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Greenhouse Gases collecting in the atmosphere trap heat 

Global Warming – Greenhouse 

Gases 



Global Climate Indicators 

Indicators which show the changing conditions 

which humans are causing 

Used by WMO and at https://gcos.wmo.int/en/global-climate-indicators

 



Global Mean Surface Temperature  

• Combines land & marine data 
• In 2015 a record level of 1oC higher than in 1850 
• Industrial revolution 

UK Met Office Hadley Centre, WMO (2019), EPA (2016) 

 



Global Mean Surface Temperature 1880-2017  

NASA/GSFC Scientific Visualization Studio (2018) 

 



Annual Average Temperatures for Ireland 

• The first line on the left is the temperature in 1801 and the 

temperatures increases as we move across to the 2018 temperature 

(far right) 

• Berkeley Earth data 
 

https://showyourstripes.info/stripes/EUROPE-Ireland--1901-2018-BK.png
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• Graph shows scale of the CO2 spike over 800,000 years   

• Record highs >400 ppm 

• Other Greenhouse Gases also like: CH4, H2O and N2O 

CO2 Concentration in the Atmosphere 

NASA data: https://climate.nasa.gov/evidence/ 

 

https://climate.nasa.gov/evidence/


Atmosphere CO2 Concentration in Mace Head  

https://www.climateireland.ie/#!/tools/statusReport 



Nitrous Oxide Concentrations in Atmosphere 

WWF, 2019 

 



Methane Concentrations in Atmosphere 

WWF, 2019 

 



Sea Level Rise 

• Heat trapped by oceans leads to thermal expansion 

• Global sea level rise of 2 cm each decade in the last century 

• Since 1993, average sea level by just over 3 cm per decade  
EPA, 2016 

 



Ocean Acidification 

• CO2 combines with sea water making 

it acidic 

• Changing the chemistry of our oceans 
WWF, 2019 

 



Ice Melt 

• Muir Glacier disappears (1941-2004) 

• National Snow and Ice Data Centre (link below) 

• Photos by W.O. Field and B.F. Molnia 
http://nsidc.org/data/glacier_photo/index.html 



Iceland Mourns Loss of Glacier 

https://grist.org/article/heres-why-iceland-is-mourning-a-dead-glacier/



History of Mayo Climate Events 

CARO, 2019 



 
 

• Temperatures are rising 
• Precipitation is changing 
• Sea levels are rising 
• Increasing frequency of extreme weather events 
• Increases in the frequency and intensity of coastal inundation 

and erosion 
 

Observed Changes 



Projections for 2041-2060 compared to 1981–2000 

• A decrease in wind speeds for summer and increases for winter 

• Small increases in extreme wind speeds 

• The tracks of intense storms will extend further south 

• Increase in the intensity of extreme wind storms affecting western Europe 
 

Data and Graphics from EPA Report No. 159 

Projections on Wind and Storms   



Projections for 2041-2060 compared to 1981–2000 

• Increases in summer dry periods 

• Increase in the number of “wet days” (>20mm rainfall)  

• Increase in the number of “very wet days” (>30mm rainfall) 

• The number of frost days is projected to decrease by over 50% 

• Increase in the length of growing season of over 35 days per year 

 
Data and Graphics from EPA Report No. 159 

Projections on Precipitation and Temperature  



• Satellite observations indicate that sea level around Ireland has risen by 4-
6cm since 1990  

          [The Status of Ireland's Climate 2012. N. Dwyer] 

• Increase in global sea levels by 26-55cm (low emissions) and 52-98cm 
(high emissions) 

           [The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change] 

• Surge levels likely to increase by up to 9cm to 2100  
         [The Impact of Climate Change on Storm Surge over Irish Waters. Ocean Modelling] 

Projections on Sea Levels and Surge  



• 21% of the country’s total coastline 

• 6,000 areas of archaeological importance (7,000 years old)  

• 78 piers/harbours, 12 blue flag beaches, 7 green beaches 

• These increase vulnerability to climate change, increased rainfall, 
drought, erosion and rising seas  

• The next few slides discuss the impacts and vulnerabilities 
 

 

https://www.climateireland.ie/#!/ 

 

Coastal Mayo 

https://www.climateireland.ie/


• Coastal inundation and sand dune and beach erosion 

• Weakening natural resilience and infrastructure 

• Material can be thrown onto the shore and removed from the shore  

• Change in beach gradients 

• Threat to communities and coast 

• Natural cycles of dune damage and repair (continual monitoring) 
 

 

EPA, 2016 and Farrell et al, 2016 

 

Dr. Eugene Farrell (06 Feb 2016) 
Dr. Kevin Lynch 
Ms. Sinead Wilkes Orozco (Masters student) 
Mr. Guillermo Castro Camba (Phd student) 
 
Thank you: Marcia  Ganter & Martin Lynch 
Thank you: Peter Hennessy & Michael/Marilyn Spillane 

