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Figure 6.	Annual and seasonal Hs changes between the future (2031-2060) and the past (1981-2009) simulations: mean
	 (left panels) and highest 5% (right panels) of significant wave heights (metres).

Figure 7.	 Historical (1981-2009) versus future (2031-2060) maximum significant wave height (Hs).
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We stress that our findings should be interpreted 

with caution for the following reasons: firstly, 

to account for uncertainty and variability of 

the climate model, an ensemble of realisations 

should be investigated. Furthermore, other 

forcing scenarios should be explored in order 

to address the uncertainty in future global 

greenhouse gas emissions. Finally, to resolve the 

variability of the wave climate in the nearshore, 

a higher resolution downscaling will be required 

around Ireland. This work is currently underway 

by the UCD Wave Group in collaboration with 

Met Éireann.
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13.	The impact of
	 vanishing Arctic sea
	 ice on the climate of
	 Ireland
	 Tido Semmler 1

Coupled climate models with increasing 
greenhouse gas concentrations and changing 
aerosol concentrations indicate an increase in 
the westerly airflow in mid-latitudes in winter as 
well as more extreme storms and precipitation 
events. However, declining Arctic sea ice may 
alter this projection. A sensitivity experiment run 
with the EC-Earth global model with Arctic sea ice 
removed shows a weakening of the westerly flow 
over Ireland. Such a change would increase the 
likelihood of cold continental air outbreaks over 
Ireland during winter. 

Introduction

Arctic sea-ice coverage has been declining at 

an unprecedented rate over recent decades and 

faster than predicted by climate models (Figure 

1). A record-breaking September minimum 

occurred in 2007 and 2012 (Parkinson and 

Comiso, 2013).  According to the National Snow 

and Ice Data Center (NSIDC) in Boulder, Colorado, 

satellite observations over the 6-year period 

2007-2012 recorded the lowest sea-ice coverage 

since 1979 (NSIDC, 2013). In addition, old multi-

year sea ice is being increasingly replaced by 

fresher 1-year sea ice, which is prone to melting 

especially in situations with strong storms such 

as in August 2012 (Parkinson and Comiso, 2013). 

The Arctic could be ice-free during late summer 

by the middle of this century or even earlier 

(Serreze et al., 2007). It is important to study 

the role of Arctic sea ice in the climate system 

to understand its implications for the climate of 

the mid-latitudes and, more specifically, Ireland.

Jaiser et al. (2012) found, from a record of 

atmospheric data over the past 30 years, that 

the winters following summers with low Arctic 

sea-ice extent show on average a weaker south-

westerly flow at the surface and up to a height 

of 5km over Ireland meaning that less of the mild 

maritime air masses are transported over Ireland. 

Therefore, according to their study, Arctic sea-

ice decline could lead to more frequent winter 

outbreaks of continental cold air over Ireland.

Since many different physical processes interact 

with each other in coupled climate model 

 1	 Alfred Wegener Institute, (Building F-115), Bussestrasse 24, D-27570 Bremerhaven, Germany.

Figure 1.	 Arctic sea-ice extent in September 2012.
	 Magenta line: Median September sea ice for
	 the period 1979-2000. (Courtesy: National
	 Snow and Ice Data Center, Boulder, Colorado).

Therefore, according to their study, Arctic 
sea-ice decline could lead to more frequent 
winter outbreaks of continental cold air 
over Ireland.
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 2	 The freezing point of Arctic seawater is ~-1.8 degrees Celsius.

simulations it is difficult to isolate the influence 

of the Arctic. Therefore, it is worthwhile carrying 

out idealised sensitivity experiments with 

atmosphere-only models prescribing different 

Arctic sea ice and surface temperature conditions 

as a lower boundary while leaving the ocean in 

other regions of the globe unchanged. The aim is 

to isolate the impact of Arctic sea-ice cover and 

sea-ice surface temperatures on the atmosphere 

of the Arctic region and Northern mid-latitudes 

without the complication of atmosphere-ocean 

feedbacks in a coupled atmosphere-ocean 

model. (Semmler et al., 2012)

Set-up of experiments and 
methodology

The model used in this study was the 

atmospheric component of the EC-Earth model 

(Hazeleger et al., 2012). Three different 40-year 

experiments (1960-2000) were performed with 

a high horizontal resolution of 79km globally.  

