also ensure that Heathrow's adaptation strategy remains
dynamic, responsive and appropriate by ensuring that it reflects latest scientific knowledge
on climate change and critical thresholds.
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XlII. RECOGNISING OPPORTUNITIES

Not all of the impacts associated with climate change will be negative for Heathrow.
Climate change could also present opportunities, although the net impacts of climate
change are likely on balance for Heathrow (as for the UK in general) to be negative.

Key opportunities relate to potential for energy saving in winter as temperatures rise,
potential for increased travel to the UK as its climate becomes relatively more attractive,
reduced delays from fog, potential for competitive advantage relative to other more
climate sensitive hub airports, and reduced risk from bird strike.

Xlll. KEY CONCLUSIONS

This report has assessed the potential physical impacts of climate change upon Heathrow
Airport Limited (HAL) and its statutory functions in line with statutory guidance from Defra.

Using best available information on future climatic effects and applying a comprehensive
risk assessment approach that took a precautionary worse case approach to future
climate change risks this study has concluded that:

Heathrow has comprehensive control measures and contingency plans for
managing climate related risks, and largely these are considered sufficient to
manage climate change risks in the shorter term (eg to 2020).

It isnot feasible at this timetoconduct a detailed assessment of climate
predictions beyond the 2050s since this time scale falls outside typical airport
planning cycles and the climate science becomes increasingly uncertain in the
longer term.

Climate risks in the short term are predominantly low, and where risks are more
significant these are largely already being managed through existing
mitigation and resilience programmes (eg plans to upgrade the airport pollution
control system).

Assuming no changes to existing control measures the risks associated with
climate change impacts in the medium to longer term are predicted to worsen.
Assuming the adaptation strategy identified by this study is implemented and
continually evolved will ensure that residual risks are appropriately managed.

Key adaptation responses identified in the short term generally build on existing
actions planned by the business.

Delivery of the adaptation strategy will be assured through clear ownership across
Heathrow’s business units together with a requirement for on going reporting of
progress at senior HS&E performance management fora.

Regular (5 yearly comprehensive and mid point reviews) of the climate risk
assessment will ensure continuous updating of the adaption strategy in line with
best available information on climate science, risk thresholds and business and
infrastructure planning cycles thereby allowing Heathrow to appropriately manage
future risks from climate change.
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1 INTRODUCTION

1.1 OVERVIEW

This report assesses the potential physical impacts of climate change upon Heathrow
Airport Limited (HAL) and its statutory functions. The future climate for Heathrow has
been defined by using modelling data from the UKCPQ9 climate change projections. The
limitations of this data and caveats regarding its use have also been clarified. The
evidence for the implications of climate change for Heathrow's future operations and
resilience has been gathered through a literature review of airport related studies, a
consideration of Heathrow's existing risk registers and contingency plans, and by
interviewing key staff in HAL and its partner organisations.

Figure 1.1 Site Location

1.2 CONTEXT

Heathrow is the world’s busiest international airport and a critical element of UK
infrastructure. The airport also operates as a key node in the global aviation industry and
so it is important that the impacts of climate change on Heathrow Airport and its
infrastructure are understood and adaptation measures adopted on a timescale
appropriate to the projected impacts of climate change.

Heathrow experiences a relatively benign climate today compared to other airports around
the world, sheltered as it is from the worst of the extreme weather that can be brought to
Britain by Atlantic storm tracks; but the weather can still challenge operations. Fog, high
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winds, electrical storms, heavy rain, snow and high and low temperatures can all affect
airport operations and assets to a certain extent.

Because of the paramount importance of safety and punctuality to the aviation industry,
Heathrow already has well established plans and procedures in place to respond to
extreme weather events. This study will determine if these will need to be revised to
address the changes projected to result from climate change.

1.3 BACKGROUND TO THE REPORT

This report has been produced in response to the direction to report issued to Heathrow
Airport Ltd (HAL) by the UK Department for Environment, Food and Rural Affairs (DEFRA)
under the auspices of the Climate Change Act (2008).

The Climate Change Act (2008) created a legal framework for increasing the UK’s ability
to respond and adapt to the consequences of climate change. An essential component
of the Act and the Adapting to Climate Change (ACC) cross-Government programme is to
lay before Parliament risk assessments of the threats and opportunities posed to the UK
by the physical impacts of climate change on a five-yearly basis, with the first national risk
assessment to be presented in January 2012. Organisations whose assets and
functions are felt to be of national importance have been directed by Government to
assess their vulnerability to the consequences of climate change.

DEFRA identified the operators of Heathrow Airport as being of particular importance in
adapting the UK to the changing climate, because of its importance to the national
economy and to global transportation of people and cargo. Heathrow (amongst other UK
strategically important airports i.e. Edinburgh, Glasgow International, Birmingham
International, East Midlands, Cardiff International, Manchester International, London
Stansted, London Luton and London Gatwick) is considered within the ACC strategy as a
priority reporting authority and is part of the first tranche of organisations required to input
into the National Climate Change Risk Assessment.

This report is HAL'’s response to the Climate Change Act (2008) and the direction to report
under the Adaptation Reporting Power (ARP).

1.4 STRUCTURE OF THIS REPORT

This report is organised into eleven chapters and five technical annexes, as follows:
Chapter 1 introduces the purpose and structure of the report;
Chapter 2 presents the methodology used in this study;

Chapter 3 outlines the statutory functions of Heathrow and the assets, operations
and functions of the organisation, the role of HAL and other stakeholders and
relevant organisational objectives and development plans;

Chapter 4 outlines the baseline climatic conditions experienced at Heathrow,
recent observed changes to the climate and a summary of existing controls and
contingency plans in place;
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Chapter 5 presents the methodology behind the climate change modelling
undertaken and explains the rationale behind the selection of emissions scenarios
and dates used within the modelling;

Chapter 6 details the assumptions made and the treatment of the uncertainty
inherent to climate change projections;

Chapter 7 presents the results of the climate change projections for various
meteorological variables for Heathrow;

Chapter 8 details the risk assessment process followed;

Chapter 9 presents the results of the risk assessment process;

Chapter 10 defines principles of good adaptation, identifies any constraints and
barriers to adaptation at Heathrow and summarises the priority adaptation

responses identified by this study;

Chapter 11 sets out how HAL will ensure adaptation will be embedded in business
processes, monitored and reported through governance.

Additional information and supplementary technical details to the report are provided in a
series of annexes:

Annex A details the existing meteorological baseline at Heathrow;
Annex B provides additional detail on the UKCP09 modelling results;

Annex C illustrates the pro-forma of questions used in the interviews during the
consultation process;

Annex D lists the roles of the consultees, both internal and external who were
interviewed, and those who attended the workshop;

Annex E presents the results of the Heathrow Winter Resilience Enquiry
(published March 2011) and its recommendations.
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2 METHODOLOGY

2.1 INTRODUCTION

This Chapter describes the methodology followed by this study and which has been
designed in accordance with the guidance from the UK Climate Impact Programme
(UKCIP) and DEFRA, particularly DEFRA's Statutory Guidance, the Evaluation

Framework developed by Cranfield University and UKCIP’s Adaptation Wizard 1) .

The approach has also been shaped by the experiences of the early responders to the
ARP and the methodologies which worked well in assessing their risks; the recent sector

wide risk assessments (2), and the latest advice on adaptation good practice from
ukcip (3).

2.2 HEATHROW'’S CLIMATE ADAPTATION RISK METHODOLOGY
The methodology followed is based around eight steps as follows:

Organisational mapping;

Define current climatic baseline;

Model future climate change;

Literature review;

Consultation;

Risk identification and prioritisation;

Identification and prioritisation of adaptation response;
Reporting, Governance and Monitoring.

NGk~

The approach is characterised by a combination of expert judgement; collation of the
significant experience of HAL staff and partners; the use of best available climate change
modelling data and peer reviewed scientific and risk management literature.

2.3 OUTLINING THE STEPS INVOLVED IN THE ASSESSMENT

Each element of the risk assessment process is considered in more detail in the following
sections of this chapter. The findings from each of these steps are presented in
subsequent chapters of this document as detailed below.

2.3.1 Step One: Organisational Mapping

The first step involved identifying the key stakeholder groups and business unit functions
that needed to be involved in the assessment.
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The findings of the organisational mapping exercise are summarised in Chapter 3 of this
document.

The risk assessment is also informed through consultation with external stakeholders. For
these risks it is likely that partnership working will be needed to secure mutually
satisfactory and holistic adaptation solutions.

2.3.2 Step Two: Establishment of the Current Climat  ic Baseline

To understand the impacts of climate change it is vital to understand the baseline climate,
complete with the extremes experienced in the recent meteorological record. Therefore,
the first stage of the risk assessment was to understand and define the current climate
experienced at the airport and to establish how resilient operations are to the extremes
currently observed. A summary of the climatic baseline is presented in Chapter 4
together with an overview of HAL's existing control and contingency measures. More
detailed baseline meteorological data is presented in Annex A of this document.

2.3.3 Step Three: Climate Change Modelling

Once the current climate was understood, extraction of projections of future climate
change for Heathrow were then undertaken using the best available evidence and data
sources as recommended by UKCIP and DEFRA. The methodology used in the climate
modelling is described in Chapter 5 of this document.

The data sources used and known limitations of climate change projections with regard to
some of these variables are also discussed in Chapter 6. The results of the modelling
are summarised in Chapter 7 and a full technical annex detailing climate projection data
for Heathrow is presented in Annex B of this report.

2.3.4 Step Four: Literature Review

A literature review was undertaken by the study team to assess the present understanding
of the risks posed to airport operations around the world by current weather extremes and
those postulated to arise as a result of climate change. An understanding of the current
implications of weather for the aviation industry and particularly flights operating out of

Heathrow was also essential (1).

Heathrow's existing risk management system was examined to ensure that any risks
identified as a result of the climate change risk assessment are able to be managed in a
robust manner and integrated into existing risk management systems at the airport. An
understanding of past incidents of climatic disruption at the airport was essential and the
findings of the recent Heathrow Winter Resilience Enquiry have been used.
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Guidance from academia, the IPCC (1), Regulators and the Government for the transport
sector was also considered. The literature review also included a high level assessment
of the emergency planning / contingency processes, climate change adaptation plans, and
risk assessments of key stakeholders upon whose services Heathrow relies, and with
whom Heathrow works in partnership. Notable studies considered in this category

include research undertaken by Transport for London (2), the Mayor of London 3) and

utilities suppliers (4). Heathrow is also keen to understand the findings of the Foresight
study on the International Dimensions of Climate Change project to improve the airport’s
understanding of how climate change impacts overseas will affect the UK. However the
results of this study had not been produced at the time of this report going to press and

unfortunately have not been able to be included in this present study 5) .
2.3.5 Step Five: Consultation

An essential element of the risk assessment process has been an in depth and wide-
ranging consultation with key HAL stakeholders and also with external partner
organisations. Consultation has been an essential part of the reporting process from the
information gathering stage to the production of the final report.

To assist with information gathering and to engender buy-in to the reporting process, a
series of interviews were held from December 2010 to March 2011 with a range of key
people who work at the airport, or who have some responsibility for its operation and / or
regulation. At these interviews the study team presented the likely modelled future
climate and sought the opinion of the interviewees as to how they thought the airport
would be able to respond to the new climatic parameters. The consultation enabled the
study team to:

understand how the airport responds to the current climate by clarifying the existing
contingencies in place to deal with weather-related issues, and identifying any
activities or assets considered to be of high vulnerability to weather-related impacts
today;

establish the reality of how operations occur on the ground, the business ‘criticality’
of assets and operations, and current limitations and risks;

clarify the financial values of assets, the costs incurred by interruption and the
financial impacts of past disruption / weather damage;
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understand the lifespan of existing assets, the design standards being used and the
development plans which are likely to be implemented in the short and medium /
longer term;

clarify known weather-related critical thresholds where they exist and where
gquantitative values are understood, and identify areas where critical thresholds are a
source of uncertainty;

understand any spare capacity or capacity constraints affecting assets and
operations today;

gain a more detailed understanding of interdependencies, partnerships and
ownership of the activities that happen at Heathrow;

understand the volume of materials, passenger flows and/or other throughputs
handled by the airport through different terminals and surface access routes; to
identify any ‘pinch points’ or concentrations of flows including assets which have
limited spare capacity / duplicability, and any seasonality in flows of passengers and
cargo;

supplement the academic quantification and characterisation of risks from the
academic literature, with on-the-ground experience; and

help prioritise key risks by melding the study team’s knowledge of climate change
with HAL’s expertise and experience of the Heathrow site and their business.

For consistency, a standardised pro-forma of key questions was used as the basis for all
interviews. This combined generic questions that were of relevance to all consultees,
with tailored questions for specific functions and bodies. The pro-forma of questions
used during the consultation phase is presented in Annex C of this document. Formal
interviews in the first phase of information gathering were held in person where possible,
and otherwise on the telephone, with 30 consultees from HAL and sister airports, and key
external partners such as Heathrow Express, the National Air Traffic Service (NATS),
British Airways, Hillingdon Local Authority, the Environment Agency and Transport for
London. A list of interviewees and the organisations they represent is included in Annex
D of this document.

2.3.6 Step Six: Risk Identification and Prioritisat  ion

Risks were identified using the knowledge and experience shared by consultees, the
technical knowledge of the study team, the findings of the literature review, interviews with
stakeholders and lessons learned from past interruption events at Heathrow and other
airports. Risk prioritisation was informed by judgements on the likelihood of a given
event and its likely consequences and a consideration of the control measures in place to
address the risk today and was facilitated through a workshop with stakeholders. This
methodology, derived from HAL’s own risk management processes is described in more
detail in Chapter 8.

The risk evaluation and prioritisation exercise outcomes are presented in Chapter 9.
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2.3.7 Step Seven: Identification and prioritisation of adaptation response

This step identifies adaptation actions to address risks identified in the previous step.
Adaptation response actions have been classified into 3 basic categories to reflect the
severity of the risk, the uncertainty in what is required and the urgency of action

Action: Action is required in the short term, either to manage short term
risks (classified as high) or because the solution to longer term
risks needs to begin in the short term because of long planning or
implementation cycles.

Prepare: Identifies need for additional research and or development prior to
confirming any risk management actions

Watching Brief: Risks are longer term and require on going watching brief to
monitor science and effects of climate change

The adaptation response is summarised in Chapter 10. Again stakeholders were
consulted individually and through a workshop to determine the appropriate classification
and response.

2.3.8 Step Eight: Reporting, Monitoring and Governa  nce

Finally the results of each stage of the assessment were written up and presented within
this report. The findings were circulated to the key consultees involved in the generation
of the document and their comments and suggestions were incorporated into the final
draft. The monitoring and governance of risks identified is described further in Chapter
11.

2.4 EXPERTISE AND INVESTMENT LEVEL

Heathrow takes the issue of climate change seriously and because of this has made
significant investment in examining the likely risks and consequences to the airport that
may result from the physical impacts of climate change. This present study was led by
Heathrow’s Corporate Responsibility and Environment Department with the expert support
of ERM, and has entailed in depth consultation (approximately 250 person hours) with
approximately 30 HAL and partner stakeholders in addition to the research effort of the
study team which is calculated to be in the region of 330 person hours.
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3

3.1

OVERVIEW OF HEATHROW AIRPORT

INTRODUCTION

London Heathrow Airport is the largest airport in the United Kingdom. The airport is
owned and operated by BAA, who also own and operate five other UK airports (London
Stansted, Southampton, Edinburgh, Glasgow International and Aberdeen). Heathrow is
managed by Heathrow Airport Ltd (HAL).

Key facts about Heathrow include:

Opened in 1946, Heathrow is located 24km west of Central London and is the
world’s busiest airport in terms of international passengers, and the busiest airport
in Europe in terms of total passengers;

Heathrow is the UK’s only hub airport used almost wholly by network airlines and
has a significant proportion of transfer traffic;

Heathrow handles approximately 70% of all the UK'’s long haul air traffic and 51%
of all air traffic in the Greater London area;

Heathrow is served by two parallel runways which operate in ‘segregated mode’,
with arriving aircraft allocated to one runway and departing aircraft to the other at

the same time;

Heathrow is permitted to schedule up to 480,000 air transport movements (ATMs)
per year and currently operates at approximately 95% of its permitted capacity;

Heathrow has five terminals (including T2 which is currently under construction)
which handled 65.7 million passengers in 2010;

The airport site covers 1,227 hectares (4.69 square miles);

This chapter describes in more detail Heathrow's:

Strategic objectives

Organisation and business unit structure
Assets and responsibilities

Key stakeholders and their responsibilities

3.2 STRATEGIC OBJECTIVES

Heathrow’s strategy is informed through its vision and a serious of strategic intents (see
Figure 3.1).
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Figure 3.1 Heathrow's Strategic Intents

3.3 ORGANISATION AND BUSINESS UNITS

HAL is organised across a number of business units (see Table 3.1) which can principally
be classified into those involved with the day to day operations of the airport and those
necessary to provide wider supporting functions, as detailed below. The risks and
adaptation response identified through this study have in each case been assigned to the
appropriate business unit.
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Table 3.1 Heathrow Business Units
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3.4 ASSETS
3.4.1 Location

Heathrow is located 24km west of central London, in the south of the London Borough of
Hillingdon. The location of the airport is illustrated in Figure 3.2.
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Figure 3.2 The Location of Heathrow Airport
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To the north, the airport is surrounded by the Greater London suburbs of Harlington,
Harmondsworth, Longford and Cranford. To the east lie Hounslow and Hatton, and to
the south are East Bedfont, Staines, Egham, Ashford and Stanwell. To the west, the
M25 motorway separates the airport from Colnbrook in Berkshire.

The airport site is delineated by a perimeter fence and the area within this covers 1,227
hectares (4.69 square miles).

3.4.2 Existing Onsite Assets

The existing onsite assets at the airport are illustrated in Figure 3.3, Table 3.2 and Table
3.3.

