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Submission from Carbon Trust

Summary Table of Issues Presented to the Committee in
Writing during its Public Consultation Phase

On 23 November 20008 the Environment Committee agreed to conduct an inquiry into climate
change. The Committee’s current position on climate change was established at its meeting on 7

September 2007 when it considered a number of questions relating to the UK Climate Change
Bill (now the Climate Change Act).

On 11 December 2008 the Committee agreed the aim and terms of reference for the inquiry:



Aim:

To understand the implications of climate change for Northern Ireland and to make
recommendations on government policies, in line with the Committee’s earlier response on the
UK Climate Change Bill, to mitigate the impacts of climate change, examine economic
implications and identify suitable adaptation initiatives.

Terms of Reference:

1. To identify initial commitments for Northern Ireland that will ensure it plays a fair and
proportionate role as part of the UK in meeting climate change targets.

2. To consider the necessary actions and a route map for each significant sector in Northern
Ireland (energy, transport, agriculture and land use, business, domestic, public sector etc)

3. To identify the costs associated with meeting these obligations and compare them with the
costs that will be incurred if they are not achieved.

4. To identify a formal cost effective mechanism for assessing the potential impact of new
policies on climate change / CO2 emissions. (Akin to Regulatory Impact Assessments/Rural
Proofing)

5. To make recommendations for appropriate targets/actions that could be included in the new
Northern Ireland Sustainable Development Implementation Plan.

6. To make recommendations on a public service agreement for the DOE Climate Change Unit's
commitments in the second Programme for Government that will ensure Northern Ireland will
meet its climate change obligations.

7. To consider what secondary legislation raising powers within the UK Climate Change Act
would contribute to Northern Ireland’s commitment to the UK Climate Change Bill.

8. To express views on if and how the Assembly might conduct more effective scrutiny of climate
change responsibilities across all relevant departments.

To produce a report on the findings and recommendations of the inquiry by September 2009.

The tables below summarise points raised in written submissions to the inquiry where they
contribute clearly to the terms of reference.

The tables are presented in three columns. The left hand column outlines the terms of reference,
the central column included submissions received in writing in response to the public
advertisement of the inquiry.

Some comments have relevance to more than one clause in which case they are duplicated in
the tables. The specialist adviser has highlighted the key points in the submission for easy
reference and in the right hand column has made notes where appropriate regarding the
relevance, validity and provenance of the submission, provided additional relevant facts,
identified gaps and suggested additional research needs emanating from the information.

Note: MtCO2e = Million tonnes of carbon dioxide equivalent



Carbon Trust

ToR 1: To identify initial The so-called “20/20/20" package agreed by |[EU ‘20/20/20’ target —

commitments for

European Union leaders for the EU27 in

Northern Ireland that will January 2008 set a number of ambitious
ensure it plays a fair and commitments to fight climate change and

proportionate role as

promote renewable energy, namely: 20% cut

part of the UK in meeting|in greenhouse gas emissions by 2020,

climate change targets.

compared with 1990 levels 20% contribution
from renewable energy sources (by
consumption) by 2020 20% cut in energy
consumption through improved energy
efficiency by 2020 This sets the context for
the UK agreed target of a 15% contribution
from renewable energy by 2020 and although
this target is not presently disaggregated by
country, we believe that NI's contribution to
the UK (and EU) target should be at least of
this magnitude i.e. at least 15% of NI’s total
energy consumption (electricity, thermal and
transport energy) should come from
indigenous renewable energy sources by
2020. Indeed, in light of other considerations
such as concerns about security of supply, we
believe consideration should be given to
setting a higher target as part of a
comprehensive, holistic package of measures
designed to achieve rapid, deep cuts in NI's

by 2020 cut GHG by
20%, cut energy
consumption through
efficiency by 20% and
supply 20% from
renewables. At least
15% of NI energy
(thermal, electric,
transport) from
renewables by 2020;
given NI's resources
should be higher
Improve standards of
energy management
and exploiting
renewables key. CCC
targets of 34/42%
Sustainable
Development Strategy:
CO2 by 30% by 2025
Carbon footprint by
25% by 2025 40% of
electricity from
indigenous renewables
by 2025 Requires

carbon emissions. Exploitation of the technical investment of millions

resource available from wind energy and an

and demand

aggressive policy towards improving standards management

of energy management (conservation and
efficiency) will be the key tenants of such a
package. In December 2008, the Committee
on Climate Change (CCC) proposed carbon
budgets to put the UK on a trajectory to
reduce emissions by 80% (from a 1990
baseline) by 2050, and their proposals
included an interim target of 34% reduction
by 2020, rising to 42% if a global successor
deal to Kyoto is reached. An 80% reduction is
estimated to be achievable at a cost of
between 1-2% of UK GDP in 2050. But cost is
not the only barrier to success. Achieving
these targeted reductions challenges
businesses’ and the public sector’s current
capabilities and resources as well as
demanding a shift in technologies and
business models. The sustainable
development strategy for Northern Ireland
and the Executive’s Programme for
Government includes a number of very

programme Need NI
Dept Energy and
Climate Change,
including aspects of
DETI, OFMDFM, DoE,
DARD, etc. Adopt
(minimum) SMART
targets from UK
Climate Change Act
Develop evidence
based delivery plan to
meet targets as cost
effectively as possible
Deliver sector specific
action oriented
campaigns Public
sector demonstrate
leadership, decarbonise
estate Building
regulations, Investment
Strategy, Planning all

challenging energy and climate change related support move to low

targets including: Reducing NI's CO2

carbon infrastructure



emissions by 30% below 1990 levels by 2025; |Avoid ‘exporting wealth’

Reducing NI carbon footprint by at least 25% [through non-local low

by 2025; and 40% of electricity consumed carbon energy or

beyond 2025 to be from indigenous renewable carbon credits. Use

sources measure of ‘carbon
intensity of NI
Economy’

Attainment of these targets in NI will require a

multi billion pound investment in both

generation capacity and demand-side

management projects over the next 10-plus

years. Investment at this scale will require

careful planning and management to ensure

NI's move to a low carbon economy is

achieved at maximum cost advantage to

businesses and citizens. We believe that NI's

contribution to UK/European carbon reduction

targets can be best managed and delivered

through the establishment of a NI Department

of Energy and Climate Change, allowing such

a Department to take ownership of the various

targets and policies presently set by DETI,

OFMDFM, DoE, DARD and others. The

following actions will help NI deliver on

challenging carbon reduction targets in an

optimal manner: Adopt — as a minimum — the

SMART targets set by the Climate Change Act

and ensure that the processes and procedures

for carbon budgeting and accounting

envisaged by the Act, are applied at a NI

level. Development and delivery of an

evidence based implementation plan to ensure

carbon reduction targets are met in the more

cost advantageous manner i.e. prioritising

measures with the lowest carbon abatement

cost. Delivery of focussed, targeted, carbon

reduction awareness campaigns aimed at the

various sectors of the economy explaining the

need to reduce emissions and highlighting the

associated opportunities e.g. reduced energy

bills, new business opportunities. NI Public

Sector organisations to demonstrate

leadership through an accelerated programme

of decarbonising their estates which will not

only bring about substantial resource

efficiency gains but will help build capacity

and capability within local businesses

regarding the delivery of low carbon solutions.

Ensure NI's Building Regulations, Investment

Strategy and Planning processes drive a rapid

move to low carbon buildings, infrastructure

and solutions. Avoid ‘exporting wealth’

through the purchase of non-indigenous low

carbon energy and/or carbon credits. It is



worth noting that although absolute
reductions in carbon emissions is critical, in
order to ‘correct’ for any ‘structural’ changes
in NI's energy usage, we would encourage the
inclusion of robust carbon intensity metrics
within a suite of key performance indicators
e.g. a measure of the carbon intensity of NI
economy expressed in terms of millions of
tonnes of carbon per £000 million GDP.

ToR2: To consider the  [In 2003, the Carbon Trust and Invest NI See shaded left
necessary actions and a commenced a project to develop an action

route map for each plan that would set Northern Ireland on the

significant sector in path to a low carbon economy. The ‘NI Vision

Northern Ireland Study’ examined the prospects for reducing

(energy, transport, CO2 emissions in five key sectors of the

agriculture and land use, economy. Although the study was concluded

business, domestic, in March 2005 many of the key findings

public sector etc) remain valid today and we attached a copy of

the study report to this submission for the
Committee’s reference and information. The
study concluded that it was possible to realise
a 60% reduction in carbon emissions by 2050
(the then target in the UK Energy White
Paper), provided early action was taken to:
Optimise energy use by implementing all
possible energy efficiency and reduction
measures; Decarbonise energy/fuel supplies
by investing in renewable energy resources;
and Decouple economic growth and social
activity from the consumption of high-carbon
fuels by developing low carbon technologies,
products and services. The project also
published an initial action plan to help initiate
this change: Immediate actions Encourage
improvements in energy efficiency in all
sectors of the economy by developing
additional support mechanisms for smaller
organisations and by setting up a capital fund
to support major investment in new buildings
and industrial plant. Improve building energy
efficiency via improved standards, efficiency
labelling and compliance monitoring by, for
example, requiring all buildings over 1,000
square metres to display a building energy
performance certificate that complies with the
EU Energy Performance of Buildings Directive.
Also support moves towards zero emission
buildings. Change public procurement
procedures to promote the highest energy
efficiency standards and to demonstrate public
sector leadership in reducing carbon
emissions. This should include only procuring
space in buildings within the top quartile of
energy performance, a Government



commitment announced in its 2004 Energy

Efficiency Action Plan. Improve the quality of

data collected on energy use, and make it

more readily available to consumers to

facilitate better targeting of support for energy

efficiency measures and to enable progress to

be monitored and publicised. Developing

options for the future Support the exploitation

of local renewable resources such as wind and

bioenergy by increasing renewable obligations

on energy suppliers. Modify the regulatory

scheme to encourage the uptake of good

quality CHP and discourage the use of

inefficient local generators during peak

periods. Encourage investment in the fledgling

low carbon technology sector and take the

lead on developing new technologies where

Northern Ireland could obtain commercial

advantage. Cross-cutting actions

Develop planning procedures that have the

minimisation of energy demand and transport

use as prime criteria and explore the options

for a transport efficiency programme. Plan and

execute sustainability marketing campaigns to

capture the hearts and minds of the

population and seek to build up the skills base

in application of low carbon technologies.

Keep a watching brief on international

developments in low carbon technologies and

position Northern Ireland to become an early

adopter of emerging technologies, such as

low/zero emission vehicles. The project also

considered the actions necessary for key

sectors of the economy and these are

summarised in the following annexes to the

report: Annex A Scenarios for a low carbon

economy Annex B Prospects for bio-energy in

Northern Ireland to 2050 Annex C Prospects

for the commercial, public and agriculture

sectors Annex D Prospects for the domestic

sector to 2050 Annex E Prospects for power

supply in Northern Ireland to 2050 Annex F

Prospects for the industrial sector to 2050

Annex G Prospects for energy savings in

transport to 2050
ToR3: To identify the A substantial and credible body of work exists [Financial estimates
costs associated with into the economics of climate change. The provided Stern and NI
meeting these conclusion of such studies encourage early Vision estimates of jobs
obligations and compare laction to reduce greenhouse gas emissions  [and benefits NI could
them with the costs that jand suggests that the cost of taking action to |save £500 million per
will be incurred if they |avoid the worst economic impacts of climate |annum with cost
are not achieved. change can be limited to around 1% of global effective energy

GDP per annum against 5-20% cost of management

inaction. The ‘NI Vision Study’ estimated the [techniques Businesses



cost of reducing NI's carbon emissions by so far saved £50 million
60% by 2050, which based on the carbon- pa Householders could
abatement costs used in national studies, save £233million pa
totalled £775 million or around 4% of
Northern Ireland’s GDP in 2004. This equated
to £75 per tonne of CO2, which is at the upper
end of the cost range outlined in the 2004
Energy White Paper. However, some wider
economic scenarios suggest the cost could be
£1.25bn-£2.5bn. It should be noted that the
move to a low carbon economy will deliver
significant cost savings brought about by
energy efficiency improvements and
deployment of cost effective renewable energy
technologies. Data from the Government’s
Performance and Innovation Unit report of
February 2002 suggests that (based on an
annual energy spend of £2bn) at least £500
million per annum could be saved in NI
through the deployment of existing, cost
effective energy management and energy
efficiency technologies and techniques.
Indeed, energy surveys conducted by the
Carbon Trust in businesses within Northern
Ireland has identified over £100 million of
annual energy savings (£50 million pa of
which have been implemented, reducing
carbon emissions by over 465,000 tonnes of
CO2 pa) and within the domestic sector where
the relative and absolute savings are highest,
the Energy Saving Trust has indicated that by
improving standards of energy efficiency in
the home, the average householder in
Northern Ireland could save £340 a year
which amounts to over £223 million per
annum. Furthermore, the move to a low
carbon economy will generate significant
wealth creation and economic development
opportunities. The low carbon energy sector
has been identified as an important growth
focus by a number of UK and global regional
development agencies and one which we
believe offers a solid foundation for a forward
looking, wealth creating, economic strategy
for a region like NI.

Northern Ireland already has considerable
capability and capacity in a number of key
industry sectors which, if strategically
managed, could transfer to the low carbon
sector. Our natural resources (wind, land,
marine) and strategically important
infrastructure (e.g. deep-port and cranage
facilities), aligned with the internationally
recognised talent in low carbon research that



resides in both our local Universities, provides
the building blocks to enable Northern Ireland
to become a significant player in the fast
growing clean energy sector - both as a
creator of products and services and as an
exploiter of the available technologies. This
opportunity should be explicitly recognised by
the NI Assembly and Executive and help
shape the outworking of energy and climate
change policy. There is precedent of some
small nations that have implemented a
strategic energy technology development
focus and who have developed profitable
niche markets for global products. For
example, Denmark in wind turbine technology,
Austria in biomass boiler technology and (to a
lesser extent) New Zealand in small-scale
combined heat and power systems. Although
NI is much smaller than these comparators,
there is potential for significant economic
benefits through innovative product
development and through effective networking
and partnering to serve existing low carbon
supply chains. If NI fails to develop, deploy
and exploit clean energy technologies we face
the prospect of importing such technologies
whilst exporting wealth from NI. In an attempt
to quantify the opportunities for NI businesses
in relation to the renewable energy sector, an
initial study by the Carbon Trust determined
that although around 2 million jobs could be
created across Europe by 2020, NI businesses
will need to work hard to realise these
opportunities: NI businesses need to be
creative in thinking about the opportunities
that the low-carbon economy will present to
develop new products and markets.
Manufacturers must also not neglect the
service opportunities associated with the low-
carbon economy, given the contribution that
services can make to their profitability. They
will also need to act quickly to link into the
supply chains being formed to produce the
new low-carbon products and establish an
early toehold in emerging global markets. The
risks and expense involved in developing new
low-carbon products means that NI
manufacturers will also increasingly need to
look at identifying potential collaborative
partners. Alongside the government, industry
must also make the commitment to invest in
the R&D and skills required to deliver the low-
carbon economy.



Firms also need to look beyond their current
relationships and approaches to markets. For
example, the key role that manufacturing will
play in the low carbon economy gives it the
chance to improve its profile and image.
Clearly the exact number of jobs created in
the NI economy depends on many factors. It
would depend on the success of companies
exploiting supply chain opportunities and
exporting products and services to the UK and
EU. The initial estimates for potential job
creation in NI set out in the table below is
based on the premise that NI companies could
capture a small share of the total EU and UK
market through export of goods and services,
and a significantly larger share of the home
market. The table provides a range based on
NI capturing 0.1% - 1% of total jobs
generated in the EU market; 1% - 2% in the
UK; and 5% - 10% of jobs generated through
renewable energy in Northern Ireland. NB:
these estimates are best considered as a
discussion point and in actuality would vary
depending on the NI's success in capturing
potential opportunities.
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This provides an indication as to the number
of jobs that could potentially be generated in
NI based on the assumed percentage share of
the total market in each region. This
percentage share could vary and is subject to
the aggressiveness of NI companies in
participating and benefitting from renewables
supply chain opportunities. If NI companies
position themselves well to benefit from the
opportunities arising through the renewables
supply chain in the coming years the number
of jobs created in NI could potentially be
around 33,000; this represents an addition to
the economy of c£1billion per annum in terms
of GVA. To put this into perspective: The EU
Commission estimate that continued
investment in renewable energy systems could
generate an additional 2,023,000 people in full
time employment in the EU by 2020,



accounting for jobs lost in the traditional
energy sector;

Total energy infrastructure investment in the

EU before 2030 is estimated at more than $2

trillion; A detailed study by the Carbon Trust

has estimated that UK revenues from offshore

wind could hit £8bn per year by 2020 and

create up to 70,000 jobs in the UK; In 2006,

the global wind industry employed 235,000

people according to WWEA; Germany reports

12,500 people employed in the solar hot water

industry and 30,000 people employed in the

solar PV industry; and The Obama-Biden

comprehensive New Energy for America plan

aims to help create five million new jobs by

strategically investing $150 billion ovover the

next ten years to catalyze private efforts to

build a clean energy future.
ToR4: To identify a We strongly support the introduction of a Climate change or GHG
formal cost effective formal ‘climate change’ / ‘GHG emissions’ / emissions or low
mechanism for assessing low carbon economy’ proofing requirement  carbon economy
the potential impact of for all NI originated policies. This approach proofing of all policies

new policies on climate should be extended to inform all major and projects This
change / CO2 emissions. projects in NI which would entail, for example, [future proofs’ all
(Akin to Regulatory subjecting significant public and private sector investment Need
Impact infrastructure investments to such a proofing |coordination, so DECC
Assessments/Rural test. Such a systematic process would help needed to deliver
Proofing) avoid lock-in to high carbon projects and

systems and help ‘future-proof’ strategic
investments. The cross-Departmental nature
of this requirements points again to the need
for a NI Department of Energy and Climate
Change, or similarly mandated Department.

ToR5: To make The science of climate change presently Adopt UK targets
recommendations for indicates that the UK and other ‘developed’ Review SD targets to
appropriate economies need to reduce their GHG ensure ‘SMART’
targets/actions that emissions by 80% by 2050 as a

could be included in the |commensurate and proportionate response to

new Northern Ireland enhanced climate change (this being legislated

Sustainable Development for by the Climate Change Act which commits

Implementation Plan. the UK to an 80% reduction relative to 1990
base year). Although, this UK-wide target has
not been disaggregated by country, we
believe that it should be adopted by NI and
that the process and procedures for carbon
budgeting and accounting envisaged by the
Act, should be applied at a NI level. This will
help ensure that NI truly plays its part in
moving to a low carbon economy. All NI-
specific GHG targets should be kept under
review in light of emerging research regarding
enhanced climate change and scale of cuts
required in GHG emissions. We also believe
there is merit in revisiting a number of



climate/energy related targets within the
sustainable development strategy for NI to
ensure that they are SMART and will deliver
on the policy objectives in the most cost-
efficient manner.
ToR6: To make We feel that this would best be achieved DECC is best option
recommendations on a through the Northern Ireland Executive and
public service agreement Assembly creating a dedicated NI Department
for the DOE Climate of Energy and Climate Change. The cross-

Change Unit’s cutting nature of climate change and the
commitments in the move to a low carbon economy is so profound
second Programme for that continued separation of responsibilities
Government that will across multiple Departments risks inefficient
ensure Northern Ireland land sub-optimal policy and delivery. Such a
will meet its climate new Department should be adequately
change obligations. resourced and empowered to ensure that NI's

move to a low carbon economy is achieved in
the most rapid and cost-advantageous manner
possible and in such a way as to maximise the
wealth creation opportunities for NI plc
through the creation, development and
commercial exploitation of low carbon
intellectual property and technologies.

TOR7: secondary X

legislation

ToR8: effective scrutiny x

Correspondence/Submission from
Irish Academy of Engineering
Standing Committee on Climate Change

From: Paddy Purcell [mailto:paddypurcell@ireland.com]

Sent: 07 May 2009 16:12

To: McGarel, Alex

Cc: TSmyth; PLangford; PCallery; michael phillips; johnduffy7@eircom.net; alan cooper; Don
Moore; mhayden2@gmail.com

Subject: Adaptation for Climate Change

Alex McGarel,
Environment Committee,
Northern Ireland Assembly

7th May 2009

Re: Irish Academy of Engineering --- Climate Change Input to
Environment Committee

Dear Alex,

I am Chairman of the Irish Academy of Engineering Standing Committee on Climate Change and
am writing, following discussion with a number of senior people from the public sector,



engineering consultancy and the research community in Northern Ireland who attended a recent
climate change workshop in Dublin, to seek the opportunity for the Academy to input to the
current deliberations on climate change by the Environment Committee of the Northern Ireland
Assembly.

The Irish Academy of Engineering comprises approximately one hundred and twenty invited
senior members of the engineering profession, and is an all-island body with membership from
Northern Ireland and the Republic of Ireland. Its aim is to concern itself with medium to long
term matters (say 10 to 100 years) related to the engineering field, rather than current issues.
We seek to provide authoritive, unbiased evidence based advice to Government and government
agencies in Northern Ireland and in the Republic of Ireland on important issues, usually in the
form of reports.

The Academy’s Standing Committee on Climate Change is currently in the process of completing
a report on “Critical Infrastructure - Adaptation for Climate Change". The Committee held a one
day workshop on 28th April 2009 in Dublin Castle to obtain essential input from owners of critical
infrastructure, policy makers, climate change researchers and engineers. This was attended by
seventy invited senior people from Northern Ireland and the Republic of Ireland and four
keynote papers were circulated in advance. The keynote speakers made presentations on the
morning of the workshop followed by open forum discussion. Most of the day was given over to
detailed discussion in six workshop breakout groups focused on three areas of critical
infrastructure viz. Energy; Water Services and Flood Protection. Each of these three areas was
addressed by two of the breakout groups, who considered a number of pre-set questions (see
attached) and any other matters they considered important. Each group provided feedback to a
pleanary session in the late afternoon with their considered view of the key issues to be
addressed and the required actions. The workshop concluded with an open forum discussion. We
were pleased that John Gormley, Minister for Environment, Heritage and Local Government took
time to address the workshop.

The Academy’s Standing Committee has commenced drafting it's report, based in the main on
the output from the workshop and the associated keynote papers and presentations. | attach for
the information of the Assembly’s Environment Committee a copy of the four papers presented
at the workshop. We believe that our final report, to be published later in the Summer, will be of
significant interest and benefit to the Environment Committee and seek your advice on how best
we can communicate it to the Committee. My personal contact details are
paddypurcell@ireland.com tel: 353 1 2802201; mobile: 353 86 8044613

Yours Sincerely,

Paddy Purcell,
Chairman, Standing Committee on Climate Change,
Irish Academy of Engineering.
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SUMMARY OF LIKELY CHANGES IN KEY PARAMETERS

Work on climate change in leeland o date haz besn suecessful in refining the Likely
impacts of climae change over the course of the coming ceniury, However, signiflcant
uncertznty and challenzes remain and 10 15 essennal thar reszarchers in this nncal area
work clogely wath end-uwcers of doto to ensere baest possible informotion = wsed For
decision making and designing for the funre. While acknowledging the uncertainty thar
remanns the following 15 o semmary of hikely changes 1o bey parmmeters.

Ll

Tempesaiwes are likely o merease everywhere relalive o the prasenl with greaies)
increases suggestad for the summer @nd sutumn of up to 34°C by the end of the
cantury.

With increases in average temperatures a change in exirems gvents is 0 be expected
with an increase in the intensity and duration of heatwaves and a decrease in froar
oocurrenee likeby,

Frecipiiaton remains an uncenain varable with differences in the exient and spatial
distribution of changes between different modelling approaches. A mbust siznal of
incraassd sessonality s evident with watiar winters snd drier surnmars likely Mo
clear direction of change is evideni for spring and autumn.

As changes in average climate progress. changes in extremes can be expected wath
the magnitudss likely to increaze and the occarance of extrame events for all climate



vanables (with the exception of mammuen temperoteres) hkely become more
frequent,

+  Increases ol §-11% in 60m height average wind spesds are likely in wimer by mid-
century, with decresses of 14-16% in summer, but assessment of dis vanable to date
bias bren subject to bigh levels of wncemainty.

+ In relaton to streem flow, robust increases in winter and spring flows in the order of
2% in winter ars likaly by mid 1o lae cenmry. Redustions in sammer znd sufumn
months of gver #%% are likely i many cachments. Catchments show different
signatures of changs depending on characteristics determuning runeff rasponss.

+  Flood events are kely o become mare frequent with the cerrent 30 vear event Lkely
io be amociated with a -10 vear return peviod by mud to late century. While
uncartmmnty remmns lew fow events are also hkely b become more frequent.

+  IPCC scenanos suggest a likely sea level rise of beiween (0,28 to (0. 43m by the end of
the century relative o 1%80=19%%. Mowever, recent thinking supgesis that this may be
tno corservative wath incresse of over |m supeested Locahszd nses will depend on
charactanstics such as 1zostatic rabound and topography.

+  The likelihood of incressed storminess, higher sea levels ond wind speeds will msolt
in a subsaquent enhancement of wave heights and starm surges, when cormbmed wath
averine floodinge will pose sencus flood nsks in maeny of owr coastal cities and fo
key infrasmuctuns

Even il preenhowse pas enussions were capped at 2000 levels some degree of oimate
change can be expected due to the mneria in the climate systzm. In light of these findings
thers 1z a requiremaent to urgantly review the security of entical mfrastrusturs: 1o
priontise adapation mewsunss fur asong nfrastructare &2 well as incorporate provisions
for adaptation i all new infrastructure. Failure to do =0 woul d place unaccaptable nsk on
the wellbsing of socicty.

PURPOSE OF THIS PAFER

The purpose of this paper i5 o provide mformation 1o the engineering community on
wheare we currently stand inour knowledes of the impacts of climats chanee i Ireland 1
seeks o identify what we know and where the key incertainties hie in relstion to climate
variables and Empacts that are critical to designing obust enpginssring stralegics [or die
furure, Rather than trawl the substantial literature in dhe limated fime svailsble it provides
come of tha important findings from the key repars produced for Lreland in recent vears,
particularly Sweeney et al, 2008, MoGrath 1 2l 2008 and [Tulme a al., 2002, The thrus!
behind these reports has been fo inform pelicy development m adspting to climate
change Tt = haped that these findings will 2arve az a starting point for dialogue batween
the dimate change research community and the engineenng commumity shout whens we
nezd to go from here in ardzr to refine and previde the bast infermation a8 possible For 2
profession with a substantial degres of rasponsthiliby in ensunng sucesssful adaptation to
elimate change for ths and fuiure generations in Irelond.