The reference simulation (REF) was driven by 

observed sea-surface temperatures, sea-ice 

concentrations and sea-ice surface temperatures 

from 1960-2000. The first sensitivity experiment 

was conducted with a reduced Arctic sea-ice 

concentration and increased sea-ice surface 

temperature, referred to as IR. At times and 

in areas with a sea-ice surface temperature of 

more than 10 degrees below the freezing point2, 

the sea-ice surface temperature was increased 

by 10 degrees to mimic the effect of thinner 

sea-ice cover and more heat transport from the 

underlying ocean to the surface. Otherwise, if 

the sea-ice surface temperature was higher than 

this threshold, the sea ice was removed and 

the sea-surface temperature set to the freezing 

point. The second sensitivity experiment was 

quite extreme with no Arctic sea ice throughout 

the year (IF).

Results

The prescribed changes in the Arctic sea-ice 

concentration and surface temperature have the 

largest impact on the large-scale circulation in 

winter in both sensitivity experiments compared 

to the reference experiment. This is because the 

prescribed Arctic surface temperature shows 

the strongest increase in winter and therefore, 

the meridional temperature gradient, which 

drives the large-scale circulation, is substantially 

weakened. As can be seen from Figure 3, both 

the IR and the IF experiments show higher mean 

sea-level pressure over Siberia and Northeastern 

Europe and lower mean sea-level pressure 

over the Western Arctic and the Canadian 

Archipelago compared to REF. 

In the Northern Hemisphere the wind roughly 

follows the lines of equal mean sea-level pressure 

with the high pressure system to the right and 

the low pressure system to the left. According 

to Figure 3(a) the mean wind over Ireland in 

winter therefore comes from the west in the REF 

simulation. As can be seen from Figures 3(b) 

and 3(c), showing the differences in the IR and 

IF simulations compared to the REF simulation, 

the IR simulation does not show a pronounced 

Figure 2.	Scattered ice flows northwest of Barrow,
	 Alaska in August 2012. (Courtesy: U.S. Coast
	 Guard).
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change over Ireland while the IF simulation 

shows a change towards a more easterly (or 

less westerly) flow over Ireland leading to 

more transport of cold continental (or less mild 

maritime) air to Ireland. 

At an altitude of about 5km, as seen in the 500 

hPa geopotential height map in Figure 4, the 

situation looks quite similar for Ireland. Also, 

here the air flow roughly follows the lines of 

equal 500hPa geopotential height with the high 

height to the right and the low height to the 

left. From Figure 4(a) the mean westerly flow 

in winter over Ireland can be clearly recognised. 

Figures 4(b) and 4(c) show that the difference 

between the IR and REF experiments is relatively 

weak over Ireland while the IF experiment shows 

a weakened westerly flow indicated by the 

easterly component in the difference between 

IF and REF. Close to the surface, and at an 

altitude of 5km, the westerly airflow is weakened 

mainly in Northern and Eastern Europe for the IR 

experiment while the weakening also extends to 

Ireland for the IF experiment.

Conclusions

The sensitivity experiments on reduced and 

removed Arctic sea-ice cover and increased 

Arctic surface temperature using an atmospheric 

circulation model show an important impact of 

sea ice on the large-scale circulation at Northern 

mid-latitudes which has implications for Ireland 

especially in winter. These idealised experiments 

should not be mistaken as predictions for future 

climate. Coupled climate models with increasing 

greenhouse gas concentrations and changing 

aerosol concentrations indicate an increase in 

the westerly flow at mid-latitudes in winter as 

well as more extreme storms and precipitation 

events. Our sensitivity experiment with removed 

Figure 3.	(a) Mean sea-level pressure [hPa] over the
	 Arctic and the Northern mid-latitudes as
	 climatological seasonal means for winter
	 1960-2000 for the reference experiment
	 (REF), (b) mean sea-level pressure difference
	 [hPa] for ice-reduced (IR) case minus the
	 reference experiment for winter 1960-2000,
	 (c) mean sea-level pressure difference [hPa]
	 for ice-free (IF) case minus the reference
	 experiment for winter 1960-2000. The black
	 arrow west of Ireland in (a) indicates the
	 resulting mean wind direction; in (b) and (c)
	 the black arrows indicate the direction of
	 the wind vector difference between the
	 sensitivity experiment and the reference
	 experiment. 