Table 3.2 Airside Infrastructure
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Table 3.3 Terminal Infrastructure
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Heathrow has two parallel main runways spanning east-to-west which are aligned to the
prevailing wind direction. In addition to the parts of the airport visible to the travelling
public there are a considerable number of ancillary buildings and large airside areas,
including onsite energy centres for the generation of heat and power (and associated
distribution systems), deep basement baggage halls, and underground services i.e.
baggage tunnels; which are restricted to security cleared staff only. Other ancillary
buildings onsite include cargo warehousing, maintenance hangers, staff welfare centres
for airline crews and other shift workers, and the Animal Reception Centre (where
livestock and incoming animals are quarantined, which handles over 650,000 animals
each year). To ensure passenger wellbeing there are numerous medical facilities
distributed across the Heathrow campus; including emergency phones throughout the
terminals, health centres with nurses on hand in each terminal, plus a number of
pharmacies and the official Port Health facilities.
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Figure 3.3  Onsite Assets
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Development Plans

HAL’s development plans for Heathrow are presented in the airport’s current Capital
Investment Plan - CIP 2010 which covers the ten-year period commencing April 2010,
spanning three regulatory periods (quinquennia), which are:

Q5:2010/11 - 2012/13
Q6:2013/14 — 2017/18
Q7:2018/19 — 2019/20

Heathrow's significant capital investment programme means that whilst by day Heathrow
is the world’s busiest airport, by night it is Europe’s busiest construction project. £4.8
billion is currently being invested in upgrading the existing terminal buildings and
constructing new facilities. A third Terminal 5 building - satellite C — is currently under
construction to enable more aircraft to park at the terminal so that passengers do not
need to take a bus from the aircraft. Terminals 1 and 3 are also being redeveloped with
improved facilities and services. Terminal 4 is benefiting from an extensive construction
programme and has been transformed with a £100 million new check-in area and
forecourt, creating an additional 6,000 square metres of space. The current Terminal 2
has been demolished to make way for a brand new terminal — Terminal 2A and satellite
buildings. The new T2 will match the main T5 building in terms of scale and
functionality. Construction of the new Terminal 2 complex to replace the terminal
building and adjacent Queen's Building began in 2009; the first phase is expected to
open in 2014.

In addition to the highly visible changes to the airport’s layout as demonstrated by the
new improved terminal facilities, significant changes are ongoing ‘behind the scenes’ at
Heathrow. A major upgrade of Heathrow's onsite drainage systems and pollution
control system (PCS) which handles runoff from the airport’s surfaces is underway.
Furthermore, a further £1 billion has also been set aside to upgrade Heathrow’s baggage
systems.

Work has already begun to bore a new £300 million baggage tunnel to connect
Heathrow's five terminals and significantly improve baggage-handling performance.

The Heathrow Post T5 Transfer Baggage System project is a major infrastructure project
which comprises the construction of a 2.1 km tunnel containing an automated baggage
transfer system between Terminal 5C and 1 and 3 with a link to the future Terminal 2A.
By 2012, in time for the London Olympics, Heathrow will have the world’'s largest
integrated baggage system capable of handing 110 million bags a year.

All HAL owned and leased assets on the site are built in accordance with HAL's design
standards which confirm to UK Building Regulations and other technical design
standards such as those issued by the CAA and the Highways Agency. The new
Terminal 2 building currently being built on the site considerably out-performs Part L of
the UK Building Regulations in terms of its energy efficiency and reduced carbon
intensity. This forms an integral delivery mechanism for HAL's current target of
reducing CO, emissions from its energy use in fixed assets by 34% below 1990 levels by
2020 .
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3.4.3 Third Party Assets

Many of the buildings and infrastructure at Heathrow are not occupied or operated by
HAL, but are leased to external organisations such as the Port Health Authority, airlines,
ground handling companies, and catering and other service companies. Leased
buildings are managed in partnership with tenants to ensure that the needs of the
occupiers are met, and direct control of these assets is not in the hands of HAL. Any
adaptation solutions required in these buildings would have to be developed in
partnership with the long term tenants.

The large (4 million litre capacity) fuel farms currently located on the southern Perimeter
of the Heathrow site (close to Terminal 4), and in the centre of the site (close to the
control tower), supply aviation fuel (also known as Jet A-1 fuel) to the airlines. These
fuel farms and the fuel supply pipe work (hydrants) linking the fuel farms with the aircraft
stands is not owned by HAL but are owned and operated by Heathrow Airport Fuelling
Company (HAFCO) which itself is owned by a consortia of oil companies, and Heathrow
Hydrant Operating Company Ltd (HHOpCo) respectively.

Furthermore the supply of Jet A-1 fuel to the airport depends on long supply lines and
assets owned by numerous external organisations outwith the remit of HAL. Heathrow,
along with other major UK airports is connected to the UKOP (UK Qil Pipeline) system.
This pumps aviation fuel and other products produced from refineries including Esso
Fawley, Texaco Pembroke, Total/Fina/Elf Milford Haven, Shell Stanlow, Lindsey &
Conoco Immingham, Phillips Billingham, and BP Grangemouth, and that imported to the
UK by sea into the terminals at the Isle of Grain, Hamble, Immingham and Avonmouth.

3.4.4 Offsite Assets

Whilst the majority of HAL's existing assets are located within the perimeter fence, other
important assets are external to this — most notably the airport’s balancing ponds such
as the Clockhouse Lane Pit, North Western Balancing Reservoir, and the Eastern
Balancing Reservoir. These ponds store and treat run-off from the airport before
returning treated water to local watercourses. As described above, important third-party
assets are also located offsite and can involve long supply chains and associated
infrastructure that is located outwith HAL's direct control.

3.4.5 Surface Access

Heathrow is well connected to London and other parts of the country, by a number of
surface access routes including train, tube, taxi, and bus etc. The airport is also well
connected to the UK trunk road and motorway network.

Rail
The main rail access routes to the airport are:

The Heathrow Express (HEX) is an electrified non-stop train service directly
linking stations at Terminal 5, and Heathrow Central station (serving Terminals 1
and 3 and with a transfer service to Terminal 4) with London Paddington mainline
station. Approximately 5 million (7%) passengers a year use the HEX service to
get to and from Heathrow Airport. HEX is owned and operated by HAL,;
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Heathrow Connect is an electrified stopping train service to Paddington calling at
up to five stations between the airport and central London. Heathrow Connect
services terminate at Heathrow Central station (Terminals 1 & 3).

London Underground Piccadilly line serves the airport via four tube stations:
three of which, those at Terminals 1 / 3; Terminal 4; and Terminal 5 serve the
passenger terminals, and one at Hatton Cross which serves the maintenance
areas and commercial warehousing and light industrial premises on the airport’s
periphery. Approximately 2.7 million passengers a year use the Hatton Cross
station (not all of which should be considered airport traffic), 8.3 million use
Heathrow Terminals 1 and 3 Station, 1.8 million use the Terminal 4 Station, and 3

million use the Terminal 5 Underground Station (1) . In total up to 15.8 million
journeys to and from Heathrow are made by passengers and crew (representing
approximately 20% of HAL passengers surface access journeys) on the Tube.
The Piccadilly line is owned and operated by Transport for London (TfL);

Buses and Coaches

Many buses and coaches operate from the large Heathrow Airport central bus station
serving Terminals 1, 2 and 3, and also from bus stations at Terminals 4 and 5. Bus and
coach transport to and from the airport serves both local communities, and also links
more distant parts of the UK with Heathrow.

Car

To limit congestion on the nearby road network and to reduce the environmental impact
of travel to and from the airport, HAL actively encourages crew and passengers to use
public transport to access the airport. HAL has invested in a wide range of initiatives
including a free fare zone on public transport around the airport. However many
passengers continue to prefer to travel to the airport by private transport and
approximately 50,000 cars per day enter the Central Terminal Area. Heathrow is
accessible via the nearby M4 motorway and A4 road (Terminals 1-3), the M25 motorway
(Terminals 4 and 5), and the A30 road (Terminal 4). There are drop off and pick up
areas at all terminals and short and long stay multi-storey car parks. Additionally, there
are car parks (not run by HAL) just outside the airport; these are connected to the
terminals by shuttle buses.

The road network on the site is well developed and well used. Given the limited space
on the airport site many road routes travel underground. Four parallel tunnels under the
northern runway connect the M4 motorway and the A4 road to Terminals 1-3.
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Taxis
Taxis are available at all terminals.

Inter-terminal Transport

Terminals 1 and 3 are within walking distance of each other. Transfers from the Central
Terminal area to Terminal 4 are by Heathrow Express trains or bus and to Terminal 5 by
Heathrow Express trains or bus. All terminals can be accessed via London
Underground. On Heathrow Express and local buses (but not on the London
Underground) transfers between Heathrow Central, Terminal 4 and Terminal 5 are free
of charge.

3.5 CAPACITY AND OPERATIONS
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Operations at the airport may be subject to temporary alteration and suspension during
periods of heightened security, extreme weather events, and other unpredictable events
outwith HAL’s control such as the recent Eyjafjallajokull volcanic eruption. There are
contingency plans in place to manage these risks so as to minimise the impacts on the
users of the airport and to maintain their safety at all times.

3.6 KEY STAKEHOLDERS

As detailed in Section 2.2 there are a large number of stakeholders who have an interest
in operations at Heathrow and it was important to consult with a wide range of these
organisations as possible as part of this study. The most significant stakeholder groups
with an interest in Heathrow are detailed in the following paragraphs.
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3.6.1 Passengers

Table 3.5 Passenger Numbers (2010)
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3.6.2 Employees

Those who work at Heathrow represent another important stakeholder group.
Heathrow is the UK's largest single-site employer with over 77,000 people working
directly at the airport. Of the 77,000 employees whose place of work is Heathrow
Airport only a relatively small fraction (4,385) are in the direct employ of HAL or BAA.

Hundreds of different businesses and Government agencies work at Heathrow, from the
largest airline alliances to independent business operators such as taxi drivers.

3.6.3 Suppliers

Alongside those directly employed onsite, Heathrow has long supply chains and it is
estimated that across the UK there are another 100,000 more people engaged in
supplying and supporting the airport. Key suppliers for Heathrow range from those
involved in providing aviation fuel to the airport’s fuel farms, to the suppliers of de-icing
fluid, caterers, retail suppliers, ICT providers, utility companies and engineering and
manufacturing companies supplying equipment and parts for use in the airport’s assets
and vehicles.

3.6.4 Airlines

Table 3.6 Destinations and Airlines
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3.6.5 Retailers

The 84 retail stores and 43 restaurants located within Heathrow’s terminal buildings form
an essential part of the passenger experience. Rental income from retailers is also an
important element within HAL's income stream.
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3.6.6 Freight

Half of the UK’s air freight, nearly 1.3 million tonnes a day, passes through Heathrow.
Air freight accounts for a significant share of UK cargo in terms of value. Almost 40% of

UK trade with non-EU countries by value is transported by air (1). Heathrow alone
accounts for a quarter of the UK’s non-EU trade by value, (by contrast, Felixstowe, our
largest container port, accounts for 12%) therefore the airport’s cargo facilities are of vital
importance to the broader UK economy by ensuring the smooth flow of imports and
exports. In contrast, domestic flights only account for 5% of all UK air freight (107,227
tonnes in 2008) since narrow-bodied aircraft with minimal belly-hold capacity are used

for these flights, and road transport around the UK is more cost effective 2),

3.6.7 Surface Transport Operators

As discussed in Section 3.4.5 of this Chapter, there are numerous surface access
transport routes serving Heathrow and the operators of these transport modes are
another important stakeholder with which the airport operator regularly liaises.

3.6.8 Air Traffic Control

Air traffic control at Heathrow Airport is provided by National Air Traffic Services (NATS)
from facilities at Swanwick in Hampshire, and from the Air Traffic Control (ATC) Tower at
Heathrow Airport. Aircraft destined for Heathrow usually enter its airspace via one of
four main reporting points: Bovingdon (BNN) over Hertfordshire, Lambourne (LAM) over
Essex, Biggin Hill (BIG) over Bromley and Ockham (OCK) over Surrey. When the
airport is busy, aircraft will orbit in defined holding patterns or ‘stacks’ which lie
respectively to the north-west, north-east, south-east and south-west of the London
conurbation.

3.6.9 Regulators

The activities at Heathrow Airport are highly regulated both by the UK authorities and the
EU. The chief regulatory bodies that oversee Heathrow Airport and influence HAL's
operations are the Civil Aviation Authority (CAA), the local planning authority (the
London Borough of Hillingdon), the Department for Transport, and the Environment
Agency. Utility supply arrangements are overseen by the usual suite of regulators i.e.
Ofgem, Ofwat etc.

3.6.10 The Local Community

Approximately 980,000 people live in the five boroughs which surround Heathrow
Airport. Maintaining good relationships with the local community is very important to
HAL. BAA has its own grant-making charity, The BAA Communities Trust. Funded by
an annual donation from the company, the independently run Trust makes grants to
support education, environmental and regeneration projects in the communities closest
to BAA's airports including Heathrow. The Trust has made grants worth a total of more
than £6 million since it was first set up in 1996.

Page 36 of 129
HAL FINAL REPORT Issue date: May 2011
© Heathrow Airport Limited 2011.



3.7 RESPONSIBILITIES AND INTERDEPENDENCIES
3.7.1 HAL Responsibilities

HAL owns and manages the airport infrastructure that enables airlines to operate their
schedule and passengers to arrive and depart. A nominated HAL senior manager is
also the airport licence holder under CAA regulation and is responsible for ensuring that
all safety requirements are met. HAL’s specific responsibilities and accountabilities at
Heathrow include:

Airbridges — HAL owns and maintain the airbridges linking planes to the terminal
buildings. Airlines are responsible for manoeuvring airbridges to the planes;

Airfield maintenance — HAL is responsible for safe runway operations and runway
lighting;

Airport utilities — HAL manages the provision of electricity, heating, water,
lighting, fire alarms, etc;

Baggage — HAL is responsible for providing and maintaining baggage systems.
Airlines handle baggage and manage hold baggage screening;

Fire service — HAL has responsibility for all fire service activities at the airport.
110 people work in the Fire Service at Heathrow;

Flight information — HAL operates the flight information display screens in the
terminals and online;

Heathrow Express (HEX) — HAL owns and operates the Heathrow Express train
services from London Paddington to Heathrow and between Heathrow terminals;

Property — HAL'’s portfolio is diverse, including offices, airline lounges, business
centres, warehouses, fuel facilities, crew reporting centres and aircraft hangars;

Retail — HAL develops, lets and manages retail units, including car parks, shops,
catering outlets, currency exchanges and car hire;

Roads — HAL engineers maintain the road network in and around the airport
which consists of over 50km of road carrying over 100,000 vehicles every day;

Safety and security — HAL's number one priority is the security of passengers.
Over half of HAL staff work in security and are responsible for passenger and
staff screening as well as general security around the airport.
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3.7.2 External Stakeholders’ Responsibilities
Airlines

Airlines are responsible for checking-in passengers, delivering hold luggage to its final
destination, cargo, providing and fuelling aircraft, boarding passengers, passenger safety
and on-board catering. Some airlines employ their own ground-handling agents to
carry out this work; others subcontract this work to dedicated ground-handling
companies.

Airport Coordination Limited (ACL)

Owned by the airlines, ACL is responsible for slot allocation, schedules facilitation and
schedule data collection at the airport. Slot allocation is a technique to balance the
supply and demand for scarce airport capacity, in order to minimise congestion and
delays through the issue of permissions for aircraft to land and take off at particular
times. The cost of landing at Heathrow is determined by the CAA and BAA.

Airline Operators Committee (AOC)

AOC supports the airline community at Heathrow Airport and consults and collaborates
with HAL in the common cause of providing a high standard of passenger service.

Civil Aviation Authority (CAA)

The CAA controls all flight paths and aircraft routes at UK airports, regulates airlines,
airports and NATS. The CAA also sets airport charges at London airports.

Commercial Services

Hundreds of other private sector companies operate at Heathrow in a diverse range of
roles. Individual businesses and franchises provide catering, shopping facilities, car
hire, car parking and banking services. Other private sector businesses include the
large ground handling organisations such as Aviance and Menzies, ICT provision, public
transport companies, hauliers and logistics companies, maintenance engineers, health
professionals and veterinary staff, cleaners, and those companies responsible for the
airport’s fuel supply and distribution including HAFCO and HHOpCo. The Met Office
and numerous other meteorological data provision companies are responsible for
supplying HAL and the individual airlines with up to date weather projections. In terms
of utilities suppliers, supplies are managed in a central fashion by HAL with chief
suppliers being Thames Water for water supply and wastewater treatment and EdF for
electricity supply.

Metropolitan Police

The Heathrow Division provides an armed response to terrorist incidents in addition to its
general law and order policing role. The Met operates out of buildings owned and
managed by HAL.
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National Air Traffic Services (NATS)

NATS is responsible for air traffic control (ATC) and management, including managing
arrivals and departures and ensuring aircraft flying in UK airspace and over the eastern
part of the North Atlantic are safely separated. NATS activities at the airport operate
out of Heathrow ATC tower, which is a building owned and managed by HAL.

Public Sector Bodies and Regulators

The chief regulatory bodies that oversee Heathrow Airport are the Civil Aviation Authority
(CAA) which deals with airside operations and liaises on issues of capital investment
planning; the local planning authority (the London Borough of Hillingdon) for planning
matters and development plans; the Department for Transport for strategic issues, and
for environmental issues, permitting and compliance — the Environment Agency.
Numerous other Government agencies have an interest in, and in some cases operate
directly from Heathrow Airport including Port Health and Hillingdon Borough’s Imported
Food Inspection and Law Enforcement Service. These regulatory bodies are
responsible for dealing with issues such as food safety relating to air freight, animal
welfare for livestock and pets using the HARC and passenger health.

Whilst HAL does not have direct control of the operations of these bodies, as a landlord
it provides the facilities from which they work and / or regulate and ensures that the
facilities provided are fit for purpose.

UK Border Agency (UKBA)

UKBA is responsible for securing the UK border and controlling migration. It manages
border controls, enforces immigration and customs regulations and considers
applications for permission to enter or stay in the UK, including for citizenship and
asylum. UKBA operates out of buildings owned and managed by HAL.
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4 BASELINE CLIMATE AND RISK MANAGEMENT

4.1 INTRODUCTION

This chapter summarises information on the climate currently experienced at Heathrow
and observations of how the climate has changed in recent times.