(=3



1. INTRODUCTION

The need to adapt to the impacts of climste dhange mn Ireland has become mereasmgly
recogmised in recent wears. For many enginsering projects, plan: and progrimmes a
medium to long term view of climaie change impacts is essential 50 that appropriate
designs, resilience and robusiness to future changes i climate can be schieved Climate
chanze impact assessment in Treland has bean on the research ageada for over aighteen
vears now with the first comprehensive spproach dating back to the Mo Wil lizms report in
1997 which set preseribed climate scenanos for irepact modellzrs o use The second
man gssessment, Chmate Change, Impacts and Scenanios for Treland (Sweeney of al,
203y occurred in 2003 wsing downscaled global climatz data as input 1o models in
several key sectors. While dis report marked a cignificant advance in understanding the
mpacts of cimate change and provided streng signals regarding sponal variations in
mnpact:s tmouehiout Leeland it s hmated m that key uncertanbies are omuitted, wath results
baing bazad an owtput from only ane Glabal Climate Madel

Progress singe then has begn significant m developmg capacity o produce climate change
scenanos and impact assezgmanis in an increasinely sophistcatad marner. Onar this time
capacity in Regional Climate Modelling has been developed at a numiber of centres
patonwide, while increasingly sophizticeted approaches to manipulating output from
climate models hes enmbled multiple runs of numerous modsls to he employed in
alempls b capiure and Quanify the cascade of wncermuinly thal 2xiss in assessing
climate change impacts, thershy providing endusers with more appropriate mfsrmation
for adapting to chmate changs Koy reportz pubhszhing resulie from this penod of
significant growth melude Climate Chanze;, Refining the Impacs for Ireland (Sweensy o
al., 2008y, Irzland m a Wanmer Warld: Scientfic Pradictions of the Irish Climste in the
Twenty-First Century (MoGrath et al., 2008y, Lnplications of e EU climate protection
warmet for Treland (McElwain, and Swesney, 2008) omd Climae Change Regional
Climatz Model Pracictions for Ireland (MeGrath et al., 2005) In Morthern [reland
addifional imformation has besn denved ﬂl:uug'h the M.Lllil:lual]}' E\L"llviﬂg EL:I:IL‘.I&IilEIﬂh af
LUKCIF reports imost recently, Hulme er al. 2002} which bave informed key policy
decuments cuch as the SNIFFER Report of 2002 and ‘Preporiag for Climste Change in
Nerthern Dgland” {Arksll g al, 2007} In addition, the internatonal standing of rescarch
on dimate change in Irddand has been reflected in the nurmber of papars published in
lescding academic joumals and the ncresmnuly imporant eontnbations that Insh
researchiers are makmg o the miematonal azenda, pariicwaly 1 nfomune dilTereni
zenerations of the reports from the Intergovernmental Panel on Climate Changs (10O

LSDURCES OF UNCERTAINTY

Produang future climate scenanos and fubuee tmpacts 1= by 0o means an exact science.
Despite advanees i modelling chastic behaviour and natural varability in the climate
systen, i is clear thal climate models will never be able wo provide a singular prediction
of future climaie (Jones, 20000 Giorg (2005) haghhights three major sources of
ancertainty in GOM simulations: model configuration uncertainty, uncertainty dee to
miemal ||:|.u-dn:| val'iﬂH':it_',.- m.'nd I,.l1l.:|=l'|:=|l'.|1}' dul: (18] I:|'u: rslud'n:ﬁl:iq:. mature uf' II.HtI..l'.H.I F|,1:n.:i:|15
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Of these, wncestanty m medel conbipuration 1s by far the mest sypmbcant. Wilby and
Harns (2006 highlight the fact that over relianse on a single GUM in impast assessment
could lzad to imappropriaie planning of adapiaion responsas. Indeed 1 do se would be 1o
suppress a key soumee of mmcertainty in cimste impacts modellmg (Hulme and Carter,
L),

Addiionally, projections intendsd to represent plausible transient climate changs das to
anthiopogenic forcing must rely heavily on Dewre projections of population growth,
ecomamie activity and techrologieal change which are inherently ineartan. (Webster of
al. 2002 An overview of the SRES emisswms scenarios wsed in climate modeling is
given at the end of the paper

Daspite the high degres of sophisbication of GUMs. their output 15 genemlly too coarse to
be wselul for regional o local scale impacts analysis as imponan] processss which oo
at suh gnd scale are not st present resalvad by these models (Wilby et ol 19990), Due to
computational limitaton:, the grnd box owlpu frem GCMs i3 generally in the order of
L00s ks, While this 1 edequaie e capture large scale varigbility, many imporiant
process in the climate system ocour af much smaller spatial scalzs and ths are too fine fo
be resolved in the modelling proesas. Therefore regionalisation or downscding of GCM
ounpurts is required for mearingful impact assessment with uncertzinty associaed with the
appraaches taken In terms of approach unesriainty two catesorizs of downsealing have
come © the fore, namely, dynamic approsches, in whidh the physical dynamics of the
syatem are solved explicitly, and empincal or statistical downscaling. Both approsches
are mubject to henefite and limitanons n ermes of computational oosts and ss=emprons
made, with nztther smerging as entirely preferable over the other.

Finally, uncertainty exictz m the models used ro conduct impact assecsmerts Fram s
hydrdegical perspectve conceprual rainfell-runell models heve been most widely wsed
for impact assessment. Such models are subyect o hmiatons in parameter stab iy,
parameter idennfiability and equitinality, each of which gives nize to ureeitanny in model
onput. Wilhy and Harris (20067 and Murphy et al. (2008) show that incensingy in fatre
flew changes duee to equifinality 15 comparable i magnitede o the unestany in

ST 5510MS SCCMATIG

T dealing wath these uncertainties i is important to note that the key reports on which
this paper 15 based wse different climatz models, emissions scemanos, downscaling
fechnigues, impact models, time peried of simulation in the future and conirol perods
from which furure changes are derived. Therafore thew provide a good indication of the
rangzes of wncenmnly sseciated with dimate change i Ireland, but also challenges as w
how we provide information to users of the data, Table | charactanises the range of
approaches taken by theze repons in producing future elimate scenanos.
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Tabbe 1: Approaches wsed inthe key reporits used in compiling paper
3. TEMPERATURE PROJECTIONS

Future projectians in temperarure are aamibuted with higher corfidence levels than many
other vanables projected by GUMs However, while there 1= 2 good degres of
conastencey between the different projections mads for Ireland, uncertamtics swst
depending on the GUMS, emission scenanos, downscaling methods, and basslmes wsed.
Fraom the simulation resuliz derived for Ireland from the C41 project (MoGrath et al,
2008y (Figure 1) tempenatore projecions for mid-centary show swarming everywhere
relative to the present, the warming being accentuated in summer and autumn (1.2 o 1.4
“C warmer). The warming shows a cpatal pradient, with the preatest temperature
mereases projected for the south and cast For the laner pan of tic contury wanming of up
03470 1z expecied wiith greatest mereases agan evident for the east and south east.

Flgure 1 Seasonal warmbng: mean of § emsemide sinnulations shvwing the temperasiure change (C)
bemween perds I0Z01-2000 wmd 102000 e winder, sprimg, summer and auiosmn Crem lel
righti. The warming is greatest in the sammerfmumn {1L.2-14°C) (Capton and Figare after
MeCrath ct al., HWIN].

Bsmed on the mult-mode] engemble simalations I:'hn.p@d an 3 GOMs and 2 ermismons
scenanos} derived by Fealy end Sweeney (2008), results for seasomal changes in
wempemture and precipatation are presented foc three 30-year time slices centered oa the
M0z, M50z and 2080z, Repional chmate modal projectons for Ireland sugpest that




over the preseni cemtury, this warming rate 15 Lkely io merease o between 0.2-
0.3"C/deeade. As aconsequence, an inerease of between 0.7-1,0°C is llely 1o ocour in all
seasens by the 20205 (Fealy and Sweeney, 2008) This increase 1s projecied o be more o
less umform across Ireland (Figure 2] By the 1050s, mean seasonal Insh temperacures
are projecisd o incresse by betwesn 1.4 10 1.8°C, with the greatest warming in the
autumn moenths. This increase 15 likely 1o be asseciated with a greater warming of the
mtenor of the izland resulting in an snhancad “continantal effeet’. Coastal arsas are likely
wr b shightly cooler than nland arces in summer due w0 the presoncs of sca brocess
during the summer months. This contmental ffect becomes further enhanced by the
MORO0s, with tempersture incressss of hetween L0°C o0 27°C. On o cessonal hasis
summier and auturmn show liksly tempemture increases of between 2.5-3.0°C, very muxch
m liee wath C4L projectons, althougsh dirsct companzon 1z not fally justbed.

T comparison with the URKCIPO2 scemanos for MNorhem Treland  annual  mean
temperaturas are hkely o increase by between 05-2 09 by mid cenfury and by |0-3 5°C
by the end of the century. On a seosondl basis tre UKCLPD2 scenaries alao show warming
m all seasens with the greabest increases n swmmer and suiumn of bepween 1.0-3 5°C
and |5 o 4 0°0 respecnively, In Ime wath currant trends winter and spring are alse Lkely
i become reliably warmer. Figure 3 shows femperatare changes for Morthem Ireland for
the low and high emissions scenanos used in UKCTPOZ

Such dhanges in tempersture alse have implications for future water tomperoures and
enargy requiremenis. In relavion to the Latter MeGrath o al. (2008) highlighi a clear wrend
of decreasing heating enerpy demand, while a weak demand for air coaditioming may
develop m the southeast of the izlond dunng summer months.

4. TEMPERATURE EXTREMES

Lattle waork has been completed on the mmpact of climate change on fiture extreme
cvimls, OF the work that has been comploted, die equency, iotensly and durstaon of
wmperatura extremes, which can bave a neganive efect om human socigties and
ecasmystems, are progected to change. The prolonged heat wave that occurred in European
20k, one ol the hotiest on oo, resulted i an escesz of 35,000 deaths, whils in [reland
during the summer months of 2006, above dverape mean tamperatures, which were over
1o higher than the ‘normsl” 1961-1990 penod (nearly e higher than ‘normal” in the
mudland siaivons of Clones and Kilkenny |, combined with below average precipiiation,
resulted i mgmificant sool mosture defiats throueh out much of the southem part of
Ireland with resultant impacts on agnculiie (Met Eireani, 2006).

While such extrame events are consistent wath the natural vanzsbiity of the climate
systern, evidence from the eheervational records sugrests there 12 a tendency towards an
mereaze i frequency of ocowrrence and intensity of extremes events. A migmficant
merease was found to bave occurrad n both maximam and miimom ErEpentures over
the 1961-2005 penod (McFlwam & Sweeney, 20070 Ths increase n mimmum
winperatures has resulted in a shortening of the frost season and & significant decrease in
the annual number of frost days (by moere than half ai a nomber of siztions) (VicElwan &
Sweenzy, 10070 While the number of consecutive cold days has been desreasing over



the same penod af o number of stanens 1o Ireland, the durabion of heat waves has also
beoen incressing,

Fealy and Swesney (2008), 1 an analyas of hkely future charges in extremes based on
the A2 (Madiwn-high) scenane, found thet significent changss are likely o ccour in the
four key indices of exdtreme events, namely;

= hotday threshald (T, 90ih peresntilal,

- eold-mght threshold (Tyg $0th prercentl )y,

- number of frost days (Te, < 0°0)

- longest heat woave (Heat wave duration)

Tresds were found o be sizmficont (0.0] sgmficance lavely at all syneptic stations
amalysed For all the tempemiture mdices cmploved i their snalysis. An inerease in the
miensity of extreme temperatures {the hoet day threshold) s mdicaed for all s@uons,
n=ng by a rate of more than 0 2°C dacade. paricolarly for mland stations. Anincrease in
the duration of heat waves 1z also projected by betweon 3-1 davs per decade, while a
decrease i the number of frost days per decade, espooally st iland satiens, 5 alse
likely dee to the cold might fireshold nsmg by 0140 3'Cldecade These progectad
changzes are consitent with the cbservaiional records, indicabing that a zeod dezree of
confidence can be placed in these findings
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5. PRECTPITATION PROVECTIONS

Changes in precipitation gver the course of the present century are likely to have a greater
impact on Irzland than changes in mean temperature, due 1o the potential of mereased
Mexoading duning the winter monihs and eductions in siream Row duning the summer
manths. Projected changes in precipitation suggest that an increased seasonality with
weobter wintens and drier summess and a chnngu 1 the npnh:] distnbubion sre |ike|:,- for all
fumire time penods. Dealing firstly with the ICARUS scenanios produced by Fealy and
Sweeney (2008) mean ensemble changes by the 20208 suzpest that winter precipiation is
likely to increase by approximately 3% A similar mapnitode decresse in national
precipitation is projecied o ccour during the summer months, although a large regional
decrease. of the order of 10-16%, 15 projecied o occur 2lonyg the south and east coast.

Greaner seasenality of precipitation becomes evident dunng the 20308, with an incicase
m the prder of 12% projecied to oceur dunng the winier montks. A similar reduction is
projeciad n oocur during the summer months. Regional decreaces of betwesn 20.28%
ara pnuj r.-.l.:tzr] Fﬂr Ii,‘l-t'.ﬂlil;)l'l:i al ong 'r]'u: -sl:;uﬂ'l qu.r] East coasts {'Fi.gun: 1)

These zeasonal and spatial changes are further anhanced by the 2080s  An increase in
winter precipitation of 15% iz projected to ocear natienally, with above averape increases
projecied for the midlands Nationally, summes reductions of 9% are likely, with
dacreases of hetween 30-40% along the east and south coasis



Ingreases n winter precipitation arg projecied o ogeur for all time pericds, while
feductions are cansistently projected o ocowr for all olher Segsons. I realiesd, these
chanpes in the seasonal and spatial distnbofion of precipitetion sre likely to result moan
merznsed likelibood of flocding, pecticulacly i the midlands and west of Ireland, while
water availability and quality are hikely to be adversely affected during the late summer
amd autums months in all regions, but particularly aleng the south and 228t cossts.

While not directly comparsble due to the difference in simulsted nme penods, spatial
differencas in projectad precipitaton are apparent between bath the C41 (MeGrath o of |
2008) and Fealy and Sweeney (2008) simulabions for the middle of the century, The (4]
simulations (MoeGrath ef al, 2008) project a greater decraose i summer precpitation
aleng the west coast of Ineland, with reductions in the order of & to 9%, whilz the Fealy
and Swesney (Z008) projections suegest he ereatest deciease in summear preci piaticn
will he expenencad along the east and scardh coast

UKCIPOL scenarics for Northemn Ireland also supeest an increesed  scasonality wath
mereazes i winter ramnfall of up o 10% for the 20205, up to | 3% for the 2050s and op to
1524 for the 20804, depending on emussion scenano. It is worth keeping i mind that the
upper limit of the URCTFOZ scengrios is @ high emission scenanio, equivalent A2 SKES
scemano, apan highlighting  the imporiznze of wncertainbies snd  mathodolopies
ernglorye.

While there are differences m the extent and spatial dismbutions of changes in winter and
summer, there is agreement 0 the overall direcion of change This hewever cannet be
sad for the shoulder seasens of spring and avtumn wath no clear and robust changes
forthcormng. Both ICARUS snd (4] seenanos suppest decresses in spring precipitation
for midscentury whilke the UKCIPOZ scenarios supgest an incremse of up o 10%. In
autumn bath the ICARUS and UKCIFD? scenanas suggest decreases while the (4]
scenanios suppesl increases, These differances largely reflect uncertainties in the different
madels and approaches emplayed and the greater uncertainty associzted with model ling
precipatation, as eomparad © temperature, and strese the importance of employing
multiple model simulations in order to devzlop robust adeptation strategies for the future,
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Figare 3%casonal changes in precipiation: mean of ¥ ensemble simulations showing the percentage
chamge hetween perinds 2I21-2060 and 1961-200) for winter, spring, summer and sutomn (from left
s Aght, Autumn anad winder are witter (3-10%0, comser deder (S-10%0: spring (s als dighdy dries
(2895 {Caption and Figurs afior MoG ik et al, 208}

6. EXTREMES OF PRECIPITATION

Do b the difficelties and uncemtunties mvolved in modeling precipitation, confidence in
estimalgs of changss in exreme events s very low, As global emperatures increass, the
hvdrolomeal evele will hkaly become more mtense and will result o more extreme
precipitation events. Changes in intanaity or duratior are likely to regult in an ingrease in
Mood requency and mamiiude, while waler shomages o deoupht condiliens ae likely
duz o reductions in precipitation.  Analyss of extreme precipitation events by Fealy and
Sweanoy (2008) suppests a significant and nerenzing trend in the highest S-dayv rainfall
wizls at eight synoptic weather stations analysed.  These stations are located in the
midlands and aloag the 2ast coast. An inersass in the lopgast number of consscutive dry
days waes Foumd & be significant at all stationz, with the woatcst inorcases for stabions m
the esst and midlands. These chonges supgest that Irish precipitation, tvpically
charciensad ac kow ntersity long dumaton, s hikely to become more infense resultiag in
mersazed surface runofl

MeGrath et al. (2008) in modeling the sensitivity of the cimate system fo Atlantic ses
swifsce lempeiaiures suppest that there will be an increase in the fiegquency ol very
miense evelones wath associated mcreases i extremes of preciputztion, translatm: into an
mereased nsk of storm damage and fooding Howsver, there remars considerable
unecerizingy in these projections and funher research is required (MoGrath e al | 2008).

T the UK, Hulme e al, (2002} sugoest that extreme wanter precpitabion will become
more frequent. By the Z080s, winter daly pracipitanion imensines tha are expenenced
ofcE every bwo yedrs on average may besome up to 20 per cent heavier Very diy
summers - like 1995 — may occur in half the vears by the 2080s, while very wet winters
like 179495 may ecewr on average almost once a decads for ithe Mediam-High
Emissions scznano
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Fimare o Percentage change in I-day rainfal event masitudes between coatrol and faione
simmabaiinng for (s HodBEMIH, Hkyenr reiorn perioad, (b Hed BRIH, Sllsonr returs peiod, sad for

L=y ranionfall cvemt magnitedaos, (o) Had RMUEE, W-roar remimm poriod and (d} HadRMIEL S0- yoar
rwtum porinl, (Elsirem et al 2005),

More recently Ekstrom ot al [2005) used a remonzl climat: model (HadBMSH) to
sgnmate tha impact of climste change on design storm depths to examine climate change
mnpacts on varnous structures. Their woerk showed that the HadRM3IT mode] may be wsed
with some confidence to astmate extreme ranfall distnbutions, showine sood predicive
kil in estimaling statistical propediss of sxtreme rainfall during the baseline period,
1 951-1990, The authors used Had RMSH (following the IPCC SRES scenario AZ fir
HOTO-2100) 10 assess possible changes in extrems ramfall across the UK. Results inclicate
that for short durabion events (1-2 dows), event mopnitede of o given netum perisd will
ingrease by LUt acoss the Uk For longer duration evems (3—1v days), even
magniiudas at ziven rem periods show laree increases in Scotland (up o -30%), wath
greaer el ghive |;:|'|nr|5c mi |'ri‘|:;|'|r_-r roefuTm p-l:ri.m:k [25—50 j'r:nrs:] The results p‘r..:scmaﬂ for
Nerthern Lieland show decrzases in the order of 10% for 1=day rainfall votals with a 10=
vear returm penod and greater reductions rangiag up o 20% for the 50-year retum penod
Reductions in the order of 5-10% are also evident for corresponding recirrense intacvale
ol 10-day rainfall magnitudes, Data for the Republic was not available
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T.WIND SPEED

An understanding of changes in windspeeds 1= important from an enerey pespechive as
well as in terme of assessing the funere integnty of phivsical structures. Lo a prelimimary
study, WoGrash et al (Z008) have sudied the impacis of climare change on wind speeds
from & wind energy perspective. Using a remonal elimate modelling spprosch 2 small
enzemble of wind pradictions were produced at £0m leval for Treland. The idea of the
madzlling expeniment was © quantify changes in furure wind gpeads and w0 evaluae the
ability of dynamical downzcaling te desenibe near swface winds at the loeal leval The
results of these simulations for Treland for the period 2021-2060 in comparison to current
are shown in Figure & On 2 sessonzl basis mereases of berween 8-11% (ECHAMS AlB
simulation] are shown for wintar. Tn contrast summers decreases of g5 much as 14-16%
are suggested for the ECHAMS B2 simulation, with the modelling exercise ndicatmg a
decrease in the hiehbood of wsebul windspeeds dunng swmmer moenths.

I terms of the above resulis, MoGrath et al highlight that the results should be treaed
with caution in bgzht of the uncertainty in emission scenarios, the rehiablty of AOGCM
cimulations and the coarse grid (- 13km honizontal esolution) ueed for downzealing. Tn
order § increase confidence in projections for Tutue wind speeds the quantification of
uncentzinty will requre an ensemble approzch and higher reselution downscaling, wath
significant compuistional costs, Monetheless basic uncertsiety in the e data for
modzlling windspeads will remain problemane

I modelling future darky msan wmdspesd Hume ot sl (2002) find the largest chanpas in
wind speed i the wmter and summer seasons with spring and autumn spesds changmy
little from today. From the simulations prodeced for Irzland for the 2080s changes in
windspeed are within natural voriabality for the low emissions scenano i winter for the
majority of the island, in contrast the high emissions seenano sugeest little change for
Morthern lreland, whilz incresses in the order of T are likely far parts of the midlands
Duljl:lE e sumunies wa e 20805 av Crage weiiaed 3|.al_‘-;‘.:d i Northern lieland decisases |:|u:i.l.v.7-
substantiallv with greatest reductions of up ta -1 1% for the 2ast coast. In the South the
TECTM? simulahons: show amilar seae chmpes continang along the =ast coast wath
greaver reductions for the south ast of greater than 1% Redustions n the mudlands and
west 88 suogested by UKCIPOZ rangs betwesn -3% and -3% for the 20805 wnder the
same hipgh emissions seenana In ine anth Molrath et al, Hulme ot al slzo note the larue
uncenzinites mvelved i medeling fuiure wind speeds. The censistency belweesn dilTereni
models and the eoarse phyvsical representation withm HadRM3 are not sufficient o be
able to attsch iy level of confidence to wind spead and highlight that mers caation
should be taken when using these results han when wsing those For emperature and
precipatanan

Imi getting 3 handle on exiremes Hulme et al. sugeest the use of empinical relagonzhips to
obtaon statstics at a shorer bme-scale than the dulv- averages., They suggzest that the
maximum hourly-sverage wind speed 15 about 30 per cent higher than the dalyv-mverage
wind speed, while the matimum gust, which may eccur only for a fow scconds, s
iypically about twice the daly-average wind speed. The awihors kighlight that there 15 no
evidence to sugzest that these empincal relationships will change greatly in the future.
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Uzing conceprual rainfall-nmaff models to simulae rver flow for a number of
cafchments i Ireland, Murphy and Chardton (2008) and Steele-Dunne et al. (2008) have
wentified a number of consistent sigrals for changes in hydrological meimes most
prominently driven by changes in precipiation patierns, while uncenainty remains in
others | Murphy and Charlton, in press, Stezle-unne etal., 2008 |



Besed on the dimate scenancs outhined, bot Muphy and Cheelion and Steels-Dunne et
al. reveal that robust increases in winder and spring streamflow are apparent. All of the
calchments gssessed in bom of thess siedies show subsiannd increases n samer and
spring flaws ard decreases in summer and summn. In wincer, nereases of up ta 20 in
the amount of water flowing i rivers are expected i the majonty of catchments by mid-
w-late century, with greatest imcreases occuming in Jenuary and February, Such increases
watild have majoe implications for floading.