a)

b)

c)

Our sensitivity experiment with removed 
Arctic sea ice shows a weakening of the 
westerly flow over Ireland. Such a change 
would increase the likelihood of cold 
continental air outbreaks over Ireland 
during winter. 



Arctic sea ice shows a weakening of the westerly 

flow over Ireland. Such a change would increase 

the likelihood of cold continental air outbreaks 

over Ireland during winter. 

The complex coupled climate model predictions 

consider many other influencing factors such 

as changes in ocean currents, and temperature 

increases in the tropical upper troposphere. 

This leads to a stronger meridional temperature 

gradient in the upper troposphere above 5km in 

altitude and, therefore, an intensified westerly 

flow over the mid-latitudes in winter.

However, if the Arctic sea ice continues to 

decrease in extent and thickness at the current 

rate and therefore continues to exceed rates 

predicted by coupled climate models, the effect 

of the Arctic sea-ice loss might counteract the 

effect of the upper tropospheric heating in the 

tropics. In this case an intensification of the 

comparably mild maritime westerly flow over 

Ireland in winter would become less likely and 

therefore Irish winters would not warm as much 

as predicted from coupled climate models.
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14.	EC-Earth’s
	 “Little Ice Age”
	 Emily Gleeson 1, Sybren Drijfhout 2 3,
	 Henk Dijkstra 4, Valerie Livina 5

During the spin-up phase of the EC-Earth global 
climate model, a period of abrupt Northern 
Hemisphere cooling occurred 450 years into 
the simulation and lasted for about a century. 
This spontaneous abrupt cooling event had a 
temperature anomaly similar to that of the Little 
Ice Age. Temperatures over Northern Europe were 
on average up to 8 degrees cooler for the period 
November to March, and up to 3 degrees cooler 
over Ireland. In addition, sea ice was present at 
much lower latitudes. This type of performance 
reflects well on the realism of the EC-Earth model 
and its ability to simulate the essential features of 
the global climate.  

As mentioned in Chapter 1, before a climate 

model can be used to simulate past, present 

and future climate it must be spun up so that a 

balanced or close to balanced state is achieved. In 

the EC-Earth spin-up simulation the greenhouse 

gas concentration was held constant at the 1850 

level of 280ppmv (parts per million by volume) 

and the ocean was initialised using the World 

Ocean Database Levitus climatology (Sterl et al., 

2012). The entire spin-up simulation, spanning 

almost 2000 years of annual temporal resolution, 

was carried out by Met Éireann on behalf of the 

EC-Earth consortium, using computers at the 

European Centre for Medium-Range Weather 

Forecasts (ECMWF) and ICHEC (Irish Centre for 

High-End Computing).

Abrupt Cooling

In the following description, times are relative 

to the (arbitrary) start time of the simulation. 

During this spin-up simulation a period of abrupt 

cooling occurred 450 years into the simulation 

and lasted for about a century. The signal was first 

detected in the Atlantic Multidecadal Oscillation 

(AMO), which is a mode of natural variability in 

the sea-surface temperatures (SST) of the North 

Atlantic Ocean. The North Atlantic cooled by 0.5 

degrees on average during this period as shown 

in Figure 1 where 10-year moving averages of the 

AMO Index (defined as the 10-year average SST 

over an area spanning 60oW to 5oW and 0oN to 

60oN minus the average SST over that area for 

the entire time series considered) are shown.