It also summarises how climate risks are presently managed through business
preparedness and contingency planning and crisis management.

Annex A contains further details of the baseline meteorological conditions.

4.2 METEOROLOGICAL DATA

Because of the importance of accurate weather data for the aviation industry, there is a
Met Office observing station at Heathrow Airport which records local meteorological
conditions and maintains climatic records. Many functions at the airport rely on regular
intra-daily updates on weather conditions from the Met Office and other meteorological
data providers.

Meteorological conditions have been recorded at Heathrow in a systematic manner since
1948. Data was provided to this study directly from the Met Office observing station at
Heathrow and supplemented by historic records published on the Met Office website for

the Heathrow weather station (1).

Table 4.1 Heathrow Historic Meteorological Data (30  Year Mean)
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30 year mean data for a range of climatic variables, as provided by the Heathrow
observing station, are illustrated above in Table 4.1; and long term averages and
maxima and minima for a range of variables are given in Table 4.2.

Table 4.2 Heathrow Historic Meteorological Data (Lo ng Term Averages, Minima
and Maxima 1948 - 2010)
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4.3 BASELINE CONDITIONS
4.3.1 Climate Baseline Summary

Lying at a latitude of approximately 51° North, and approximately 50 miles from the

coast, Heathrow has a temperate marine climate (1), with mild damp winters, and warm,
drier, sunnier summers like much of the southern British Isles. Heathrow is located in
the part of the UK closest to continental Europe and as such can be subject to
continental weather influences that bring cold spells in winter and hot, humid weather in
summer. It is also furthest from the paths of most Atlantic depressions, with their
associated cloud, wind and rain.

Summers are generally warm, with daytime temperatures above 20 € (68 F) on over
90% of days. Warm weather can usually be expected from May to September. In
recent years, 30 € (86 ¥) has been recorded in ea rly May on several occasions and as
late as mid September. On average, Heathrow receives 28 days above 25 T (77 F)
per year, and 4 days above 30 € (86 F). Because of the Urban Heat Island effect
(UHI), Heathrow’s location within the Greater London conurbation means that
temperatures can be up to 5C higher than that experienced in the surrounding
countryside. Rainfall is relatively low in the summer months, but when rain does fall it
often falls in heavy convective events.

Winters are chilly, but for the most part temperatures remain at or above freezing, with
daytime highs around 6 T (43 ¥)to 8 T (46 F). Winter temperatures can reach as
high as 16 T (61 F) occasionally, and also below 0 T (32 F) even during daytime.
The winters of 2009-10 and 2010-11 have been considerably colder than the long term
average and stand in contrast to the mild winters experienced over the last decade and a
half at Heathrow.

Because of the UHI and potentially because of the impacts of climate change, snowfall
at Heathrow has not been commonplace in recent years, although the last two winters
represent a departure from this trend. Most precipitation during winter months falls as
rain rather than snow.

M (# (- (
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Spring is characterised by mild days and cool evenings in March and April, and generally
warm days and mild nights during May. Spring weather can be changeable and cold
weather is possible until late April. Conversely 29 € (84 F) has been recorded in
London in April.  Spring is normally the driest time of year in the South East of England.

Autumn is usually mild but often unsettled as colder air from the Arctic and warmer air
from the tropics meet. Temperatures usually remain warm, above 18 T (64 F) until
late September, and increasingly, in recent years until early to mid October.

London is a relatively dry city with regular but generally light precipitation throughout the
year, with an average of 583.6 mm (22.98 inches) every year. This is around the same
as Jerusalem. The Heathrow site receives slightly more precipitation than central
London, but at 603.2 mm per year rainfall is still very low compared to the rest of the UK
and Northern Europe generally. Precipitation is generally fairly evenly distributed
throughout the year with a spring minimum and late autumn maximum.

4.3.2 Locational Factors

Heathrow's climate, and the airport’s potential vulnerability to future climate hazards, is
to a large degree dictated by its physical location. The site is relatively low-lying, at 25
metres above sea level. This low elevation, combined with its relative proximity to the
River Thames (the river passes approximately 3.5 miles to the south), means that
Heathrow can be prone to fog, and particularly freezing fog, during the autumn and
winter months.

The site’s low altitude and proximity to various watercourses including the River Thames,
the Duke of Northumberland’s River, the River Crane and the River Colne, means that
the wider area around Heathrow is classified by the Environment Agency as having a
low to moderate vulnerability to flooding, and has been designated to lie within Flood
Zone 1 and 2 accordingly.

The Heathrow site itself is in an area that is unlikely to flood (from river flooding) except
in extreme conditions. The chance of flooding estimated by the Environment Agency
for Heathrow, each year is 0.5% (1 in 200) or less. The location of Heathrow in the
context of local flood zones is illustrated in Figure 4.1. It should be noted that flooding
from overland flow (pluvial flooding) and flooding resulting from drainage system
inundation is not able to be included in the Environment Agency’s flood mapping at this
time.

The low lying nature of the site, and the large expanse of hard-standing associated with
the terminals and runways has resulted in occasional historic flooding episodes at the
airport.
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Figure 4.1 Environment Agency Flood Map
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Detailed work is being undertaken by HAL and external stakeholders to establish the
degree of flood risk across the site in greater detail so as to be able to reduce flood risk
in the future through improvements planned for the short and medium term to drainage
infrastructure.

4.4 OBSERVED CHANGES TO THE CLIMATE BASELINE

Climate change should not be thought of as a risk that will occur only in the medium to
long term future. The UK'’s climate is already changing. Whilst it is not possible to
attribute any individual weather event or meteorological change as categorical evidence
of anthropogenic climate change, observations demonstrate that temperatures are 1T
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higher on average than they were in the 1970s. The UK Sub Committee on Climate
Change Adaptation notes that this warming has been accompanied by more frequent
heat waves, more intense rainfall events and rising sea levels.

2010 was the warmest year since measurements began 130 years ago. According to
the Global reinsurer Munich Re ‘The first nine months of the year (2010) have seen the
highest number of weather-related events since Munich Re started keeping records’.
Munich Re believes ‘that a clear pattern of continuing global warming is contributing to

natural disasters (1)’

Figure 4.2 Global Annual Average Temperatures Ranke  d Hottest to Coldest

%

The Mayor of London’s adaptation plan ) notes that an analysis of global annual
average temperatures shows that global temperatures have been progressively rising for
over a century and that this change has accelerated in the last thirty years. Figure 4.2
ranks global annual average temperatures, with different colours used to highlight
different decades. It can be seen that every year from the last decade falls within the
15 hottest years on record.

At a more local level all regions of the UK have experienced an increase in average
temperatures between 1961 and 2006 annually and for all seasons, with increases
greatest (1.7C) in the South East of England. Average summer temperatures in
London have warmed by over 2T over the period 1977 - 2006.
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Figure 4.3 Average Summer Temperatures in London (1  950-2006)

Figure 4.3 is taken from the Mayor of London’s Adaptation Report and plots the average
summer temperatures (June, July and August) observed in London for the period 1950 -
2006. It can be seen that despite considerable variation from year to year, summers
have got progressively warmer and that this rate of warming has increased over the past
30 years (as indicated by the dotted line), compared to the last 50 years (as depicted by
the solid line).

Observed changes in a number of other climate variables over the period from 1961 -
2006 have been collated and presented by UKCIP from the historical Met Office records,
including a reduction in the number of days with air frost and an increase in the number
of days when artificial cooling is needed; these are summarised in the following figures:

$H) (1) &%, (*1# D( )D DF

Page 45 of 129
HAL FINAL REPORT Issue date: May 2011
© Heathrow Airport Limited 2011.



Figure 4.4 Some Observed Changes in the UK Climate  from 1961-2006

Generally in the UK over the last forty years the climate has become warmer, with a
reduction in air frost and days of snow fall, which has led to a reduction in the length of
the heating season and a greater need for artificial cooling. Annual trends of
precipitation show little change; seasonally, however, it can be seen that winters are
getting wetter and summers and the springtime in particular are getting drier. In the
decade since 2000, rain more typically fell in concentrated downpour events than was
observed in 1961.
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4.5 How AIRPORT OPERATIONS ARE AFFECTED BY THE CLIMATE

The aviation industry is weather-sensitive, and without mitigation adverse weather
conditions have the potential to affect the safety of aircraft both in the air and during
take-off, landing and taxiing. However the industry’s international nature has facilitated
the development of good practice operational and technological mitigations gained from
experience in extreme conditions around the world, to minimise the impact from most
climatic phenomena on aircraft operation and scheduling.

Safety is the paramount concern of airlines and airport operators and this is enforced by
the Civil Aviation Authority (CAA) which is the public corporation which oversees and
regulates all aspects of aviation in the United Kingdom. The CAA, airport operators
such as HAL, and the aviation industry have developed comprehensive precautionary
measures to ensure flight safety during the full range of adverse weather conditions
experienced.

Generally the most significant consequences of weather extremes such as strong or
cross-winds, heavy rain, fog, high temperatures or wintry conditions are impacts on air
traffic movements (ATMs) due to the increased separation distances required between
aircraft, and on rare occasions the diversion of incoming aircraft to alternate airports.
Due to the high capacity factor that Heathrow operates at - any decrease in ATMs per
hour has the potential to result in delays and cancellations.

Extreme weather events at destination airports, even those located many thousands of
miles away also have the potential to affect ATMs at Heathrow. Where scheduling
impacts from poor weather are prolonged or affect a wide geographic area, it can take
airlines many weeks to return their timetables to punctuality due to problems from aircraft
and crew being in the wrong locations. Furthermore large scale disruption in a
destination region may mean that outbound flights from Heathrow have to specify
different alternate airports (designated airports to which planes would be rerouted in the
eventuality that it is not possible for the flight to land at its original destination i.e. due to
weather conditions, security concerns etc) to those they regularly assume as part of their
flightplans, which can affect the amount of fuel that they need to carry.

Other indirect impacts of the weather and climate govern destination choice and
passenger demand. In good summers outbound passengers tend to fall, and incoming
visitors to the UK increase in number. Disruption at popular leisure or business
destinations (such as the Greek wild fires in 2008, or the Japanese earthquake and
tsunami of 2011) can reduce their desirability as a destination and ensuing passenger
demand. A perception of health risks may also lead to a reduced number of
passengers choosing to fly to a given destination, and in some cases may reduce
customer demand generally (i.e. SARS).

The weather can pose health and safety risks to passengers, HAL employees and other
Heathrow workers. Slips, trips and falls are more common during wintry conditions.
Hot weather can cause health problems (particularly cardio-respiratory conditions) for
vulnerable passengers. Both high and low temperatures impact on staff productivity
and are managed by personal protective equipment (PPE) and changes to working
conditions for outdoor staff. Temperature extremes also affect operating costs at
Heathrow as heating and cooling demand responds to cope with an associated impact
on energy Costs.
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The effects of snow are described later in this chapter.

The climate and extreme weather events also influence the maintenance schedules and
asset integrity at the airport. Extreme conditions have the potential to damage HAL
infrastructure i.e. wind damage to lighting columns and signage, localised flooding of low
lying assets, subsidence and cracking of surfaces.

The weather and climate also determine the design standards used in the
masterplanning process at Heathrow to ensure that assets constructed are resilient to
the conditions they are likely to encounter during their operating life.

4.6 BUSINESS PREPAREDNESS BEFORE DIRECTION TO REPORT WAS ISSUED

Heathrow's strategic corporate response to climate change has, to date, primarily
focussed on the mitigation of GHG emissions arising from the airport’s activities. This
has involved concerted action to reduce the airport’s direct emissions and influencing
users of the airport such as airlines and passengers to encourage them to mitigate their
emissions. HAL has a climate change strategy, led by the airport’'s Corporate
Responsibility Department, which advises all business units on reducing emissions and
sustainable resource use. Climate change risks relating to mitigation are already built
into BAA’s corporate risk registers.

In terms of adaptation, there are numerous weather related risks already considered and
managed on BAA'’s risk registers, however these have not, to date, been specifically
informed by the physical impacts of climate change but are based on current conditions
and recent observed changes on the ground.

Because aviation is weather-sensitive, Heathrow is unlike many office based businesses
in that it has a good understanding of how the weather and climate impacts on its
operations, and has numerous contingency plans and procedures in place already to
deal with weather related risks. Weather is however of considerable importance to the
airport and it is regularly monitored and forecasts are used to inform a number of
activities at the airport. Meteorological information is provided to airport staff in the form
of a half hourly weather report or METAR which describes current conditions, and by a
Terminal Aerodrome (or Area) Forecast (TAF) which describes forecast conditions.

There are numerous weather-related contingency plans and procedures already in place
at the airport because of the weather-sensitivity of aviation. Day to day activities at the
airport are guided by detailed meteorological forecasts which dictate corresponding
changes to staffing levels, procurement of seasonal and contingency supplies, direction
of work patterns and the implementation of contingency plans and procedures if needed.

Other existing contingency plans which could be used to respond to climate change, are
more generic in nature and deal with the likely consequences of a range of events likely
to result in common impacts for the airport i.e. delays, disruptions, runway closure.
These plans focus on managing consequences to some degree regardless of the
specific nature of the input trigger, which could be anything from heavy snow to volcanic
eruptions.
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For HAL if an external threat, outwith HAL’s direct control causes disruption at the airport
the first priority is to manage the disruption, and the specific cause of the disruption is to
some degree irrelevant. Hence the development of generic consequence-based rather
than causal contingency plans to ensure that even if events occur which it would not be
possible to foresee, the consequences can be managed in a systematic and well-
practiced manner.

More information on Heathrow’s risk management and contingency planning is detailed
in the following sections of this chapter.

4.6.1 Existing Risk Management Framework

Up until March 2010, Heathrow's risk management framework defined five levels of
incident ranging from Level 0, which is considered as business as usual through to Level
4 (which is a major cross-terminal crisis). Levels 1 and 2 fell within the incident
management category; and levels 3 and 4 trigger crisis management responses. This
crisis management framework is currently being revised in the light of the findings of the
Heathrow Winter Resilience Enquiry which recommended numerous improvements to
existing systems in March 2011.

Crises and contingency plans are managed via a tactical response defined as Gold and
Silver Command crisis management teams. Whether a Gold or Silver crisis command
response is required is determined by a number of ‘trigger criteria, and the crisis
management response being used can be up or down graded depending on how the
situation on the ground changes.

4.6.2 Contingency Plans and Control Measures

Heathrow has a comprehensive approach to risk management given the diverse threats
and challenges facing the aviation industry. BAA’s risk registers cover topics as diverse
as industrial unrest, fossil fuel depletion / price shocks, terrorism and the threat of global
pandemic. Dealing with meteorological risks is an important part of this process.

Risks at Heathrow are managed by a suite of control measures which include extant risk
management equipment, design standards, operations, procurement, policies and
procedures. Many of these control measures are able to be adjusted as the conditions
dictate (i.e. changes to the heating and cooling regime in terminal buildings, increased
staffing for snow clearance during periods of wintry conditions).

Alongside standard control measures, to cope with existing extremes Heathrow has
comprehensive contingency plans in place which are regularly reviewed and tested and
an integral element of HAL's risk management function. This suite of contingency plans
cover a wide range of meteorological events and other natural ‘disasters’ including
snowfall, flooding, high winds, fog, offsite problems at destination airports (for example
the Boxing Day Tsunami in 2004), disruption to surface access (including contingencies
for the closure of the Central Access Tunnel) and extended flight bans such as that
resulting from the Eyjafjallajokull volcano.
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Weather-related Contingencies and Controls

Weather-related disruption is something that Heathrow has had to face historically, and
will not be a new challenge for the airport resulting from climate change. It is
acknowledged however, that the severity and frequency of weather-related disruption
and the type of challenges encountered are likely to change as a result of the changing
climate; both around Heathrow itself and in the vicinity of its destination airports.

Some periods when a contingency plan is likely to be enacted can be discerned in
advance and the contingency planning process is forward-looking and informed by the
best available evidence. In the case of weather events this process is informed on a
weekly planning basis. Heathrow Airport Ltd sources its weather forecasts from the Met
Office and WSI Hubcast. Both forecasts provide comprehensive, quantitative
assessments of weather conditions for the next five days. This data is supplemented
by observations from ATC observers at Heathrow Tower. Most pre-prepared
contingency plans are enacted when conditions on the ground or meteorological
forecasts meet certain predefined trigger thresholds. Weather forecasts are used by
HAL management to determine shift patterns and staffing levels, prioritise activities
scheduled for the week and are also used for the procurement of essential supplies to
help deal with a given forecast weather event. In periods of poor weather, forecasts are
communicated to those involved in weather-sensitive activities and planning, on at least
an hourly basis throughout each day to ensure that the latest conditions and projections
are considered.

Forecasts are also communicated with members of the travelling public and partner
organisations such as the airlines. The airlines receive their own weather briefings and
knowledge is passed from them to HAL and vice-versa to ensure that relevant
knowledge and forewarning is shared across the Heathrow campus. It is quite normal
for flights to be disrupted by weather as aviation is very weather-sensitive. Some
airlines will proactively cancel parts of their schedule in response to severe conditions.

Other Contingencies and Controls

Other information sources which are used to inform contingency planning at the airport
include the weekly liaison between the port medical officers and the Health Protection
Agency (HPA), from which any relevant information is shared with key stakeholders such
as Heathrow Animal Reception Centre, waste disposal contractors dealing with food
waste, cleaners and flight crews.

Other events such as the occurrence of SARS and the flight ban arising from the 2010
Icelandic volcano cannot be predicted with any certainty in advance and require a
proactive and rapidly evolving response. These events rely on generic rather than
causal contingency plans and the stores of emergency supplies already in place at the
airport and may necessitate rapid changes to staffing levels, operation patterns,
information communication and supply procurement. Heathrow, like most airports, has
a plan in place for example, to respond to mass congestion at the airport. This has
been agreed informally with the Airline Operators Committee (AOC) and the CAA and
requires HAL to provide information and certain emergency welfare items (e.g. water,
chairs, ponchos, blankets etc) to passengers, and additional shelter via marquees when
disruption is expected to exceed six to eight hours.
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4.6.3 Development of Crisis Management Processes

Contingency plans are constantly evolving and are learning documents which
incorporate new knowledge as it arises. Each time a contingency plan or Gold or Silver
command is enacted the lessons learned from its implementation, and nuances from the
specific incidence of disruption, are evaluated and incorporated into contingency plans to
improve resilience in the future. It is possible that as a result of climate change Gold
and Silver crisis command teams could be enacted with increasing frequency.