Reducnons in summer morths reach over 40% in auface waker dominated catchments
using ermemnble averages, with umcerwnty bounds reaching as muoch as JT0% an dhe
Bovne by the end of the century. Murphy and Charlton {20008 highlight that reductions
during surrmmer will not be as substantinl in rovnmdwater dommated catchrents due to the
sustaining natere of larger baseflows, While there 15 good agreement between both
studies e erms oF winter and summes sSmulalions fiere are subsantial dispanties
between hoth approaches i relation o awtumn changes Murphy and Charlion suppest
that lasge roductions continue wall inte autasn months, wlile Stesle-Dunne ot al. auggeal
less severe reductions. This disperity s hikely due to dhe difference in runfall scenarios
used {as highlighted above there are pericalar uncertainties regarding the direcnion of
raunfall changes n aubuemn) o well as in #ve structures and processes reprasented by dhe
rainfall-runoff madels employed. Further work 15 required and ongoing in relation to the
latler

What 15 consisient betwaen the two seis of results is that greatest uncertanty in modeling
futire fAow rewimes = associated with the lower flow seasons of summer and artomn
The most notable reduciions in surface water zre simulated for the Ryewater and Beyne:
These catchments are the most heawily populated in die country and compnse 2
substantial proportion of the Grester Dublin Area (GDA) Significant reduetions in the
Boyne wie suggested by the 20205 in carly summer aed sutumn with reductions beooming
more pronsunced as the cantury progresses. By the end of the cantury reductions of up to
T4 are simulated in Ausust Swch redoctions n surface water availability would have
substantial implicarions far the enfire water environmeni — from water supply o quality
menes 1o loss of halbitat,

10y terms of Walar [esources il is imponant © receeiize that climate changs = only cne
pressure,  with other main drivers of demand  including  population  growth  and
development  Therefore the mpacts and wvulnerabilites dus to climete change are
thermsedves closely linked to non-climatic factors. Furthermore, characteristics of the
watar resourea svetem dictsta vulnarability fo climare chanpe. In some circumstances, 3
large physicul sffect can have a very small impact, for example, where thers s curmenily
plenty of excess slack in the management svsiem. In other cases a very small effect can
have a significant impact, whare the management svetem iz already undsr extremes
pressure (Amedl, 1998, Amell and Delaney, 2000)

Az mentionsd showve, higher winter flow i3 ssseciated with implizations for mver
flooding, with a reduction in relum penods foe loods of a paricular magnitude, Alarst
all the catchments studied confirm 2 decrease in return penods In the case of the Rives
Barrow for exompls the onse-an-a-fifty vear flood has fallen to an 1 8veor svent by nad
century, and for the Blackwater to just over an | l-yes avent by mud century. These
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chinges ars consistent with Steele-Dunne ef al., whe for the Blackwster by mid-century
sugesst that the current 40 year retum peried & likely to be associated with a 9 year
ecumrence interval These changes raise coneems regarding the inteprity of Oood
defenses. the capacity of wrban storm drinzge systems, the need for preater caation
conceming planning and developmient of vulpemable arsa: as well s nsurance
mplications for commercial and prvate properties, In @ sitwation where moce frequent
winter flacding is likaly, concems regardiag the mamtsnance of water quality alzo srise
Tt mawst ke poisted ool that confidence in relation e exirams Mood cvenis is lossencd duc
i the assumnptions regarding stationanty i1 a changing climate and the noise intraduced
by caleulating retum penode for low frequency events on relatively short datasats,

I assessine speafic How percentles Mumphy and Charlton (2008) Found that substintial
mereases are Likely for 05 {the Aow exceeded 5% of the tima) with some calchments
showing increases of betweesn 20-30%0 relative 1o the baseline by mid so lae ceniury. 95
fthe flow exceadad Y5% of the tme) shows sgmificant reductions for some catchments
with reducuons of between 20-50%% by mud to late century. It should be noted that there is
a large difference m megniude of changes between catchments. Changes in the
vanahility of flow resimes are also likely as a result of chimate change By the 2050s
mereases 1a variability are simulsted for e mojonty of caichments. By the end of the
century further incresses in the variability of daily streamflow are likely, The carchments
showang the lesst change in varability are the groundwater-deminaied catchmenis
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9. 54 LEVEL RISE

Relative sen lovel, or the heaght of the sea relative to the land, ultimetely determines the
location of the skoreline and any fluciuations in relative sea level will affect the coastal
marphology. Clohally, sea level has heen dsing over the 207 century at a rate of 1-2 mm
¥r', resulting in a total rise of 0.17 m Over the period 1961-2003, sen level ross at an
average rate of 1.5 mm vr'. However, an increase m this rate, to 5.1 mm vr', was
observed over the 1993-2003 penod  Evidence from cbservations mdicatz that warming
ol il sosans has cocared w depihs of at least 3000 m Thes warming bas cesulied e
thermal expansion of the aceans  Cher the 1993-2004 pengd, the contmbunon from
ihermal expansion to sea level rise is estimated o have been 042 mm ™' Figures 11
and | 2illustrate the imereass in sea surface temperatures for the Morthern hemsphere and
Part Erin, Irish Sea.
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Figure 11 S curfice emporature anomaldy for the Northarm Homisphors (IPCC, 2000,

Connmung thermal expangion, melting of terresinal glaciers and snow cover and
ci_1r|l1'.i'|:r|.|lim:, 'ﬁum I:'|'|¢ hrl_s.gq icg :5111:':!::1. uf' 'Cin,:mﬂqmd n.nd Arl.la.ﬂtil.:a Wre |i||=|_\r f 4] result in
1 e lavel rnige of between 028 (0 043 m by the end of the present century, relative o
| OO 1900 (TPCC, 2007} However, these ronges may significantly endercstimate the
futre increase i globally averaped sea level, as they do not mclude impocian
wncertzinties in the carbon-cyele feadback. Harsen (20071 arguss that sza level mse is
likely o be much grester, m the order of metres over the conury timescale, due to the
noa-inear response of e shees o climae forang, In ecder to prevent such a scenario
aceurring, plobal tempersures would nead to be stahilizad ot less than 1°C ahowve the vear
2004 lowals {Hanson, 2007).

AL L I 196 1554 2004

[==aT amndy 10w moing arcrage |

Fipure ]2 Avmual avempe ansmalics {IHE-2005) of Irish Sca son sarface tompers ganes frem Part
Ewim, Isb: of Yhan, velarive: o the 196GE- 1% perbod (Dt pcpraidoesed wits Kind permiscdaon of ihe Port
Erin Marine Laboratory, 1k of Man )

20



Sea temperature and sem level in Irish waigrs have been rising slowly in recent docades
with satellite and In S0 ¢oastadl observanon: shwing a g2neral wamunge rend of 0.3-
0.4°C per decade sinee the |980s (MoGrath et al. 2008) MoGrath et 1l sl highlizhe s
more mapid rate of wanning of 0.6-0.7°C has been sugzested for the Insh Sea. These
rends arz consistent with what has been observed globally. Rising sea levels in recent
decades ars linked to warming of the aceans and the resulting thermal expansion of
scawatsr and the influx of Trshwater Dom meling land ice, MoeGrath o al {2008)
highlight that from satellite observations se levels ar: rising on average 3 5cm per
decade around Ireland, well in excess of angaing isostatic adjustment.

Rates of huzhest rebound are essoaated with locations where the preatest mass of 1ce was
located, approximately nerth of a line from porth Wesford to south Donegal (Edvwards
and O"Sullivan, 2007y, while south of this ling rebound rat2s are shight on negabve. As 2
conszquence of 1sostatic rebound, mesn sea level at Malin Head appears to be decressing,
wiile at Dublin 11 appears relatively stable.

Reponal projections of sea level nsz for the present cenmiry arz subject to 3 high degres
of wecertanty as warming of the surface lovers of the oceans is not likaly o be wuformly
distribured acmoss the ncesn serface.  Rewonal changes in atmospheric pressura and
ocaan cirenlation wall 2les atfeet the diztnbuton of zea leve nza (Hulme of of , 2002
Dew to the uncertainties i regional projections of sea level rise, global projections are
emploved o assass the likely umpacts of sen level nse on the Insh coast However,
cantion must be exercised in mterpreting the resolts 3= these estimates may mder or over
estmaie regional sea level nse by up to =50% (Hulme e af,, 2002).

Glohal projections, from a range of global climate modale, supgest that glebally averagead
s Jeveel will rise by berween 0.28 and 0.43 m(IPCC, 2007), indiceting an anaual rere of
mereasa of hetween 28 to 4 3 mm v, assuming & lingar incresse. over the course of the
present century (1980-1999 o 2080-2009). I a wider range of emissions scenariog is
meluded, a range of between 018 to 059 m is considered more likely, A higher rate of
sea Jeval nee cannot be exeludad, but dug tooa limited understanding of key processas,
EI,.I.I:II'I 15 ﬂ'lc Pomﬁll ;ﬂf il.'I.I:I'EHEEd ﬂm\" robes Dr'il:ﬂ ‘me G:ru-qn]m'ld. ﬂ.'l'ld hl’lt“fﬁm T
abiliry to quanufy an apper valuz is limied (LBCC, 2007

Combining these sen level projections with 1sestatc rebound rates for Ireland (Afrer
Edhwards and O Sullivan, 2006}, projected raws of relabve sea level vary substantially
around tha Insh eonst. Locationz m the axreme southwest, from the ingle Feninsula to
Cape Clear wre likdy w experience the lagest incresses inorelaive sen levd, oo rate of
between 3.3 to 4.3 mm v, while en the narth sast coast, from Malin Hezd 1o north of
Drundalk, a rate of between 2.2 10 3.7 mm 1 iz likaly.

Besed on previous estimatzs of sea level nse (1IPCC, 20010, Fealy (2003 ] calculated the
potentinl area of lund likely to be mundsted due to o sea level nise of 048 m, ;nd found
that over 380 ki of the land area of Dieland Diad 2 greater than 19% sk of inundation
due 10 sea level nse pver the present centory [Figore 130 While this figure represents a
lowering of previous esumates of land areo valnersblz so imumdation, vunsrable locanons
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represent areas with sigruficant land values, such as Dubling, Cork and Wesford and e
Sharmon Estuary
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Figare |3 Probakility ofinandation associaicd with a son evel rise of 1,458 m (Seurwcs Foaly, JH3y

The projected merease in relative sea level is also hikely to result in an increase im0 wave
enerzy beang transmutted o the shorelme (Hulme ef ol 2002). In addition to an moreased
vulnerability of inundation due to 3 nse in relative sea level, coastal locatons are also
likely o be impacted due 1o changss in ercsion and depositon rales.

I teemme of wave haighie, preliminary resulte from MeGrath et al. {2008) chow that thers
o some cvidenes of significant increases in Atlantic wave heights for the peripd 2031-
2060, wath extreme wave herghts shewing an increase of up to 0%, except n parts of e
south end west. However, the authors highlight that these regalis are based on the data
from only cne GCM and one fulre greenhouse gas emission scenario and should
therefore be treated with cantion. Also, fhe resolution of the data (0257 15 oo coarss bor
a dl'_‘f.l.l.l]ﬂd ﬂ.l'lﬂl:-'ﬁi!i :l.rm:nd 'H'IE' ]I'Id'l EI'II.IFtIi'IE' II'I FPirﬂ' o‘Fthr_'s;: Iil'l'lil'.l.l.tl':'ll'l!-i. ﬂ'lc l'.ﬂFII'.' l.'l.!tﬂ.
do provide a qualiauve descripion of the possible impacis of clunale change on wave
heiphis argund Irish ceastal waters, Cuorrent work o refine fiese findings 15 ongoing
batwaen the Coastal and Marine Resources Centre (CMRC) i UCC and Met Errsann
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1. STORM SURGES

An inerease i relative sea lavel over the present century wall maan that levww-lying constal
areas will be increasingly susceptible 1w permangnt inundation with subssquent changes
m erosion and deposiiion. While tamporary changes in exireme water levels, resulting
from storm surge events particulary if coupled with high astronomical tdes, ere likey to
presenl a much greater potential for damags hrough evenopping ol coastal defences with
resultant floding. Additionally, storm surpe events can have a significant and lssting
impoct en the censtal momphology as a temporary incresse in water levela and wonve
energy will impact on the processes of erosien, transportation and deposition, hough te
reworking of material which may be in equlibnum with the sxising ceastal eneroy
T

Thues by progected imerenses in tropeal sen sorface femperaires, climate models ndicate
that it is very likely that trepical cyclones {ryphoens and hurricenes) wall become more
miense, with higher wind speeds and more niense precipiianon, whule exia wopical
storm tracks are projected to move polewards (TPCC, 2007) While Ireland is nat dirzctly
affected by hurrieane activity, due to insufficient temperatures of the sea surface off die
cast required for hurricane formation, tha remnants of Afdantic hurricanes can become
rejuvenated a3 they cross the Atlantic from west to easl and pass over the warmer sea
surface temperafures sssocisted with the Gulf Stream, Due tp the model projected
changes in storm imtensity and associated increases in owind speeds, a significamt
enhancement of wave heights 15 bkely a5 these low pressure systems pass over dhe
Atlantic. Far countnias along the eactem Atlante seaboard, such s Iraland, anincraaze in
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surge elevabon 15 hkely to lead fo imersased voleerability from Hoodime and storm
damage. An inerease in relative sea level i3 likely te further exacerbate inerensed surge
lavels msocialed with more inlense exia opical S aclivily.

In an analyzis of extrawme water levels and sea level nse, Fzaly (2003} assessed the
probability of inundation associated with am increase m sea level of 048 m and an
sxtrame water laval of 2.6 m, which represents a 1-in-100 year evest on the east coast
and 1-nl2 year cwvent on the weat coast (Figure 15) (Cane, 1921} The relum pericd
associated with an extreme water level of 2.6 mis likely to decresss as a consaquence of
s levie] rige, for ecarmple, the carrend -an-100 year event ic Likely ta become o 1-in-10
FEar 1_:|r |¢55:| eveni, An exiremes water |¢n:| QF 240 m cqn{ﬂingd 'wi1|| T in;ln'm: m L1-0
kevel of 048 m, is likely fo plece spproximalely 680 km® of land at ask of inundation
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Figure 15 Frobahiity of immidation with an exireme water levelof 26 moand sea level rise of (L4%m
(Souree: Fealy, 2003)



11, Key QUESTIONS FOuE DNSCUSSHN

The hkely changes in future clhimate and its impacts dentified sbove rmse senows
quactions of how we should adapt to meet thess challenges in the areas of watsr zervices,
flood alleviation and energy. While they are serious the impacts identificd are not
exhaustive Few sectors are charged with a much responsibility as enginesring for
enzuring effective adaptation to cimate change and in thiz light some pointz are
highlighied that may spark funher discussion during te workshop.

» Do weneed an industry standard set of chimate sconanos that incorporatas & many
sources of uncenainty as possibla?

o What are the key datacomstraints in moving state of the ant forward 7

+  How cm chmate researchers provide information to mest the needs of the
engineenng profession?

+  Dhovwe nead ta move towards s probshilistic approach akin o UKCTPOS?

+ Are we close 1w the point whers we can attribute Lkelibweods 1o key impacts?

«  What are the key gaps in kmowledgs that remain?

+ What are the eritieal piecaz of infraziructors that mustbe protectad ar all coct: and are
wein a position to produce risk assessments for these?

+ Can we produce aimulations for key desipn sandards used i the enpineering
profession?
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SRES Emissions Scenarios

The Al emissions scenario describes a fumure world of verv rapid econoinie growth,
global population thar peaks in mid-cenmry and declines thereafier, amd e rapid
miroduction of new and more efficient technolagies. Major underlying themss ar=
convergence ameng regons, capacity bilding, and inercased cultural and social
interaclions, with a substantal reduction in regional differences in per capita income. The
A seenario family develops inte three groups that deseribe altematve directions of
wechnologienl chonge in the energy mystem. The three Al groups are distmgushed by
their technological smphasis: fossil intensive [ A1F]), non-fossil energy sowrces (A1 T), o1
1 balance across all sources (A 1B) {whare halancad 15 defined az not relving too heawly
on oo paricular snsgy sowres, on ihe asswonption that sunler imgrrowsment cales apsly
w0 all cnergy supply and end-use technplowes).

The Al comssions scenario descnbes a very helenogencous world. The underdying theme
= selt-reliance and praszrvanon of lecal idantimes. Ferility patterns across regons
converge vary slowly, whnch meulic in continususly mncrepsing zlobal papulution.
Economic development is primarily regionally onented and per capita economic growth
and technolozical change ars more fragmeaied and slower than inother storvlines.

The B emissiens scenario describes a convergent world with the same plobal population
that peaks m mid-cantury and declines thereafter, as in the A | sorvline, bt wath rapid
changes in economie stractures towards 1 service and informatien economy, with
reductions in magerial ingensity, and the infroduction of clean and resource-cfficien
echnolopies The empha=z iz on global solufions to economie. wocial. and environmental
sustarnablity, mcluding improved squity, bul witwoul addibonal dimale mabadives.

The BY srmissions scenoris deceribes o wodld in which the smphasis iz on Incal solstions
o poonomic, secil, and environmental sustanability. T is @ world with a continuously
mersasne clobal popalation at a rate lower tan in A2, intermediate levels of economic
dewalopmant, and lazs rapid and mom diverze fechnolomeal chanpe than in the B and
Al storylines. While the scenano s also cnented wwwards envirenmenial protecion and
social squity, it focuses on local and resmonal levels,

I 1992, the Lifergoy cimimvental Paie si Clinsaie Change (IPCC) pablistiad flie firsi cmbisias
soemarios, wiich were the Fnu.'umrruhll'm present SKES 15'ﬂ.iall h‘.rpnrl i Emissions Soenanios)
emisarn s scenarms cmphrved in beth S Uhind (D00, 2000 und Fowrth Assessment Beporis
(TP, 2007y, These seenarins assumc varving bevels of future demoraphic, technolymical,
avirmmental, sacletal and ecomambe develpaents deat resalt in differont fimuee smiaiong
sewnsring for e moin grosmbooee goass amd seranle Whils aver A smilasinas aeena o wers
dovolaped, four contral ‘Tamilio:® orceis o squally grohable dns, mamaely AT, A2 Bl and H2
which spam appraximastady B'% of the range of faturo emiasions contaimed im the SRES. Medolling
i Future elinsic For s given cosivisns scemario will always revali in s coze of fuluee soona s
bwing shmulated dur vo wmnaertbnties inlweeeat in O dinsaie sl moddling systen (Hulime and
Carber, 1999,
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Summary

Every day, we hear of new initiatives in the energy sector to mitigate climate impacts. While
major changes are underway in energy infrastructure, little attention has been given to climate
adaptation.

Ireland’s location in the Atlantic Ocean off Northern Europe has implications for energy supply —
we are heavily dependent on import of fossil fuels over long distances, but we have a favourable
setting for renewable generation from wind and ocean. The Northern Atlantic is linked to the
arctic, where observed rates of change are shown to be faster than the rest of the world. Future
energy infrastructure development must therefore address two distinct issues:

= facilitate the exploitation of renewable energy resources

= withstand any environmental impact of climate change

The lead time from planning to operation can be 10 to 30 years in the energy sector. Although
this lead time has been reduced significantly in recent years, due primarily to technological
advance, projections for energy supply and demand must look forward 20 to 40 years ahead.
Plans are heavily dependent on socio-economic factors and on climate change. Latter examples
of major impact are flooding of gas network marshalling stations and electricity substations or
the destruction due to high winds of electricity lines.

Hence there is a wide range of adaptation issues to be addressed in the energy sector.
These include:

= Socio-economic models and methodologies for integrating adaptation in future demand
= Preparation of wind and wave resource atlases for future scenarios

= Need for climate parameters that will impact on efficiency and capacity factors of energy
conversion and storage systems

= Need for adaptation in Codes and Standards for design of power plants, electricity and
gas network substations, oil storage and dam safety based on predictions of extreme
rainfall, wind, wave and surge - standards that are higher than in most design situations;

= Analysis of the so-called “Water-Energy Nexus", the complex linkage between energy for
water/wastewater and water for energy, with changes in rainfall, evaporation, river
flows, sea level and surge

= Coastal protection measures at reserve oil storage, pipelines, power generating stations,
network substations and seabed cables;

= Bioenergy Action Plan measures accounting for seasonal changes in crop temperature
and water cycle.

Measures to address adaptation must be comprehensive and integrated with other sectors,
taking account of multiple factors through national and international policies



Introduction

Energy is a vital service for domestic, business, farming and industrial activity. An associated
quality infrastructure is essential for Ireland to attract and retain high-tech industrial investment
and for the country to have competitive energy supplies and balanced regional development.

Energy asset management and infrastructure planning has to be resilient as it responds to
changes in climate and other factors. The long lead-in timescales for major energy infrastructure
means that this response must be factored into energy policy, in a manner that accounts for
adaptation strategies so that actions are consistent and adaptable.

The objective is to integrate the results of recent climate research in Ireland into the risk
reduction strategies of energy planning, operation and maintenance. Existing energy systems in
Ireland need to be checked for resilience and flexibility. Priority in energy planning must be given
to win-win situations, that is, measures that are robust and flexible enough to cope with
changing climate conditions. Irreversible actions are to be avoided.

This paper reviews the issues that arise for the energy sector. It presents a simple ‘climate
check’ taking account of significant uncertainty involved in climate change assessment,
uncertainty that arises at many levels, from:

= complex climate models at a global level,

= downscaling to the regional level

local hydrodynamic modelling for water environment

= social and political inputs and assumptions made over the forecast period.

Notwithstanding this uncertainty, the efficiency and effectiveness of investment decisions can
benefit from this climate-check. Measures can be said to be ‘climate checked’ rather than
‘climate-proofed’, because of the level of uncertainty involved.

Particular monitoring and research programmes for energy resources and procedures will be
required to improve the level of certainty, taking account of additional climate research results as
they become available.

Energy Infrastructure — Existing & Planned

Gas Networks

The Bord Gais Eireann natural gas network consists of 2,169km of high-pressure steel
transmission pipelines and over 9,765km of distribution pipelines. The gas network is supplied
through three seabed pipelines from Scotland, two to Ireland and one to Northern Ireland. In
recent years, the transmission system has been extended to Mayo and North-South and many
additional towns are being connected throughout the country.

National Oils Reserve Agency

The National Oils Reserve Agency is the state body responsible for the holding of national
strategic oil stocks at a level determined annually by the Minister for Communications, Energy
and Natural Resources. Operational stocks in Ireland are held at major ports, at the Whitegate



refinery and by large oil consumer companies. Ireland’s IEA Stockholding Requirement for 2008
amounted to 2 million tonnes of Crude Oil Equivalent.

Electricity Networks

The ESB electricity network consists of 150,000km of low and medium voltage networks (mainly
overhead lines) and 12,000km of high voltage circuits of which 5,800km relates to the
transmission grid and is operated by Eirgrid. In Northern Ireland NIE has 2,100km of
transmission network and 42,000km of distribution network. By 2025, the electricity transmission
grid will carry 60% more power to cities and towns across Ireland. Eirgrid’s strategy “GRID25" is
an essential initiative to facilitate reliable, secure and affordable electricity supplies throughout
Ireland. Without it, within the next five to ten years key parts of the grid will have reached
capacity with likely overloading increasing risk to supply security. The total expenditure on
network capital infrastructure during the period 2001 - ‘10 incl. is €6.5 billion, which is the
largest undertaken by any electricity distribution company in Europe.

The demand level forecasts in 2025 are based on the Economic and Social Research Institute’s
long-term forecast of moderate growth in economic activity. The projections allow for reductions
through energy efficiency and savings and for impacts of climate mitigation such as an increase
in the share of electricity in the transport market, through electric vehicles.

Electricity generation in 2020 is projected to maintain present generation from coal, peat and
hydro, to phase out oil, to maintain natural gas at about 50% and to increase substantially the
amount coming from renewables. Renewable energy will contribute a total of 40% comprising
primarily wind power, biomass and a small contribution from ocean energy. Accommodation of
wind generation is a significant driver of transmission expansion. Energy storage as a
complement to renewable variability is also being evaluated.

General

Contingency plans are in place to mitigate energy supply disruptions in line with Ireland’s EU and
IEA obligations.

A comprehensive White Paper was published in 2007 [4], setting out the Government’s Energy
Policy Framework to 2020. While climate adaptation is not specifically mentioned, it addresses
issues that are relevant under the headings Strategic Goals for Security of Supply and
Sustainability of Energy Supply. These are listed below.

Actions to Ensure Security of Energy Supply

= Ensuring that electricity supply consistently meets demand
= Ensuring the physical security and reliability of gas supplies to Ireland
= Enhancing the diversity of fuels used for power generation

= Delivering electricity and gas to homes and businesses over efficient, reliable and secure
networks

= (Creating a stable attractive environment for hydrocarbon exploration and production

= Being prepared for energy supply disruptions.



Actions to Promote the Sustainability of Energy Supply and
Use

= Addressing climate change by reducing energy related greenhouse gas emissions
= Accelerating the growth of renewable energy sources
= Promoting the sustainable use of energy in transport

= Delivering an integrated approach to the sustainable development and use of bioenergy
resources

= Maximising Energy Efficiency and energy savings across the economy

= Accelerating Energy Research Development and Innovation Programmes in support of
sustainable energy goals.

The “All-Island Grid Study" [9] was published in January 2008. For a range of electricity
generation portfolios, it provides a review of theoretical and practicable renewable energy
resources and analyses the grid strengthening measures required to support each portfolio. Up
to 42% renewables was considered.

In Northern Ireland, Department of Enterprise, Trade and Investment has recently published a
Pre - Consultation Scoping Paper, “Northern Ireland Strategic Energy Framework 2009"[5].

The present level of new build and upgrading of energy infrastructure represents a major shift in
scale from today’s levels and presents significant challenges to all involved in its delivery. Future
infrastructural development will take place in an environment different to todays due to climate
change and their delivery must take such changes into account.

Parameters Affected by Climate Change

Summary predictions are presented below for key parameters [6], [7], together with their links
to energy infrastructure.

Air Temperatures — linked to higher summer and reduced demand,
prolonged growing season for bio energy, drying of peat lands

Temperatures are likely to increase everywhere relative to the present with greatest increases
suggested for the summer and autumn of up to 1.2 — 1.4 oC (relative to 200) by 2060 and to
3.40C by the end of the century. With increases in average temperatures a change in extreme
events is to be expected with an increase in the intensity and duration of heatwaves and a
decrease in frost occurrence likely.

Sea temperatures — linked to thermal power plant cooling water
systems

Sea temperature generally mirrors temperature trends over land. However, over the Irish Sea
the satellite measurements suggest a more rapid warming rate (0.6-0.7°C per decade).

Precipitation — linked to hydro, bio energy and energy for water
pumping



Precipitation remains an uncertain variable with differences in the extent and spatial distribution
of changes between different modeling approaches. A robust signal of increased seasonality is
evident with wetter winters and drier summers likely. No clear direction of change is evident for
spring and autumn.

Wind speeds — linked to wind power

Increases of 8-11% at 60m height average wind speeds are likely in winter by around mid-
century [7], with decreases of between 14-16% in summer but assessment of this variable to
date has been subject to high levels of uncertainty [7]. McGrath notes that the Irish
observational records indicate that average annual wind speeds decreased in the 1990s, with
this trend continuing in the early years of the 21st century.

Sea level rise and storms — linked to seabed cables, coastal power
plants and substations on reclaimed land, ocean energy, ports with
oil reserves

IPCC scenarios suggest a likely sea level rise of between 0.28 to 0.43m by the end of the century
relative to 1980-1999. However, recent thinking suggests that this may be too conservative with
increase of over 1m suggested.

The likelihood of increased storminess, higher sea levels and wind speeds will result in a
subsequent enhancement of wave heights and storm surges, when combined with riverine
flooding will pose serious flood risks in many of our coastal cities.

River flows and flooding — linked to hydro, dam safety, cooling
water, water supply

In relation to stream flow robust increases in winter and spring flows in the order of 20% in
winter are likely by mid to late century. Reductions in summer and autumn months of over 40%
are likely in many catchments. Catchments show different signatures of change depending on
characteristics determining runoff response.

Flood events are likely to become more frequent with the current 50 year event likely to be
associated with a ~10 year return period by mid to late century. While uncertainty remains low
flow events are also likely to become more frequent.

Sunshine/cloudiness — linked to solar thermal and photovoltaics
No significant trends. However, these elements are particularly difficult to model.
Relative humidity — linked to thermal power generation efficiency
No significant trends.