A study of 50-year periods before (years 41-

90), during (years 461-510) and after (651-700) 

the cold event showed that the mean sea-level 

pressure was lower over western Europe but 

higher over an area around southern Greenland. 

There was a stronger westerly component to 

the 10m wind over western Europe (not shown) 

and a stronger northerly airflow over an area 

stretching from Svalbard to Iceland and south 

Greenland (Figure 2).

The 2m temperature decreased by up to 12 

degrees in places as shown in Figure 3 and the 

sea-ice cover extended further south as shown 

in Figure 4. In all cases, the difference between 

the cold event period and pre-cold event period 

were similar to those for the cold event period 

and post-cold event period.

1	 Research, Environment and Applications Division, Met Éireann, Glasnevin, Dublin 9.
2	 Royal Netherlands Meteorological Institute, De Bilt, the Netherlands.
3	 National Oceanography Centre, Southampton, United Kingdom.
4	 Institute for Marine and Atmospheric Research Utrecht, the Netherlands.
5	 National Physical Laboratory, Teddington, United Kingdom.

This spontaneous abrupt cooling event had 
a temperature anomaly similar to that of 
the Little Ice Age. 
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Figure 1.	 Time series of a 10-year running mean of the AMO index for the following area of the North Atlantic Ocean: 
	 60oW to 5oW and 0oN to 60oN.

Figure 2.	Mean difference between the v-component (north-south component) of 10m wind for the cold event period 
	 and pre-cold event period. The months of November to March were included in the calculation. Positive
	 differences imply stronger southerly winds during the cold event while negative differences mean stronger
	 northerly differences during the cold event.
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Figure 3.	 Mean difference between the 2m temperature for the cold event period and pre-cold event period.
	 The months of November to March were included in the calculation.

Figure 4.	 Mean difference between the sea-ice cover for the cold event period and pre-cold event period.
	 The months of November to March were included in the calculation.
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Summary and conclusion

There are many periods of abrupt climate change 

evident in geological records but there are only a 

few cases where abrupt cooling occurs in climate 

model simulations. In this case the abrupt cooling 

started with a period of enhanced high-pressure 

blocking near Greenland which allowed the sea 

ice to progress southwards and was maintained 

by the strong coupling between the sea-level 

pressure anomaly and sea-ice concentration.

It is remarkable that the EC-Earth model,

without any forcing (e.g. from changing 

greenhouse gases), is capable of displaying such 

events. This is in contrast to the well documented 

Little Ice Age (ca. 1250-1850 AD) which is thought 

to have been linked to volcanism and an increase 

in sulfates (Crowley et al., 2008; Miller et al., 

2012). Only models with sufficient resolution to 

capture atmospheric blocking events and which 

have a sensitive sea-ice component are capable 

of capturing events like this. A full description 

of these results is currently in press (Drijfhout et 

al., 2013).
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which have a sensitive sea-ice component 
are capable of capturing events like this. 
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15.	Enabling climate
	 adaptation in Ireland  
	 - Ireland’s Climate
	 Information Platform
	 Barry O’Dwyer 1, Stefan Gray 1,
	 Jeremy Gault 1, Ned Dwyer 1

Internationally and for Ireland, it is now recognised 
that there is an urgent need for the preparation 
of adaptation responses to the impacts of current 
and expected climate change and this is reflected 
in the recent publication of Ireland’s National 
Climate Change Adaptation Framework (2012).  
Recent developments in climate modelling allow 
us to better identify how the future climate might 
evolve and to begin to identify and quantify the 
uncertainties in these projections.   Ireland’s Climate 
Information Platform is employing these data as 
part of a web-based resource to inform a wide 
audience about the implications of climate change 
for Ireland and potential adaptation options. 
Specific, targeted tools are being developed to 
allow decision-makers to employ the most up-to-
date climatic information and data and begin the 
process of adaptation planning. 

Introduction

Regardless of our attempts to mitigate against 

climatic changes, our long history of greenhouse 

gas emissions, and latencies in the response of 

the global climate system means that many of 

the impacts of climate change in the short- to 

medium-term are now unavoidable.  Adaptation 

to these changes is now considered as a matter 

of urgency.  