Heathrow learns not just from events that occur at Heathrow, but from the experiences of
the aviation industry worldwide. In the unlikely event that an incident occurs either at
Heathrow or any airport around the world that has not been possible to foresee in
advance and which is not covered by existing contingency plans and control measures
then new contingency plans are put in place based upon the lessons learned. For
example the 2002 ‘shoe bomber’ incident at Charles de Gaulle Airport in Paris, which led
to the instigation of new control measures including an upgraded screening process for
passengers footwear during security.

4.6.4 Heathrow Winter Resilience Enquiry Recommenda  tions

Heathrow has recently conducted a thorough review of the snow related disruption which
the airport experienced as a result of the abnormally heavy snow witnessed in December
2010. This review, known as the Heathrow Winter Resilience Enquiry reported its
findings at the end of March 2011 and the lessons to be learned from this episode of
disruption are currently being incorporated into HAL's contingency planning to improve
resilience in the future.

In response to the Enquiry's conclusions, the airport plans to develop a £50 million
‘Heathrow resilience investment plan’, which will allow it to implement all the
recommendations contained in the report.

The proposed improvements include new investment in equipment to deal with heavy
snow, increased staffing resources and better training, new crisis management
processes, better communication systems and improvements to passenger care and
support. A new and enhanced snow plan will be produced and agreed by HAL and
partner organisations i.e. airlines, ground handling agents etc and others to ensure that
Heathrow remains open at all times, other than for safety reasons.

The panel also recommended that steps be taken by HAL and the airlines to ensure that
every crisis response team has sufficient on-call dedicated resources rostered to enable
it to function 24-7 for a sustained period, and the process to implement this is ongoing.
Such staff will be trained, experienced and have the necessary leadership skills to
undertake what can be a challenging role in a crisis.

HAL is also strengthening its emergency planning, response and recovery. In the future
a single control centre will be established to manage major incidents, so that all parties
can meet to make more informed decisions. A real-time incident management system
available to all stakeholders is being established which will provide information to all
stakeholders and track and support decision making. In addition HAL, airlines and
retailers will regularly test a sustainable welfare plan, to be triggered immediately to look
after passengers and provide accurate information.
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HAL is also simplifying and streamlining its crisis management framework to the
standard three tier process used by central, regional and local government and the
emergency services across the UK. Staff at the airport will be trained in the new
structure to understand the different roles they play in it.

The recommendations from the Heathrow Winter Resilience Enquiry (see
http://www.heathrowenquiry.com/), and are currently being undertaken by HAL are
summarised in Annex E.
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5 CLIMATE CHANGE MODELLING

5.1 INTRODUCTION

This chapter introduces the approach used for the climate change weather modelling.
The timeframe for the climate projections, location, emissions scenarios used and the
meteorological variables modelled are presented. Sources of information are reported
in this section and the UKCPO09 (UK Climate Projections 2009) are introduced.

The methodology used in the climate change modelling is in accordance with national
guidance from DEFRA, UKCIP (the UK Climate Impact Programme), the Environment
Agency and Cranfield University, international guidance and emerging best practice
where no formal guidance exists. The approach makes use of the precautionary
principle, particularly when considering issues with a high degree of potential future
uncertainty or where rapid advances in the science are possible. The modelling used in
this assessment makes use of the best available climate modelling datasets and
projections.

5.2 EVIDENCE
The key evidence sources used in the production of this report are primarily:

the climate change projections produced by the UKCIP;

in depth consultation with HAL staff and external partners on the airport’'s present
resilience and risk management practices;

peer reviewed science, published since the UKCPQ9 projections were released, for
variables where greater clarity was sought; and

guidance produced by the Environment Agency and DEFRA.

5.3 TIMEFRAME

Because of the long lifespan of the assets already existing, and planned for construction
at the airport, climate change data has been examined for a number of reference
decades to establish likely short and medium / longer term impacts at Heathrow. The
periods considered for this study were:

Short term: 2020s (UKCPQ09 defines the decade of the 2020s for modelling
purposes as a thirty year time slice from 2010 — 2039 by UKCPQ9);

Medium / longer term: 2040 /50s (defined by UKCPQ9 as the thirty year timeslice
from 2030 — 2059);

Whilst dates as distant as the 2050s are unlikely to reflect the planning horizons
regularly considered today by HAL, it is important to include this time period to
understand the magnitude of change likely to be experienced in the UK climate by the
middle of the 21* century, which may not readily be apparent should only short term
projections be considered.
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It was considered that assessing dates beyond this time period would not be meaningful
at this juncture given the uncertainty in the science, emission scenarios and future
airport development plans for such a long time horizon.

5.4 LOCATION

The direct physical impacts attributed to climate change on the Heathrow site itself have
been modelled in detail using the UKCPQ9 suite of climate change projections.
UKCPOQ9 projections have a 25 km grid square granularity. For the UKCPQ9 projections
a grid has been imposed on a map of the British Isles and data produced for all grid cells
where the cell includes 50% or more land area (i.e. grid squares that include mostly
coastal waters have not been modelled). Grid cell ID 1627 which encompasses the
Heathrow Airport site has been used for this assessment. Grid cell ID 1627 has the
following coordinates: Latitude 51.47° Longitude - 0.46°and is illustrated in Figure 5.1.

Given the global reach and interconnectedness of the aviation industry, impacts from
climate change events around the world have the potential to affect operations at
Heathrow. To attempt to quantify global climate change impacts and the indirect
consequences for Heathrow is beyond the scope of this study, however the international
dimension of the potential challenge is considered qualitatively using the best available
evidence. As the science progresses this may be an important area for further research
by HAL and its aviation partners.

Figure 5.1 Reference Location for Climate Modelling

67)8 $ % #
5.5  CLIMATE CHANGE MODELS

Projections of the potential impacts of climate change are made through the construction
and use of global climate models / general circulation models (GCMs) which distill key
physical and dynamical processes of the climate system into equations and algorithms.
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GCMs attempt to describe the complex interrelationships of the atmosphere, biosphere
(living things), geosphere (geology), oceans, cryosphere (ice caps) and human society.

Climate models are extremely complex and can never be 100% accurate due to
limitations in our understanding of atmospheric chemistry and physical processes and
due to limitations in computing power. The sophistication of GCMs is improving with
time. There are, however, numerous physical processes which have so far been
unable to be modelled due to the complexity of the natural systems involved.

This report uses the UKCP09 (UK Climate Projections 2009) suite of climate models to
assess the potential impacts of climate change on the Heathrow site. Details of the
UKCPO09 projections are given in the following section.

5.6 UKCPO0O9 PROJECTIONS

The UKCPQ9 projections are the first generation of probabilistic climate change
projections and are considered to be the most advanced climate change modelling
projections available in the world today. The projections were developed specifically for
the British Isles by the UK Climate Impact Programme (UKCIP).

In April 2009, UKCIP released a suite of probabilistic impacts scenarios (UKCPQ9) to
update the UKCIP02 scenarios it produced in 2002 with the latest science. UKCIP02
provided little transparency over the uncertainty attached to these projections.
Therefore, rather than producing a limited number of climate change scenarios (i.e. high,
medium and low emissions) as in previous projections, the probabilistic UKCPO09
projections produce a range of results to allow a number of outcomes to be considered
and the uncertainty associated with climate change projections to be better understood.

It is important to clarify the treatment of probability within the UKCPQ9 projections used
for this study. The probabilities used in UKCPQ9 are subjective probabilities (similar to
horse racing odds) based on scientific judgement rather than objective probabilities
based on a known fixed number of outcomes (like flipping a coin). The UKCP09
projections make use of percentiles / probability levels to express the likelihood of
changes being greater than or less than a certain amount.

The 90™ percentile of a given UKCP09 projection illustrates that 90% of the model runs
fall at or below that level, and 10% of the model runs returned values higher than that
level, and is an indication of a level that is unlikely to be exceeded. A 90% probability
level is not indicating that there is a 90% chance of a given projection occurring in the
future. In fact, UKCPQ9 gives no probability of any individual projection actually
occurring in the future.

5.7 EMISSIONS SCENARIOS

GHGs can have a long term affect on the climate and current emissions will impact upon
the climate for many years after they have been released, due to time lags in the
atmospheric and ocean system.
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For short term projections, GCMs can be used to assess the impacts of climate change
based upon recorded past GHG emissions. When considering the time period from the
2030 - 40s onwards, however, models must be run with assumptions about future
emission levels as these will be the most significant determinant of climate change from
this date. Future climate change will be impacted by emissions of GHGs which have
yet to be emitted (the evolution of which is uncertain) and so GCMs are used in
conjunction with speculative pathways of potential future development commonly termed
emissions scenarios.

To ensure standardisation and consistency, the IPCC published a Special Report on

Emissions Scenarios (1) (SRES), which provides standardised emissions scenarios for
use with GCMs to describe the range of possible future emissions of greenhouse gases
(GHGSs) that different socio-economic development pathways could produce over the
coming century. Each emissions scenario is associated with different degrees of
climate change, dependent on the assumptions made in the emissions scenario about
population growth, energy use and the future fuel and technology mix. These
alternative scenarios are known as Al, A2, B1 and B2, and within Al, there are a further
three sub-scenarios A1FI, A1T and A1B, making a total of six emissions scenarios.

The SRES Emissions Scenarios are summarised in Table 5.1.

Table 5.1 SRES Emissions Storylines
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The projected impacts of each of these emissions scenarios on annual emissions of
GHGs and the associated resulting temperature change are illustrated in Figure 5.2:
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Figure 5.2 SRES Emissions Scenarios in Terms of CO , Emissions and Likely
Future Global Average Annual Air Temperature Rises

Because of time lags in the atmospheric system the climatic response to different
emissions pathways does not diverge significantly until the 2040s, because most of the
climate change that will occur between now and 2040 will be as a result of historic
emissions which have already been released. This relative commonality until the
2040s, and the differences between emissions scenarios, can be seen in the modelling
results section of this report in Section 7, where both the medium (A1B) and high (A1FI)
emissions scenarios are illustrated.

This assessment relies on the precautionary principle and so both the medium (A1B)
and the high (the A1FI) emissions scenarios have been used to develop characteristics
for threshold and consequence analysis at Heathrow.

Considering two different emissions scenarios is in line with IPCC best practice guidance
which recommends avoiding using a one scenario approach, or what it terms ‘picking a
winner’, as such an approach is insufficiently robust to counter the considerable
uncertainty involved.

The central case used in this assessment is the 90" percentile of the medium
emissions (A1B) scenario which was chosen to be consistent with the approach taken by
the Mayor of London and Transport for London.

An upper bound of the 90" percentile of the high emissions scenario has also been
considered for stress-testing purposes. In terms of expressing the upper and lower
likely extremes of climate change, whilst ALFI is most representative of the existing
SRES scenarios as a reasonable worst case scenario it should not be considered that
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this represents the absolute upper case, as the science is rapidly progressing and
absolute upper bounds cannot be stated with certainty.

The lower bound used for this analysis is the 10™ percentile of the medium emissions
scenario.

Box 5.1  Emissions Scenario Summary
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The choice of emissions scenarios used in this study is illustrated with an example for
clarity in Table 5.2 with the central case shaded in grey, and the upper and lower
sensitivities (10% medium emissions and 90% high emissions) for each time period
shaded in yellow.

Table 5.2 Example of the Scenarios Used (Mean Annua | Temp. (<))
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We can see that for this example the central case of change to mean annual air
temperatures for the medium term (2040s) is a rise of around 3.1C, with an upper and
lower bound (used for testing sensitivities) of between +1.3 to +3.3C by this date.

In line with the precautionary principle the risk assessment (see Chapter 9) will be
carried out against the low, central and high scenarios. Where risks assessed differ
depending on future climate scenario this will be identified.

5.8 METEOROLOGICAL VARIABLES

Climate change projections for the following meteorological variables have been
extracted from the UKCP09 datasets (1):

mean air temperature;

seasonal mean air temperature;
temperature of the coolest day;
temperature of the warmest day;

$7(= ) &*
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temperature of the coldest night;
temperature of the warmest night;
precipitation;

precipitation on the wettest day;
total cloud cover;

relative humidity; and

relative sea level rise (m).

Other climate variables, many of which are of significant interest to the aviation and
airport operation sectors, were not able to be modelled in a probabilistic manner and
included in the UKCPQ9 projections, largely due to issues of modelling complexity and
the uncertainty associated with these variables. It is important that these key variables
are considered because of their potential significance for Heathrow. To assist with this,
alternative information sources have been consulted in line with the UKCIP technical
guidance for the following additional meteorological variables:

fog frequency (1);

storm frequency and severity (with storm being defined here as low pressure
storm systems as opposed to convective thunderstorm events) )

surface wind speed (3) ;

lightning (4); and

snow (9).

Regrettably, other climate variables which may be of particular interest to airport
operators, such as changes to wind direction (which could affect runway utilisation) and
wind speed at altitude (which could affect the time aircraft take to fly sectors), are not
currently encapsulated within the UKCP suite of climate projections and the GCMs
(Global Climate Models / General Circulation Models) on which UKCP is based, due to
inherent methodological difficulties in modelling and projecting these complex
characteristics.
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6 ASSUMPTIONS AND UNCERTAINTIES

6.1 INTRODUCTION

This chapter describes the key sources of uncertainty relating to the climate change
science and modelling. It also describes how these uncertainties have been treated by
the methodology, and details the assumptions that have been made in the course of this
study.

6.2 SOURCES OF UNCERTAINTY
6.2.1 Scientific Uncertainty

The assessment completed and presented within this report has been undertaken with
the latest probabilistic climate models. Climate change science, however, is a field that
is rapidly advancing, as modelling techniques, the datasets of observed change and the
scientific understanding of the complexity of the climate system all improve.

A level of uncertainty will always be inevitable as the degree of future climate change will
be determined by factors which are yet to be realised, including future emissions and
population levels. Thus no climate change projection should be seen as a prediction,
and the modeling referred to in this report should be considered to be the best available
evidence at this time.

Sources of uncertainty which may affect the validity of climate projections are highlighted
below:

A key area of uncertainty relates to the scale and rate of climate change and the
ability of policy documents and consensus agreements (such as the negotiations
at Copenhagen and Cancun) to be informed by the latest science. Much new
research has emerged since the findings of the IPCC’s Fourth Assessment Report
(on which much of the UKCP09 modelling is based, some of which changes our
understanding of climate change.

There is a lack of understanding of positive feedback effects in the climate system.
Many of the complex interactions between the biosphere, cryosphere, hydrosphere
and atmosphere have not been possible to quantify or translate meaningfully into
GCMs. Without adequate incorporation of positive feedback mechanisms into
climate models it is possible that the timescale for changes may be considerably
less the modelling suggests.

There are limitations relating to climate models and computing power. Climate
models are not able to reproduce the full complexities of the real climate system
due to limitations in scientific understanding, modelling technigues, availability of
data, and computer processing power.

There are limitations and uncertainties imposed by the manner in which probability
is treated in climate change models.
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6.2.2 Uncertainties relating to Heathrow and the Av  iation Industry

There are also uncertainties with regard to the future development and role of Heathrow,
the regulatory environment surrounding airport operation and the future evolution of the
wider aviation industry.

6.2.3 Uncertainties regarding Critical Thresholds

Assets at Heathrow stem from different time periods and are subject to different levels of
knowledge on their technical specification and consequently the thresholds at which
climate change will become critical. Where improved understanding is judged important
this has been identified.

6.3 RESPONDING TO UNCERTAINTY

To counter the sources of uncertainty described in the proceeding sections, this study
has employed a nhumber of methodological approaches to help manage this uncertainty.
These are presented in the following paragraphs:

6.3.1 Use of the Best Available Climate Projections

The use of the UKCPQ9 projections which represent the best available modelling and
projection data in itself makes the uncertainties clearer, providing as they do a range of
potential outcomes, together with their associated probability based on evidence and
expert judgement. To create UKCPO09, a total of 31 model parameters were varied to
provide around 300 model versions, creating a large ensemble of projections of future
global climate.

The UKCPQ9 projections do not have an objective probability, but rather provide results
with a subjective probability attached, i.e. they provide an estimate based on the
available information and strength of evidence (similar to horse-racing odds). This
approach does not inherently reduce uncertainty; it does, however, make the uncertainty
attached to projections more transparent.

The methods used to create UKCP09 have been reviewed by scientific experts and
judged to be credible and to represent best practice in climate modelling.

6.3.2 Consideration of Reasonable Worst Case Scenar  ios

To respond to the uncertainty regarding the pace and scale of climate change it has
been important to make the precautionary principle central to this assessment.
Therefore the emissions scenarios and probability percentiles selected for the study
represent for each climate variable a threshold that most current models suggest is
unlikely to be exceeded i.e. a reasonable worst case, based on the science available
today.
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6.3.3 Consideration of the Likely Timescales for Ch  ange

For each risk the approximate time period (i.e. short or medium / longer term in line with
the UKCP09 modelling periods described in Chapter 5 ) when they may occur, and / or
become important for Heathrow has been presented where there is sufficient detail or
certainty in the data to allow assessment in this way. Changes to the consequence and
likelihood of a given climate risk have also been presented i.e. for many risks there is a
small likelihood and consequence of their occurring in the short term but their likelihood
and / or consequence is likely to increase in the future without the instigation of
additional control measures.

The time periods associated with each climate change risk should be considered as
based upon the best available evidence today rather than absolute predictions as to
when an impact could become problematic for HAL, and the likelihood and
consequences of any climate change risk occurring should be subject to revision as the
scientific understanding, or events on the ground, progress.

6.3.4 Risk Review

Because of the incremental and cumulative nature of climate change it is important that
a watching brief is kept with regard to risks identified for the medium to long term and if
evidence — either from events on the ground or from the latest science, suggests that a
risk is inappropriately defined - that it is revisited.