Landuse — biological processes, peat extraction

Changes in species composition are predicted for many habitats, arising from a combination of
temperature increase, changes in nutrient cycles and productivity, and soil moisture. Climate
change induced drying of heaths and peat lands are likely to increase fire risk. Drying also



increases the possibility of wind erosion, particularly on degraded sites, while extreme rainfall
events also increase erosion risk and suspended solids loadings to downstream watercourses.

Vulnerabilities
Vulnerabilities are reviewed below in four categories.

Table 4.1 Relative Severity of Climate Change on Energy
Infrastructure

Relative Severity of Climate Change

Infrastructure Adaptation
(E;f(:ir::(iacigfi)é rz]:md Capacity Factors of Power Very High
Water — Energy Nexus High
Coastal Medium
Networks, Storage Medium

Efficiency and Capacity Factors of Power Generation
Significant vulnerabilities relate to power generation.

For fossil-fuelled power plants, optimisation of efficiency of energy transformation from primary
energy to electricity is critical to the design and operation, not only from the point of view of
economics but also in reducing the amount of carbon and other emissions. The higher the
efficiencies of Ireland’s power plants, the fewer plants are needed and total emissions are lower.
Rising ambient temperatures reduce efficiency of the necessary air or water cooling systems
within the power plants.

In addition, a plant using cooling water from rivers or from the coast has an overall plant
efficiency approximately 2-3% higher than air-cooled systems. Water cooling is dependent on
mixing in river flows or tidal currents and is subject to environmental constraints such as
fisheries movement. A number of power plants on the Danube River shut down during a heat
wave across Central Europe in 2003, when river temperatures increased beyond acceptable
limits.

The efficiency of intermittent renewable power plants such as wind, run-of-river hydro and wave,
will change as changes occur in the average wind speed, river flow and wave height. Increased
wind speed can on the one hand lead to greater electricity production from wind turbines, but on
the other hand, in storm situations wind turbines must be shut down to avoid storm damage and
distribution lines suffer.

Another criterion is power plant capacity factor. This is the annual average output in MWhrs as a
percentage of the output if the plant was running continuously. Increased downtime due to
extreme weather conditions and to additional maintenance can affect both the efficiency and the
capacity factor. For intermittent renewable plants, called non-despatchable plants, there are
knock-on inefficiencies in start/stop of other supporting plants.

Energy - Water Nexus



Hydropower will become less efficient as winter flows are increased and summer flows are
reduced. Standards for dam safety during extreme floods will need to be reviewed and operating
procedures modified. The predicted 40% reduction in low flows will probably mean that other
uses will take priority rather than hydropower for large parts of the year, such as public water
supply and downstream environmental flows. Cooling water may be subject to constraints as
mentioned above. Reduced low flows will also constrain the possible locations of new thermal
plants, close to larger rivers where sufficient assimilative capacity is available for effluents.

In the future, substantial energy may be required for increased pumping of water supplies and
wastewater systems for populations and industry, due to reduced local low flows. Irrigation
pumping may be required. This is practised at present in the low-rainfall vegetable growing
region of north Dublin and its widespread use in the future has been mentioned [6]. A higher
standard of wastewater and/or sludge treatment may be required which may be energy
intensive.

Coastal Infrastructure

Large energy infrastructures are located on the coast, close to jetties for import of oil and coal,
and close to cooling water and to centres of population. Oil reserve storage is also on the coast.
Most are on reclaimed land. Extensive wave and tidal plants are planned, under test at present
off the coast and they are dependent on marine support services from local ports. Seabed cables
and pipelines are located on the east coast, across the Shannon Estuary and planned for Co
Mayo.

This infrastructure is vulnerable to sea-level rise and especially to storm surge and wave height.
One parameter is worth noting in particular - the modelling results indicate an increase in the
frequency of storm surge events and a significant increase in the height of extreme surge, with
most of the extreme surges occurring in wintertime. There is also some evidence of significant
increases in wave height extremes. (The 0.9m height that occurred during the 2002 storms may
increase to 1.5m).

Networks and Storage

Higher average temperatures are expected to reduce the need for heating in winter and perhaps
increase the need for cooling in summer.

In common with other critical infrastructure, the energy sector has facilities located throughout
the country that are vulnerable to flooding and extreme wind loads. These include wind farms,
substations, overhead lines, gas stations, oil terminals, offshore drilling rigs, etc. Codes and
standards may need to be reviewed, similar to the Pitt Review report and the Energy Networks
Association report in the UK, which followed the severe Gloucestershire flood in 2007. This
recommended that the 1000-year risk should be considered.

In the longer term, infrastructure reinforcement measures may be required and in extreme
scenarios, relocation to more secure locations may be appropriate. Health and safety response
policies will be required to deal with catastrophes.

Adaptation Measures

The approach to adaptation in engineering infrastructure could be commenced by:



= Applying a probabilistic approach that provides the basis for a risk assessment due to
climate change, with potential constraints on future energy options

= Examining approaches to integrating the impacts of climate change in design

= looking for opportunities to monitor key parameters at existing infrastructure to improve
our understanding of climate change trends and impacts.

Plants and networks can be adapted to a certain extent to altered climatic conditions. While the

existing energy infrastructure is not expected to be affected by the climate changes expected in

the next 20-30 years temperature and sea level rise will need to be addressed. Towards the end
of the century the effects will become more pronounced.

Energy infrastructure planning has a lead time of 10 to 30 years. Changes in the next 20 to 40
years are more readily identified than longer-term changes that depend on many social and
political assumptions. Changeover and adaptation of plant capacities to address them should be
implemented as required.

Predictions indicate that measures are required related to:

= Demand — seasonal changes, irrigation pumping, etc

= Supply — changes to renewable resources, to efficiency and capacity factors of
conventional fuel conversion, and to risks at networks and storage facilities

= Local physical setting requiring modifications common to all infrastructure (coast,
floodplains).

Measures can be categorised as win-win, no-regrets, regrets, and adaptation actions.

Win-Win Solutions are robust measures in the context of climate change. For example,
increasing measures for energy storage provide security of supply and also contribute to climate
adaptation.

Table 5.1 Win-Win Solutions

Measure Contribution to adaptation to climate change

Energy Storage —CAES1, hydro,
electric cars

Network Renewal/Smart Networks Facilitates renewables, energy efficiency

Pumping supplied at base load rather than at marginal
high-emission supply

Protection against disruption and extremes

Increased water Impoundment

No-Regret Solutions are measures that are robust and flexible enough to be viable under
different climatic scenarios and thus will not be affected later by climate change.

Table 5.2 No-Regret Solutions

Measure Benefit of measure under changing climate
Demand Management Climate change neutral



Regret Solutions are measures that bear a high risk of being counter-productive regarding
adaptation to climate change, because the adaptive capacity of other sectors is reduced in
relation to effectiveness, increases costs, etc.

Table 5.3 Regret Solutions

Measure Potential problems under changing climate
Siting critical infrastructure in floodplains Increased flood protection

Many initiatives in the 2007 Energy Policy White Paper [4] are ‘win-win’ solutions, such as
storage for security of supply. This type of analysis highlights the advantages of an integrated
approach to energy management within spatial planning and an adaptation strategy. It
strengthens future engineering and science policy, linked on climate change by identifying
research needs, communicating them to the research community and making best use of
available research results.

Interaction with Other Sectors

Management action to address one climate pressure may increase the risk of not achieving
objectives for another pressure. Climate change may increase this risk further, highlighting the
need for integrated thinking.

Research

Research in adaptation covers a very wide field of problem areas.

The greater part of research efforts up until now have been directed at understanding and
describing the impacts of the changing climatic conditions. There has been only limited focus on
solutions to the specific challenges connected with future climate change.

Specific research for the energy sector will involve:

= Socio-economic models and methodologies for integrating adaptation in future demand
= Preparation of wind and wave atlases for future scenarios

= Need for identification of climate parameters that will impact efficiency and capacity
factors of energy conversion and storage

= Need for adaptation in Codes and Standards for design of structures, power plants,
electricity and gas network substations, oil storage and dam safety based on predictions
of extreme rainfall, wind, wave and surge - standards that are higher than in most
design situations;

= Analysis of the so-called “Water-Energy Nexus", the complex linkage between energy for
water/wastewater and water for energy, with changes in rainfall, evaporation, river
flows, sea level and surge

= Coastal protection measures at reserve oil storage, pipelines, power generating stations,
network substations and seabed cables;

= Bio energy Action Plan measures accounting for seasonal changes in temperature and
water cycle.
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Initrodu ¢ Linn

Definition of critical infristracture in fToed defence confect
Typcally Critieal infeastrocture 5 3 term osed by covernments to decerbe assets that
arz essential for the funcioning of 2 soaety and econcmy . Mest commaonly assocated
with the term are facilimes for electricity generation and fransmission,
telecommunications, transportation. water supply and public health servces.

Far the purposes of this paper, | am taking the defnition to extand to those assets that
provide protection (o these facilities from flood damage. They are referred o os food
defence assets, 1.2 mfrastructure that provides protection from floodmg o homes,
busmezses, mfrastructure and the anviranmeant md incudas smbankments and walle,
which have been constructed by 2 public autherity or by a pnvate concern. It incladss
rivet oF coastal dafances, natural or constructed, whether or not they arz subject 1o a
MAINTENANGE Progrmme.

\ brief sutline of the eritical infr i |

Dy we Ernow the defence assers?
In many cases we do know that Noed defience structures exisis because they have been

comstructad by a public authonty in relatively recent times for the specific purposz of
providing flood proteciion. Such defence assets ineluda:

Flnod defence s lwemes
The OPW hos o signaficant programime of ood defence achemes as part of cur wider
food sk management responsibiliies. Such schemes ane designed 1o provide fhe
mitemationally accepred standard of pratection and sre climare checked by axamming tao
scenanas of O hmate Chan ge.

They include alzo thase asses congrucied by the OPW us part of the Ananal Drainage
Programme under 1945 Az, oras part of a coasial protection scheme, They mclude flood
rglief and drainage works constructad under statites that pre-date the 1945/ 9% Acts,

All of thesz schemes and assels arg, in general, subject 0 a stamey duly of maintenance.

il Loamd Cormmissio m o bankmcmis:
In same cases_ however, defence assers were eonsimicied in the disiant past and while
they provide alevel of fleod protecion, they may not always be identified as such. The
desien standard of protechion 15 probably not knewn and the structural conditon may be
ungertain. [t may not be the subject of regular inspection and mamienance repme While
in some cases old rust funds exist w provide for the mainenance, in reality they are now
mad=quate to fund a prper mamtenan ez programme.




Urlan drainage netwndk
The urbran drumegze network particularly in the older arcas of cities & twns meay huove
been desipned & constructed dunng the Victonan sra. That they ars still serviceable iz a
triute to their onginal designers/constractors and te the nspection and mainiceanc:
regimes in place in the Local Authonfies,

Deswm of flood defencas and fload relief schemes 1z hased on historic recond o on
migtheds derived from such records and make the assumption that the penod of record is
statistically stationary. Wenormally define the level of Bood defence for rivess as the 1%
avant and for cosstal flooding as the 0.3%% event, subject te the proposed scheme being
costbenaficial and environmentally susanable

However, clomate seence is saving that for the future the rainfall, and henee nver flows,
and sea kevels are hkely to merease sismiticantly, For example the recently completed
Kilkenny flood ralisf schome was desiged to provide protection agamet the 1% flosd.
We don 1 know howsvar, what level of protection the scheme will provide in say 50 vears
fime, and henca what works reed to be planned and financad to mantam the design
standord, ond mdeed whether it is coonemically viakle to maintain this standard,

Similarly, for coazial dafances the pradiciion iz that 2ea level will nsa and that surpss
will beceme more frequent This weuld expose coasial defences o a zreater nisk of

2ro=on, to more frequent stonm events, increasing the risk of damagze or collapsa, and
mereasing the need for mantenance.

Affowances for Fultire Neegaries

Ad present the allowances that the OMW makes, in wnns of numenical values for Fature
changes i relevent phcnomenn or charocteristics, which should wpically be used for cnch of
theae scenarios, anc sciout m Table 1 bolow.

Mid-Range Fature Scenarin

High-End Future Scenarin

Extreme Kainfall Depths + 21ty = 3%
Flood Flows + + A,
Meus Sea Level Rise + 501 mm = 1 v

Lomd Mavemeni

-l 5 mm / wear'

- U5 mm / vesr”

Mot 10 Applienble to b comthors part of the eosatey ool (Dl — Giasvey and sami of this)

Talvie I: Afowarces far Fature Sconeriog

It 15 iImporiant o0 nodz thaot:

- The allowances are based on cerrent Knowlalye and scienee, md will be Trequently
reviewed and may be updated. a5 further research s wndentzken




- The allvwansee arc national, and eome regionslieation ar provison far the nahre of the
relcvant catchmeont may be switable whors adequate kaow ledge or analysis would support
this (allhowgh this would need o be robustiy jestifisd where the allowmees are less than
the assumed nalos al allow aneesh

Simvilaily, the Greater Dublin Suakegic Drainage Stuidy seis oul hese values wo be appled
o drainage design

Climate Change | Characteristics

Gategory

River flows 20% increasa in flows for all retum periods up o 100 yeas

Bea leval A00+mim ise (sea Chmale Change policy documenl for sea levels as 8
Tuncain o retumn perindy

Rainfal 0%, increass n dasdh factor all imtarsiSas by 1 1)
Madify time series minfallin accordance with the GDS0S chmate change
paslicy docurment

Tabie 2 Climate Change Factors fo be Applied to Drainage Design

Wi can, therchiore, have & reasoaable d;gl-.;c el conlidencs that the sandards for nwnly d:ngu-.;d.
flood defences and dramage infrastruchne do take the nbapated impacts of climate chaage mto
comsideration. These allowances will be nead (o be kepl under review and smendad as the climale
soience identifics emorging scenanor md iz in o position to provide farther ovidenec on the
mpracts o river Cows amd sea kevels.

Val billfiso of thic crifical inf I i
Two aspects of valnerability need 1o be considered:
L Failure of the azset wself through damage dunng flood event, inadoguate
maintenanos programime or the design capacity being excecded
i Conseguential damaize to other infrastniciune or asssts protectsd by the lood
delences.

The first of these has to do wath the intnnzic condition and performancs of the flood
defence asset. The second with the infrastructure it protects from the fleod event.

What fv af risk ¥ — th.l'l:ﬂ; ilee ascsat
As a hrst step b 5 umporiast o wdenbify those sigruficant food deferce assets that prowvide
flood protection. These are the smbankments, walls that provide protechien from the
Neod event. As staed dbove these are not always known or idemified and in such
circumstances may be vulnerable to bemg removed as part of 2 development or other
warks at their locaton




Vilmapn bilition due to cffmats change.

Conoer has set out in his paper the chimare changs mpacts related w0 Sooding. For
comvenience and case of reference "ve summarsed them hore:

Strzam flow is expected to Increase inwinter and sprmg. It 5 expected that an
mereas: in the order of 20%: nwnter are kel by nud to lste contury. Raductions n
surnmer and aupimn months ol over 40% are Ikely in many catchments, There ae,
bowever differences betwesn catchmenis.

Flood cvents arc likely 1o become more frogeent witl the curwol 30 scan cvent likely
tir be assoeiyted with a 10 vear retam period by mid 1o late century. While
umcertainly remaing lon low events are aleo likely to beoome mone frequent.

IPCC scenanos suagest a bkely sea level nse of between 0,28 and 0 43m by the end
of the contury, relative to 1980. 1990, However. reoont tinking sugpests that this may
be toe coascrvative.

+ The likeliicod of mercosed stommimess, higher soa levels and wind speeds wall resl
in a sulmequent sohancement of wave beights and stome surges, when combined wih

nvering fioodmg will pose serions tood risks in many of our coasal cmes and for
L‘q'_!,: 'in'l"mstnlﬂllr{:t

Fland defenee assets — deslons hoes mc madegua e

Ruvers,
The implications therefore are that many Tood defences wall not confinue to provids e
level of protechcn that was astcpeted when diey were budt. The Qood design svent wall
e exceeded more frequenty than was 2ssumed at the desizn siage

Coasral
The expactad n=za in zea level will impact on the coastal Flond nsk due to the higher watar
levels and o the greater and more feguent surges. It wall impact alo on the s of
greson of valnerable cosstline, as it will expose areas of natural shorelns, which are not
at prasan | cubjact 1o frequent storm action

YWiat Is Delno €one I this secior here and Reruatsaallv, (o dans o claase
change.

Specifically in the area of flosd nek manaeement:

The OPW has commenced the Catchmeant Flood Risk Assessment and Managemeni
(CFRAM) programme. It vseful ta et out here avery beisf deseription of the CFRAM
progrumnee, as i is antcipated thee the programme will sddress most ol e shonoomings
and vulnerbilities identified above




Catehment Find Risk M gement
Undedying the policy = a fuedamental chifi in the way we deal with flood risk and =
reflectzd in our Cachment Fiood Risk Assessmeant md Management (CEFAM)
Programme. The ohjzctive of the pmgramme 15 o develop and implement an integrated.
pnh-q.ctimo u.nd. r.a.tl;h.:rn nn1-bn5q-d n.p-'pmaa:-h m li'n-c with i'ntqm ul:i.nna.] bo:ﬂ 'prqc-tiw to emsurg
effective management of existing and potential futue flood risks

Uneder the Programme, it is intended o carry ouwt Cachment Flood Risk Assessment and
Management Studies Plan (CFRAMS) for each rver Catchment. The output from these
studies will be s Flaod Risk Management Plan {CFRMP) thet defines existing and
foreseeable flood hazards and risks within a catchment and the metods, mechanizms,
policies and proposak for mansemg the hazards and risks.

The CEEMP inchedes examination of “maost likehy future scenarse” and a high-and futurs
scenana, in terms of risk, and management options for dealing with the resk identified. It
5 imporiant io noie fat climaie change is considered ai every stage of the CFRAM
PIOCEss.

We have begun thi process with pilor studies on the Kiver Lee, the Kiver Dodder, the
River Suir, and the Fingal-East Meath area. There 15 an informative website for the Lea
prpeet for anyone seching urther wfrrmation. (wees loseframs e

The OPW intends to rell out a patonsl propramme of CFRAMS to cover all river
catchments and coasial arges, The completion date, subject wo contnued funding by
Giovemment for the Flood Rk Management Programme, will meet the dates set nut m
thie EU Floods Dhrective for the preparation of food hasmed and sk maps, and Aood sk
management plans.

OF W diabanse an pran of CF RANG process
As part of the CFRAMS programme underway, the OPW plans to idennfy systemarically
the major flood defence assets and record them m a Flood Asset Database. In this way it
15 planned to record on a database, their position, and 1o mfom the owners or other
authonties of their importancs for fload protestion. The data gathered during the survey
hes een incorporated oo our loed sk essessment. And will be used w develop a
programime of flood defence asset manapsment and mainlen ines.

Flood extent mups = exumple from Lee
Another putput from each CFRAM will ba & set of flood extent maps, showing the areas
atrisk from flood mundation for thnee levels of prebabilty, 0%, 1%, and O 1% e
meludad a sample, which is in draft at present, at the end of the paper for illustranon.
(See Nigure 1)




Fload Rick Manageoment Flan
The CFEAM process descnbad briefly above, will develop for each carchment, a set of
pr:dicti.\.'c Flood maps which wall imclude an allovwance far the irn]:rw15 of chmate ¢ hq.ny
w1 the defineation of the Mood exient maps.

The Flood Risk Maagament Plan will consider various future pressures melading

clmarz change when identifiing the measures and acnons to manage floods m the
catchment

Design specifioation

I'he design speerficanon for flood relief schemes (fluvial and cosstal) and for uiban
dranage scheomes 55 z8en sbove wall maks allowaneae for tha impsets of climata change.

Planning & Development Goidelines
Durmg 2008, the OPW, and the DoEHLG published draft gundzlines = The Planning
Syetem and Flaod Rk Mansgemant”™. Taken togathar with emergmg infarmation on

Mood extents, hese guxlelings will lead 10 improved development decision-making by
Plannmg Authonties and by developers

LU flowds divective
The purpose of the directive is “ro estadlich o framework for the assesamens and
management of food risks, aiming ot the reducrion afthe adverse conseguences jfor
hamicen health, the cmdronment, culural heritage and voonomic activity associaied with
Mneads én fhe Convdiveriy” .

The prncipal requirements of the Directive are thot Member States shall:

+  Undertake o prelimmary flood rek assescment (PFRA) to determine areas of
exEtmy or potental future ‘sizonificant” nsk, and for hese areas;

& Prepare flood hazard and risk maps; and

+  Prepare flood risk management plans

In Ireland, these latter two roquirements of the Directive will be delivered through the
Catchment Flood Risk Assessment and Management (CFEADM) Studies.

Northern Ireland
The apprasch m Northamn Irzland 15 silar o that adapted herz, and indeed 15 somewhat
furtker advanced. 1know from our regular meatsngs and from nfommatos on thei
websile that the Rivers Apency has already developed Assat Management Flans for their
flood defencas They have produced 2 Strategic Flaod Map, which illusirates the sreas




thraughaur Morthem Iraland that hsve flaaded from rvers and the sea m the past and
thosz which are estimared w be prong w Aooding now and in the future,

The map developed in co-operation with the Departement of Environment ta meet the
requireinients of 12 Planning Policy Staziment 15 (PPS 15) - Planning and Flood Risk.

Unicertainty

The biggest challenge & the uncertainty associalzd with the climate chanze scenarios
reing developed by elimate acientiste. 1f we kaow with confidence what was poing 1o
happen, it would be far easier 0 maks the economic and other decisions related 1@
muvestment v food protecton and nsk manapement works, development plannmg, ete
The unceramty reyuires policics o be enplamanicd that are based oo conerzing sacific
deta and general assumplions abaul its impacts. The reseanch efforts nead to be
concentiatad on reducing these seurces of unceranty, to enoble more cost effective food
risk management selutions o be devised thar are “climate change proofed”

The OPW haos boen aware of the zaps mn our ]mm\'{qd_go & imformation i relation to the
effects that climate change scenarios will have on the flood nsk Mmagament programmea.
To sddress these short -comings we have identified the following areas that require
research programmes

Rmnfu.” u.nd Cllmnl-;r .inaf_l,-r'is
Catchment Response Analvsis

Sea Level and Storm Swrge Analysis.

Conclusions

Thete = unceranty about the level of impacts climate change will have en river and
coastal flooding. In the light of the costs of providing pretection to our towns and cities., it
15 st impormant that this research is directed 1o raducing these incertaintizs 1o allow
engmears o dezipn, construcr and mammam the most eost effactive defences

Disclai
This paper was prepared by Tony Smyth, for presentation at an Irish Academy of
Engmeermg workshopon “Crinical Infrasmucture - Adaptmg for Climate Changs”, to
stimulate discussion on the potentia issues relating 1o flooding. The views expressed are
thiosz of the author.
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Frzare 1: Sample Fload Extznt Map fiom River Lee CFRAMS. For 1085, 1% and 0.1% predicied Nood

Workshop on “Critical Infrastructure — Adaptation
for Climate Change"

Questions for Breakout Sessions

1. What are the critical pieces of infrastructure that must be protected at all costs and are we in
a position to produce risk assessments for these and to prioritise required actions?



2. What climate change information do engineering professionals need from researchers or other
sources to enable policy makers, planners, designers and those implementing infrastructure
projects and adapting existing infrastructure, adequately address the challenges of climate
change?

3. How can we ensure that Irish climate change research is as relevant as possible and cost
effective?

4. What actions, in priority order, need to be taken and by whom in the short term to enable
those involved in planning, designing and implementing critical infrastructure to adequately
address the potential medium/long term impacts of climate change? (Highlight say the three
most urgent actions).

5. Does climate change present opportunities for Ireland and what adaptation measures are
required to maximise these.

6. Any other recommendations?

The Irish Academy of Engineering

Critical Infrastructure - Water Supply

Michael Phillips, Dublin City Engineer

Workshop on:
Critical Infrastructure - Adaptation for Climate Change

Dublin Castle 28th April 2009
Critical Infrastructure - Adaptation for Climate Change

Climate Change and Water

Water is the key to the survival of all human, animal and plant life on this planet. It has the
ability to mix with some substances, to corrode others, to operate as a vapour, liquid or solid,
and at the same time has extraordinary self-cleaning properties, yet we in Ireland usually take
water for granted. That situation will alter, however, as climate change takes effect, and we
come to recognise water for the liquid gold it is. As a result, the conservation, use, demand and
treatment of water have to be given the most careful consideration in order to ensure a
sustainable environment.

The impact of climate change on water resources will become critical for people’s lives and
economies. Even if CO2 emissions were stabilised today, the temperature increases and
consequent impact on water availability would continue for some decades. The latest assessment
report of the intergovernmental Panel on Climate Change (1) projects that global average
temperatures in 2010 will be 1.80C higher than the 1980-2000 average. Meanwhile, the world’s
population is expected to increase from the current 6.5 billion to 8 billion in 2020, and hit 13
billion by 2100. While the rate of increase of greenhouse gas emissions depends on global
population, and on economic, technological and social trends, the link to population is clearest:
the more people there are, the higher emissions are likely to be. The rate of climate change will
be determined largely by the USA and the emerging economies of China and India, and what



happens in Ireland will have little net effect. Nevertheless, these global trends will affect us and
it is prudent that we should plan for the expected changes.

As outlined in the other summary papers here, global climate models are used to forecast the
expected climate change and, to predict for Ireland, these models have to be downscaled. The
predicted outcome for Ireland for the present century is a temperature rise in excess of 20,
coupled with 11% more rainfall in winter, but 25-40% less rainfall in summer and early autumn.
While IPCC scenarios suggest sea levels to rise between 0.28 - 0.43m over the next century
(relative t01980 — 1999), recent thinking suggests this may be too conservative with the
potential for a one meter rise possible, along with an increase in the frequency and severity of
coastal storms (2,3). In addition more frequent and severe droughts, flooding and weather
events are to be expected.

The impact of changing farming patterns, possible changes in the hydrological cycle or failure of
the North Atlantic Drift (‘gulfstream current’), whether due to natural phenomena or human
interference, and the arrival of alien flora or fauna, imported accidentally or otherwise into the
country, pose additional threats. Thus Climate Change will, directly and indirectly, impact on
every aspect of our daily life, and we will have to adapt over time to these changes. For this
long-term adaptation to be sustainable, we need long-term planning of our water resources and
to have systems in place to recognise when, where and by how much the change is occurring.