Adaptation refers to the adjustment or 

preparation of natural or human systems to a 

new or changing environment with the aim of 

moderating harm or exploiting any opportunities 

that may arise. Adaptation responses are 

determined by the vulnerability of the system 

to climate change (physical or social) and its 

ability to adapt (Figure 1). The aim of adaptive 

measures is typically to address climate change 

impacts, and also to increase future adaptive 

capacity in responding to as yet unknown levels 

of future climate change. Such measures can be 

broadly categorised as “Grey”, “Green” or “Soft” 

(EEA, 2013).  Grey actions refer to technological 

and engineering solutions, such as the building 

of coastal defences. Green actions involve 

ecosystem-based approaches that employ the 

services of nature, while soft actions involve 

managerial, legal and policy approaches that 

alter human behaviour and styles of government. 

It is now widely recognised that the earlier we 

start to plan our adaptation responses, the better 

equipped we will be to avoid the unacceptable 

risks and to exploit the many opportunities 

provided by climate change. There is now a clear 

urgency to make progress on adaptation, as 

evidenced by a proliferation of policy responses 

at both national and international levels. 

The National Climate Change 
Adaptation Framework

Adaptation policy in Europe is relatively novel 

and is being progressed through the EU Strategy 

on adaptation to climate change (EC, 2013). A 

key objective of this strategy is to encourage all 

member states to adopt adaptation strategies 

to provide the policy context for developing 

1	 Coastal and Marine Research Centre, Environmental Research Institute, University College Cork, Cork.

Adaptation to these changes is now 
considered as a matter of urgency.  

There is now a clear urgency to make 
progress on adaptation, as evidenced by 
a proliferation of policy responses at both 
national and international levels. 
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adaptation plans and integrating adaptation 

measures into sectoral policies.  Currently, 

16 EEA member countries, including Ireland, 

have developed national adaptation strategies 

(EEA, 2013). Ireland’s National Climate Change 

Adaptation Framework (NCCAF) (2012) 

provides a strategic policy response to ensure 

that adaptation measures are taken across 

all sectors and levels of governance to reduce 

Ireland’s vulnerability to climate change.  More 

specifically, under the NCCAF, the relevant 

Government Departments, State Agencies 

and all Local Authorities will commence the 

preparation of sectoral and local adaptation 

plans.

Until recently, decision makers in Ireland tended 

to rely on past records of climate to plan for 

the future.  However, in the context of planning 

for global climate change, past records prove 

inadequate, and information is now required 

on how human-induced warming may affect 

key climatic parameters and the effects these 

changes will have for Ireland.  Arriving at an 

understanding of current and future climate 

change impacts at this scale is a major challenge 

for decision makers and requires consideration 

of a wide range of potential impacts, where 

and when these may occur and how different 

elements of the social, ecological and economic 

communities might respond. These complexities, 

and the necessarily ambitious aims of adaptation, 

place a premium on the provision of high-quality 

information, tailored variously to the needs 

of societal, political and managerial decision 

making at scales appropriate to their needs.

Recent developments in the projection of future 

climate achieved through EC-Earth and other 

model simulations, and the down-scaling of 

these simulations for Ireland (see Chapters 5, 9 

and 11), form a key support for the development 

Figure 1. Climate change adaptation: Potential impacts, adaptive capacity and vulnerability (DECLG, 2012)

Recent developments in the projection of 
future climate achieved through EC-Earth 
and other model simulations, and the down-
scaling of these simulations for Ireland (see 
Chapters 5, 9 and 11), form a key support 
for the development of adaptation plans in 
Ireland.  
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of adaptation plans in Ireland.  Moreover, due to 

the ensemble approach employed in developing 

these projections, we can now begin to quantify 

the uncertainties inherent in these projections 

and employ this information to better inform our 

adaptation responses.  