6.3.5 Confidence ratings

The risks identified as part of this assessment have also been given a confidence rating
based upon scientific consensus and understanding of the processes involved. This
will help to inform the need for future research.

6.4  ASSUMPTIONS

The following assumptions have been made through this assessment:

UKCPO09 projections are an accurate representation of the climate change impacts
which will occur;

risks to the supply of key services upon which Heathrow relies, i.e. electricity, gas,
water will be adequately managed by the authorities and organisations responsible
for their supply;

aviation infrastructure and technology continues to operate fundamentally in the
same way as envisaged today;

third party organisations, whose business affects HAL's activities and resilience
continue to operate in the same manner and at the same performance standards
that they do today;

passenger and cargo requirements for air transportation will continue to develop in
line with HAL and CAA forecasts, and that UK population levels develop in line
with Government forecasting; and
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Heathrow's current business and development plans are assumed to be
acceptable to the Regulators and Government.
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7 CLIMATE CHANGE PROJECTIONS FOR HEATHROW

7.1 INTRODUCTION

This chapter summarises the climate change projections extracted from UKCPQ9 for
Heathrow for a range of climate variables.

Full technical results of the climate modelling illustrating the range of likely impacts
associated with different emissions scenarios and different probability percentiles are
presented in Annex B of this document. The implications of these changes for
Heathrow Airport are discussed in the results of risk assessment presented in Section 9
of this document.

7.2 UKCPO0O9 RESULTS

The central case used for this assessment (the 90" percentile of the medium emissions
scenario) is indicated by the figures in the tables without parentheses. Figures in
parentheses represent the range of results projected from a lower bound (the 10"
percentile of the medium emissions scenario), to an upper bound (the 90" percentile of
the high emissions scenario). The projections are presented alongside baseline
conditions, and a reasonable worst case (RWC) of the likely absolute future values for
each variable is given in bold text. Where uncertainty regarding the direction of change
of a variable arises from the models (i.e. some model ensembles suggest that summer
rainfall may increase, other suggest a decrease), then both extremes are presented in
bold text as the RWC.

7.2.1 Temperature Change

Box 7.1  Temperature Change Summary

Temperatures are projected to rise in all seasons over the coming century, with the most extreme changes
witnessed in the longer term, and most observable in the summer and autumn months. Summer extremes
including temperatures on the hottest day rising into the 40C s is likely to be increasingly challen ging for
existing infrastructure, building stock and vulnerable population groups. Freezing temperatures are
projected to become less likely in the winter but due to large scale phenomena such as the Arctic Oscillation
(whose relationship to climate change is unclear) cannot be ruled out even by the longer term.
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Table 7.1 UKCPO09 Modelling Results for Temperature

Variables at Heathrow
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The results above show that warming is projected to occur in all seasons and across the
diurnal cycle as a result of climate change. In the short term the changes are likely to
be most pronounced in the summer and autumn months. By the 2040s mean summer
temperatures are likely to be in the mid to upper 20<Cs.

Extremes are likely to see significant change with for example the temperature
experienced on the hottest summer day likely (according to the central estimate) to rise
by some 6.51C (upper bound of +7.28C) by the 2040 s. By the 2020s the temperature
on the hottest summer day could exceed 40C and nig ht-time temperatures in the mid
30Cs may be witnessed. This represents a signific ant change from today’s conditions,
where the highest day time temperature recorded at Heathrow was 37.9C, and the
hottest summer night-time temperature observed to date is 29.5C. Put another way,
the extraordinary summer heat wave of 2003 will be considered normal by the 2040s.

Conversely in the winter months, temperatures below freezing are likely to become
increasingly infrequent at Heathrow, but given the greater inter-annual variability likely to
result from climate change, and uncertainty as to how climate change may interact with
large scale climatic phenomena such as the Jet Stream and Arctic Oscillation; cold
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winters such as that experienced in 2010-11 can not be ruled out, even by the latter half
of the century. Further consideration of winter conditions and the likelihood of snow at
Heathrow in the future are given in Section 7.3.2 of this chapter.

7.2.2 Precipitation Changes

Box 7.2

Precipitation Change Summary

There is greater uncertainty regarding projected changes to rainfall.

One of the features of climate change

is likely to be significant year to year variations in rainfall and difficulty in predicting seasonal precipitation,

thus wash-out summers could alternate with summers dominated by drought.

Overall a modest annual

increase is projected, with significant shifts toward considerably more winter rainfall and drier summers.
What rain does fall is increasingly likely to fall in torrential downpour.
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The confidence attached by climatologists to precipitation projections is lower than that
for temperature variables and hence the wider range of potential values for precipitation
in the future as a result of climate change.
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Heathrow is projected to experience a relatively modest increase in annual precipitation
(of the order of 5%) in the future. However, this modest annual increase masks
significant seasonal shifts in rainfall patterns. UKCPOQ9 projects that by the 2040s
winter rainfall could increase by 26.6% (from 148 mm today to 190 mm), and summer
rainfall could according to the lower bound, decrease by up to 34.5% (from 142 mm
today to 93 mm) within the same time period.

There is also likely to be greater inter-annual variability and lack of predictability (in terms
of annual and seasonal rainfall bearing resemblance to past patterns), with what rain
does fall being more likely to occur in torrential precipitation episodes. Perhaps the
most significant change projected for rainfall relates to changes to precipitation on the
wettest winter day which could increase by 29% (+ 31% according to the upper bound)
by the 2040s.

7.2.3 Changes to Other Meteorological Variables

Box 7.3  Cloud Cover and Relative Humidity Changes S ummary

There is significant uncertainty related to projected changes to cloud cover and relative humidity, not least
because many climate change models have difficulty in expressing changes to water vapour content in the
atmosphere. Changes to cloud cover and relative humidity are projected in all ensemble runs and emission
scenarios to be modest (i.e. <5% change over current conditions).

7.3 UKCPO09 Modelling Results for Other Variables at  Heathrow
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It is difficult to model changes to cloud cover and relative humidity due to considerable
uncertainties in how best to translate these phenomena into algorithms that can be used
with climate models. Generally cloud cover is expected to reduce on an annual basis
and this trend is likely to be most discernable during the summer. In the winter small
increases in cloud cover may occur. Relative humidity is likely to increase under the
central estimate for both summer and winter. The upper and lower bounds suggest that
the moisture content of the air in the summer may become drier. Changes to relative
humidity and cloud cover at Heathrow are projected therefore to be modest.
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7.3 REsuLTS FROM UKCPO09 ADDITIONAL TECHNICAL PRODUCTS

It was not possible for UKCP09 to include probabilistic projections for all climate
variables of potential interest to users, for a variety of reasons often related to modelling
constraints. Therefore, a further set of technical reports was produced to summarise
the best presently available advice that can be given for several additional variables
specifically; wind speed, fog, lightning and snow. In all cases, the advice is based on
an ensemble of 11 RCM (Regional Climate Model) projections run for the medium
emission scenario at 25 km resolution, forming part of the wider suite of simulations
carried out for UKCP09.

No RCM modelling was undertaken by UKCPQ9 for any of these variables using the low
or high emissions scenarios.

Furthermore for these additional technical reports, interim projections for the early and
middle periods of the coming century were not produced; all data in the following
projections refers to the 2080s — a period beyond the scope of this present assessment
which considers the medium / longer term up to the 2050s. Nevertheless these long
term projections have been considered within this assessment as the best available
evidence for these climatic variables despite this temporal difference. This is consistent
with the precautionary principle, although it should be noted that the changes projected
for the 2080s may not occur in the 2040s/50s.

The projections for these variables from the supplementary UKCPO9 technical reports
are discussed in the following sections.

7.3.1 Changes to Visibility and Fog

Box 7.4  Fog Changes Summary

There is significant uncertainty related to projected changes to fog frequency, not least because many
climate change models have difficulty in expressing changes to water vapour content in the
atmosphere. The UKCPO09 projections suggest that fog frequency is likely to dramatically decrease in
percentage terms in the spring, summer and autumn months by 2080 and there will be a reduction in
the annual number of fog days. In relative terms this represents a modest reduction in fog days of 2-3
days over the year from a baseline of 11 days, so any changes are unlikely to be particularly
significant. Increases in fog frequency are projected for the winter months for Heathrow in the order of
20% (or one extra foggy day) over current conditions.
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Table 7.4 UKCPO09 Results for Fog Variables at Heath  row
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Fog occurrence presents considerable difficulty from a climate modelling perspective.

The approach taken by UKCPO09 (1) has some limitations including an inability to
replicate past fog observations accurately. UKCIP notes that while the evaluation of
past performance in simulating fog is an important check, it should not be assumed
either that a reasonable historical simulation guarantees a credible projection of future
changes, or that the presence of biases in the historical simulations (provided they are
not too large) precludes the possibility of obtaining credible future projections. UKCP09
uses a visibility threshold of 1000 m as an indicator of the presence of fog which is
greater than the <600m used by HAL to define low visibility.

In winter, when fog days are most numerous (both today and in the projected future), an
increase of 20% is projected for the Heathrow site. Heathrow today experiences, on
average, 5 days of foggy weather during the winter months and this is projected to
increase to 6 days in a typical 2080s winter. In spring, reductions in fog frequency are
postulated to be approximately -38% over current conditions. At present Heathrow
experiences an average of 1 foggy day in the spring so this would be a reduction of less
than half a day of fog conditions.

In summer, large reductions in fog frequency are projected in most parts of England, and
are likely to approach nearly -70% for Heathrow. Heathrow doesn’t experience much
foggy weather in the summer time today (less than a third of a day in a typical summer)
so this reduction represents a big change to a small baseline value. It is important to
note that this change relates to fog only, and that due to increasing temperatures, and
dependant on the future energy mix — haze could become more common in the 2080s
during warm conditions. Unfortunately the frequency of haze has not been able to be
modelled by UKCP09. In autumn, projected reductions in fog frequency over most of
the UK are generally -10 to —30% for the 2080s compared to today. Heathrow today is
most fog-prone in the late autumn and winter months and this projection would suggest a

= 1 &($>8& ()- ) & (, # = -# ) ( # #1 ( -
$H&(# (- ) &*H)-~ (D -* =D)D (

Page 69 of 129
HAL FINAL REPORT Issue date: May 2011
© Heathrow Airport Limited 2011.



decrease in foggy days from 4.7 days in a typical autumn today to 3.4 days by the
2080s.

7.3.2 Changes to Snow

Box 7.5 Snow Changes Summary

Based on the temperature changes projected for the winter months by UKCPOQ9, the number of days with
snow falling and lying on the ground is likely to decrease significantly in the long term (2080s); however
there is considerable uncertainty relating to snow fall projections. Increased inter-annual variability means
that even by the 2080s snowfall is still possible for Heathrow. Climate change models are not able to
incorporate some large scale ‘chaotic’ climatic phenomena i.e. the Jet Stream and Arctic Oscillation which
have a significant bearing on UK snowfall and thus there is the potential that in a warming world, changes to
the position of these features could result in increased days of snowfall, and even potentially increases in
the rate of snowfall compared to today. Considerable research effort is ongoing in this area.

Table 7.5 UKCPO09 Results for Snow Variables at Heat hrow
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Probabilistic projections of future changes in snow were not provided in UKCP09, due to
the low confidence in the statistical methodology which produced unrealistically large
uncertainties for this variable at the highest percentiles. However, daily values of
snowfall occurrence are available from the ensemble of 11 Met Office regional climate
model (RCM) variants for the period 1950-2099 using the medium emissions scenario.
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Projections of future change in days of falling snow show large reductions that are
largest in the south of England and least for western Scotland, with ensemble mean
winter changes of -85% and -55% using a threshold of 0.02 mm/day to define days with
snow. The individual ensemble members show variations in the magnitude of the
projected change, but confirm the robustness of the sign of the change. The
projections of reduced snowfall are consistent with the influence of warming
temperatures but do not include all factors which could influence future snowfall.

Significant reductions in the number of days with snow are also seen in other seasons,
for all regions. The largest reductions occur in spring and autumn, typically ->70%, with
values of -40 to —70% occurring in winter. Compared to analogue conditions, this would
mean days with snow would fall from the 4 days snow conditions currently experienced
during the spring months at Heathrow, to 0.8 days by the 2080s. In the winter the
reduction is likely to decrease from just over 10 days in the current typical Heathrow
winter, down to just over 3 days in the average 2080s winter. The mean ensemble
results for changes to snowfall in autumn, winter, and spring for the 2080s are illustrated
below:

Figure 7.1 Changes in number of days with snow fall  ing (%) by Season for 2070—
2099 relative to 1961-1990, Ensemble Mean for the 1 1 individual RCM
projections

> N . 67)8 &

For Heathrow, UKCP09 modelling suggests that by the 2080s the number of winter days
experiencing snowfall could reduce by -70%, and the number of spring days (March,
April, May) with snowfall could reduce by -80%. Modelling was not undertaken for the
autumn period as Heathrow has historically experienced less than 4 days of snowfall in
the months of September, October and November on a typical year and this baseline
figure was too small to model without high uncertainty.
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Changes in the 90th percentile of winter snowfall rate, a measure of heavy snow events,
are illustrated in Figure 7.2 and suggest reductions of greater than 80% for most of the
UK. For Heathrow, this suggests a reduction in heavy snow events of -60% in the
winter months, and of up to -80% in the spring. However, one ensemble member does
not follow this pattern and predicts reductions for England and Scotland of generally -
30% or more but increases for small regions including southern England of circa 30%.
These results suggest that although in general there is a reduced likelihood of snowfall
and of reduced snowfall rate, large snowfall events with a potentially increased rate of
snowfall in the future cannot be excluded.

Figure 7.2 Percentage changes in the 90th percentil e of snow fall rate by Season
2070-2099 relative to 1961-1990, Ensemble Mean
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For most of the 1990s and 2000s winters in the south of England were relatively mild
and largely without snowfall. The winters from 2009 to present have however
experienced significant periods of very cold weather and substantial snowfall. Climate
change projections of future snowfall are subject to considerable uncertainties and there
are a number of climatic features which are as yet unable to be included within climate
models including the behaviour of large scale atmospheric systems such as the Jet
Stream which could have a significant influence on future snowfall and lead to a more
complicated picture than that presented by UKCPO09.

The UK’s winter weather is strongly determined by the North Atlantic Oscillation (NAO)
which is a ‘seesaw’ of atmospheric pressure difference above the North Atlantic Ocean
between the Icelandic Low and the Azores high. The NAO index swings from broadly
positive (i.e. a big difference in air pressure between the Arctic and mid-latitudes, which
results in milder than average winters in the UK) to negative values (i.e. a small
difference in air pressure, which tends to result in colder than average winters for the
UK), on a time scale of a few decades. The last period of strong negatives was in 1955
- 1970 whereas the years from 1980 - 2000 were dominated by strongly positive values.
For the last two winters the NAO has been negative. It is possible, that the pronounced
warming recently observed in Arctic waters may be a causal factor in this change.
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Whilst the latest technical guidance from UKCPQ9 on the issue of snowfall is that snowy
winters will become less frequent, it should be noted that climate models are not able to
model blocking anticyclones and the NAO which may have an influence on future
snowfall. Recent work by the Met Office which attempted to incorporate such
uncertainties, suggests that climate change could lead to an increased risk of snow,

sleet, blizzards, ice and freezing fog 1) potentially related to changes in atmospheric

circulation patterns and the 4% increase in water vapour in the atmosphere(z) . The
DfT’s Chief Scientific Advisor has also recently noted:

There is a general trend for the mean atmospheric temperature across the planet to
increase. But whilst this is happening local conditions may well produce perverse

weather events. (3)

In line with the precautionary principle and in the light of the considerable disruption
caused by snowfall, this report has assumed that the future climate may have a
potentially increased risk of snow and wintry conditions although as illustrated in this
section, the science behind this is far from certain.

7.3.3 Changes to Storm Frequency and Severity

Box 7.6  Storm Changes Summary

There is considerable uncertainty in projecting changes to storm frequency and severity, and at present
quantitative projections are not available. Despite some evidence that (low pressure system) storm’s may
become less frequent and / or severe in the South East of England as a result of climate change, in line with
the precautionary principle an increase in both frequency and severity due to more energy in the
atmospheric system, has been assumed for this assessment.

Table 7.6 UKCPO09 Results for Storm Variables at Hea throw
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UKCPO09 defines storms as depressions /low pressure areas and the term ‘storm’ should

not be confused in this instance with convective events and thunderstorms which are
different and unrelated phenomena.

There is no convincing evidence within the UKCPQO9 projections of a significant increase
in the frequency or intensity of storms in the UK.
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Modelling carried out by the Met Office using the medium emissions scenario suggests
that the simulated future changes in storms, and their impact on mean climate
conditions, are rather modest @ . Subtle shifts in the position of the North Atlantic storm
track are possible, but are inconsistent between different models and different model
variants. The frequency and strength of storms remain relatively unchanged in the
future simulations, as does the frequency and strength of blocking events @. Model
projections considered within the IPCC AR4 assessment suggest a general tendency for
more intense but fewer mid-latitude storms, associated with a pole-ward shift of the
storm tracks. The pole-ward shift was also reported within the recent ENSEMBLES
project as was the increased intensity of the most intense storms ©).

There is considerable uncertainty related to projecting future storm frequency, severity
and storm tracks, UKCP09 notes that ‘the IPCC AR4 assessment concluded that the
majority of current climate models show a pole-ward shift of the storm tracks, with some
indication of fewer, but deeper, depressions. This can only be concluded when looking
at the hemispheric scale; the UK is very much smaller than this scale and any climate
change signal is swamped by natural variability and sampling uncertainty resulting in a
lack of any robust signal of changes for the UK.’

In line with the precautionary principle, this report has assumed that the future climate
may have an increased risk of storm conditions in both frequency and severity, although,
as illustrated in this section, the science behind this is far from certain.