Water Supply Availability

Ireland is fortunate that it is well endowed with water resources, having one of the highest rates
of water availability in Europe. Unfortunately, the places where water availability is greatest and
where water is most needed tend to be at opposite ends of the country (4)

Most of the eastern half of the country has 750 to1,000 mm of rainfall a year, compared with
1,000 to1,300 mm in the west, and over 2,000 mm per year in many mountainous districts.
When evaporative and plant transpiration losses are taken into account, annual effective rainfall
is approximately 350 to 550mm in the east, 620 to 820mm in the west, and more than 1,500mm
in mountainous areas.

The rain profile and the abundance of surface sources has resulted in over 70% of the
population being able to draw its water supply from freshwater lakes, reservoirs and rivers
(surface water abstraction). About 30% of water supply sources that abstract more than
10m3/day are derived from groundwater, and many private and agricultural users also depend
on groundwater sources (4). This is considerably less than in other countries (e.g. North America
51%, European average75%). Groundwater in Ireland is generally of good quality, requires less
treatment, and is cheaper to develop and distribute than surface abstraction. The proportion of
water supplied from groundwater is likely to grow as development increases.

The part of the effective rainfall that percolates into the ground to reach the water table is called
groundwater recharge. This varies depending on the effective rainfall available, and the
geological conditions. Recent research in Ireland indicates that less than 5% of annual effective
rainfall becomes groundwater recharge where subsoils comprise thick clay, but can be over 80%
where gravels occur. In many areas, particularly the uplands, the bedrock that transmits the
groundwater (the aquifer) cannot accept significant quantities of recharging waters due to its
poorly transmissive nature. Climate Change will also affect the intensity of the precipitation and
this could be critical to the balancing of what is required for groundwater recharge and what
runs off into the nearest watercourse

Pollution of groundwater in Ireland tends to be microbiological rather than chemical.



The oceans cover some 70% of the planet; yet deriving potable water from seawater on a
commercial basis is relatively recent. As an island, Ireland is ideally located to use such a source
and availability and quality are not an issue. Membrane technology and the process of reverse
osmosis (RO) have dramatically changed the market, and the price of desalination has
significantly reduced in recent years. The main difficulty with membrane technology is the
energy required to operate it, and disposal of the brine residue

Adapting to the Future

The most current census gives a population of 5.9 million for the Island of Ireland (5). .Itis
forecast that there will be 7.8 million people in Ireland by 2026 (6), with the east of the country
being the more densely populated. The increase in population together with societies’ increasing
dependency on essential services (“always-on" availability) highlights the need to minimise any
disruption. This can be achieved through emergency preparedness, contingency planning and
investment in critical infrastructure.

For the foreseeable future, water will continue to be abstracted from surface and groundwater
sources, with salt or brackish water providing an additional supply in some circumstances. The
protection of surface water sources and the increasing demands present challenges. In particular
the growth of ‘water thirsty’ crops, and crops grown as biomass or as a biofuel, may increase
irrigation needs.

While groundwater currently provides only 30% of Ireland’s water supplies, it is important to
note that 70% of Ireland is underlain by ‘poorly productive’ bedrock aquifers — bedrock which is
limited in its ability to accept recharge and transmit groundwater laterally. It is critical therefore,
that we continue to research the recharge acceptance, storage, capacity, movement and quality
of groundwater resources.

Demand is often highest when water is most scarce, so with changing rainfall patterns we may
have to investigate the possibility of storing water in times of plenty to meet future demand.
Aquifer storage and recovery (ASR) is a technology that may help in some areas to bridge the
gap between supply and demand (7)

To date the supply of water in Ireland has been fairly resilient but this cannot be taken for
granted. The impact of climate change on weather events, as experienced with floods in recent
years, has demonstrated the fragility of the existing infrastructure. Maintaining a specified level
of resilience into the future will be complicated by the tendency of the hazard, vulnerabilities and
consequences to change over time.

The 2007 floods in the UK had a dramatic effect on electricity power substations, water and
wastewater treatment works, and road and rail network. People in recent years have become
accustomed to a reliable supply of water and energy and were left feeling exposed and
unprepared for the situation when they ceased to function. In total in the UK there were five
water and 322 wastewater treatment works affected by the floods. The loss of the Mythe water
treatment works deprived 350,000 people of water for up to 17 days. However, it was the “near
misses™ at various power sub stations, which would have cut off over one million people, that
brought home the vulnerabilities of the infrastructural assets (8).

This highlights that there is a need for a more systematic approach into the vulnerability of
critical infrastructure and a coordinated approach to improving its resilience. Resilience is
considered as the ability of a system or organisation to withstand or recover from adversity, i.e.
it is possible to achieve the core activities in the face of adversity through a combination of
measures (8).



Demand

The perception of the availability of water is based on the demands for it at a particular time.
These demands may originate from a global or national perspective. One such demand is the
fact that Ireland, because of its size, must economically be export-orientated in order to ensure
economic growth. With a possible population of 8 million by 2026 on the island of Ireland, this
means that the demand on available water resources will have to include sufficient flexibility to
cater for the uncertainty that global trade introduces to the situation.

In general terms, the population distribution would indicate that approximately 5 million would
be along the eastern seaboard and 3 million along the western seaboard (9). At present the
population for the Dublin Region is 1.2 million and the daily production of water is 550 Mega
litres per day. Assuming adequate sources are available this would mean that facilities would
have to double to meet the demand. It is for such a scenario that the design of critical
infrastructure would have to cater. Consequently, the loss of an essential service, such as water
supply, has the potential to cause greater disruption, economic and social, than might have
occurred in the past.

Internationally, Ireland will also be viewed as ‘water rich’ compared with ‘water poor’ developing
countries. This could result in increasing inward migration of people and encourage the growth
here of ‘water hungry’ crops, such as wheat, the world production of which is decreasing due to
water shortages elsewhere. The production of one kilogram of wheat requires 1000 litres of
water (10).

Providing water for Ireland’s future population and economic growth will present many
challenges. It is not known if there will be adequate water to meet demand, and hence it is
critical that we reduce demand in the future. This can be achieved through pricing policies,
conservation, harvesting and alternative or even multiple re-uses of non-potable water.

Source

Going forward the resilience of the existing systems need to be proven, as without a water
supply the rules of behaviour of society become untenable. Increasing pressure on water sources
due to population growth, increase in demand and pollution threats means that a clearly defined
approach to protecting future needs is essential. Strategies focused on managing and conserving
water, land and biological resources to maintain and restore healthy, effectively functioning and
climate change-resilient ecosystems are one way to deal with the impact.

The most critical part of the water supply system is the source. This can be affected in two ways,
namely, the quantity and the quality. The changing weather patterns will have a major impact in
the medium to long term. On a macro scale more precipitation will occur in the west than in the
east of the Country and the more intense storms may have a detrimental effect on storage and
soakage due to the speed of run off. The other threat to the availability of water will be the
abstraction of it — the volume, location, by whom and for what purpose. Increasing use of
irrigation systems in agriculture, if it should occur, will present problems so prioritisation will
become an issue.

The quality of Irish Rivers is reported on by the Environmental Protection Agency (EPA). The
Water Quality Report 2004 — 2006 (11) states that while pollution in the Eastern half of the
country has been substantially reduced it has remained the same in comparison with the
previous period. Increases in pollution have occurred in the North Western, Shannon and Neagh
Bann River Basin Districts. This report may give cause for concern with the increase in pollution
in some locations but the work by the EPA has highlighted that the general deterioration of river



quality in Ireland has been arrested and that the sources of pollution are being identified. In the
period from 1998 to 2006, the source of pollution for 50% of the rivers was as a result of
municipal wastewater discharges. The remaining sources were ascribed mainly to agriculture,
forestry and industry.

The implementation of the EU Water Framework Directive, the Flood Directive and the creation
of River Basin Management Plans have resulted in an integrated approach to managing the
quality of the river catchments (12). This approach will greatly assist in defining acceptable limits
and reducing threats to the catchments. In ensuring that the quality of drinking water sources is
preserved the competing needs of the towns, in relation to abstraction and wastewater
discharges and the agricultural sector in relation to disperse pollution and irrigation will have to
be finely balanced. Increasing pressure on future sources from all activities of society heightens
the risk of pollution incidents. As a result bankside storage i.e. reservoirs alongside the river will
become essential in order to ensure clean raw water while the incident passes the inlet pipe.

The issues going forward are therefore:

= Where will the significant water resources be located?

= How can the resources be quantified and protected for future use in the most sustainable
manner?

= How can we develop an effective education programme on demand and re-use for such
a long timescale when the majority of people operate on short to medium term plans
and have entrenched views on issues such as the re-use of treated effluent? How can
the current institutions be utilised or modified to prepare a strategy to reduce
uncertainty, and integrate the outcome into medium-term strategies for the future?

Infrastructure

The majority of water supply systems in Ireland are, with the exception of the very large urban
areas, small and discrete. The treatment of water to current standards throughout the country
has only commenced since joining the EU in 1973. Prior to this time while a supply system
existed for many towns there was a very basic treatment available and no treatment where
group water schemes existed. As a result infrastructure in the form of integrated treatment
works, large pipelines, storage reservoirs are only located close to the large urban areas. There
is no interconnection between these networks e.g. Dublin is not connected to Waterford or Cork
to Limerick.

The infrastructure for a water supply system generally consists of a treatment works, large water
carrying (arterial) mains to convey the water to the town or city, storage reservoirs on the
perimeter of the urban area and then distribution mains to deliver to the houses. Pumping
stations may or may not be required depending on the contours of the supply area.

In an ideal situation every location in a town or city should be capable of being supplied from
more than one source The Dublin region, at present, does not have the interconnecting pipework
to ensure continuous supply when watermain bursts occur. Moreover, in the Dublin Region
production and demand are, and have been for many years, finely balanced. While storage
reservoirs that can provide from 24 hours to potentially three days storage do exist in the Dublin
area it has been necessary to carry out a strategic storage study in order to cater for increased
demand in recent years. It has identified the need for additional storage capacity in the region.



Connections are provided to towns on route from the raw water reservoir/treatment works to the
large urban area e.g. Bray is connected to the Dublin City supply as it is located on the route
from Roundwood Treatment Works to the City.

Ireland is a small country in infrastructural terms, when you consider that gas pipelines
originating in Siberia transfer gas throughout Europe. Thus a decision on the necessity of
transporting water around the country in order to ensure continuity of supply is not technically
difficult but it would be costly and is it sustainable? In recent years in order to conserve water a
programme of leakage reduction through the rehabilitation of water mains has been
implemented. In the Dublin area an investment of €10 million will replace approximately 10
kilometres of pipeline however it is estimated that 800 kilometres of watermains are over 80
years old. This gives an indication of the scale of investment that is required when infrastructure
needs are considered on a national basis. The availability of finance for investing in critical
infrastructure is recognised as an issue in other countries as well (13).

The factor that all treatment works and pipelines have in common is an energy requirement.
While some of the plants have generating units (e.g. hydro) the majority have a single source of
energy from the national grid. Levels of back up from standby generators would only exist on
plants close to the large urban areas. While Dublin City is fortunate, in so far, that 80% of its
water is transported by gravity from the treatment works in Kildare and Wicklow the majority of
other areas require pumps at source and sometimes in-line to ensure adequate pressures and
flows. Thus the availability of adequate energy sources is probably the most critical element after
source protection in ensuring the delivery of potable water. In smaller areas the availability of
mobile generators may be more feasible. These issues would be included in current risk registers
for all plants

In modern times the treatment of water has become quite sophisticated and the resources
needed to man it require detailed training. While the large urban areas, due to their scale, can
afford to have adequate resources to enable a treatment works to continue operating if
subjected to damage from a disaster the availability of personnel in less densely populated areas
may present difficulties if it is necessary to maintain a supply. It is essential therefore that such
risks are mitigated against and that those personnel have the best available skillsets to manage
the situation.

The following are some of the other factors that will impact on the infrastructure:

= Pipe systems will be more prone to cracking due to greater soil movement from wetting
and drying cycles

= Assets on flood plains will be at increased risk from flooding, storm damage, coastal
erosion and rises in sea level.

= Existing sewerage was not designed to cater for the expected more intense rainfall which
is likely to exceed the capacity of parts of the network and cause local flooding.

= Dams will be more prone to siltation resulting from increased soil erosion or overtopping
due to storms.

= Bankside storage required to ensure continuity of raw water supply
International Situation

The EU Commission has also published a green paper on Critical Infrastructure Protection,
(14,15,16,17) which outlines the options on what would enhance prevention, preparedness and
response to the Union’s critical infrastructure protection. It states that the effective protection of
critical infrastructure requires communication, coordination, and cooperation nationally and at EU



level among all interested parties — the owners and operators of infrastructure, regulators,
professional bodies and industry associations in cooperation with all levels of government and
the public.

The destruction or disruption of infrastructure providing key services could entail the loss of
lives, the loss of property, a collapse of public confidence and morale in the EU. Any such
disruptions or manipulations of critical infrastructure should to the extent possible, be brief,
infrequent, manageable, geographically isolated and minimally detrimental to the welfare of the
Member States, their citizens and the European Union (18).

The EU has also produced a white paper in 2009 —“Adapting to climate change: Towards a
European framework for action"(12,19) The EU’s objective is to improve resilience to deal with
the impact of climate change. It also adopts a phased approach. The intention is that Phase 1
(2009 — 2012) will lay the groundwork for preparing a comprehensive adaptation strategy to be
implemented during phase 2 in 2013.

One of the proposals in the paper is to establish a “Clearing House Mechanism" as an IT tool and
database. This database would capture the considerable amount of information and research,
which already exists, but is not shared across Member States. Such a database could be crucial
in developing critical infrastructure strategies and improving its resilience.

The EU recognises that due to the variability and severity of climate impact most adaptation

measures will be taken at national, regional and local level. However these measures can be

supported and strengthened by an integrated and coordinated approach at EU level (18). For
this reason the EU seeks to reduce the impact of disasters within the EU by:

= The development of knowledge based disaster prevention policies at all levels of
government

= Linking relevant actors and policies throughout the disaster management cycle

= Improving the effectiveness of existing policy instruments with regard to disaster
prevention.

The UK published a National Security Strategy in 2008, which covers not only security threats
but also transnational crime, pandemics and flooding. The strategy includes the compilation of a
national-level risk register setting out its assessment of the likelihood and potential impact of the
range of different risks that may affect the UK. It is the intention that prompt action and
improved prevention will be achieved through partnership between the public and private sectors

(8).

Water UK, the association of water companies in the UK, commissioned its own report on the
floods of 2007 in order to ensure that climate change and extreme events are taken into
consideration in their flood risk management and in the protection of critical water infrastructure
(20).

The United States launched a National Infrastructure Protection Plan (NIPP) in 2006 This
provides for a coordinated approach to critical infrastructure protection, setting out national
priorities, goals and requirements for effective distribution of funding and resources to ensure
continuity in the event of an attack or disaster (8).

In addition the various water associations have implemented amongst the utilities the concept of
“Utilities Helping Utilities". This proposal encourages utilities and local/state governments to
establish intrastate mutual aid and assistance networks. The concept is about creating an
opportunity to enhance water and wastewater utility resilience in response to disasters during



the response and the recovery phases. An agreement is designed to provide a mechanism
whereby water/wastewater utilities that have sustained damages from natural or man-made
events could obtain emergency assistance in the form of personnel, equipment, materials and
other associated services as necessary, from other water/wastewater utilities (21).

The Netherlands has also taken a systematic and coordinated approach to tackling potential
disruption to critical infrastructure. They have established a project, Protection of Vital
Infrastructure, which aims to develop an integrated package of measures to protect
infrastructure in both the private and public sectors from security threats, accidents, and
extreme natural phenomena (8).

Conclusion

This highlights the fact that the identification and role of critical infrastructure is given serious
consideration in most developed economies today. In the current environment of uncertainty,
how can we assess decisions across a 20,30, or even 40-year time horizon? At present when we
make a decision in relation to infrastructure in Ireland, it may take up to 10 years to implement.
How can we create more certainty? Is this a situation of creating scenarios, which would
illustrate the potential political and societal situation in 50 years and then test our decisions
against those scenarios? (22). The challenge is not only to develop a better understanding of the
known hazards but also the changing and newly emerging vulnerabilities and consequences of
loss as well as their interrelationships (8). Whatever decision is arrived at in relation to the role
of critical infrastructure and drinking water it might behove us to remember

An ounce of prevention is worth a pound of cure.

- Benjamin Franklin.
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The purpose of this note, prepared for the Committee for the Environment, is to identify the
current policy frameworks in the NI Executive and its Departments to mitigate and adapt to the
impacts of climate change.

Sustainable Development Strategy
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The NI Sustainable Development Strategy[1] was published by the SoS in May 2006. It was
intended to represent ‘our first steps in establishing the focus for tackling the challenges ahead
toward our long term objective of securing a better future for the present generation and
protecting the future for generations to come’.

The strategy dealt with 6 main themes/policy areas as outlined below:

Sustainable consumption and production
Vision: NI as a one planet economy.
Strategic objectives:

*= To become more resource efficient.
= To make the NI public sector a UK regional leader in sustainable procurement.

= To minimise the unsustainable impacts of consumption.

Natural resource protection and environmental enhancement
Vision: NI has a diverse, healthy and resilient natural environment.
Strategic objectives:

= To conserve our landscape and manage it in a more sustainable way.

= To protect and enhance the freshwater and marine environment.

= To improve our air quality.

= To conserve, protect, enhance and sustainably re-use our historic environment.

= To protect and enhance biodiversity.

Sustainable communities

Vision: NI is built around a network of sustainable communities encompassing urban and rural
areas, where existing settlements and any new developments are designed to be more
sustainable.

Strategic objectives:

= To increase the economic well-being of the people of NI.

= To create an attractive, high quality environment where people feel safe and which
provides the conditions for health and social well-being.

= To promote the development of community engagement, civic leadership and
responsible citizenship.

Climate change and energy

Vision: NI adapts to the impacts of climate change and operates as a highly energy efficient
society using a sustainable energy system.
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Strategic objectives:
= To reduce greenhouse gas emissions, principally by promoting energy efficiency and the
use of renewables.

= To establish NI as a world class exemplar in the development and use of renewable
energy.

= To plan and prepare for climate change impacts in NI.

Learning and communication for sustainable development
Vision: An informed society, committed to the co-ordinated pursuit of sustainability.
Strategic objectives:

= To provide access for all citizens to gain sustainable development skills and knowledge.

= To bring about the behavioural changes necessary to progress towards a sustainable
society.

Governance and sustainable development

Vision: Good governance enjoys a strong relationship with its social partners and supports a
thriving, innovative and sustainable business community.

Strategic objectives:

= To mainstream sustainable development across Government.

= To strengthen the network of accountability for governance for sustainable development.

Programme for Government

The Programme for Government (PfG)[2] was published by OFMDFM, on behalf of the Executive,
in May 2007. It was intended to set out ‘our plans and priorities for 2008-2011 as well as some
of our longer term aspirations and intentions’.

In its foreword and introduction, the PfG states that:

= We will work together to address the key challenges we face and build a shared and
better, and more sustainable future for all our people.

= We aim to build a prosperous, fair and inclusive society, supported by a vibrant and
dynamic economy and a rich and sustainable environmental heritage.

In its strategic priorities, the PfG states that:

= Our over-arching aim is to build a peaceful, fair and prosperous society in NI, with
respect for the rule of law and where everyone can enjoy a better quality of life now and
in years to come.

= We must also do this in ways that protect and enhance the physical and natural
environment and use resources as efficiently and sustainably as possible.
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= Itis also imperative that economic growth and wealth creation are taken forward in a
manner which is fair and sustainable if we are to meet the needs of today, as well as
those of future generations.

Sustainability is 1 of 2 cross-cutting themes in the PfG, which states that:

..... building a sustainable future will be a key requirement for our economic, social and
environmental policies and programmes. We will ensure that the principles of
sustainability.....underpin our approach to all our activities. As an Executive, we will demonstrate
our commitment to sustainability through the decisions and actions that we take and will work in
partnership with others outside government to promote a wider understanding and knowledge of
the issue.

The PfG priorities provide a framework to address the key social, economic and environmental
challenges we face. The following priorities are relevant to climate change:

= Priority: Growing a dynamic, innovative economy. The PfG states that this will require
investment in our infrastructure, driving forward social transformation and environmental
improvement.

= Priority: Protect and enhance our environment and natural resources. The PfG states
that:

= There are recognised links between a healthy environment, a thriving economy and a
high quality of life.

= Action is needed to protect and enhance our environment for future generations.

= It is clear that climate change is one of the most serious problems facing the world.
While we recognise that it requires action internationally, we are determined to play our
part in addressing this challenge by reducing our impact on climate change.

= At alocal level, therefore, action is needed to protect our built heritage, our landscape
and marine environment and to reduce our impact on climate change.

= This Executive recognises the importance of Sustainable Development, encompassing
economic, social and environmental considerations.

= Priority: Invest to build our infrastructure. The PfG states that:

= Considerable investment is needed in our infrastructure. Over recent decades, such
investment has not been given the required priority and we now have major deficiencies
in key areas.

= This limits our capacity for further fair economic and social development and undermines
our ability to safeguard our environment and comply with key EU Directives.

The Public Service Agreements in the PfG are the detailed directions and guidance given to
Departments to achieve their desired outcomes. Not all PSAs have obvious implications for
climate change, but many have at least indirect influence.

Note that it might be worth considering how PSAs can also bring unintended negative outcomes,
and if they represent the best way to achieve intended positive outcomes. Thus, when
scrutinising the PSAs, consideration could be given to sectoral contributions to greenhouse gas
emissions and the direction/guidance outlined above in the Sustainable Development Strategy
and PfG. For example:

= In productivity growth (PSA 1), promoting a competitive and outward looking economy
brings obvious financial and social benefits in employment, but if NI exports goods to



global markets while importing similar goods for local consumption then this might
involve an unnecessary carbon cost to the economy. If, however, it involved research,
development, manufacturing and export of ‘green technologies’, it could represent a
‘win-win’ situation.

= In tourism (PSA 5), enhancing NI's tourism infrastructure also brings obvious financial
and social benefits in employment, but if NI achieves that through more high-carbon
infrastructure (such as more/bigger airports) then this might involve an unnecessary
carbon cost to the economy, social costs to the population and degradation of the very
gualities which attracted tourists in the first place. If, however, it involved development
of ‘green tourism’, it could represent a ‘win-win’ situation.

= In making peoples’ lives better (PSA 7), reducing levels of fuel poverty by implementing
energy efficiency measures directly benefits those living in fuel poverty while also
reducing the climate change implications of energy inefficient housing.

= In improving the transport infrastructure (PSA 13), improving the strategic road network
brings obvious benefits for business and social mobility, at least in the short term, but if
it does so by encouraging more cars onto the roads it might just exacerbate problems of
carbon emissions, pollution and congestion while diverting possible funds from lower-
carbon alternatives. If, however, those roads were improved while increasing priority for
public transport or car-sharing, for example, it could represent a ‘win-win’ situation.

The PSAs with relevance to climate change are outlined below:

PSA 1: Productivity growth

= Objective 1: Promote a competitive and outward looking economy. (DETI)

= Objective 3: Ensure a modern sustainable economic infrastructure to support business.
(DETI)

= Objective 7: Improve the Strategic Road Network by the advancement/ completion of a
range of major works schemes. (DRD)

PSA 3: Increasing employment

= Objective 4: Promote business growth. (DETI)

PSA 4: Supporting rural businesses

= Objective 1: Support the development of rural businesses. (DARD)

= Objective 3: Support environmentally sustainable land management. (DARD/DOE)

PSA 5: Tourism

= Objective 1: Enhance NI's tourism infrastructure. (DETI/DCAL)
= Objective 2: Promote the growth of the tourism sector. (DETI)

PSA 7: Making peoples’ lives better

= Objective 4: Reduce levels of fuel poverty. (DSD)



PSA 11: Driving investment and sustainable development

Objective 2: Regenerate former military sites to promote economic growth and for the
benefit of local communities. (OFMDFM/DSD)

Objective 3: Coordinate delivery of the Sustainable Development Strategy. (OFMDFM)

Objective 4: Support the wider Public Sector in taking account of sustainable
development principles when procuring works, supplies and services. (OFMDFM/DFP)

PSA 12: Housing, urban regeneration and community
development

Objective 1: Provide access to decent, affordable and energy efficient housing. (DSD)

Objective 2: Regenerate disadvantaged urban areas. (DSD/DE/DHSSPS/
DEL/DETI/OFMDFM)

Objective 3: Promote viable and vital towns and city centres, helping to create shared
spaces that are accessible to all and where people can live, work and socialise.
(DSD/DCAL)

Objective 5: Promote strong, integrated sustainable communities where people want to
live, work and socialise. (DSD)

PSA 13: Improving the transport infrastructure

Objective 1: Improve the Strategic Road Network by the advancement/ completion of a
range of major works schemes. (DRD)

Objective 2: Maintain the road infrastructure to keep it safe, effective and reliable
through resurfacing, surface dressing and the timely repair of road defects. (DRD)

Objective 3: Promote increase in usage of public transport. (DRD)

PSA 14: Promoting safer roads

Objective 2: Contribute to safer roads, using a range of initiatives, including road safety
engineering, traffic calming and further enhancement of the pedestrian and cycling
network. (DRD)

PSA 15: Water and sewerage infrastructure

Objective 3: Acceptable levels of compliance with EU requirements and other relevant
standards and targets by 2010. (DRD)

PSA 17: Rural infrastructure

Objective 1: Improve rural infrastructure. (DARD)

PSA 22: Protecting our environment and reducing our carbon
footprint



= Objective 1: Take forward strategic action to improve air quality and reduce our carbon
footprint. (DoE/DETI/DSD)

= Objective 2: Promote energy efficiency and the use of renewable energy. (DETI)

= Objective 3: Improve the quality and ecological status of the water environment.
(DoE/DCAL/DARD)

= Objective 4: Take forward action to improve air quality. (DoE/DHSSPS/DETI)

= Objective 5: Promote waste management and reduce the annual tonnage of controlled
waste illegally disposed. (DoE)

= Objective 7: Conserve NI's bio-diversity. (DOE)

= Objective 8: Deliver a modern effective planning system which meets the needs of the
whole community and the economy while protecting the environment. (DoE)

PSA 23: Managing the risk of flooding from rivers and seas

= Objective 1: Deliver sustainable flood risk management policies to meet society’s social,
environmental and economic needs. (DARD)

= Objective 2: Implement the requirements of the European Directive for the assessment
and management of flood risks. (DARD)

= Objective 3: Reduce the number of properties at risk of flooding from rivers and the sea.
(DARD)

= Objective 4: Maintain flood defence and drainage infrastructure in a satisfactory
condition. (DARD)

DEPARTMENTAL PRIORITIES

Most, if not all, Departments have some policies on climate change. It can be argued, however,
that these policies will have little positive influence on climate change unless they are reflected in
the core activities of the Department.