Ireland’s Climate Information 
Platform 

These recent developments in climate modelling 

add to an already existing large body of work 

on current and anticipated impacts of climate 

change for Ireland, and it is considered that 

there is now a robust knowledge base on which 

to begin the process of adaptation planning 

(Desmond et al. 2009).  However, this information 

remains spread out amongst a large number 

of institutions and agencies and it is extremely 

difficult for decision makers and citizens alike to 

access it in a timely and effective way.

Contemporary international experience 

demonstrates that centralised (e.g. national 

and international) online platforms providing 

harmonised scientific information adapted 

to end-users’ needs can effectively support 

practical decision making.  On this basis, the 

Environmental Protection Agency’s (EPA) 

Climate Change Research Programme (2007-

2013) has identified the need for a national 

climate change information system for Ireland, 

and work has commenced on its development. 

Ireland’s Climate Information Platform (ICIP) 

involves a two-phased development approach, 

the first of which is now nearing completion.  

A key aim of this first phase of work has been 

to develop an online resource of relevant and 

authoritative climate information to form a key 

support for local and national level planners 

in their assessments of climate change, and in 

meeting their obligations under the NCCAF. In 

addition, the first phase of development aimed 

to provide information to key stakeholders 

working on climate adaptation and to foster 

awareness and understanding of climate 

impacts and adaptation responses.  Importantly, 

in order to bridge the gap between climate 

science and decision-making, ICIP has adopted 

a partnership approach and is being developed 

in close collaboration with data-providers and 

end-users to provide an authoritative, reliable 

and understandable source of climatic and 

adaptation information for Ireland.  

Climate change explained

Climate and adaptation science is complex. In 

order to raise awareness and make the science 

more accessible, ICIP provides comprehensive 

information on climate change and adaptation, 

with special attention paid to the intelligibility and 

user-friendliness of this information.  Through 

its “Climate Change Explained” resource, ICIP 

provides:

•	 Reliable and diverse information on the 

evidence of climate change at global and 

national levels

•	 Descriptions of how projections of future 

climate and the impacts of these changes 

are developed

•	 A wide variety of information on adaptation 

including information on adaptation 

responses, policy and how to go about 

developing an adaptation plan

Climate Information Provision

In planning climate adaptation, information on 

current and expected climatic change is a key 

requirement.  In order to allow users to examine 

existing and available downscaled projected 

climate change information for Ireland (e.g. 

McGrath et al., 2009; Sweeney et al., 2008), 

including those produced as part of the EC-Earth 

model simulations (see Chapters 5, 9 and 11), 

ICIP has developed a “Climate Information Tool” 

which allows users to familiarise themselves 

and query current and anticipated climate 
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information through maps, graphs and tables 

(Figure 2). The tool allows users to examine the 

full range of existing and available projected 

climatic information according to their county/

province 2, variable and time period of interest.

Facilitating planning for climate adaptation 

A key aim of ICIP is to allow decision makers 

to effectively employ projected climatic data 

in their management and planning processes.  

In adaptation planning, the present is seen 

as the starting point for any examination of 

future vulnerability to climate change.  ICIP 

offers decision makers a variety of tools that 

bridge a common division between scientific 

information and practical decision making. 

These include a “Climate Hazard Scoping Tool”, 

which draws on an appropriately targeted and 

relevant subset of current and projected climate 

and socio-economic information to allow users 

to quickly grasp their current vulnerability to 

climate impacts, and on this basis, to begin to 

Figure 2. An example of the “Climate Information Tool” developed through ICIP.  The left panel allows users to examine
	 and begin to understand projected climate change for Ireland according to their specific requirements while the
	 right panel displays the ranges of projected changes in the variable of interest for the coming decades.

2	 It should be noted that there are uncertainties in each of the projections but using a large ensemble of climate simulations helps to quantify the
	 uncertainty by providing a range of possible outcomes.

Figure 3. An example of the “Climate Hazard Scoping
	 Tool” illustrating potential land losses from a
	 range of projected sea level rise scenarios.
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understand how future climate change might 

affect them.