7.3.4 Changes to Surface Wind Speed and Prevailing  Wind Direction

Box 7.7  Wind Changes Summary
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Table 7.7 UKCPO09 Results for Wind Speed Variables a t Heathrow
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Probabilistic projections of future changes in surface wind speed (defined by
meteorologists as wind speed at a standard observing height of 10 metres above the
ground surface) were not provided in UKCPQ9, due to lack of suitable multi-model
climate data. However, daily values of surface wind speed are available at 25 km
resolution from the ensemble of 11 Met Office regional climate model (RCM) variants run
for UKCP09. This ensemble was run driven by the UKCP09 medium emissions

scenario only (1).

Changes to Wind Direction

Changes to the direction of prevailing winds are not able to be modelled with any
significant confidence, and this represents an important ‘unknown’ for airports such as
Heathrow because of the requirement for runways to be aligned to the prevailing wind.

7.3.5 Changes to Lightning

Box 7.8  Lightning Changes Summary

There is considerable uncertainty and low confidence attached to projecting changes to lightning frequency
in the future. UKCPOQ9 suggests that lightning may become more frequent across the year at Heathrow in
the future. The greatest increase in lightning frequency is projected to occur in the autumn.
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Table 7.8 UKCPO09 Results for Lightning Variables at  Heathrow

# , 393
) 0&#" 3 - R2
) )JE,-L6 ) 6
) 0&#" s4 - R2
) )E. L 6&## 8
) 0&H" - R
) JE-L &&# 6
) 0&H" T, .
) )E,-L 4
67)8
& o/

Limited research has been reported on changes to the frequency of lightning resulting
from future climate change. Some studies have projected an increase in global
lightning activity of about 30%, with indications of an increase in annual mean lightning
frequencies over the UK, for an experiment in which the atmospheric concentration of

carbon dioxide was doubled (1) .

The UKCIPO2 projections for the medium-high emissions scenario commented that the
number of lightning strikes over England was expected to remain about the same
(increases in the peak lightning flash rate per convective event being balanced by

reductions in the expected number of thunderstorms) (2) .

UKCP09 was not able to produce probabilistic projections for lightning due to
uncertainties in modelling a variable with a scarce and in some instances difficult to
document, baseline. However, daily values of lightning occurrence are available at 25
km resolution from the ensemble of 11 Met Office regional climate model (RCM) variants
run for UKCP09. This ensemble was run for the period 1950-2099 using the medium
emissions scenario.
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7.3.6 Changes to Sea Levels

Box 7.9  Sea Level Rise Summary

There is considerable uncertainty attached to projecting future SLR. The latest body of scientific
evidence would suggest that SLR in the order of 1m would be more likely, and the reasonable worst
case would push this figure up to 1.9m. Heathrow's altitude above sea level is 25m AOD, so even the
RWC would not directly affect the airport although it would alter local drainage conditions, groundwater
levels and could impact upon infrastructure in London and coastal areas which are important to the
airport.
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The sea level rise (SLR) projections included in UKCP09 are based on research

summarised in the IPCC’'s AR4 (4" Assessment Report) (2). The science regarding
SLR has progressed very rapidly since the AR4 was published in 2007, and the
projections given in the AR4 were caveated at the time of publication as being
incomplete because contributions to SLR from loss of terrestrial polar ice sheets were
excluded. Sea levels could rise substantially more and faster than predicted in the
ARA4, according to the latest scientific research published in the intervening years. The
IPCC's forecast of an average rise in global sea levels of 28-43cm by 2100 is now widely
viewed to be too conservative as it is based on multiple models that all exclude ice sheet
flow due to a (then) lack of published literature. Sea level rose at an average rate of
about 1.8 mm/year during the years 1961-2003. The rise in sea level during 1993-2003
was at an average rate of 3.1 mm/year. The IPCC was unable to explain this
acceleration in sea level rise (SLR). Most SLR projections focus on a more distant date
(typically 2100) than that used in this study for the medium / longer term. It is not
possible to interpolate these projections back on a linear basis to the end date of this
present study (2040s/50s) as the change to ice caps in the Polar regions is expected to
be non-linear. Some of the ranges of likely SLR from more recent research which
attempt to quantify the contribution from polar ice sheet dynamics are illustrated,
alongside the AR4 projections in the table below:
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Table 7.10 IPCC and Alternative SLR Projections
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In line with the precautionary principle the findings from the latest science will be used to
inform a reasonable worst case for SLR projections. Therefore an upper bound of 1.9m
(for 2100) which represents a low probability / high consequence event has been
considered.

5 0 C-(# - % % 2 "n$8;, (&, % ( %N - "% F#
2# S #), - ( % #1) (- -W(## - (" & %
$'k* %_""((&'*‘k *_(‘k (*AS: 4_#
#o - ( --# ( "& ## 6/ #1) 7 Uo(- - - #
( "& =## & - St & - (& #1) #
$9%0%% #( )0/* 1, *EAE F>>0>+ >03F >0;E;94A  >** D/ E>
3 $%%%% (- )* -* DI ID-*
2 $%06% (1&H" &V *f 1) * FD1!"' (

Page 78 of 129
HAL FINAL REPORT Issue date: May 2011
© Heathrow Airport Limited 2011.



8 ASSESSING RISKS

8.1 INTRODUCTION

This section details the methodology used in identifying, rating and prioritising climate
change risks for Heathrow.

8.2 SUMMARY OF RISK ASSESSMENT PROCESS

Figure 8.1 overleaf summarises the risk assessment process followed by this study and
is designed to build on existing risk management process used by HAL. This has
required the definition of additional steps (steps 1,6 and 7) to address the long term time
risk and planning horizons relevant to climate change adaptation.
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Figure 8.1 Climate Change Risk Assessment Process
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8.3 IDENTIFICATION AND ASSESSMENT OFF RISKS

Risk identification, and quantification of the likely consequences and likelihood of the
climate risks identified in the risk assessment has been based on:

Knowledge of the climate change projections produced by UKCP09 and the
likely impacts arising from the climatic trends projected;

the engineering specifications and design standards used at Heathrow, both for
existing assets and future development plans;

risks already on HAL's risk registers;
the findings from the literature review; and

experience of past weather-related incidents and disruption at Heathrow
obtained from HAL staff and key external stakeholders.

Risk scoring has been based on expert judgement informed by the best available
evidence and necessarily involves some judgement. Decisions on the appropriate risk
scores, and quantification of likely consequences and likelihood and an assessment of
the existing control measures for each risk was made by the study team in conjunction
with technical experts from across HAL'’s business units.

The risks identified are summarised in Section 9 of this document classified by business
unit.

8.4 HEATHROW'’S EXISTING RISK ASSESSMENT METHODOLOGY

BAA has a comprehensive risk management process in place that is regularly reviewed
and updated.

To maximise the accessibility of the findings of this study to HAL staff; to put the risks
into the context of day to day risk management activities; and to allow comparison of the
risks associated with climate change to other risks on BAA's risk registers for the airport,
the results of this assessment have been expressed in terms of the language, objectives
and processes currently used at Heathrow for risk management where they are
appropriate.

Therefore each risk identified has been assigned a RAG rating of red (significant), amber
(medium) or green (low) using BAA’s risk matrix (see Figure 8.2), dependent on the
likelihood and consequence of it occurring, and taking into account existing
management controls

Likelihood

The BAA Risk Management protocol defines the likelihood of a risk occurring within a
five year time horizon in the following manner:
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Table 8.1 BAA Risk Management Definitions of Likeli  hood
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In terms of expressing the consequence of a given risk, the following definitions or
consequence rankings are used as standard in all BAA risk management
documentation:

1= Minor,

2= Moderate;
3= Significant;
4= Substantial;
5= Grave.

Each consequence is considered across 5 areas of impact i.e. safety, security,
environment, financial, and reputational and legal with the worst category being taken.
The current consequence category definitions are illustrated in Table 8.2.
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Table 8.2 BAA Risk Management Consequence Categorie s
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Controls

BAA's risk registers are graded in terms of how prepared and able Heathrow is to deal
with them today. Each risk on the risk register is assigned a control rating based on the
scoring system below:
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Table 8.3 Control Rating Definitions
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Risk Rating / RAG Score

To rank risks BAA scores the likelihood and the consequence for each risk on its
registers. This scoring system is illustrated in Figure 8.2.

Figure 8.2 Heathrow's Existing Risk Scoring System

"4 /%

The risk rating is denoted as red (high), amber (medium) or green (low) based on the
assessment of likelihood, consequence and taking into account the control rating.

The risks identified in this climate change risk assessment will be rated using this risk
matrix and RAG score system to allow them to be incorporated into the existing risk
registers used at the airport as appropriate.

8.5 RISK PRIORITISATION AND CLASSIFICATION OF ADAPTATION RESPONSE

BAA's risk assessment method has been used as the foundation of the climate change
risk assessment. The method has been supplemented in three additional ways to meet
the specific requirements and objectives of this long term risk assessment and to meet
guidelines of DEFRA and learn from early responders to the ARP.
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Time Horizon

BAA's standard risk assessment methodology considers only the next 5 years. Climate
change is an incremental issue that will take place over a long time horizon. Therefore
this assessment has assessed risks (using the BAA matrix) in two time periods for which
climate change effects have been modelled, eg short term (2020s) and the medium /
longer term (2040/50s).

Uncertainty

Section 6 identifies areas of uncertainty in the assessment. To account for this each
risk has been classified into three categories of certainty / confidence as follows:

Low — areas where projections are constrained by low granularity modelling or
not available in a probabilistic decadal format from UKCPQ9, or based on a few
peer reviewed studies, or on expert judgement only;

Medium — based on expert interpretation of a number of potentially conflicting
peer reviewed studies, and where confidence in modelling is moderate, and in
areas where approximate critical thresholds are approximated from experience if
not design standards;

High — based on expert interpretation that gives a consistent picture and attempt
to explore uncertainty, or where design standards and critical thresholds are
known, and where modelling data is available in a probabilistic format from
UKCPO09.

Adaptation response

Adaptation response actions have been classified into 3 basic categories to reflect the
severity of the risk, the uncertainty in what is required (or the uncertainty in the climate
science) and the urgency of action:

Action:  Action is required in the short term, either to manage short terms risks
(classified as high or red risks), or because the solution to longer term risks
needs to begin in the short term because of long planning or implementation
cycles.

Prepare: Identifies the need for additional research and / or development prior to
confirming or implementing any risk management actions.

Watching Brief: Risks are longer term and require an ongoing watching brief to
monitor development in the science or the effects of climate change on the
ground.

Chapter 9 presents the risk assessment and prioritisation. Chapter 10 sets out the
adaption responses identified.
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8.6 STANDARDISED ASSUMPTIONS MADE DURING THE RISK ASSESSMENT

The following assumptions were made to ensure standardisation and consistency during
the risk identification and prioritisation (likelihood, consequence, control measure)
process:

Risks are assessed against the “low”, “central” and “high” climate scenarios
identified in Chapter 5 in line with the precautionary principle. If the risk varies by
scenario this is identified in the assessment.

Any risk which could increase the risk of an air traffic accident was scored as
having a category 5 consequence (Grave);

The likelihood of lightning strike frequency was assumed to be 1 (improbable) in
all periods in line with the low baseline data and modest changes projected,;

In line with the HAL risk methodology all control ratings were assessed in terms
of the current measures in place to manage the risk. Any development plans,
assets, infrastructure or processes currently in development or construction but
not yet operational were not considered in the control rating;

All risks are assessed assuming no adaptation response beyond those identified
within existing control ratings.
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9 CLIMATE CHANGE RISK ASSESSMENT RESULTS

9.1 INTRODUCTION

In this chapter, the results of the climate change risk assessment are presented in
tabular format and their implications and likely consequences discussed. All risks are
assessed based on existing control measures.

9.2 RISk ASSESSMENT PRIORITISATION

A summary of the prioritised climate change risks identified for the short and medium /
longer term at Heathrow is shown in Figure 9.1 below broken down by business unit.

Each risk is prioritised based on the expert judgment made through the study team and
stakeholders in terms of;

The identified effects and its likelihood and consequences on airport operations,
the likelihood critical thresholds are exceeded, and
the robustness of existing control measures in place to manage the risk.

This risk prioritisation has been classified into significant (red), moderate (amber) and
low (green) risks in the short and longer term in line with Heathrow's risk management
framework, and assumes no additional adaption response.

Each risk is additionally characterized in terms of the uncertainty that relates to the core
climate modeling and the key climate variable resulting in the risk.

To facilitate management of the risks, each is assigned to a business unit with
nominated Director responsible.

All risk prioritisation shown in Figure 9.1 is common to both the “central” and “high”
climate scenarios (see Chapter 5) modeled. The “low” scenario assessment is not
shown and in most cases results in low (green) risks.

Areas where additional adaptation actions have been identified are also shown in Figure
9.1 and discussed in Chapter 10 of this document.
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Figure 9.1

Prioritised Climate Change Risks by Busi

ness Unit

a) Airside Business Unit Climate Adaptation Risks

Risks and Control Measures

Flashpoint of aviation fuel exceeded on hotdays -

Climate Variable

|Excess|\,e

Action Defines actions that are known and required now to mitigate identified short-term climate related risks

and/or longer-term risks if the solution requires action now

o Prepare Defines tasks to improve understanding of the cause or solution to a significant short or medium term
Significant Optimal risk. Tasks are therefore predominately research based
A N Watching Brief Watching brief to be maintained in the short term on the latest climate science developments,
Moderate Adequate and the situation on the ground.
G
Low Inadequate

Gonfitence Risk Grading (no adaptation)

Threshold (climate projections and

or consequences)

Short Term
(to 2020)

Medium / Long (2020
to 2050s)

AIRSIDE

Auation fuel flash point is 38C. Temperatures

Existing Control Measur ~ es

Summary

Adequacy

Adaptation Response Needed

Prepare: Research into spill clean up options currently used at

Business Unit
owners

Director/s
Responsible

refuelling suspension, changes to flight routing.

but during take off and landing instrument loss
[would be critical hence the diversion of routes
and stacks.

and departure routes, diversions.

1 : Tem| H A Spill reporting and defined clean up procedures. airports in warmer climates to commence to develop policies robust Airside Airside Director
potential fire hazard. P during the summer of 2003 peaked at 37.5C P P 9 P A P PP
to air temperatures exceeding 38T.
2 Increased incidence of fuel venting  from aircraft in warm Temp Aviation fuel flash point is 38C. H A A Spill reporting, clean up procedures, airport pollution o Prepare: Research into options currently used at airports in Airside Airside Director
weather. control system warmer climates for spill reporting and clean up procedures.
Onsite fire brigade, fi \( l d i v
. nsite fire origade, fre water supply anc fire mains Prepare: Ensure that the planned changes and development of the
Increased fire risk due to hotter temperatures combined regular drills, smoke and fire detection systems, N
3 B N " N Temp Requires research M G A (o] airport's fire main considers and addresses the potential for Airside Airside Director
with increased lightning and drought potential. \egetation management plans, PATS testing of N N
increased fire risk resulting from climate change.
electrical equipment.
Change in distribution of pests and wildlife specie  s.
PO . . N PPE, first aid for outd kers. Vet , N N - "
4 Potential changes to bird migration patterns and bird strike Temp Requires research L G G st aid for outdoor workers. Veterinary sence, (o) \Watching Brief Airside Airside Director
risk bird management controls.
. Potential to change load factors, ATM rates, if
5 Reduced ‘mv for degamngvaucran due to thin air" and Temp Aircraft operate in multiple temp zones, unlikely H G G needed. Existing noise footprint monitoring and Watching Brief Airside Airside Director
reduced engine efficiency in very hot weather. to be breached t00ls
Grooved runway, drainage system, ATC procedures
Torrential rain creates hazardous conditions for Defined in Strategic Flood Risk Assessment i.e. increased separation distances, runway safety
6 vehicles and planes i.e. airside and landside road Precip. (SFRA) 9 H G A zones, operational guidance for pilots/airside staff, o] ‘Watching Brief Airside Airside Director
\ehicles, and taxiing and landing aircratft. lwarning signs on motorway network to announce
hazardous conditions.
Low Visibility Procedures when the Runway
Seasonal changesto fog related distuption  (increase in Visual Range (RVR) is < 600m and/or cloud LVPs, operational guidance for pilots and airside ) ) v )
7 Fog L G G \vehicles, warning signs on nearby motorway network ‘Watching Brief Airside Airside Director
winter months, decrease for remainder of year). ceiling is < 200 ft. Projections do not suggest
o to alert drivers to hazardous conditions.
any critical thresholds would be crossed
High wind procedures and cross wind
I d risk of schedule interrupti fre t ATC d .e. tion dist: 3
8 nereased risic of schedule interruption.from stormy Storms procedures enacted at defined criteria L G A procedures 1.6. separation distances, [e} Watching Brief Airside Airside Director
conditions. N contingency plans for disruption.
(dependent on aircraft type).
Wing tip vortex is particularly problematic for
I d I f i e ffect due t R i ¢ ffected roofs, ATC
9 ncreased longevity of wing tip vortex effect ueto Wind small planes taking off in quick succession after L G G eparation programme {0 repair aflected 100 Watching Brief Airside Airside Director
general becalming of surface wind speeds. Jarge aircraft procedures i.e. increased separation distances.
All commercial aircraft are tested to a
"demonstrated" maximum crosswind as part of L
10 Ch.a"g.e o prevailing wind direction affects runway Wind Sp.'eedl their certification. Large aircraft are better able to L Not able to be assessed due to lack of projection \Watching Brief Airside Airside Director
utilisation  and schedules. direction data.
handle cross winds than light aircraft.
Technology is improving all of the time.
All commercial aircraft are tested for resilience
to lightning strike as part of their certification.
11 |Pisuption to airfield operations from lightning .. Lighting Planes can withstand lightning strike in the air . & A Suspension of refuelling, changes to stack locations o \Watching Brief Airside Airside Director

Page 88 of 129

HAL FINAL REPORT

© Heathrow Airport Limited 2011.