The top-level direction statements of the Executive Departments are outlined below:

OFMDFM[3]

Purpose: to set a central overarching vision for government
Strategic objectives:

= Supporting Ministers and the institutions of government.
= Building a PfG and modernising government programme.
= Promoting better community relations, a culture of equality and rights.

= Targeting social need and promoting social inclusion.

DARD[4]

Vision: a thriving and sustainable rural community and environment in NI.
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Strategic goals:

= To improve performance in the market place.
= To strengthen the social and economic infrastructure of rural areas.
= To enhance animal, fish and plant health and welfare.

= To develop a more sustainable environment.

DCAL[5]

Vision: a confident, creative, informed and vibrant community.
Goals:

= Enable as many people as possible to experience and appreciate the excellence of our
cultural assets.

= Promote creativity and innovation and lifelong learning.

= Encourage respect for and celebration of diversity.

= Ensure the sustainable management of our cultural infrastructure.
= Develop and deliver quality cultural products and services.

= Reform and modernise our service delivery.

DE[6]

Vision: to educate and develop the young people of NI to the highest possible standards,
providing equality of access to all.

Strategic aims:

= Valuing education.
= Fulfilling potential.
= Promoting equality and inclusion.

= Resourcing education.

DEL[7]
Aim: to promote learning and skills, to prepare people for work and to support the economy.
Objectives:

= To promote economic, social and personal development through high quality learning,
research and skills training.

= To help people into employment and promote good employment practices.

DETI[8]

Goal: to grow a dynamic, innovative economy.


http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-5
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-6
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-7
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-8

Priorities:

= Productivity Growth - improve manufacturing/private services productivity.
= Increasing Employment - raising employment levels.

= Tourism - develop the tourism sector.

DOE[9]

Aim: to improve the quality of life for everyone in NI through promotion of sustainable
development principles in all the activities of government and wider society, reduction of road
traffic casualties and promotion of efficient and effective local government.

Objectives:

= To protect, conserve and enhance the natural environment and built heritage.

= To improve the quality of life of the people of NI by planning and managing development
in ways which are sustainable and which contribute to creating a better environment.

= To reduce road casualties.

= To support a system of Local Government which meets the needs of residents and
ratepayers.

DFP[10]

Vision: Leading reform, delivering value and promoting sustainability
Departmental Objectives:

= To prioritise the use of resources available to NI, ensure that these are used efficiently
and secure the reform and modernisation of public services.

= To deliver efficient and cost effective services to the public in the Department’s areas of
executive responsibility.

DHSSPS[11]

Mission: to improve the health and social well-being of the people of NI.
Main responsibilities:

= Health and social care, which includes policy and legislation for hospitals, family
practitioner services and community health and personal social services.

= Public health, which covers policy, legislation and administrative action to promote and
protect the health and well-being of the population.

= Public safety, which covers policy and legislation for fire and rescue services.

DRD[12]

Vision: a region with modern, safe and sustainable roads, transport and water services which
meet the public need.


http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-9
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-10
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-11
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-12

Key objectives:

Supporting the economy by maintaining and developing safe and sustainable
transportation networks; promoting airport and harbour services.

Addressing regional imbalance in infrastructure; and shaping the long-term future of the
region.

Contributing to community health and well-being and protection of the environment by
maintaining and developing the policy and regulatory environment for sustainable, high
guality water and sewerage services.

DSD[13]

Mission: together, tackling disadvantage, building communities.

Strategic priorities:

To invest in housing and address the housing crisis.
To build communities, tackle disadvantage and encourage social responsibility.

To create vibrant cities, towns and urban areas.

[1] http://www.ofmdfmni.gov.uk/sustain-develop.pdf

[2] http://www.pfgbudgetni.gov.uk/index/programme-for-government-document.htm
[3] http://www.ofmdfmni.gov.uk/index/about-ofmdfm/about-the-department.htm
[4] http://www.dardni.gov.uk/dard-strategic-plan-2006-2011.pdf

[5] http://www.dcalni.gov.uk/about_us.htm

[6] http://www.deni.gov.uk/25-22_nov_strategic_framework_pyramid.pdf

[7] http://www.delni.gov.uk/index/about-the-dept.htm

[8] http://www.detini.gov.uk/cgi-bin/downutildoc?id=2242

[9] http://www.doeni.gov.uk/index/about_us.htm

[10] http://www.dfpni.gov.uk/index/about-us/about-dfp.htm

[11] http://www.dhsspsni.gov.uk/index/about_dept.htm

[12] http://www.drdni.gov.uk/index/aboutus.htm

[13] http://www.dsdni.gov.uk/index/about_dsd


http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-13
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-1-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-2-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-3-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-4-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-5-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-6-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-7-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-8-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-9-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-10-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-11-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-12-backlink
http://archive.niassembly.gov.uk/environment/2007mandate/reports/2009/report_24_09_10r_vol3.htm#footnote-269854-13-backlink

The Irish Academy of Engineering

Tony Smovth, Ciffice QFPublic Works

}DPW

Workshop on:
Critical Infrastructure - Adaptation for Climate Change
Dublin Castle 28th April 2009

Transform Scotland Trust:
‘Towards a Healthier Economy’



Initrodu ¢ Linn

Definition of critical infristracture in fToed defence confect
Typcally Critieal infeastrocture 5 3 term osed by covernments to decerbe assets that
arz essential for the funcioning of 2 soaety and econcmy . Mest commaonly assocated
with the term are facilimes for electricity generation and fransmission,
telecommunications, transportation. water supply and public health servces.

Far the purposes of this paper, | am taking the defnition to extand to those assets that
provide protection (o these facilities from flood damage. They are referred o os food
defence assets, 1.2 mfrastructure that provides protection from floodmg o homes,
busmezses, mfrastructure and the anviranmeant md incudas smbankments and walle,
which have been constructed by 2 public autherity or by a pnvate concern. It incladss
rivet oF coastal dafances, natural or constructed, whether or not they arz subject 1o a
MAINTENANGE Progrmme.

\ brief sutline of the eritical infr i |

Dy we Ernow the defence assers?
In many cases we do know that Noed defience structures exisis because they have been

comstructad by a public authonty in relatively recent times for the specific purposz of
providing flood proteciion. Such defence assets ineluda:

Flnod defence s lwemes
The OPW hos o signaficant programime of ood defence achemes as part of cur wider
food sk management responsibiliies. Such schemes ane designed 1o provide fhe
mitemationally accepred standard of pratection and sre climare checked by axamming tao
scenanas of O hmate Chan ge.

They include alzo thase asses congrucied by the OPW us part of the Ananal Drainage
Programme under 1945 Az, oras part of a coasial protection scheme, They mclude flood
rglief and drainage works constructad under statites that pre-date the 1945/ 9% Acts,

All of thesz schemes and assels arg, in general, subject 0 a stamey duly of maintenance.

il Loamd Cormmissio m o bankmcmis:
In same cases_ however, defence assers were eonsimicied in the disiant past and while
they provide alevel of fleod protecion, they may not always be identified as such. The
desien standard of protechion 15 probably not knewn and the structural conditon may be
ungertain. [t may not be the subject of regular inspection and mamienance repme While
in some cases old rust funds exist w provide for the mainenance, in reality they are now
mad=quate to fund a prper mamtenan ez programme.




Urlan drainage netwndk
The urbran drumegze network particularly in the older arcas of cities & twns meay huove
been desipned & constructed dunng the Victonan sra. That they ars still serviceable iz a
triute to their onginal designers/constractors and te the nspection and mainiceanc:
regimes in place in the Local Authonfies,

Deswm of flood defencas and fload relief schemes 1z hased on historic recond o on
migtheds derived from such records and make the assumption that the penod of record is
statistically stationary. Wenormally define the level of Bood defence for rivess as the 1%
avant and for cosstal flooding as the 0.3%% event, subject te the proposed scheme being
costbenaficial and environmentally susanable

However, clomate seence is saving that for the future the rainfall, and henee nver flows,
and sea kevels are hkely to merease sismiticantly, For example the recently completed
Kilkenny flood ralisf schome was desiged to provide protection agamet the 1% flosd.
We don 1 know howsvar, what level of protection the scheme will provide in say 50 vears
fime, and henca what works reed to be planned and financad to mantam the design
standord, ond mdeed whether it is coonemically viakle to maintain this standard,

Similarly, for coazial dafances the pradiciion iz that 2ea level will nsa and that surpss
will beceme more frequent This weuld expose coasial defences o a zreater nisk of

2ro=on, to more frequent stonm events, increasing the risk of damagze or collapsa, and
mereasing the need for mantenance.

Affowances for Fultire Neegaries

Ad present the allowances that the OMW makes, in wnns of numenical values for Fature
changes i relevent phcnomenn or charocteristics, which should wpically be used for cnch of
theae scenarios, anc sciout m Table 1 bolow.

Mid-Range Fature Scenarin

High-End Future Scenarin

Extreme Kainfall Depths + 21ty = 3%
Flood Flows + + A,
Meus Sea Level Rise + 501 mm = 1 v

Lomd Mavemeni

-l 5 mm / wear'

- U5 mm / vesr”

Mot 10 Applienble to b comthors part of the eosatey ool (Dl — Giasvey and sami of this)

Talvie I: Afowarces far Fature Sconeriog

It 15 iImporiant o0 nodz thaot:

- The allowances are based on cerrent Knowlalye and scienee, md will be Trequently
reviewed and may be updated. a5 further research s wndentzken




- The allvwansee arc national, and eome regionslieation ar provison far the nahre of the
relcvant catchmeont may be switable whors adequate kaow ledge or analysis would support
this (allhowgh this would need o be robustiy jestifisd where the allowmees are less than
the assumed nalos al allow aneesh

Simvilaily, the Greater Dublin Suakegic Drainage Stuidy seis oul hese values wo be appled
o drainage design

Climate Change | Characteristics

Gategory

River flows 20% increasa in flows for all retum periods up o 100 yeas

Bea leval A00+mim ise (sea Chmale Change policy documenl for sea levels as 8
Tuncain o retumn perindy

Rainfal 0%, increass n dasdh factor all imtarsiSas by 1 1)
Madify time series minfallin accordance with the GDS0S chmate change
paslicy docurment

Tabie 2 Climate Change Factors fo be Applied to Drainage Design

Wi can, therchiore, have & reasoaable d;gl-.;c el conlidencs that the sandards for nwnly d:ngu-.;d.
flood defences and dramage infrastruchne do take the nbapated impacts of climate chaage mto
comsideration. These allowances will be nead (o be kepl under review and smendad as the climale
soience identifics emorging scenanor md iz in o position to provide farther ovidenec on the
mpracts o river Cows amd sea kevels.

Val billfiso of thic crifical inf I i
Two aspects of valnerability need 1o be considered:
L Failure of the azset wself through damage dunng flood event, inadoguate
maintenanos programime or the design capacity being excecded
i Conseguential damaize to other infrastniciune or asssts protectsd by the lood
delences.

The first of these has to do wath the intnnzic condition and performancs of the flood
defence asset. The second with the infrastructure it protects from the fleod event.

What fv af risk ¥ — th.l'l:ﬂ; ilee ascsat
As a hrst step b 5 umporiast o wdenbify those sigruficant food deferce assets that prowvide
flood protection. These are the smbankments, walls that provide protechien from the
Neod event. As staed dbove these are not always known or idemified and in such
circumstances may be vulnerable to bemg removed as part of 2 development or other
warks at their locaton




Vilmapn bilition due to cffmats change.

Conoer has set out in his paper the chimare changs mpacts related w0 Sooding. For
comvenience and case of reference "ve summarsed them hore:

Strzam flow is expected to Increase inwinter and sprmg. It 5 expected that an
mereas: in the order of 20%: nwnter are kel by nud to lste contury. Raductions n
surnmer and aupimn months ol over 40% are Ikely in many catchments, There ae,
bowever differences betwesn catchmenis.

Flood cvents arc likely 1o become more frogeent witl the curwol 30 scan cvent likely
tir be assoeiyted with a 10 vear retam period by mid 1o late century. While
umcertainly remaing lon low events are aleo likely to beoome mone frequent.

IPCC scenanos suagest a bkely sea level nse of between 0,28 and 0 43m by the end
of the contury, relative to 1980. 1990, However. reoont tinking sugpests that this may
be toe coascrvative.

+ The likeliicod of mercosed stommimess, higher soa levels and wind speeds wall resl
in a sulmequent sohancement of wave beights and stome surges, when combined wih

nvering fioodmg will pose serions tood risks in many of our coasal cmes and for
L‘q'_!,: 'in'l"mstnlﬂllr{:t

Fland defenee assets — deslons hoes mc madegua e

Ruvers,
The implications therefore are that many Tood defences wall not confinue to provids e
level of protechcn that was astcpeted when diey were budt. The Qood design svent wall
e exceeded more frequenty than was 2ssumed at the desizn siage

Coasral
The expactad n=za in zea level will impact on the coastal Flond nsk due to the higher watar
levels and o the greater and more feguent surges. It wall impact alo on the s of
greson of valnerable cosstline, as it will expose areas of natural shorelns, which are not
at prasan | cubjact 1o frequent storm action

YWiat Is Delno €one I this secior here and Reruatsaallv, (o dans o claase
change.

Specifically in the area of flosd nek manaeement:

The OPW has commenced the Catchmeant Flood Risk Assessment and Managemeni
(CFRAM) programme. It vseful ta et out here avery beisf deseription of the CFRAM
progrumnee, as i is antcipated thee the programme will sddress most ol e shonoomings
and vulnerbilities identified above




Catehment Find Risk M gement
Undedying the policy = a fuedamental chifi in the way we deal with flood risk and =
reflectzd in our Cachment Fiood Risk Assessmeant md Management (CEFAM)
Programme. The ohjzctive of the pmgramme 15 o develop and implement an integrated.
pnh-q.ctimo u.nd. r.a.tl;h.:rn nn1-bn5q-d n.p-'pmaa:-h m li'n-c with i'ntqm ul:i.nna.] bo:ﬂ 'prqc-tiw to emsurg
effective management of existing and potential futue flood risks

Uneder the Programme, it is intended o carry ouwt Cachment Flood Risk Assessment and
Management Studies Plan (CFRAMS) for each rver Catchment. The output from these
studies will be s Flaod Risk Management Plan {CFRMP) thet defines existing and
foreseeable flood hazards and risks within a catchment and the metods, mechanizms,
policies and proposak for mansemg the hazards and risks.

The CEEMP inchedes examination of “maost likehy future scenarse” and a high-and futurs
scenana, in terms of risk, and management options for dealing with the resk identified. It
5 imporiant io noie fat climaie change is considered ai every stage of the CFRAM
PIOCEss.

We have begun thi process with pilor studies on the Kiver Lee, the Kiver Dodder, the
River Suir, and the Fingal-East Meath area. There 15 an informative website for the Lea
prpeet for anyone seching urther wfrrmation. (wees loseframs e

The OPW intends to rell out a patonsl propramme of CFRAMS to cover all river
catchments and coasial arges, The completion date, subject wo contnued funding by
Giovemment for the Flood Rk Management Programme, will meet the dates set nut m
thie EU Floods Dhrective for the preparation of food hasmed and sk maps, and Aood sk
management plans.

OF W diabanse an pran of CF RANG process
As part of the CFRAMS programme underway, the OPW plans to idennfy systemarically
the major flood defence assets and record them m a Flood Asset Database. In this way it
15 planned to record on a database, their position, and 1o mfom the owners or other
authonties of their importancs for fload protestion. The data gathered during the survey
hes een incorporated oo our loed sk essessment. And will be used w develop a
programime of flood defence asset manapsment and mainlen ines.

Flood extent mups = exumple from Lee
Another putput from each CFRAM will ba & set of flood extent maps, showing the areas
atrisk from flood mundation for thnee levels of prebabilty, 0%, 1%, and O 1% e
meludad a sample, which is in draft at present, at the end of the paper for illustranon.
(See Nigure 1)




Fload Rick Manageoment Flan
The CFEAM process descnbad briefly above, will develop for each carchment, a set of
pr:dicti.\.'c Flood maps which wall imclude an allovwance far the irn]:rw15 of chmate ¢ hq.ny
w1 the defineation of the Mood exient maps.

The Flood Risk Maagament Plan will consider various future pressures melading

clmarz change when identifiing the measures and acnons to manage floods m the
catchment

Design specifioation

I'he design speerficanon for flood relief schemes (fluvial and cosstal) and for uiban
dranage scheomes 55 z8en sbove wall maks allowaneae for tha impsets of climata change.

Planning & Development Goidelines
Durmg 2008, the OPW, and the DoEHLG published draft gundzlines = The Planning
Syetem and Flaod Rk Mansgemant”™. Taken togathar with emergmg infarmation on

Mood extents, hese guxlelings will lead 10 improved development decision-making by
Plannmg Authonties and by developers

LU flowds divective
The purpose of the directive is “ro estadlich o framework for the assesamens and
management of food risks, aiming ot the reducrion afthe adverse conseguences jfor
hamicen health, the cmdronment, culural heritage and voonomic activity associaied with
Mneads én fhe Convdiveriy” .

The prncipal requirements of the Directive are thot Member States shall:

+  Undertake o prelimmary flood rek assescment (PFRA) to determine areas of
exEtmy or potental future ‘sizonificant” nsk, and for hese areas;

& Prepare flood hazard and risk maps; and

+  Prepare flood risk management plans

In Ireland, these latter two roquirements of the Directive will be delivered through the
Catchment Flood Risk Assessment and Management (CFEADM) Studies.

Northern Ireland
The apprasch m Northamn Irzland 15 silar o that adapted herz, and indeed 15 somewhat
furtker advanced. 1know from our regular meatsngs and from nfommatos on thei
websile that the Rivers Apency has already developed Assat Management Flans for their
flood defencas They have produced 2 Strategic Flaod Map, which illusirates the sreas




thraughaur Morthem Iraland that hsve flaaded from rvers and the sea m the past and
thosz which are estimared w be prong w Aooding now and in the future,

The map developed in co-operation with the Departement of Environment ta meet the
requireinients of 12 Planning Policy Staziment 15 (PPS 15) - Planning and Flood Risk.

Unicertainty

The biggest challenge & the uncertainty associalzd with the climate chanze scenarios
reing developed by elimate acientiste. 1f we kaow with confidence what was poing 1o
happen, it would be far easier 0 maks the economic and other decisions related 1@
muvestment v food protecton and nsk manapement works, development plannmg, ete
The unceramty reyuires policics o be enplamanicd that are based oo conerzing sacific
deta and general assumplions abaul its impacts. The reseanch efforts nead to be
concentiatad on reducing these seurces of unceranty, to enoble more cost effective food
risk management selutions o be devised thar are “climate change proofed”

The OPW haos boen aware of the zaps mn our ]mm\'{qd_go & imformation i relation to the
effects that climate change scenarios will have on the flood nsk Mmagament programmea.
To sddress these short -comings we have identified the following areas that require
research programmes

Rmnfu.” u.nd Cllmnl-;r .inaf_l,-r'is
Catchment Response Analvsis

Sea Level and Storm Swrge Analysis.

Conclusions

Thete = unceranty about the level of impacts climate change will have en river and
coastal flooding. In the light of the costs of providing pretection to our towns and cities., it
15 st impormant that this research is directed 1o raducing these incertaintizs 1o allow
engmears o dezipn, construcr and mammam the most eost effactive defences

Disclai
This paper was prepared by Tony Smyth, for presentation at an Irish Academy of
Engmeermg workshopon “Crinical Infrasmucture - Adaptmg for Climate Changs”, to
stimulate discussion on the potentia issues relating 1o flooding. The views expressed are
thiosz of the author.
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mears that an overall Scottish cycle target of 13 percent likely represents a benefit to the economy of
almast £2 billion, while an overall target of 27 percent would probably benefit the Scottish economy by
more than £4 billion

It should b= noted that we did not find a general-purpose tool that can caloulate the economic benefits of
increased wallking inthe same way as for cycling. We also did not find data that allow for the calculation of
other economic benefits from increased cycling and walking, such as berefits due to reduced congestion.
These other benefits tend to be calculated on a project-specific basis.

According to Scottish Government statistics [2007A), car-based trips account for up to &9 parcent of all
commuting’. This provides plenty of room for switching to walking or cycling and so in answering Question
3-2 we considered reducing car cormnmuting by 20 percent and 40 percent through a switch to walking and
cyding. It is possible to calculate the economic bemefits of these reductions in car commuting by using
figures from Sustrars (2006] and the DfT {2008). These identify the financial benefit that results from
switching a commute to walking or cycling, due to the increased productivity and reduced absenteeism
that resutts from the commuter's improved health, By combining these figures with the Scottish
population of 15-&4 year olds (GRO Scotland, 2008C) and the Scottish average gross income of £432 per
week [Scottish Government, 20078 ) we can determine the potential benefit to the whole Scottish

economy, as shawn in Table 2 (details of the calculations can be found in Appendlix 4, page 23]

Table 2. Economic benefit of switching commutes from cars to walking or oy cling. Teo soanarios are provided: Seitch-
irg 20 parcent and seritching 40 percent of car commutes towalking or gpding mianatised berafts come from Sustrare

flﬁl:lsj arvd tha [ arh'nin:%or '|Pn {2008, and the rumber of trips, gross sveraga income, and population of 16— 64 year olds
in Scotard come 'E'om tha Scottish Gowarrment {20074; 30TE) and tha ('.-EP.O Seotland { 2008C). Full details of the mlodations are

in Acpendic A on pags 23
Reduce car commuates by  |Mewwalking or cycling Sustrans [1006) ecomomic  |DFT [2008) annual
trips emefits economic bemnefits

8% 9,90, 270 f663, 503,038 £2,763,979 877
A0% 159,952,539 £1,327, 606,075 £5,527,959, 755

The results in Takle 2 show that the Scottish economy stands to benefit by £0.6—£27 billion through a 20
gen:\ent switch and £1.3—£5.5 billion through a 40 percent swit ch frem car commuting to walking or cycling.
he DT states that these are annual economic benefits, and it should be noted that the Sustrans data was
only compiled for commutes undertaken on traffic-free paths. Finally, the difference between the DT and
Sustrars figures shows that more work needs to be done to improve the accuracy of the benefit factors.
Howeay er, the results still provide a good indication of the scale of economic benefit that can be realised.

7. Thestatistic relates to commutes under@leen by car, van, of lorry, but it is reasonable to assume that the bulk af
these Commuter journeys are car-based.
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4. LOCAL PUBLIC TRAMSPORT

41. Overview of findings related to public transport and the economy

In the Scotecon report, Transport and the Scottish Econommy: Key Issues, MoQuaid and Greig (2002 cte
reszarch showing that investrnent in public trarsport made towns and cities more attractive business
locations. However, the level of economic activity or jobs creation that can be attrituted to public
transport investment is not spedfied. On the other hand, Laconte (1999) puts numbers on public
transport’s job creation benefits in the UITP report Investing in Urban Transpor £ He finds that when judged
by passemger kilometre, public transport generates twice as many jobs as the car. Andwhen judged by
barrel of oil, public transport’s job creation berefits are four times that of the car. A more recent report by
LITP {2003) puts the job creation advantage of public transport at two- to three-times that of private
transport. The same report finds that every USS10 million (£5 million®) invested in public transport capital
projects creates more than 300 new jobs and a WS530 million (£15 million) gain in business.

4.1 Local public transport quastions we set SUt 1o ARSW &F
Question 4-1:  What would be the cost due to extra congestion if local public transport were removed?

Cuestion 42 Whar would be the financial benefit from congestion relie® of switching X% of journeys
from private ransport?

43, Answering the local public transport questions

The cost of congestion to the LK economy is estimated to be anywhere betweaen £7-£19 billion ayear
(British Charnbers of Commerce, 2007 B; Eddington, 2006; Gresn Party, 2004). Significartly reducing
congestion could therafore be of great benefit to the economy. However, we did not find figures show ing
what percentage of car jourmeys would have to ks switched to public trarsport te achieve this goal
[Qwestion 4-2). Sirilardy, this lack of a link between units of public transport Lsage and units of congestion
rmakes it im possible to answer Question 4-1.

To answer such questions, work needs to be done to determine how increasing pullic trarsport use in
Scotland would impact on congestion. This will depend an the how many new public transport joumeys
are due to people switching from cars, how many are additional journeys, and whether when some pecple
leave their cars behind, others are encouraged to make additional car journeys. Even if a limk betwesn
public transport use and congestion can be established, further work needs to be done to relate units of
decrease in congestion to economic impact.

B United States dallars have b2en conwerted to pound sterling using the Hk Revenue & Customs average exchangs
rate for 2007 (HRRC, 2008C).
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5. LONG DISTANCE PUBLIC TRANSPORT

51. Overview of findings related to long distance public transport and the economy

The Trarsport Research Imstitute (TRI) at Napier Univ ersity conducted a study com paring the relative costs
between train and car for long-distance travel (Kirby et al, 2008). This research determined the average
monetisedvalue {to employers) of time spert working on the train for three routes: Manchester—London,
Birmingharm—-London, and Manchester—Birming ham. The figures are based on extensive data and

cansery ative assum ptions, however thay are specific to the three routes and it is not immediately possitle
to generalise thermn to a national level. With furtherwork, the data and methods employed by the Mapier
study could be combined with other data (e.g. number of business trips anmually ) to preduce national
figuras.