 

Challenges for Coastal Management in Ireland 
Case Study: The Maharees 
 

 Flooding and Erosion 



  

Salthill, Galway 

Bartraw, Co. Mayo 

Protrane, Co. Dublin 
EPA, 2016 and Farrell et al, 2016 

 

 Flooding and Erosion 



After standing for over a hundred years, the bridge that 
linked Rosmoney and Westport in Co Mayo was brought 

down by the waves and winds 

Dooagh Village in Achill suffered coastal damage due to 
high tides and storms 

• Mayo’s coastline severely 

impacted  

• Weakening infrastructure 

• Westport, Carrowholly, Achill, 

Erris 

• Roads and pavements 

destroyed  

• Bridges destroyed (Carrowholly)  

• Piers damaged 

• Blue flag beaches spoiled  

• River Moy burst its banks in 

Ballina 

At Elly Bay near Belmullet, a man had 

to be rescued from his car by the 

Belmullet fire brigade. 

Winter Storms 2013/2014 
County Mayo 

 Flooding and Erosion 



Storm Eleanor – January 2018 Galway 

Storm Ophelia – October 2017 Galway Storm Eleanor – January 2018 Sligo 

Impacts worst when high tide and storm happen at the same time 

 Flooding and Erosion 



The Claddagh Galway 



Local Man Ferries Residents out of their Flooded Estate, Limerick 

http://www.thejournal.ie/photos-weather-flooding-1294410-Feb2014/ 

 



Sea Level Rise Leading to Coastal Shrinkage 

• Heat trapped by oceans leads to thermal expansion 

• Global sea level rise of 2 cm each decade in the last century 

• Since 1993, average sea level by just over 3 cm per decade  
EPA, 2016 

 



• Coastal shrinking 

• Satellite observations indicate sea level has risen 4-6cm since 1990  

• Shrinking shoreline habitats 

• Pressure from developments seaward too 

 

Coastal Squeeze and Habitat Shrinking 



Storm Eleanor – January 2018 Galway 

Storm Ophelia – October 2017 Galway Storm Eleanor – January 2018 Sligo 

Rossbehy, Kerry 

D
r. Robert D

evoy, U
CC 

Farrell et al, 2016 

 

Coastal Squeeze and Habitat Shrinking 



Case Study – Sea Level Rise & Storm Surge – Winter 2013/14  

CARO, 2019. 

. 



Case Study – Sea Level Rise & Storm Surge – Winter 2013/14  

1. Where storms coincided with high tides: severe impacts 
2. Very strong winds, periods of extremely heavy rain and thunderstorms  
3. 120km/h recorded at Mace Head 
4. Constant threat in river catchments of severe flooding from the rainfall  
5. Rainfall amounts 2 times normal and led to saturation & waterlogging  
6. Significant disruption to individuals, business, infrastructure and habitats 
7. Estimated repair costs for Mayo Co Co almost €7.5m 
8. Damage to and loss of infrastructure, roads, bridges, piers, sea walls, car 

parks  …. 

  
 

CARO, 2019 & Met E: https://www.met.ie/cms/assets/uploads/2017/08/WinterStorms13_14.pdf  
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S T E P  5 :  I M P L E M E N T A T I O N

During the period from 13th December 2013 to 6th January 2014 there were storms in or 

around Ireland   approximately once every three days. In addit ion to the very strong w inds 

there were periods of extremely heavy rain(most  short lived) and a lot  of thunderstorm 

act ivity. These storms coincided with high t ides and created severe condit ions in several 

coastal areas. After a respite period of around three weeks the country was subjected 

to a second series of severe storms commencing on 27th January. This second spell 

of severe weather persisted unt il 17th February and included the extreme and highly 

destruct ive storm event  of 12th February 2014. There was a constant  threat  in several 

river catchments of severe flooding arising from the rainfall. This series of storms led to 

an increase in rainfall amounts of between one and a half and two t imes above normal 

and led to saturated or waterlogged ground throughout the county. Over 50% of stat ions 

across the country reported the wettest  w inter on record. A combinat ion of st rong w inds, 

t idal surges, very high t ides and high rainfall conspired to cause widespread damage 

and flooding along the west  Mayo coast line causing significant  disrupt ion to individuals, 

business, infrastructure and habitats. The indicat ive est imated costs of repairs arising 

from severe weather of winter 20 13-20 14 for Mayo County Council was almost  €7.5million.

Impacts:

•  Beaches damaged, coastal erosion accelerated, change to coastal geomorphology 

due to flooding and  loss of coastal habitats.

•  Damage to coastal infrast ructure including piers, sea walls, navigat ional aids and 

carparks.

•  Prolonged flooding of roads and consequent ly road diversions.

•  Severe damage to road infrast ructure including complete dest ruct ion of some 

bridges.