Issue date: May 2011




(b) Capital Business Unit Climate Adaptation Risks

Risks and Control Measures

Confidence

Climate Variable Threshold (climate projections and

or consequences)

Changesto groundwater levels affect asset integrit ~ y

Excessive

Action Defines actions that are known and required now to mitigate identified short-term climate related risks
and/or longer-term risks if the solution requires action now

® Prepare Defines tasks to improve understanding of the cause or solution to a significant short or medium term
Optimal risk. Tasks are therefore predominately research based
A A 'Watching Brief Watching brief to be maintained in the short term on the latest climate science developments,
Moderate Adeguate and the situation on the ground.
G
Low Inadequate

Risk Grading (no adaptation)

Short Term
(to 2020)

Medium / Long (2020
to 2050s)

CAPITA

Existing Control Measur

Summary

Design standards and construction practices,
emergency contingencies for areas affected by

Adequacy

Business Unit Director/s

Adaptation Response Needed
P i owners Responsible

Action: Ensure appropriate design standards are applied to new Group Enginesring

for 2 weeks+. Temperature envelopes of some

breach regulated conditions
9 safety critical equipment not clear.

buildings.

12(a) [and could cause subsidence and water ingress damage to Precip. See Strategic Flood Risk Assessment M G A flooding / water ingress, Strategic Flood Risk A buildings to address risks from water ingress/flooding Capital Director
buildings and surfaces. Assessment (SFRA) on-going to identify risk and
solutions.
. . Sustained temperatures above 25-30T require Auxiliary Power Units (APUS), Fixed Ground Power Prepare: Research robustness of PCA and FEGP (and any cooling .
Overheating of aircraft on stands.  Increased cooling N N N Group Engineering
13 Temp use of APUs or fixed ground power for cooling H G A at some stands, development of Preconditioned Air A alternatives) making sure that the design standards used are as Capital
demand and rise in energy use. © ! Director
aircraft. (PCA) robust as practicable against future temperature extremes.
UK tarmac standards (roads, aprons) begin to
lose integrity once temperatures in the shade
Heat damage to road and apron surfaces  caused by lexceed 32T. Tarmac itself is black, absorbs Regular inspections, rapid maintenance response, Prepare: Review and ensure continued robustness of hard Group Engineerin
14 |temperatures exceeding design standards i.e. melting, Temp heat and can hit 80T at such temperatures. H G A regular surface relaying, surfaces defined by detailed o standing (road/apron/runway) assets design standards to future Capital 'Biregmr 9
cracking. Runway surfaces design standards withstand far design standards based on current best practice. climate change.
higher temperatures to be able to cope with
aircraft braking.
Problems rarely experienced today i.e. only in Prepare: Review and ensure continued robustness of building Group Engineering
Overheating of operationally-critical buildings ~ which ' exp y1.e. only HVAC, temporary spot cooling (fans) if needed, design standards to future temperature change. Director
. . : some areas after temperatures exceed 30-35C : . "
15 could impair of critical staff or and Temp M G A onsite medical staff, monitoring of temperatures in (o] Capital

Prepare : Ensure design and development of Heathrow's long term
masterplan manages risks from future climate change.

Masterplanning
Director
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(c) Engineering Business Unit Climate Adaptation Ri ~ sks

Action Defines actions that are known and required now to mitigate identified short-term climate related risks
and/or longer-term risks if the solution requires action now

Risks and Control Measures

Excessive

p o [prepar Defines tasks to improve understanding of the cause or solution to a significant short or medium term
risk. Tasks are therefore predominately research based

'Watching Brief Watching brief to be maintained in the short term on the latest climate science developments,

and the situation on the ground.

Optimal

Adequate

Inadequate

Risk Grading (no adaptation) Existing Control Measur ~ es

Confidence
Threshold (climate projections and Adaptation Response Needed
or consequences) Short Term Medium / Long (2020

Business Unit Director/s
owners Responsible

Climate Variable

(to 2020) t0 20505) Summary Adequacy
ENGINEERING
. Design standards and construction practices, N
Changes to groundwater levels affect asset integrit  y emergency contingencies for areas affected by Action: Investigate and address risks of groundwater flooding to Operations Director,
12b)  [and could cause subsidence and water ingress damage to Precip. See Strategic Flood Risk Assessment M A rgency conting fected by A A on: Investig g 9 Engineering Engineering &
. flooding / water ingress, SFRA on-going to identify existing critical assets.
buildings and surfaces. § © Baggage
risk and solutions.
" : Water quality action plan, Pollution Control System Action:  Continue to liaise with the EA to develop and implement " "
Pollution Control System (PCS) challenged during quality P ! trol Sy / ° g P P Operations Director,
; " § o (due to be upgraded), water quality monitoring, improvement options for the Pollution Control System (PCS), o ons -
16  |episodes of extreme weather. Increased seerity of first Precip. Pollution Control System capacity limits M . -~ A A N e . ! Engineering Engineering &
g N debris removal from surfaces, new permitting ensuring that the risks identified by this study are considered
flush effect, less seasonal distinction in PCS operation. N by Baggage
procedures with EA.
Design standards and constructi tices, . . . " "
. . esign standards and construction practices Action: Sensitivity test airport drainage infrastructure to ensure as Operations Director,
Localised flooding  if older drainage overwhelmed by heawy N N lemergency contingencies for areas affected by N N N N N N N
17 " Precip. Design standards for drainage M A N N ) N A A robust as practicable to future climate extremes. and &
rainfall events. flooding / water ingress, SFRA on-going to identify : ! cmate &
N N address risks of flooding to existing critical assets Baggage
risk and solutions.
Action: Continue fo iaise with the EA to develop and implement Operations Directar,
Inte f bals ds at risk of ibside f . . Dail itori d evaluation, WQMS, ti i i i . . . : '
18 ntegrity of balancing pon s at risk of subsidence of Precip. See Strategic Flood Risk Assessment M A aily monitoring and evaluation. Ql evacuation A |mpro}ement optlor\s foy the»PoIIutlon F:ontrol System (FCS). Engineering Engineering &
earth walls and / or extreme rainfall events. contingency plans, ensuring that the risks identified by this study are considered Baggage
Prepare: Ensure that future changes to the airport's heat, power
Increased energy demand for cooling in the summer, and and cooling ion and ission assets are str tested to Operations Director
for heating during winter extremes increases energy spend Challenging only if temperatures exceed 30-35C Dual fed supply, back up generation, move toward be as robust as practicable against future climate change N N N N '
19 Y N Temp M A P . y L Engineering Engineering &
and High reduce of for 2 weeks+. renewable energy centres. projections. Research spare capacity and critical thresholds for ggage
some plant. plant and ission i in hot weather 0929
and potential to accommodate increased demand.
X . .. . . . . - Operations Director,
2 Heat‘ stress risk to s.al‘f ’ pamgularly those in highly Temp Sus@lned temperatures ab‘ove 25-30T require H A Ons!te medlcal facllltlgs‘ PPE, temporary spot V\/ Watching Brief Engineering Engineering &
physical roles. Additional cooling costs may result. cooling or changes to working patterns. cooling (i.e. fans etc) if needed. Baggage
water strategy, ion measures
Drought conditions affect water availability ~ and cause Operations Director,
21 bore hole levels to drop. Restrictions may be posed to Precip. Borehole capacity M \/\/ ‘Watching Brief Engineering Engineering &
water intensive activities. flushing. Dual bore hole and mains supply, new Baggage
permitting procedures with EA.
Freeze / thaw damage of surfaces  as winter Regular inspections, rapid maintenance response, Operations Director,
22 9 N Snow/Winter Requires research M A regular surface relaying, surfaces defined by detailed \/\/ ‘Watching Brief Engineering Engineering &
temperatures become more variable. ! "
design standards based on current best practice. Baggage
Design standards, regular inspections, maintenance Operations irector,
23 |Increased risk of wind damage (o assets, standing Wind/Storm Various wind speed resilience thresholds L A as needed, operational guidance for airside staff in \\/ |watching Brief Engineering Engineering &
aircraft, vehicles and injuries to staff. high winds, waming signs on nearby motorway Baggage
network alerting drivers to hazardous conditions.
Impacts of lighting on control systems and electric ity All modern control systems are sensitive to . . Operations Director,
24 supply. Power cuts and wltage spikes to parts of the Lighting \oltage spikes, risk of disruption and equipment L A ;J:’Slfor safety critical systems, dual fed electricity \/\/ ‘Watching Brief Engineering Engineering &
airport not on UPS during electrical storms. failure or damage pply. Baggage

Page 90 of 129
HAL FINAL REPORT Issue date: May 2011
© Heathrow Airport Limited 2011.



(d) First and Last Risks

Risk d Control M A Action Defines actions that are known and required now to mitigate identified short-term climate related risks
Isks an ontro easures Excessive and/or longer-term risks if the solution requires action now
Prepare Defines tasks to improve understanding of the cause or solution to a significant short or medium term
Significant Optimal risk. Tasks are therefore predominately research based
A A 'Watching Brief Watching brief to be maintained in the short term on the latest climate science developments,
dequat and the situation on the ground.
G
Low Inadequate

Risk Grading (no adaptation) Existing Control Measur ~ es

Confidence

Climate Variable Threshold (climate projections and Adaptation Response Needed Business unit DiScTS
. owners Responsible
or consequences) Short Term Medium / Long (2020
(to 2020) t0 20505) Summary Adequacy
FIRST & LAST IMPRESSIONS
. . De-icing, gritting, PPE, additional heating, onsite
Wintry conditions pose health and safety risks o pax " Aircraft and surfaces treated with de-icer when i L ; Campus Securit
25 Y P Y p Snow/Winter M G G medical facilities, waming signs on nearby motorway (o) \Watching Brief F&L P Y
and staff. temperatures fall below 3C. Director
network alerting drivers to hazardous conditions.
Offsite impacts (snow, flooding, storms etc) could There are limits to the number of people who can Disruption contingency plans (marquuees,
refreshment vouchers, comfort facilities, flexible
impede the flow of people  (pax, crew and staff) if be safely accommodated within HAL terminal Campus Security
26 e . Offsite impacts i . working pattems, communications plans), o Watching Brief FaL "
destination airports or the UK surface transport network is buildings and min requirement for fire service b Director
affected cover. diversification of surface access toward public
) ) transport, motorway warning signs.
Contingency plans for disruption, (limited) storage of
Remote impacts could restrict the flow of essential critical supplies, investigation of preferential . Campus Security
2 supplies to the airport. Offsite impacts  |Storage space t ¢ A partnership status / altemate supplies of key o Watching Brief FaL Director
resources i.e. glycol.
Air conditioning, design standards, onsite medical
28 Overheating on surface access transport  from rising Offsite impacts ‘Temperatures over 30T can be problematic for M G A (acllltlesv, coor\:imatvlon with ﬂPA and TiL, public o Watching Brief FaL Campys Security
temperatures. surface transport and underground. y of in Director
terminals.
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(e) Cross Business Unit and Technical Standards and

Risks and Control Measures

Fracture risk to underground infrastructure from

Climate Variable

Threshold

Confidence
(climate projections and
or consequences)

Assurance Climate Adaptation Risks

Excessive

Action Defines actions that are known and required now to mitigate identified short-term climate related risks

and/or longer-term risks if the solution requires action now

Prepare Defines tasks to improve understanding of the cause or solution to a significant short or medium term
Significant Optimal risk. Tasks are therefore predominately research based
A A 'Watching Brief Watching brief to be maintained in the short term on the latest climate science developments,
dequat and the situation on the ground.
G
Low Inadequate

Risk Grading (no adaptation)

Short Term
(to 2020)

Medium / Long (2020
t0 20505)

CROSS BUSINESS UNIT

Existing Control Measur ~ es

Summary

Regular inspections, rapid maintenance response

Adequacy

Adaptation Response Needed

Prepare: Investigate winerability of underground sences to climate|
change risks from fracture /damage and ensure appropriate adaption

Business Unit
owners

Jointly: Airside

Director/s
Responsible

(without adaptation).

by others i.e. utilities, TfL etc

surface transport routes and utility supply problems.

29 lincreased winter temperature variability and freeze / thaw 3rd party not known M A A and repairs as needed, back up links and spare A Airside/Ops Directors
oy changes are incorporated into future development plans as Engineering
damage. capacity in utility supply.
appropriate.
Aircraft and surfaces treated with de-icer when " : A
" De-icing procedures, snow clearing vehicles, B Jointly: Airside
temperatures fall below 3C. Contingency plans Action: Continue to implement the recommendations of the
Increasing variability of snowfall challengeswinte 1 ; " changes to staff working patterns, contingency " Engineering Airside/Ops/Risk
30 N N N Snow/Winter in place today being updated to incorporate the M G A N (o) Heathrow Winter Resilience Enquiry and ensure that planned future N
contingency plans , de-icing supplies and staff experience. plans, weather forecasts, findings of the Heathrow Standards and Directors
findings of the Heathrow Winter Resilience o ! contingencies consider future climate change.
Enauiry. Winter Resilience Review implemented. Assurance
ASSURANCE
Heathrow Airwatch, air quality monitoring, targeted
. N N N N landing fees, improved departure procedures, Clean
au [Heatwawe condilons resitinnegaive impacisan air| pg, - |Standards are clealy demarcated and af qualty w 5 A Veticles Programme, green e mathes, mowe. [0 Watching sret TseA  [sustanabilty Director
quality. Py a Yy B 9 y P N toward PCA. GHG reduction targets for buildings and
operations.
Changes to global distribution of disease  could increase : Daily monitoring and evaluation, WQMS, evacuation ; " "
32 g g ! Offsite impacts Requires research L G A Y 9 Q (o) \Watching Brief TS&A Sustainability Director
likelihood and frequency of epidemics and pandemics. contingency plans,
Sea Level Rise / torm surge fisks lossof fow lyin g Elevation data for coastal airports and their Contingency plans for changes to intemational
33 |destination airports i.e. Schiphol, Hong Kong (without Sea level rise § L L G G gency pl 9 o Watching Brief TS&A Sustainability Director
design standards. schedules and airport closures.
Sea Level Rise / storm surge risks disruption to UK Not a direct risk for HAL. Infrastructure being Contingency plans for loss of supplies, disruption to
34 |infrastructure i.e. utility supplies, surface transport routes | Sea level rise  |managed and critical threshold being considered L G G gency p pplies, disrup! o Watching Brief TSeA Sustainability Director

Page 92 of 129

HAL FINAL REPORT

© Heathrow Airport Limited 2011.

Issue date: May 2011



9.3 RISK ASSESSMENT SUMMARY

The risk assessment has identified 34 risks in the short and medium to longer term based
on the central and high climate scenarios (see Chapter 5).

Risks in the short term are generally low (green).

In the medium to longer term as climate change is predicted to accelerate, and assuming
no changes to existing airport controls, risk levels are shown generally to rise in
significance. This assessment is common to both the central and high climate scenarios.

In a low climate scenario risk levels in the medium to longer term would be essentially
similar to those in the short term. The results as presented are therefore a worst case.

For Heathrow the most significant risks arise from climate change from projected longer
term changes to temperature and precipitation extremes.

The biggest uncertainties surround future prevailing wind conditions. This is significant
since Heathrow's two runways are parallel and the airport does not have a cross-wind
runway.

The prioritisation, ownership and timing of adaptation to these risks are considered in
Chapter 10 of this document.

9.4 CLIMATE CHANGE OPPORTUNITIES

Not all of the impacts associated with climate change should be considered as negative
for Heathrow. A number of changes arising from climate change could also present
opportunities for HAL. It is important that ways to maximise these opportunities are
considered in future development plans for the airport. The opportunities identified as
likely to arise from climate change are considered below:

Changes to destination choice due to negative climate change impacts overseas
could increase the flow of in-tourists to the UK. Conversely this may reduce
outbound tourism if more people decide to holiday in the UK which could be a
negative impact for HAL. It is not possible to quantify the net change on the
strength of current evidence;

Disease impacts in other parts of the world and a worsening of health outcomes
and thermal comfort (i.e. an increased risk of heat stress in Mediterranean
countries) may reduce destination demand for many parts of the world in terms of
holiday destinations, and increase demand for travel to the UK. Conversely this
may reduce outbound tourism if more people decide to holiday in the UK which
could be a negative impact for HAL.

Loss or damage to competitor hub airports due to sea level rise or other climate
change impacts could increase the volume of passengers using Heathrow;
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Warmer temperatures are likely to shorten the heating season at Heathrow,
whether this reduction in energy demand for heating is likely to be outweighed
by an increase in cooling demand is uncertain;

A potential reduction in fog frequency over the average year, and a potential
decrease in the likelihood of snow could lead to a reduction in weather-related
disruption at Heathrow in the future. Given the future variability of the climate
projected to result from climate change and the fact that snow and fog cannot be
ruled out in the future, it is however, important that control measures to respond
to snow or foggy conditions are maintained;

Changes to the climate could result in a reduction of the bird strike risk at the
airport if the avian population in the vicinity of the airport reduces, or the species
mix changes toward smaller non-flocking species. However there is
considerable uncertainty about how climate change may affect avian populations
and migration routes so this opportunity should not be assumed;

New seasonal or climatic opportunities could arise for HAL and its retail tenants
providing that they adapt the seasonality of their retail mix and product offerings
accordingly.
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10 ADAPTATION STRATEGY

10.1 INTRODUCTION

This section sets out Heathrow’'s adaptation strategy in response to the identified short
and longer term risks of climate change.

10.2 ADAPTATION STRATEGY

The adaptation response to the risks identified in Chapter 9 has been determined and
prioritised through:

a consideration of the scale and importance of the risk in terms of likelihood and
consequence for HAL in the short and medium / longer term;

an appraisal of the adequacy of the current control measures in place to deal with
that risk;

an understanding of any uncertainties and critical thresholds involved; and finally

consideration of the timescales involved both in terms of when the risk may
occur, and how long it may take to implement adaptation measures.

This has led to 3 types of priority adaptation responses as follows:

Action: Action is required in the short term, either to manage short term risks
(classified as high) or because the solution to longer term risks needs
to begin in the short term because of long planning or implementation
cycles.

Prepare: Identifies need for additional research and or development prior to
confirming any risk management actions

Watching Brief:  Risks are longer term and require an ongoing watching brief to monitor
science and effects of climate change.

The adaptation response to the identified climate change risks is detailed in Figure 9.1
(see Chapter 9) by business unit. Each adaptation response, whether “action”, “prepare”
or “watching brief” has been assigned a Director responsible.