There are alsovarious claims about the positive benefits of specific rail schemes:

+ A LIK high-speed rail networkwill generate £16—£44 billion in GDP productivity benefits over &0
years, and £63-£32 billion in net benefits (Atkins, 2008)

+ High-sp=ed rail from London to Bimningham could produce £2.24 billion in preductivity benefits
[Rail Maragemnent, 20084

+ Eddie Stobart’s three year rail freight contract with Tesco is estimated to bring £3 million of
ervirormental benefits [BCC, 2007A)

* zﬁggg]ening the Thomton to Leven railway line would have major benefits to Lever's economy (BBEC,

However, the above claims should be viewed with caution in light of Eddington’s {2006) finding that
claimed macro-economic benefits of large transport schemes are risky and prone to inaccuracies (see

Section L2 for details). In any case, there is no way to generalise the above economic benefits as they are
based on analysis of specific projects. The research that comes closest to demonstrating general economic

impacts of long distance public transport is the UWITP (2003) report already cited in Section 4.1 Their
findings stated that every USS10 million (€5 million®) irvestad in public transport capital projects creates
maore than 300 new jobs and a US530 million (€15 million) gain in business.

51 Longdistance public transport questions we set out to answer
Cuestion &-1: What is the benefit to the Scottish economy due to work completed on trains?

CQuestion &2 Whatwowd be the financial benefit from extra productivity If X% of car or air journeys
were switched to the train?

53. Answering the long distance public transport questions

Mare work needs to be done to answer either of the above questions. The best starting point for further
work is the research by the TR at Mapier University (Kirby et al., 2008]) If the numbser of business journey s
undertaken by rail in Scotland can be determined, this can be combined with the methods and data
sources imthe TRI research to calculate an answer to Question 5-1. Once this has been established, it is
possible to approach Question 5-2. The methods employed by the TRIinvol e calculating the financial
benefit due to productivity on an average rail joumey, and so this could b= wsed with figures onthe
numnber of car- or air-based business trips in Scotland to answer the question.

9. United States dallars have been comertad to pound sterling using the Hk Revenue & Customs average exchangs
rate for 2007 HRC, 2008C)
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& PRIVATE MOTOR TRAMNSPORT

61. Overview of findings related to private moter transport and the economy

611 General issues

Reoad schemes are often promoted bacause of the monetary benefit it is claimed they will bring to the
economy. Howsy er, SACTRA (1999] found that 8590 percent of these monetised benefits are due to time
savings. A gainst this, motorised traffic in urban areas has animpact on nor-motorisad traffic in the form of
time loss for pedestriars and space loss for bicydes Maibach et al. {2007) found that passenger cars cost
the economy 028! ot [(0.16p™) pervehicle kilometre due to these impacts. And Eddington ([ 2006) found
that car owners do not pay the true costs of travelling on the roads at pak times and that positive
impacts of transport projects are overstated when ervironmental impacts are not taken into account. The
Green Party of England and Wales [2004) places road transport’s “hidden’ economic burden on the UK
economy at £11-£17 billion peryear.

6.1.1. Health and noise impacts

Cin top of these general economic costs, work has been done to determine the economic impact of road
transport due to specific isues. The Green Party of England and Wales estimates that annual UK health
costs due to road transport are £11.1 billicn and annual noise im pacts impose an annual cost of £2.6 billion.
Maibach et al. {2007) calcul ate unit costs based on Eurcpean averages, putting the costs due to car-

enerated air pollution at 005! ob—0.93! ct {0.03p—0.64p) and costs due to car noise at 0.07! ct-0.84! o
FD.CISP— 0.58p) both per passenger kilometre. Road accidents al so represent a cost to the economy, of £2.5
billion or £2.9 billion peryear, depending on the source [Eddington, 2006 Green Party of England and
‘Wales, 2004). The unit cost of passenger car accidents in the UK is placed at 343! ot (2.35p) p=r passengsr
kilometre by Maibach et al. {2007 ) Combining all these sources — pollution, moise, and accidents dusto
passenger cars — the Eurcpean Commission (2001) finds that the average Europsan unit cost is
approdimately 5.50° ot (377p) per passenger kilometre.

6.1.% Congestion

In Section 4.3 some of the findings related to congsstion's cost to the economy were disaussed. These
findimgs put congestion’s impact on the economy at £7—£8 billion per year, £17.5 billion per year, and £19.1
billion peryear according to Eddington {2006), the British Chambers of Commerce (2007B), and the Green
Party of England and Wales {2004] respectively. Eddington [200&]) further estimates that by 2025,
congestion across the UK will cost businesses £10 billion per year and result in £12 billion worth of wasted
time to households. In unit costs, the European Commission [2001) calculated that congestion due to
passenger cars costs the UK aconomy 080! of ((055p) per passenger kilometra.

6.1.4. Road user charging

The former UK transport minister, Ruth Kelly, claimed that a road wser charging scheme in Manchastar will

deliver far greater economic growth and quality of life benefits than only irvesting in public transport.

Across the UK, Eddington [2008) puts the figure on road user charging's potential benefits at £28 billion per

Eea r, with £15 billion of that b=ing direct GDP benefits. In urban ar=as, Eddington caloulates that for every
1speant on a road wser charging schame, £3-80—£4-40 additional GDP will b= generated

6.1 Private moter transport quastions we set out to answer

Cuestion 6-1:  What is the economic cost, due to health and congestion impacts, of additional car drivers
on Scottishroads?

Question 6-22  How much is lost to the Scottish econemy due to the purchase of new [imported) cars?

10 Euros have been conwerted to pound sterling using the Hi Revenue & Custams awerage eschange rate for 2007
[HRRC, 2008A)
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6.1 Answering the private motor transport questions

The Scottish Government's {2007 C) trans port statistics show that in 20057 2006, the average distance
travelled by a car, van, or lormy driver was 3,595 miles (5786 kilometres), while the average distance
travellad by a passenger in a car, van, or lomy was 2 080 miles {3347 kilometres). We can therefore
calculate the average economic burden of car drivers and passengers due to health and congestion

impacts, as shown in Table 3.

Table 3. Worst-case average anfwal Cost 1o the econamy of each car driver and passenger, due to health and con-

Eeytmn impacts. Caloulations are made weirg teo diffarent sources for health impacts: Maibach t al. 2007 andthe Eu n
armmission {2001} Traowel statistics corme from the Soottish Goesrnmant (200 E:' hawa basern corearted to pourd

usirg the HM Beeenus & Custormes aserge sschanga rate for 2007 R, 200EA),

|Eur-:-|:-ﬂ'| Commission

Car Drivers
Air pollution, noise, & accidents 5,786km ! 0-2356£ kmt = 5,786km ! O-237TE kmt <

£205. 0816 £215.1322
Congestiong 5,78Bkm 1 0-DESSESkm = 5,786km ! 0-2855fkm =

£31. 8230 £31. 8230
Total £138 £150
Car Passengers
Air pollution noise, & accidentst 3,347km | 0.0356E kmt - 3,347km ! 0.037TESkmt -

£119.1532 E126.1819
Congestiong 3,347km | 0.0055£km = 3,347km ! O.0055fkm =

18- 4285 15 4285
Total £138 £145

sources: tMioibach et o, 2007, fEuropean Commission, 200, Scottish Governmend, 20000 HMRC, 20084

Since Maibach et al. (2007) provide a range for costs due to air pollution and noise, it is also possible to
caloulate the ‘best-case’ average cost to the economy. In this case, the unit cost due to air pollution, noise,
and acciderts is £0-0243 per passenger kilomeatre. Following the same process as in Tabde 3, this provides a
cost per driver of £72-4225 and a cost per passenger of £99.7406. Table 4 provides a summary of the
results based on these different data, rounded to the nearest pound

Table 4. Summary of average Scottish car drivers’ and passengers’ average annual cost to the economy due to
health and congestion impacts.

Car driver economic cost 3
Maibach et al. 2007) worst-case EF38 £138
[Maibach et al. 2007) best-case ' £172| £100|
[European Commission (2001) ' £750| £145)

The abowe figures could b= wsed to arswer Question &1 if we assume that each additional driver or
passenger on Scottish roads is average. This could be used to caloulate an indicative figure of the economic
burden due to health and congestion of a scheme that will generate extra car-based joumeys

The sources that were used for this research did not provide any answers to Question 6-2. This guestion
wolld be am interesting avenue of further reszarch, as there is no mass market car manufacturing in
Scotland and so all new cars are im ported. Wark on this topic could look at the opportunity cost by
considering what people might otherwise spend their money onif they didn't have the need or desire to
purchase an imported car. | is possible that spending on cars displaces money that would otherwise be
putt into the Scottish economy.
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7. AIR TRANSPORT

7). Overview of findings related to air transport and the economy

T, General issues, tax breaks, and unpaid external costs

Cre of the general dangers of assigning benefits to air trav el exparsion is discussed by Eddington {2006)
Hestates that, “where the environmental impact of transport growth is not factored into decision-malking,
the positive impact of a transport project is likely to be overstated, since the negative long-term impact of
trarsport emissions is not balanced against the short-term benefits” Becase the negative environmeantal
impacts of air transport can be significant over the long term, it is vital that these impacts are corsidered
alongside any positive ones. When considering aviation's impacts from dimate change alone, Whitelegg et
al. {2003) calculate the cost to the LK economy at £2 billion per year. Maibach et al. (2007) and the
European Commission (2001) also caloulated aviation's economic cost due to dimate change and found
this to be | B30 [£362") per passenger per flight and | 32 {£22) per 1,000 passenger kilometras, respectively.
And whern WWF used the UK government's own models for determining the benefits of athird rumway at
Heathrow, but with more realistic assumptions inline with UK Treasury guidance and the Stemn Review
(2007} they found that the project will b= a cost to the UK economy of £5 billion (WWF, 2008).

More gererally, through tax breaks, aviation receives an effective subsidy of £9.2 billion per year”, and
generates annual extemal costs of £17 billion [Sewill, 2003; Whitelegg et al., 2003). This is the equival ent of
every person in the UK paying £220 each year to the aviation industry {excluding oil companies and aircraft
rmanufacturing). And as the al Comrission on Environment al Pollution notes, if restrictions were placed
o air transport, the displaced resources would find other uses which would likely provide a similar market
value but with much less ervirormental darmage (RCEP, 2007 ) Considering Eddington's waming on the
need to include ervironmental impacts in dedsions, this indicates that displacing resources from air travel
is likely to have a net positive economic im pact.

7.1.1. Health and noise impacts

‘Whitelegg et al. {2003) estimate that the UK aviation sector is responsible for health costs due to air
pellution of maore than £1.3 billion peryear and costs to the economy due to noise pollution of £313 million
per year. More generally, they cite a European Environment A gency finding that puts that the combined
environmental and health costs due to aviation at ! 44 (£30) per 1,000 passenger kilometres. Maibach et al.
(2007 ) also caloulate unit costs for a European average and they find that per flight, the average European
air passenger costs the economy | 17 (EB0) due to air pollution, | 118 [£8]) due to accident costs, and | 228
[E158) due to noise pollution. The Burcpean Commission [20001) puts the economic cost due to the first
three sources — air pollution, noise, and accidents — at ! & {£3) per 1,000 passenger kilometres.

71X Consumer spending deficit

Air links to other countries represent the potential for incoming people to spend money in Scotland, and
therefore contribute to the emn-:mi. and also for Scots travelling abroad to spend money outside of
Scotland that they might ctherwise have spent at home. How much is spent by foreigners coming inversus
Scots going abroad determines whether air links represent a net economic boost or an economic drainin
the context of corsumer spending. Transport Times [2008) states that regional airport expansion is driven
by an increase in second homes in Burope and Eastern Eurcpean workers travelling home on theirtime off.
This kind of demard takes money out of the local econamy.

‘Whitelegg =t al. {2003) found that in 2001 UK residents spert £18.7 billion abroad, whilst visitors to the LK
only spent £7.6 billion — a defict of £11.1 billion. According to Friends of the Earth Emgland, Wales, and
Hortham Ireland (FoE EAVRIL by 2004 this deficit had grown to £15 billion as forsignars only spent £11
billicr whil st British travelling abroad spent £26 billicn (FoE EWHMI, 20058) They also found that when
considering the purchasing of air tickets and air freight, the UK has recorded a deficit since the mid-1980s,

11, Ewros have bean comverted to pound sterling using the Hi Revenue & Customs avermge exchangs rate for 2007
[HMRC, 20084),

12, This ‘effective subsidy’ to the aviation industry comes from rmoney lost to the Eschequer due toa lack of fuel tax
and VAT an tickets, and duty free goods sold at airports and onboard flights.
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as more British residents purchase services from foreign airlines than foreigners purchase services from
British airlines. This deficitwas £32 billion in 2003 and £3.3 billion in 2004

‘When looking at Scotland specifically, in 2004 the ratio of Scots” spending abroad versus visitors spending
in Sootland was 2.5, Only £844 million was spend by visitors compared to the £2157 billion spent by
travelling Scots, representing a deficit of £1.291 billion (Fok EWRI, 2008). The defict alone is more than was
spent by incoming visitors. With current airport exparsion plans, Scotland's deficit will likely rise to £2.6
billion p=r year assuming passenger growth is egual for incoming and outgoing travel. However, that
assumption might not be realistic as from 1995— 2008, cutward tourism grew at twice the rate of imward
tourism to Scotland, so the annual deficit by 2020 could bemuch larger (FoE EWHI, 200E).

7.1, Air transport questions we set out to answer
Question7-1:  What s the finandal cost of climate change impacts due to Scottish residents fiying?

Question 7-2  What i the net financial impact to the Scottish economy due to incoming and cutpoing
air-based towrism spending?

73, Answering the air ransport questions

‘We could not find reliable figures for the number of passenger kilometres due to flights originating and
terminating at Scottish airEnrts. s0 it is not possible to make caloulations for Scotland's economy using the
Eurapean Commission's (2001) igures. However, Maibach et al. {2007) provide figures for each passemger.
The Scottish Gov ernmment [2007C) statistics show that in 2006, Scottish residents made 4,562,000 trips
outside the UK by air. This represents 9,124,000 total passenger flights between Scotland and destinations
outside the UK, but doss not include flights within the LK. It is not therefore possible to properdy answer
Cuestion 7-1 However, Table § shows the impact intemational Scottish-based air travellers are having on
the economy.

Talble 5 Average annual cost to the economy due to Scottish residents flying outside of the UK. The econamic
impacts are calculated wsing sconomic impact deta from Maibach st al, [200F) and Soottish tree ol data from tha Scottish Gowern-
meart { BI0TCL Euiros haws basm corvegrtad to poind starling weing the HM Rawanus & Custore searage snchanga rate for 2007

[HMRL, 2 )
Cause of economi c im pact |I:m cost duwe to Scottish residents flying abroad

Air pollution EBE-12 1 9 124,800 = £731,014 330
Accident costs EBE-88 1 9,124,000 = LKBF,EJ."J.ZUU:
Hoise pollution £1%6.12 | 9,124 000 - £1,424,438,580
'-::Iirnaﬁechange . £362.92 1 9,124 000 - Eﬂ.HBb,.-'.:"i'.‘-.HULII

Total EF. 716,392 9460

As can be seen, evenwhean internal UK flights are discounted, Scottish travellars are already costing the
ecaonamy £7.7 billion each year due to health and climate change impacts. If internal UK flights could be
indudad this number would be significantly higher. This is not to suggest that Scotland should aim to
eliminate all flights, but these economic costs willincrease with air passenger numbers. It is important for
the government to shape policy to eliminate unnecessary flying and therefore minimise the cost inourred
to the Scottish economy.

Section 71 provided an answer to Question 7-2 for previaus years, showing that in 2004, air-based tourism
resulted in a real cost to the Scottish economy of £1.291 billion due to more money being spant by Scottish
residents abroad than was spend by incoming visitors. This economic cost is predicted to rise to £2.6 Billion
by 2020, butthere are no caurrent figures for more recent years. As this is a key figure that can inform
tourism and trarsport policy, the Scottish Govermment should maint aim regular statistics onthe net
spending impact due to air-based tourism. This would make it easierto discover the true costs of
subsidising flights in Scotland More work is also necessary on determining the impact that air industry
subsidies and tax breaks have on displacing resources that could be spant on more sustairable and
acanomically beneficial activities.
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8. CONCLUSIONS

81. Summary of the purpose of this research

Findings discussed in Section 1.2 found that projected economic impacts of big transport projects are often
based on the assumed benefits of time savings. The section also looked at sources that found these
benefits are often just estimates, many simply statements of hope, and that there is little actual eviderce
of GOP benefits ortrarsformati onal aspects from completed projects (Eddington, 2006; McCuaid and
Greig, 2002). It is therefore important for us to gain a better understanding of the actual economic impacts
of transport projects, espedially the impacts that result from factors other than time savings. Overall, we
found a mixed picture. There are several holes in our understanding but alse evidence in some areas that
prsduces imterasting figures. What follows is a summary of both areas where we were able to answer the
questiors we had posed, and also areas where more work is needed.

B.1 Answers to our questions

Smarter choices
+ Smarter choicss initiatives have a benefitto cost ratio of 10

Active travel

+ Switching short jounays in Scotland from car to bicycle to reach a oy ding mode-share of 20
percent on short distances {or 13 percent of all distances) would result in an economic benefit of at
least £] billion per year due to reduced mortality and more likely £2 billion per year when improved
health is induded

+ Switching short journays in Scotland from car to bicycle to reach a oy ding mode-share of 40
percent on short distances (27 pereent of all distances) would result in an economic berefit of at
least £2 billion per year due to reduced mortality and more likely £4 billion per year when
improved health is included.

+ Switching 20 percent of car commutes in Scotland to walling or oy cling would result in economic
benefits of up to £2.7 billion per year.

+ Switching 40 percent of car commutes in Scotland to walking or oy cling would result in economic
benefits of up to £5.5 billion per year.
Motorised transport
« Eachdriverin Scotland costs the economy £172—£250 per year due to health and congestion
impacts.

+ Each car passenger in Scotland costs the economy £100-£145 per year due to health and congestion
impacts.
Air transport

+ In 2004, Scottish residents abroad spent £1.3 billion more than visitors spent in Scotlarnd. With
current air transport grow th, this deficit will likely rise to more than £2.6 billion peryear by 20200

+ Scottish residents flying to destinations cutside the UK cost the economy £7.7 billion peryear dus
to health and climate change costs. This dees not include Scottish residents flying to destinations
within the LK.
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8.3. Areas where more work is needed

Smarter choices
+ Calculating the overall economic impact of smarter choices initiativ es (for instance, induding
health effects) and how this compares to investing in enhanced road capadity and shaortertrip times
by private cars

Active travel

+ Calculating the ecomomic impacts due to improved general health when walking and cycling rates
increase.

Lecal public transport

« Determining the relationship between increased public transport use and congestion. Furthermoare,
it is necessary to understand what effect a unit of decrease in congestion would have on the
SCONMY.

Long distance public transport
+ Information should ke compiled on how many business trips are undertaken by rail in Scotland. This
could b= combined with the maonetised b t calculation methods from Kirby et al. [2008) to
understand their economic benefit.

Motorised transport

+ Scotland has no mass-market car production fadilities, and so all new cars are imported However,
there is a lack of informati on on what the resultting loss to the economy is and the displacement
effects This work should determire what people would otherwise spend money on if they did not
have the need or desire to purchase a car.

Ajr transport
+ It is vital to understand what the net financial impact is to the Scottish economy of incoming and
outgoing air-based touri sm. The Scottish Govemment should publish annual statistics onthese
figures as a guide to policy-making

+ A robust understanding should be developed of the impact that flight subsidies and tax breaks
have. They displacing resources which would otherwise be spent on more economically beneficial
and sustainable activities.

8.4. Concluding Remarks

Further research into the issues highlighted in Section 8 3will enhance our understanding of the
relationship b=tween transport choices and their economic impacts A better understanding is important
for sound decisiorn-making. However, with the existing information we can already see that there are some
real, significant, economic bemefits to be realised by moving people from their cars and onto bicycles or
theirfeet. Revisions to the appraisal sy stem and following the recommendations in Chapter @ will help to
improve the basis for dedsion-making and fill some of the gaps in our knowledge.

At the same time, every single car driver and passenger is costing the economy hundreds of pounds a year
in health and cangestion costs, so there is benefit from reducing car use even before replacing it with a
more active mode And as well as air transport’s well-understood environmental problems, it is pladng an
economic burden on Scotland’s econcmy . This is falt both through health costs and through the net
outflow of over a billion pounds a year due to tourism.
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9. RECOMMENDATIONS

Section 8.3 surnmarises where furtherwork is needed. Trarsform Scotland believes that carrying out this
work would b= of benefit to our understanding of the true economic impacts of trarsport decisions. In
addition, based on our findings, we have six recommendations:

in

i2)

i3

(4]

=

(]

Scottish Transport A ppraisal Guidance [5TAG) should include the direct economic benefits
resulting from improved health due to increased oy cling and walking This could make use of the
HEAT for Cyeling tool, but must also incorporate walking and berefits resulting from improved
health. Evidence on increased productivity and reduced absenteeism should also be induded.

5TAG should substantially reduce the emphasis given to time savings. The berefits attributed to
these time savings are often unproven, and there are very real economic benefits asociated
with the ather aspects of transport projects discussed in this report.

The productivity banefits resulting from waorking when travelling by traim or bus should be
incorporated in 5TAG. These benefits can outweigh any benefits estimated to arise from time
savings.

The health and congestion costs of additional car drivers and passengers should b= fully
considered in transport project appraisal.

Research should be conducted on the displacement effect of car purchases. It is important to
understand w hat pecple would spend their money on if they didn't have the desire or nesd to
bury a car, and how these altemnative purchases would affect the Scottish econarmy.

The Scottish Government should publish annual statistics quantifying the net effect onthe
Scottish economy of air-based tourism. It is vital to know how much to visitors spend in
Scotland compared with the amount Scots spend whan they fly abroad.
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APPENDIX A
DETAILS OF SELECTED CALCULATIONS

Details of the HEAT for Cycling calculations behind Toble 1 (p. 9)

The first input necassary forthe HEAT for Ccling tool is ‘number of trips 1|1:err=:l [ Aswe are investigating
the benefits of switching 19 percent and 39 percent of all joumeys under five miles from car to cycling, we
used the average annual trips under five miles per person in Scotland [Scottish Govemnment, 2007A) and
Scotland’s population of 15—&4year olds (GRO Scotland, 2008C)

Table & Calculations for number of journey s to input into the HEAT For Cycling 100l Tha resulting inputs are shown in
tha last two rows of tha table

Scotland’s population of 1564 year olds [20007) 5,447, 253 Mid-2007 Populgtion Estimates
Sootand (RO Scatland, 2008
Trips under 5 miles per parson per year (2004.2005) &5 .00 Travel by Scottish residents (Scattish
Gowernment, 20084)
19% of 1rips unNder 5 miles per pErson per year [ 128.75 OI9« 67500
39% of trips under 5 Miles p2r person per year [ ea.7e 030« 67500
Tatal tripsunder 5 miles taken by 15-5&4 wear olds per 2,326 895,775 7500 = 3,447,253
year
| 19% of 1564 yos annual trips under 5 mi. | a4z, 110,107 12625« 3447 353
39% of 15—64 w05 annual Tips under 5 mi. | op7, 489,352 263.25- 3447253
19% of 15-64 year okds’ dail trips under 5 miles LINMZEN| 442100197 + 365
39% of 15-&4 year olds’ dady trips under 5 miles 14B6172 Q07 469352 345

The next inputthat is needed is the mean trip length in kilometres. The Scottish Government {2007 A)
provides figures for the rumber of trips: under one mile from one to under two miles, and from two to
under five milss. 5o as not to overstate the mean trip length, the median distance for each range was used
to cal culate the overall figurs, as shown in Tabie 7.

Table 7. Mean trip length for all trips under five miles, per person per y éar, in 20047 2005, Duta for the ramber of
trips insach dstarcs rargs come from the Scottish Gos ernment [2007A).

Distance range NP trips in range Median dist. in range Total dist. of trips

under 1 mile 226 ! #.5 miles = 113.9 miles

[1tounder 2 miles ' 197| ! 1.5 miles| - 295.5 miles|

| 2t under 5miles [ 262 | 3.5 miles| - £52.0 miles|

|all under 5 miles [ & | 1,200.5 miles|
1290.5 & 675 = 1.9118515852 miles

all under 5 miles = LOTEBETIOT kilometres

The third input we needad was the mean proportion of the working age population who die each year. To
find this, we used data from the GRO Scotland (20088; 2008C)
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Talle B Death rate for the working age population in Scotland in 2007, The working ags population is taken to be mean
ard woman aged 15-&4 years old. Tha rumber of deaths are taken from GRO Scotlard, 20088 and the total population is takan
from GRO Scotland, 2 ]

Scotland’s population of 15—64 year |Mean proportion of 15— 64 year olds
olds that die each year

11,153 v 3,447 253

Finally, we used the HEAT for Cyeling tool (WHO, 2007) to calculate the economic savings due to reduced
mertality of switching 19 percent [Table 9) and 33 percent [Table 10) of trips under five miles in Scotland
from car to bicycle

Talble 9. HEAT for Cycling tool inputs and result showing the economic savings of switching 19 percent of short
journey s in Scotland from car to bicy cle Tha final result jshown with a gray background) was caloulated using the HEAT for
Cyoling toal (WHO), 2007).

Humber of trips per day 1,211,261 see Table &
hgan Tip length km) 3. 076827307 see Table 7
| MiEan number of days cycled per year [ 265/ |
| - pa ik i ek . } trip fi gures are based on average
Propaortion of trips that are one part of a return journey @ annual indvidual trip data
[or ‘round trip')

|Proportion undertaken by people who would not other- | 1| benefitofall these trips switching|
wise cycle from car to bicycle
hean proportion of working age population who die B.88373533

ach year se2 Table &
alue of life (inpound sterling) £1,215 003 fram CfT, 2008
|Maxirrum annual benefit [ £990,217 000

Table 10. HEAT for Creling tool inputs and Fesult showing the aconomic savings of switching 19 percent of short
journeys in Scatland from car 1o bicy cle Tha final result jshown with a gray background) was caloulated using the HEAT for
Cyaling toal (WHO, 2007).

Mumber of trips per day 2,486,272 see Table &
| an rip length fom) [ 3. O7EEZTION sae Taple 7|
| Mean number of days cycled per year [ I |
| days cycled pery ] 85| trip fi gures are based on average
Proportion of trips that are one part of a return journey @ annual individual trip data
|for Tound trig) [ | |
Proportion undertaken by people who would not ather- 1 benefit of all these trips switching
wise oycle from car to bicycla
mn proportion of working age population who die . a323533 see Table 5
wear

|value of life (in pound sterling) [ E1.z15,w' from DFT, 2006
|r.1.-n|rrurn annual benefit [ n,m:,ﬁi,m|

Details of commuting switch frem car te walking er cycling calculations behind Table 2 (p.10)

To caloulate the economic benefit of switching 20 percent or 40 percent of car-based commutes to
walking or cy ding required some basic data first: numbser of trips involved and the median gross weekdy
income in Scotland. Table 1T shows where these data came from and the calcul ations that were made.