Conclusion

Recent developments in climate modelling 

allow us to better understand how Ireland’s 

climate might evolve and this information is of 

utmost importance in the context of planning 

for climate adaptation.  In order to make this 

information available to decision makers and 

the general public, the EPA has funded the 

development of ICIP, a web-based resource of 

climatic information and data, including results 

from current and future climate modelling 

initiatives, with specialised tools.  Development 

involves a two-phased approach; the first phase 

of development is nearing completion and a 

prototype ICIP is now available for restricted 

user testing at http://www.climateireland.ie.
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List of acronyms

AMO	 Atlantic Multidecadal Oscillation
AR5	 The Fifth Assessment Report of the IPCC
BADC	 British Atmospheric Data Centre
CAFE	 Clean Air For Europe
CGCM3.1	 A Global Climate Model from the Canadian Centre for Climate Modelling and Analysis
CMIP3	 Coupled Model Intercomparison Project Phase 3 
CMIP5	 Coupled Model Intercomparison Project Phase 5
CORDEX	 Coordinated Regional Climate Downscaling Experiment
COSMO-CLM	 COSMO Community Land Model in climate mode; a regional climate model developed from the Local
	 Model (LM) of the German Meteorological Service by the CLM-Community
C4I	 Community Climate Change Consortium for Ireland
DECLG	 Department of Environment, Community and Local Government
DIAS	 Dublin Institute for Advanced Studies 
DJF	 December, January, February (Winter)
DKRZ	 Deutsches Klimarechenzentrum (German Climate Computing Centre)
DORMPHOT	 Birch phenological model 
e-INIS	 The Irish National e-Infrastructure
EC-Earth	 An earth-system model developed by a consortium of European research institutions
	 and researchers, based on state-of-the-art models for the atmosphere, the ocean, sea ice and the
	 biosphere
ECHAM	 An atmospheric general circulation model, developed at the Max Planck Institute for Meteorology
ECMWF	 European Centre for Medium-Range Weather Forecasts 
EEA	 European Economic Area
EPA	 Environmental Protection Agency
ERA-40	 An ECMWF re-analysis of the global atmosphere and surface conditions for 45 years
ESG	 Earth System Grid
EUCAARI	 European Integrated project on Aerosol, Cloud, Climate, and Air Quality Interactions
GCM	 Global Climate Model
GHGs	 Greenhouse Gases
HadGEM2-ES	 Hadley Global Environment Model 2 - Earth System Model developed at the Met Office Hadley Centre, UK
HBV	 Hydrologiska Byråns Vattenbalansavdelning; A computer simulation used to analyse river discharge and
	 water pollution
HEAnet	 Ireland’s National Education and Research Network
ICHEC	 Irish Centre for High-End Computing
ICIP	 Ireland’s Climate Information Platform
IPCC	 Intergovernmental Panel on Climate Change
IRN	 Irish Reference Network
JJA	 June, July, August (Summer)
MAM	 March, April, May (Spring)
MME	 Multi-Model Ensemble
NAO	 North Atlantic Oscillation
NCCAF	 National Climate Change Adaptation Framework
NSIDC	 National Snow and Ice Data Center
PCMDI	 Program for Climate Model Diagnostics and Intercomparison
PDF	 Probability Density Function
PPM	 Parts Per Million
PRTLI	 Programme for Research in Third-Level Institutions 
RCA3	 Rossby Centre Regional Climate model
RCM	 Regional Climate Model
RCP	 Representative Concentration Pathways
REMOTE	 Regional Climate Three-Dimensional Model
RHN	 Reference Hydrometric Network
SEBI	 Streamlining EU Biodiversity Indicators 
SON	 September, October, November (Autumn)
SRES	 Special Report on Emissions Scenarios
SST	 Sea Surface Temperature
UNEP-WCMC	 United Nations Environment Programme-World Conservation Monitoring Centre
UNFCC	 United Nations Framework on Climate Change
WAVEWATCH	 Wave model developed at NOAA/NCEP
WCRP	 World Climate Research Programme
WRF	 Weather Research and Forecasting model version 3 developed at the National Center for Atmospheric
	 Research (NCAR), United States
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