It is envisaged that the development and delivery of the adaptation strategy identified
through this study will be a continuous and on going activity that responds an adapts to
new and improved information on the science and understanding of critical thresholds.
The working expectation is that the “actions” and “prepare” tasks identified in Figure 9.1
are completed in the next one to 3 years. “Watching brief’ requirements are on going and
may change to specific actions in the future.

Delivery of the adaptation strategy will require detailed cost benefits of specific remedies
as these are developed as well as an assessment of their wider sustainability implications
in line with Heathrow’s Sustainability policy.
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The adaptation strategy will continue to be evolved based on the on going review and
monitoring of climate change risks (see chapter 11) and detailed consideration of the
barriers to adaptation identified (see Section 10.4) and principles of good adaption (see
Section 10.5)

10.3 RESIDUAL RISKS

The adaptation strategy has been designed to address key risks in the short term as well
as to prepare Heathrow for risks that may occur in the longer term and which require early
action due to long timescales for implementation. This has resulted in a list of adaptation
response requirements classified into “action”, “prepare” and “watching brief” that are
nominally planned for delivery in the next 1 to 3 years.

Heathrow is committed to the delivery of this strategy and its on going development and
evolution with the objective of ensuring that residual risks are managed to acceptable
levels.

10.4 BARRIERS TO ADAPTATION

The IPCC notes that adaptation to climate change has significant limits, some posed by
the magnitude of the likely changes, others related to the rate of change, and others that
relate to financial, institutional, technological, cultural and cognitive barriers. Whilst there
are some commonalities in terms of barriers to adaptation (i.e. scientific uncertainty),
others are very much determined by an organisation’s own situation. For Heathrow
Airport the main barriers to successful adaptation are summarised below:

10.4.1 Scientific Uncertainty

Scientific uncertainty regarding the pace and scale of climate change and particularly
scientific uncertainty surrounding some variables not currently able to be modelled in a
probabilistic fashion i.e. prevailing wind direction.

10.4.2 Financial Uncertainties and Resource Constra  ints

Heathrow, like all businesses, acts within financial constraints. The airport has to
balance the need to invest in adaptation with other business investment priorities.
Furthermore as a regulated company its return is regulated by the CAA in 5 year cycles
that don’'t necessarily match the long term timescale challenges posed by climate change.

10.4.3 Uncertainty Regarding Future Aviation Indust  ry Developments

Uncertainty with regard to long term development trends within the aviation industry,
demand projections, destination trends, aviation technology changes and future
development plans at the airport in the medium and longer term can act as barriers to
adaptation.

10.4.4 Space Constraints

Heathrow’s footprint is comparatively compact when compared to other major hub airports
around the world. Space constraints on the site do limit the storage of supplies onsite,
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and limit the ability of HAL to expand some infrastructure and assets which would improve
adaptive capacity at the airport.

10.4.5 Runway Capacity Constraints

Heathrow is among the most congested airports in the world and the lack of spare
capacity means that unlike many other British or European airport, HAL has very little
room to manouevre when disruption occurs.

10.4.6 Permitting Constraints

Heathrow's activities are constrained by numerous permitting constraints reflecting the
airport’s proximity to residential areas i.e. the night flight quota, Cranford Agreement, air
quality and noise footprint limits. Some of these permitting constraints may affect the
adaptation options available to the airport.

10.4.7 Interdependencies

As a landlord to many other organisations based at Heathrow, HAL is limited in how
directly it can shape the adaptation undertaken by other organisations. Not all adaptation
decisions will be taken in-house by HAL and the airport operator will be affected by the
degree to which other bodies at the airport choose to adapt to climate change.
Furthermore HAL relies on external, offsite third party organisations for some of its
essential services i.e. fuel, staff transport, power, potable water and should climate
change negatively impact these services then the adaptive capacity at Heathrow could be
impaired.

10.4.8 Other Legislative Requirements

HAL'’s adaptation response will need to be balanced with other regulatory requirements.
Primary amongst these is the need to maintain airfield and aviation safety.

10.5 PRINCIPLES OF GOOD ADAPTATION
10.5.1 Defining Adaptation

Adaptation has the fundamental aim of reducing the potential adverse impacts of climate
change and enhancing beneficial impacts, where they occur, but it should be remembered
that the process may incur costs and will not prevent all damages. Adaptation can occur
either in anticipation of change (anticipatory adaptation), or be a response to those
changes (reactive adaptation) after they have occurred. The Stern Review noted that
anticipatory adaptation will likely be less costly than emergency reactive responses.
Conversely, developing adaptation measures long before they are needed, particularly if
this occurs before the science behind the risks is properly understood can increase the
potential for maladaptation (i.e. adaptation which is inflexible and which actually increases
the risk to climate change).

There are two main approaches to adaptation: optimisation and resilience. Optimising
approaches aim to identify the adaptation solutions that present the greatest benefit for
the least cost. Resilience approaches aim to provide increased resilience either in
general or in response to specific risks. They generally involve learning from experience.
The options favoured in the resilience approach tend to be those considered most robust
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against a range of uncertainties (1). HAL's adaptation strategy needs to consider both
optimisation and resilience.

10.5.2 Common Principles for HAL's Adaptation Strat  egy Development

What should be defined as ‘good’ adaptation will vary from organisation to organisation
and will reflect individual organisational priorities and development plans. However there
are some principles which are considered common to all ‘good’ adaptation strategies and
these have been central to the development of a climate change adaptation strategy for

Heathrow and these are summarised below (2) :

No regrets: Priority should be given to measures that are beneficial irrespective of
uncertainties, this may be because they meet other organisational needs;

Synergistic: Priority should be given to measures that are good for both mitigation
and adaptation, and adaptation measures should try to avoid increasing the GHG
burden;

Precautionary principle: The worst-case scenario should be considered, even if
uncertainties are high because of the unacceptably high consequences should
such an event occur;

Flexible: Adaptation policy should be dynamic and flexible (to account for
uncertainties and rapid changes in the science, local conditions and available
solutions) so as to prevent maladaptation (i.e. adapting in a way that constrains
future adaptation choices);

Integrated: Disasters, climate risk, or climate change risk should not be
compartmentalised. Climate change should be an integral part of all emergency
planning;

Knowledge based: Adaptation policy should be based on scientific evidence;
Bear losses and manage impacts When the benefits of taking adaptive action do
not justify the costs, accepting the risk and bearing any consequences and costs

that result from climate change may be appropriate;

Exploiting opportunities: Good adaptation considers opportunities as well as
risks.

Effective: Adaptation measures should reduce the risks from climate change and
not introduce perverse effects. They should be context specific, implementable,
and enforceable.

Proportional: Measures must be cost-effective and proportionate; and

Sustainable: Measures must be in line with overarching objectives on sustainable
development.

1)) $.') . (( - 5% 1) 7% - ¢ )
+ - 1 # )
(& &  # *(#* * * -D% D
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For Heathrow the measure of whether adaptation has been successful is considered to be
that the airport continues to meet its statutory functions, and fulfils its organisational
priorities, meets stakeholder needs, and achieves its strategic intents in the face of

climate change.
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11 CONCLUTIONS, MONITORING AND GOVERNANCE

11.1 INTRODUCTION

This chapter summarises how Heathrow's climate change adaptation strategy will be
monitored, reviewed and governed as well as key conclusions from the study.

11.2 MONITORING, REVIEW AND GOVERNANCE OF ADAPTATION RESPONSE

The adaptation “responses” identified by this study will be monitored through periodic
review at existing senior Heathrow Health, Safety and Environment governance fora to
track progress and where this is considered inadequate escalate action.

Additionally it is proposed that the Corporate Responsibility team carries out a
“comprehensive” review of the risks and climate science every 5 years to coincide with the
development of Heathrow’'s Capital Infrastructure Plan (to respond to quinnquenia
regulatory settlements with the CAA) , with an “interim” review at each quinquenia
midpoint.

This will manage HAL's climate change business risks, aligns with key decision points
around HAL'’s capital plan and prepares HAL for any future response that may be required
by Government.

The review cycle proposed will also ensure that Heathrow's adaptation strategy remains
dynamic, responsive and appropriate by ensuring that it reflects latest scientific knowledge
on climate change and critical thresholds.

11.3 KEY CONCLUSIONS

This report has assessed the potential physical impacts of climate change upon Heathrow
Airport Limited (HAL) and its statutory functions in line with statutory guidance from Defra.

Using best available information on future climatic effects and applying a comprehensive
risk assessment approach that took a precautionary worse case approach to future
climate change risks this study has concluded that:

Heathrow has comprehensive control measures and contingency plans for
managing climate related risks, and largely these are considered sufficient to
manage climate change risks in the shorter term (to 2020).

It isnot feasible at this timetoconduct a detailed assessment of climate
predictions beyond the 2050s since this time scale falls outside typical airport
planning cycles and the climate science becomes increasingly uncertain in the
longer term.

Climate risks in the short term are predominantly low, and where risks are more
significant these are largely already being managed through existing
mitigation and resilience programmes (eg plans to upgrade the airport pollution
control system).
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Assuming no changes to existing control measures the risks associated with
climate change impacts in the medium to longer term are predicted to worsen.

Assuming the adaptation strategy identified by this study is implemented and
continually evolved will ensure that residual risks are appropriately managed.

Key adaptation responses identified in the short term generally build on existing
actions planned by the business.

Delivery of the adaptation strategy will be assured through clear ownership across
Heathrow’s business units together with a requirement for on going reporting of
progress at senior HS&E performance management fora.

Regular (5 yearly comprehensive and mid point reviews) of the climate risk
assessment will ensure continuous updating of the adaption strategy in line with
best available information on climate science, risk thresholds and business and
infrastructure planning cycles thereby allowing Heathrow to appropriately manage
future risks from climate change.
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Annex (A)

Baseline Meteorological Conditions
at Heathrow
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BASELINE METEOROLOGICAL CONDITIONS AT HEATHROW

This annex presents additional baseline data for the climate experienced today at
Heathrow airport.

Heathrow Mean Daily Maximum and Minimum Temperatur e (1971-2000) and
extremes (1948-2007)

[ % )1 (

Average Number of Days of Air and Ground Frostat H  eathrow (1971-2000)

[ % )1 (
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Mean Monthly Rainfall at Heathrow (1971-2000)
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Heathrow Historic Visibility Observations 2000-09 (

Decametres)
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Monthly Mean Wind Speed (1971-2000) and Maximum Gus t (1959-2007) Recorded at
Heathrow
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Annual Wind Rose Heathrow (2000-09)
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Seasonal Wind Rose for Heathrow (2000-2009)

Page 108 of 129
HAL FINAL REPORT Issue date: May 2011
© Heathrow Airport Limited 2011.



Annex (B)

UKCPQ09 Climate Change
Projections — Technical Annex
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CLIMATE CHANGE PROJECTIONS

TEMPERATURE

Change in Annual Temporal Mean Air Temperature T ( Medium Emissions)

67)8
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Change in Temperature of the Warmest Summer Day C (Medium Emissions)

Change in Temperature of the Coldest Winter Night °  C (Medium Emissions)

67)8
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PRECIPITATION

Percentage Change in Annual Precipitation (Medium E ~ missions)

67)8

Percentage Change in Summer Precipitation (Medium E ~ missions)

67)8
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Percentage Change in Precipitation on the Wettest S ummer Day (Medium
Emissions)

67)8

Percentage Change in Precipitation on the Wettest W inter Day (Medium Emissions)

67)8
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CLouD COVER AND RELATIVE HUMIDITY

Percentage Change in Total Cloud Cover — Summer (Me dium Emissions)

67)8

Percentage Change in Total Cloud Cover — Winter (Me  dium Emissions)

67)8
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SEA LEVEL RISE
A , 14< ,
0 @

Relative Sea Level Rise (Metres) (Medium Emissions)

67)8

Sea Level Rise (SLR) Projections Post-AR4

Sea levels could rise by substantially more than the levels predicted by the
Intergovernmental Panel on Climate Change (IPCC), according to the latest scientific
research published since the IPCC’s landmark 4™ Assessment of climate change science
was released in 2007. The IPCC's forecast of an average rise in global sea levels of 28-
43cm by 2100 is now widely viewed to be too conservative by many in the scientific
community as it is based on multiple models that all exclude ice sheet flow due to a (then)
lack of published literature. Sea level rose at an average rate of about 1.8 mm/year
during the years 1961-2003. The rise in sea level during 1993-2003 was at an average
rate of 3.1 mm/year. The IPCC was unable to explain this acceleration in sea level rise
(SLR), and unable to include the contribution to sea level rise from accelerated melting of
polar ice sheets in the 4" Assessment report, because the processes involved were not
understood at the time it went to press. In the interim several studies using a range of
different methodologies, have been published which suggest that sea levels will rise much
higher and faster than previously thought.

Some of the ranges of likely SLR from more recent research are illustrated in the table
below:
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IPCC and Alternative SLR Projections
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The UK Institution of Mechanical Engineers has recently published their professional
opinion how infrastructure development should best progress within a framework of
uncertain science which points toward considering long term impacts (i.e. several hundred
years) for impacts such as sea level rise rather than short term perspectives which will
require revision and which could lead to the construction of significant maladaptation.
The likely long term changes to sea levels expected by the IMechE, and to which they

recommend infrastructure is designed to, is illustrated in the figure below:
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Sea Level Rise Projections (Institute of Mechanical Engineers)
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Annex (C)

Pro-Forma for Heathrow Stakeholder
Interviews
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PRO-FORMA QUESTIONS FOR STAKEHOLDER INTERVIEWS

Operations
Generic Questions:
In what way does current weather and climate affect your part of the business?

Can you recall any occasions when a weather event has had an impact on your
role/actions?

How ‘resilient’ to weather and climate is your part of HAL’s business?

Do you perceive that the future climate will influence the operation of Heathrow
airport? Will it bring any opportunities?

Do you have any suggestions on how your part of the business could adapt to a
changing climate or extreme weather events?
Capital Investment Programme

Is climate change or extreme weather incorporated into the future investment
programmes for Heathrow?

If so, what is the basis for the adaptation measure?
If not, is this a deliberate decision?

How far into the future is the planning horizon for Heathrow?

Stakeholders/Supply Chain

Is your interaction with Heathrow Airport dependent upon, or affected by, weather
and climate?

Are there any specific events you can recall where a weather event has had an
affect on your involvement with the airport?

Do you believe that the future climate will have an effect on operations at
Heathrow Airport?

Are there any measures that can be implemented to make the airport, or your
interaction with it, more resilient?

Page 119 of 129
HAL FINAL REPORT Issue date: May 2011
© Heathrow Airport Limited 2011.



Supplementary Questions (As appropriate)

In what way does current weather and climate affect your part of the business? Do you
think your part of business responds well to the current climate?

Can you recall any occasions when a weather event has had an impact on your
role/actions?

Can you recall any occasions when a weather event caused a ‘near miss’ that could
potentially have had an impact on your role / actions / assets?

What are the ‘weakest links’ in the operations that you work in / oversee?

What has worked well in the past when climatic disruption has occurred, what does
Heathrow do well at times like this?

Are there any plans to boost the resilience to climatic disruption of the area you work in?

What are your big concerns regarding how climate change could impact on your day to
day work? Have you raised your concerns, and if so, are they being taken seriously?

Do you record in a systematic manner when a weather-related interruption has occurred
or when the weather has impacted on your role / actions / assets? Are lessons learned
from past events and used to shape future procedures?

How are you and your team informed that weather conditions are predicted that could lead
to changes to your working practices on a given day? Who is empowered to make
decisions that affect how operations respond to the weather on a day to day basis? Are
existing information systems warning of climatic extremes adequate?

Could you explain how the weather defines the activities / operations undertaken in your
part of the business? Does your role change? What activities are undertaken that are
specific to certain weather conditions (ie during heavy snow, hot weather, periods of
heavy precipitation, frost etc), and what thresholds are used to define when an activity or
operation changes to meet the weather conditions.

What are the implications in terms of direct and indirect consequences of these changes
to activities / operations? Are there existing protocols that you follow? Does this involve
working with different teams, assets, external partners etc?

How robust is the basic infrastructure at Heathrow in terms of coping with the existing
climate? l.e. drainage, staff-transit systems, IT / ‘comms’, electricity supply, gas supply,
heating, cooling, etc

How ‘resilient’ to weather and climate is your part of HAL's business?
What contingencies do you have in place to deal with climatic disruption?
Is there much ‘spare capacity’ to deal with climatic disruption in your team / operation?

What activities, assets, locales, interdependencies on the site seem to be most vulnerable
from your perspective / experience?
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What is the most important element of your job? Is your ‘key deliverable’ something that
is impacted by the weather?

Have climatic events in locations remote from / external to the airport affected your role?

Do you perceive that the future climate will influence the operation of Heathrow airport?
Will it bring any opportunities?

Have you witnessed the impact of what you perceive to be ‘climate change’ on the airport
already? Please discuss in terms of both extreme events and gradual change where
possible.

Do you have any suggestions on how your part of the business could adapt to a changing
climate or extreme weather events?

Are there any obstacles or barriers that prevent greater resilience to the climate or
adaptation to climate change?

Is there anyone else that you think we should be speaking to?

Page 121 of 129
HAL FINAL REPORT Issue date: May 2011
© Heathrow Airport Limited 2011.



Annex (D)

Consultees
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STAKEHOLDER CONSULTEES
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Annex (E)

Heathrow Winter Resilience Enquiry
— Recommendations
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RECOMMENDATIONS OF THE HEATHROW WINTER RESILIENCE E NQUIRY

INTRODUCTION

The recommendations put forward by the Heathrow Winter Resilience Enquiry were
presented under four themes:

Preparation and Planning: how can the Heathrow community plan for events like
the snowfall of December 2010 to minimise their impact?

Command and Control: how should BAA and the Heathrow Community direct and
control serious weather related disruption events like this better?

Communications: how can all parties (passengers, airlines and BAA) get better
information on what is happening?

Passenger Welfare: how can welfare for stranded passengers be improved?
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FURTHER INFORMATION

The full report of the Heathrow Winter Resilience Enquiry is available online and can be
found at:

$*%%% % ?& , (#*

S " (- L E %1 6 (L 1-X

)i D;

Page 129 of 129
HAL FINAL REPORT Issue date: May 2011
© Heathrow Airport Limited 2011.