Decamber 2008 Towards o Heolthior Economy Page 23 of 24



Table 11. Data and calculations needed to determing the benefits of switching commuters from car to walking or
cycling,

Rem [Datum |seuree
scotland's population of 1564 year okds (2007) 3,447,253 Mid-200F Population Estimates
Scotiand (GRO Scotland, 20080
Car, wan, of 1oy driver COMmmutes per person per year g3 Travel by Scottish residents (Scottish
{200 2005) GowErnment, 20084
Car, van, or lormy passenger commutes per persan per 25 Travel by Scottish residents (Scottish
wear (2004 2005) Government, 20064
| Total car-, vark, or lomy-based commutes par person per | 115 93+13
wear 2004 2008)
Total car commutes by 15-64 year olds 394 BE1, 348 16 = 3447, 253
20% of car commutes by 15—&4 year olds 79976370 0.2 = 399,861,348
40% of car commutes by 1564 year olds 159,952 539 0.4 = 399881348
mdedian Scottish gross weekly income [2006) £432 . 0| Scottish Econamyic Statistics 2007
[Scottish Gowernment, 20076
| Median Scottish gross daily income [2005] | EB640)  £43200+5

Using the results jshaded grey) from Table 11, it is possible to calculate the total economic benefit of
switching 20 percent [Table 12) and 40 percert (Table 13) of car commuters to walking or cycling, the
resutts of which were used in Table 2 [Section 3.2, p. 8).

Table 12. Calculation of the economic benefit of switching 20 percent of car-based commuters to walking or

cycling,
70,076,270 see Tablell 79,976,270 se2 Table 1
1 £8.30 Sustrans (2006) benefit x] DFT (2OBE) bensfit|
! E86.40 see Table 1
| = £663.805,038 =£1L763.979.877

Table 13 Calculation of the econemic benefit of switching 40 percent of car-based commuters to walking or

cycling,
154,952,539 see Tableli 159,952 539 sea Table 1
! £8.30 Sustrans (2006) benefit f P4 OFT (20887 benaht
1 ERE. 40 see Table 1
| = £1,327,606,075 = {5,527 959,755 [
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Dear Alax,

Departmental eantribution to climale ehange targeis

You wrate on & May 2009 1o the Clerks of the Assembly Commitioes requeshng an
irdication from Departments of how and o what extent cur Public Service Agrasments
contnfulz k2 Morthem Ireland's amission reduction tamel 1o seduce greenhouss gas jor
GHG) smessions by 25 per cent beddwy 1980 levels by 20235,

DARD's key PSA is PBA 4, supporting rural businessas, which aims 1o help agri-food
businesses and rural SMEs develop and growe and contribuie o a more sustainable
Erviranrnent,

Thi following DARD actions under PSA 4 targets (in Ralics) contribute o lower GHG
BMiEsions:

By 2013 invest £45m in improving the compelitiveness of the
agricufiurad sector, including £10m (o suppod e
madgrisaton af (e

& ranure eliciency technology scheme METS)L delvened as an
ebemant af the MIRDP's Farm Modamisation Programme, will support

.
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I yant harea i baaring dificully you can contast Lo Harn T almhaicekia egus Famore Tes e
me Cegarimient vis e exiphone on 028 G057 4420 sanrystrie o Fairrs an Kinbs Fecdilcin



afficiant slurry distribution and so conirbute 1o reducad emissions of the
GG nitrous oxode.

By 2013 increase 10 50 per cent the aroa of agriculiuead fand
n Norther Ireland covered by environmenial erhancement
Hgreamants.

CARTY s agri-environment programmes Leils fembiser use and lvesions
murmbers on parbcpant farma, as well as limiting the cullivation of
environmentally valuable habitais. &n incraass in padicipant numbers
and areg coverad by the programme will contnbute both to reduced
GRG emissions and 1o tha potantial for carbon saguesiation

Tive convarsion of an addmnnel 1,650 ka of agricuifural fand
and non-agricultueal land o farest and woodiaed (o be
athigvsd by March 2001,

Forest Servce's stralegy for Sustainabiily and Growsh ams (o double
wandland cover (eonventional woodland and short ratation copplios) and
promale the sustainable management of existing forests, contributing
Both b carbon seaussiralion and fo the avalabdity of reoewable enegy

BOUNCES,

Ensurs that fanm nulriant balances sre mantaned &t lsvels
bolow 145kg por ha for nitrogen and reduced [o T0ke per a
far phasphoris by 2011,

The Mitrates Directve Acton Programme (MDA imits emissions of
niaraus axidse and ammana,

Research undartaken by the &gri-Food and Bioscionces Instilule and
others will hiedp defermine the exdent to which these measures, as they
are rolled out, will confribule o le Northern reland's emission reduction

target,

| am copying this 1o the Sherk of the Agriculture and Rural Develogment
Committes
)
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Yours sincengly,

Peter Scod
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Assembly Section

Craigantlet Buildings

Stormont
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Tel No: 02890 529147

Fax No: 02890 529148

email: Norman.Irwin@dfpni.gov.uk

Mr Shane McAteer
Clerk
Committee for Finance and Personnel

&n Roirn Tambaisenls agus Fortarha Tuaitha
Mannysine o Fairms an Kinkeg Fondbein



Room 419
Parliament Buildings
Stormont

29 May 2009

Departmental Contribution to Climate Change Targets
Dear Shane

Alex McGarel, Clerk to the Environment Committee wrote to you on 8 May 2009 seeking
information on how and to what extent each of the Public Service Agreements (PSAs) for which
the Department is responsible contributes to Northern Ireland’s emission reduction target
outlined in PSA 22.

| should be grateful if the Finance & Personnel Committee would consider the draft response
attached at Annex A for issue to the Environment Committee Chairperson.

Yours sincerely,

o

~

#__,,..--""

NORMAN IRWIN
Annex A

Department of Finance and Personnel response to the
Environment Committee request as to how and to what
extent each of the PSAs for which it has responsibility
contributes to Northern Ireland’s emission reduction target.

1. The Department of Finance and Personnel (DFP) has responsibility for the delivery of
objectives within three of the Public Service Agreements (PSAs) outlined in the Programme for
Government agreed in January 2008. In achieving the objectives under these PSAs, DFP policies
and actions will make a contribution to the reduction in greenhouse gas emissions target for
which the DOE has responsibility under PSA 22.

2. The following paragraphs summarise the actions DFP is taking which may also help to reduce
greenhouse gas emissions in Northern Ireland under each PSA. Whilst these are listed under the
PSA to which they most closely relate, these actions may apply to more than one of the PSAs
and in many cases will also apply to other Departments.

PSA 11 — Driving investment and sustainable development

3. Whilst OFMdFM has responsibility for the Sustainable Development Strategy for Northern
Ireland and the subsequent Implementation Plan, DFP takes the lead on many of the targets and
actions therein relating in particular, to the Government Estate, energy efficiency and shared



services. The Department published its first Sustainable Development Action Plan (SDAP) in
January 2007 to deliver these targets followed up by a 3 year plan covering 2008-11.

4. The Department has a key role in promoting energy efficiency across the entire public sector
in Northern Ireland. This includes monitoring and reporting on progress towards targets for the
public sector estate on energy efficiency and carbon reduction. These targets are to:

= Reduce absolute carbon from fuel and electricity used in buildings by 12.5% by 2010/11,
relative to 1999/00;

= Increase the energy efficiency of the buildings measured in kilowatt hours (kwWh) of fuel
and electricity used per square metre of building floor area by 15% by 2010/11, relative
to 1999/00; and

= Reduce electricity consumption by 1% annually from 2007 to 2012.

The figures currently available for 2006/07 show a reduction in absolute carbon emissions of
2.5% since 1999/00. Whilst this may fall short of the target at this stage, it is important to note
that this reduction has been achieved despite an increase of 8% in the area of the estate on
which data was reported over the same period.

Energy efficiency in the buildings on the estate has improved by 9% since 1999/00 and appears
to be on schedule to achieve the target of a 12.5% improvement by 2010/11.

Regarding the third target, a baseline for 2006/07 has now been established and the
Department is currently collating the data to report on the 2007/08 year.

5. The NI Departments have also committed to achieving a carbon neutral office estate by 2015.
DFP is currently assessing the best way to achieve this target in buildings for which it is
responsible.

6. The Department also provides financial assistance for energy efficiency and renewable energy
projects in the public sector estate from the Central Energy Efficiency Fund. Currently, £2 million
is available annually to provide grants which may cover up to 100% of project costs. Since 1990
approximately 2,500 projects have received funding and it is estimated these projects have
saved approximately 700,000 tonnes of carbon dioxide.

7. In addition to targets on energy efficiency the SDAP also seeks to reduce emissions through
the development of a “green” Information and Communication Technology (ICT) Strategy, by
reducing the consumption of water on the estate, the cancellation of all bottled water contracts
and through minimising expenditure on air and road travel.

8. The SDAP also includes a number of targets and actions which also relate to sustainable
procurement activities which are covered in more detail under PSA 21.

PSA 20 — Improving public services

9. DFP is taking the lead on delivering a number of reform programmes aiming to deliver a
modern, high quality and efficient public service by improving NICS capacity and providing NICS
staff with the necessary tools and technology. Many of the programmes are now implemented or
in the advanced stages of implementation but it will be some years yet before the benefits
realisation process has been completed and their impact on greenhouse gas emissions assessed.

IT Assist



10. IT Assist are working on a programme to introduce the virtualisation of servers, which affects
all departments across the NICS. The delivery of the resilient data centres has provided the
environment needed to consolidate servers from across the NICS. Essentially this will reduce the
number of servers and associated requirement for air conditioning. Indications at the moment
are that this will have a significant effect on reducing energy requirements and hence carbon
emissions. We are currently in the process of metering the electricity consumption of server
rooms with a view to establishing baselines and sound metrics upon which to report progress
towards the target.

Delivery and Innovation Division (DID) in DFP is also working with the Central Procurement
Directorate to agree the next contract for the supply of ICT equipment for the NICS, which is
due for renewal in October 2009. Environmental credentials will feature in the assessment of
products being considered.

DID would welcome support from the Environment Committee to the approach to reducing
carbon emissions and the need to establish baseline measurements of power consumption of
ICT.

Printer technology

11. DFP has also focused attention on the reduction of paper consumption by the Department
and is seeking to achieve a 30% reduction by 2011 on a 2006/07 baseline. A Printer Technology
Strategy is currently being developed which will undoubtedly focus on the continued reduction in
the number of individual desktop printers across the NICS which will contribute in turn, to a
reduction in paper consumed.

Records NI

12. Improved exploitation of the Records NI capability will be a focus for work over the 12-24
months with an expectation that this will reduce the amount of paper used across the NICS.
Reducing the volume of paper ordered by the NI Departments should lead to fewer deliveries
and a saving in transport emissions.

Workplace 2010

13. The Workplace 2010 programme has now been terminated. DFP Properties Division is in the
process of drafting a new strategy (Workplace NI) which will consider the overall objectives of
Workplace 2010 i.e. to reduce the overall footprint of the NICS office estate; to provide
accommodation that will enable the Civil Service to transform the way it delivers public services;
to provide accommodation that is fit for purpose in which staff are proud to work; and to
safeguard funding for priority front line services.

PSA 21 — Enabling Efficient Government

14. The Sustainable Procurement Action Plan for Northern Ireland (NI SPAP) presents a number
of overarching actions which will assist in the delivery of the Programme for Government
commitment to support the wider Public Sector in taking account of sustainable development
principles when procuring works, supplies and services. The NI SPAP is being taken forward by
each Centre of Procurement Expertise (CoPE) in relation to their respective portfolios. The NI
SPAP has two relevant targets, to -

= “Make the Government Estate carbon neutral by 2015", and



= “Increase the use of the OGC/DEFRA schedule of environmentally friendly products
(“Quick Wins™") during 2008-2009 to 100% usage of the schedule by March 2009"

15. In addition the Central Procurement Directorate (CPD) of DFP and all of the CoPEs are
tasked with implementing the EC Directive on Energy End Use Efficiency and Energy Services,
which requires Member States to achieve energy savings of at least 9% by 2016. Under this
Directive the approach adopted in GB and recommended by DETI is the use of Voluntary
Agreements (VA’'s) between CPD and CoPE’s. VA's aim to meet the requirements of the Directive
through a voluntary mechanism which must be assessed, supervised and followed up to ensure
that they have in practice an effect equivalent to the legislation. For NI Departments this is set
within the Framework of the SPAP - Quick Wins, that all Government Departments are mandated
to use. Quick Wins set the standards for a range of products including energy-using equipment
and vehicles.

16. CPD also liaises with the Centre of Expertise in Sustainable Procurement (part of the Office of
Government Commerce in Whitehall) on sustainability issues in relation to EU on Greening Public
Procurement.

17. Although the PSA 22 target is essentially an operational target it needs to be considered in
conjunction with other similar targets for Sustainable Operations on the Government Estate. As
there is a limit to what can be achieved operationally with existing infrastructure it is necessary
to consider how the structure, fabric and services of buildings can be designed and procured to
reduce the emissions baseline and increase the potential for achievement of further emissions
reductions through operational management.

As carbon dioxide is one of the most significant greenhouse gases, CPD has adopted a Low
Carbon Design policy for construction procurement. CPD’s construction procurement practitioners
are proactive in advising clients in the early stages of a project on the scope for incorporating
low carbon design features, including low and zero carbon technologies (LZCT) e.g. biomass,
solar heating panels, photovoltaic cells, heat pumps and wind turbines. CPD subsequently
includes requirements in project briefs and technical specifications when initial appraisals have
indicated that Low carbon Design is both economically and technically feasible.

CPD complies with the requirements of the Government Construction Clients Group (GCCG)
Sustainability Action Plan (SAP). Specifically the GCCG SAP sets targets for the achievement of
the BRE Environmental Assessment Method (BREEAM) standard of “Excellent” for new build
projects and “very good" for refurbishment projects. The building’s carbon footprint required to
meet the BREEAM standards exceed the minimum standards of the current (2006) Building
Regulations. The low carbon design policy encourages design and procurement to exceed the
minimum requirements of the Building Regulations, constrained by the caveat of minimising
whole life costs.

CPD’s low carbon design policy also requires that the use of air conditioning must be fully
justified and, if unavoidable, must be of the low energy type. This has led to a reduction in
carbon emissions and the use of refrigerants that have significant global warming potentials. The
reduction of nitrous oxides from heating systems is also addressed through for example the
specification and procurement of energy efficient low nitrous oxide burners.
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Dear Mr McGlone
DCAL CONTRIBUTION TO CLIMATE CHANGE

Your minute of the 10 May 2009, addressed to Mr McEIduff refers.

DCAL targets under PSA 8, indluding those PSAs which my Departmant aleo
provides part input to, which are essentially designed o increase access fo
and participation in culture, ants and $ports acthvities, do not directly contribute
1o Merthern Ireland's emission reduection target.

However, my Department supports actions, consistant with wider Govemment
policy, principally the Northem lreland Sustainable Development Action Plan,
which endaavour o ensure that Northem Ireland makes its full contribution to
UK targets to reduce greenhouse gas emisslons, Indeed my Departmant and
itz Arms Length Bodies have taken posilive sleps in tarms of enargy efficiancy
MEESUres,

Fer example, at the and of April 2009, DCAL HO with approximately 190 staff,
ralocated from Interpaint to Causeway Exchange into an open-plan office
environmant. This has strengthenad the Departmant's commiment to waste
management. In addition, the Department has moved o minimise its
dependancy on car fravel with 68% reduction in the number of car parking
spacas avallable., Alongside this, DCAL has developed a Staff Travel Plan

GREGORY CAMPRELL MP MLA




aimed at encouraging staff to avail of more sustainable modes of fransport
when travelling to wark.

DCAL and it Arms Length Bodies have a significant capital programme for
which it makes extensive use of DFP's Caniral Procurement Directorate
(CPDY. As carbon dioxlde is one of the most significant graen house gases
CPD has adopted a Low Carbon Design policy for construction procurement.
Furthermora, CPD complies with the requirements of the Govarmmant
Construction Clients Group (GCCG) Sustainability Action Plan (SAP).
Specifically the GCCG SAP sets largals for the achievemant of the BRE
Envirenmental Assessment Method (BREEAM) standard of "Excellem” for
new build projects and “very good” for refurbishment projects.

Finally, DCAL takes the lead on the policy on Architecture and the Built
Environmant (A+BE) for Morthemn Ireland published in June 2006, ona of tha
underlying principles of which is sustainable development. The policy is
supported by a Ministerial Advisory Group and a number of Expert Advisors
whose role includes carrying out design review of significant capital projects,
Encouraging sustainabxle devalopment is an integral part of thase reviews,

| trust that you will find this nformation useful.

A copy of this reply goes to Mr McElduff.

-

GREGORY CAMPBELL MP MLA
Minister of Culture, Arts and Lelsure

Departmint far
Social

 Development

Clerk to the Committee i tsaini e

Environment Committee Office
Room 245

Parliament Buildings

Belfast

BT4 3XX

2 June 2009



Dear Alex,

Inquiry into Climate Change

The Chair of the Environment Committee wrote to the Social Development Committee on the 10
May to request details of how, and to what extent, the Public Service Agreements for which the
Department for Social Development has responsibility contributes to Northern Ireland’s emission

reduction target.

The attached table summarises how the work of this Department contributes to the Northern

Ireland emissions reduction target.
I hope this response is helpful to you.

Yours sincerely
Q‘.}{J\n\. "’k‘i’lu\vn-l&

STEPHEN McMURRAY

cc Peter McCallion
John Ball
Billy Crawford

Annex 1

Summary of how the Department contributes to the NI emissions reduction target

Public Service Agreement

No. 7 “Drive a Programme across
Government to reduce poverty and
address inequality and disadvantage.”

No. 12 “Promote decent, energy efficient,
affordable housing and regenerate
disadvantaged areas and towns and city
centres, and support community
development to create environments
which enhance quality of life and
contribute to well-being™

How this contributes to the emissions
reduction target

The Department’s primary tool in tackling fuel poverty
is the Warm Homes Scheme. The purpose of the
Scheme is to improve domestic energy efficiency and,
therefore reduce energy consumption in eligible
households in the owner-occupied and private rented
sector. The key objective of the Scheme is “to achieve
an energy efficiency gain of at least 15% in 10,000
fuel poor households this year" (subject to available
funding).

The Department is required to provide access to
‘decent, affordable and energy efficient housing’. All
new social housing must now conform to a minimum
of level three in the code for sustainable housing. In
effect this housing is 25% more energy efficient than
ever before. All new build grant aided projects have
to achieve an excellent rating on the Building
Research Establishment Environmental Assessment
Method (BREEAM) or equivalent accreditation system,
and refurbishment projects have to achieve a good
rating. In addition, part of the rationale for promoting



Public Service Agreement

No. 22 “ Improve the quality of our
natural and built environment and
heritage and reduce our carbon footprint"

How this contributes to the emissions
reduction target

town and city centres regeneration is that it is more
easily accessible by forms of transport other than
private car and that fully integrated high quality
Public Realm projects are developed which are more
environmentally sustainable. In addition: Along the
frontages of arterial and secondary arterial routes in
Belfast, almost 800 trees were planted in 2008/09. In
the North West, 31 trees were planted in 2008/09
and elsewhere across Northern Ireland, tree planting
takes place as part of environmental improvement or
public realm schemes in town centres or
Neighbourhood Renewal areas. The Department is
part-funding the Connswater Community Greenway
project in East Belfast. This will help deliver a high-
quality linear park from the Castlereagh Hills to Inner
East Belfast, re-establishing a wildlife corridor and
making a significant contribution to enhancing the
natural environment. The draft masterplan for the
Crumlin Road Gaol and Girdwood Barracks site,
includes a commitment to sustainable development
on the site. This is expected to involve measures
aimed at reducing carbon emissions and energy
requirements, saving water and providing a well-
planted landscape to ensure that the scheme is
environmentally sound

The Department lists in its corporate plan that a
‘reduction in greenhouse gas emissions is a by-
product of work to reduce fuel poverty’ (see Public
Service Agreement 7 above). The Department also
takes account of this Public Service Agreement with
regard to its estate. In 2004 the Minister for Finance
and Personnel endorsed three targets to apply to all
public bodies: 1. To increase the energy efficiency of
the buildings on their estates measured in terms of
kilowatt-hours (kWh) of fuel and electricity used per
square metre of building floor area by 15% by
2010/11, relative to a base year of 1999/2000. 2. To
reduce absolute carbon, from fuel and electricity used
in buildings on their estates by 12.5% by 2010/11,
relative to a base year of 1999/2000. 3. To source at
least 10% of their electricity from renewable sources
by 31 March 2008. The Department has either
achieved or is on track to achieve these targets. In
addition the Department is currently finalising a new
Sustainable Operations Action Plan which will further
improve the energy efficiency of the Department’s
Estate.
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Cear Johin
Departmental Contribution to Climate Change Targots

You wiate on 13 May 2000 folowing a requeet from the Commitles for the
Erviranrmen Tor an indication on haow and fo wial exlent aach of the Public Sendoe
Agreemeants (FSA] for which the Depardment of Educalion [DE) has responsibility
contripule o Morthemn Irefand's emssion reducton fanget

fie parl of its kead respons bility for PS& 18 — Investing in the Health and Ecucation
Estates — OE procurement conlracis incorporate the prnciples of eustainakle
dewaiopmenlt, and the Deparment eligns wih RO atvice on sustainable
procurernent A8 DT major works in schools must, in acoordance wilh the Government
Congtruclion Client's Group (GOCGE] indude measures to achieve a Building
Research Establishment Ervironment Assessment Mathod (BREEAM) rating of
“excallent” for new schomes or “wery good® for refurbishrent schemes

While nol having & kead respansio ity or FAA 22 ilsall, the educalion estaie has
tifuced its 002 ermasions fram 87 kgleguare medne in 19959/2000 o 32 kgisquara
il in 200708, This is rmandy allribulable @ the Education and Library Boands
swilebing Trarm “boown eleciricily”, which i@ producod om fosst els, o Eco Enegy
which is elactrichly precuced from renswable etunces SUCh &8 wind of solal power,



The irmplamentalion of the revised cumiculum is an impaortant indscator under PSA 19
fRaising Standards in our Sehoods, and will help educate, inform and irvohe mare of
our young pecple in deaimg with is5ues such as climate change, both now and n the
fusire

Fram Year 1 gmwands, the slatuory revised curiculem mcludes Soucation for
Sustainable Development (ESD). Throwgh ESD, pupils explone emdimnmental issuns
and chimate change and the nead o manage human impact an the amaronment. At
primary level pupits have the opporiunty 1o appeeciabe the amironmant, thedr robe in
rasntamang and improvng §, and understand how their actons can affec the
envinonmsnt.

&g they mose Inte post-primany, puplie have the coporunity bo come to understand the
nkedependence of sociely, 1he economy and the emvronmant, o develop respeact for
fh mesisds of bath presert and luture generations, 1o act towards promobng an
smiprovesd grvironmaenl; snd o Bdah aboid exercising efvincndmental rspansibility
throngh, for pample, conservaion of resources wasle managemeant and the
proenotion of local bicdreersity

oS givCerety
F'E f

| AJOHN LEONARD
I! Departmental Assambly Liaison Officer
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RCYAL COMMIZZION ON ENVIROMMENTAL POLLUTICN

held at

55 Whitehall,
London, SwWl

an

Friday, 3rd april, 2009

ETUDY ON ADAPTATION TO CLIMATE CHANGE
IN THE UNITED EINGDOM

Interview with

ME. MARTIN WHEATLEY
({Programme Director,
Local Govermment Association)

MR. TIM PEPPIH
{Director of Regeneration and Sustainable Dewelopment)

and

M=. XAREN EMYTH
{Head of Policy)
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COMMIZZEION MEMEERE

SIR JOHN LAWTON (In the Chair)

DR. IAN GRAHNAM-ERICE

EROFESSCR
EROCFESSCR
EROFESSCR
FROFESSCER
EROFESSCR
ME. FETER

In attendance:

EETER &. LIEE
JUDITH PETTE

MIKE DEPLEDGE
MICHAEL ROBERTE
GCRDON £ . MACKERROMN
MATTHEWE

TOM EDODY (Becretary to the Commissicn)
RACHAEL YORDD LAURENCE

PHILIME ZU-ERMGAEEEN

DEEEIE PUTT

YOLAMODA RIZZI

LAURA PLEAEANTE

MADELEINE CUESACE
JON FREEMAN

AORR BAARAS

RUSSELL REEFER (Policy Officer)

{Transcript of the Shorthand Wotes of Marten Walsh Chersr
Ltd., 12-14 Hew Fetter Lane, London, EC4A 1AG.
Tzlephone Ho: 020-79%36 &000. Fax Ho: 020-7427 0083,
emall: infcémartenwalshcherer.com. www.martenwalshcherer.com)



THE CHAIRMAN: Thank you wery much for coming. I do not know how

in

often you get together, we are very grateful to you. Thise is
an evidence ssesion so we kesp a written record. We maks sure
that you se= it before wa use it in any way. You can gst ko
comment on it and so on.

You hawve the guesticne, but we may not ask all the
gueations if we are out of time. We realise that you may not
necessarily b= able to anewer them or you may find it
difficult to anawer them. We understand that. Thers may be
one or two follow-up guesticns also.

I am going to kick off. Regarding adaptation at local
levels, what do you learn from one ancther in the exchange of
good practice or bad practice? Are thers issuesz that you can
address in Walea, for example, that you may wish to address in
Scotland? What is your take on that exchange of information
and best practice and so on?

WHEATLEY: Can I, first of all, thank you and the Commission
for inviting us to give ewidence. We wery much appreciate the
opportunity to do that. I would like to say generally that

adaptation is moving strongly up the agenda for Councile. The

L3Aa' Climate Change Commiesion highlighted the need to look
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at adaptation and recognlsed that ewven by compariscn with
mitigaticn, which haz not alwaya received the attention