•  Prolonged flooding of private and public infrast ructure.

•  Loss of beach infrast ructure, b lue flag status and tourist  numbers.

•  Emergency services and the Civil Defence were required to evacuate vulnerable 

and flooded propert ies.

•  Resources allocated to remediat ion of flooding in urban and rural areas

S T E P  1:  P R E P A R I N G  T H E  G R O U N D S T E P  2 :  B A S E L I N E  A S S E S S M E N T S T E P  3 :  F U T U R E  C L I M A T E  R I S K S S T E P  4 :  G O A L S ,  O B J E C T I V E S  &  A C T I O N S S T E P  5 :  I M P L E M E N T A T I O N

CASE STUDY 4 :  

SEA LEVEL RISE &  

STORM SURGES,  

W INTER 20 13/ 14

Source: Met  Eireann
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https://www.met.ie/cms/assets/uploads/2017/08/WinterStorms13_14.pdf


Lahinch Storm Winter 2013/2014 

Flooding, sea surge, inundation (EPA, 2016). 



Algal Blooms – oxygen depleted dead zones 

• Algal bloom prominent in high nutrient and warm waters 
• Impacts seawater and freshwater 
• Excess of minerals, Nitrogen is a major factor here 
• Rapid growth of tiny marine plants (phytoplankton) 
 



Algal Blooms – oxygen depleted dead zones 

Wiki Commons, EPA Report 223 

• Toxic phytoplankton 
• Bottom of the marine food chain 
• Harmful to fish and humans 
• Migration of fish North to colder waters 



 Value of the ocean 

 Major food source 

 30,000 jobs 

 €1.8 billion in 2016 

 Oceans produce half of the oxygen in the atmosphere  

 And absorb 30% of all CO2 emissions 

 The blue economy 

 Damage to services due to rising sea levels, increasing marine 
temperatures, severe weather events, coastal flooding etc 

 Lower Oxygen levels 

 More algal blooms 

 Northern fish geographic range diminished 

 Southern fish geographic range increased 
 

 

 NUIG, 2015, Valuing Irelands Blue Ecosystem Services  

 

Marine Ecosystem Service Impacts 



Breakout Session  



What coastal impacts 
have you noticed 
locally? (30 minutes)  

Ideas, examples……  



 NUIG, 2015, Valuing Irelands Blue Ecosystem Services  

 

Marine Ecosystem Services 

Breakout session (30 minutes) 

gathering solutions to protect coastal 

communities and habitats. 

Feeding back to the group. 

Refreshments (15 minutes) 

Tea Break – 15 minutes 



So how many storms were there in Winter 2013/2014? 



How many storms were there in Winter 2013/2014? 

Farrell et al, 2016 

13! 



How many storms were there in Winter 2013/2014? 

54% of the 90 days spanning W2013-14 
had some level of storm warning: 
05 (06%) days had a Code Red warning 
25 (28%) days had a Code Orange warning  
18 (20%) days had a Code Yellow warning 
42 (46%) days had no warning: Code Green  
 

Irish Winter Storms of 2013-2014 

Farrell et al, 2016 



Responses to Extreme Storm Events – any suggestions?  



Responses to Extreme Storm Events  

There are 3 key parts to your response 



  • Lack of baseline scientific 
information relating to the 
coast 

• The amount of sand stays 
constant, it moves around 

• EPA Research 

• OPW Research 

• Aerial photographs 

• Build knowledge; historic 
and current 

• Local responses: prepare 
through early collaboration 

 

Knowhow is Key 

“In Ireland, we like the big project, we 
tend to react rather than prepare, and 
we don’t study or understand the 
coastline… We also tend to hire in 
consultants from England and the 
Netherlands after a crisis, rather than 
building up our own core expertise. 
Sometimes there is natural coastal 
regeneration, and that is something 
we need to know about before we 
start imposing man-made solutions. 
Dunes are there to erode when a 
storm comes, and they have natural 
cycles.”     
(Dr. Jimmy Murphy, Coastal Engineer UCC, 
Irish Times, January 13, 2014) 

Irish Winter Storms of 2013-2014 

Farrell et al, 2016 

 



  
• Build knowledge; historic 

and current 

• 1900-2012 

• Knowledge is building 

• Evidence based solution 
design 

• Early collaboration 
between communities, 
OPW and County Council  
is key! 

• Early collaboration, 
knowledge building and 
sharing 

• Crossmolina monitoring 

 

Collaboration and Contacts are Key 

Shoreline Position Analysis 
1900.       (late 1800s–early 1900s) 6” Cassini B&W maps 
1975.       OSi map (1973-1978, no date received) 
1995.       OSi orthophotograph 
2007.       Airborne LiDAR (0.25m) Imagery Survey (TBI) 
2012.       Bing satellite image  
2014-16. GPS surveys                               (+ KCC surveys???) 

Historic shoreline change (1900 – 2015) 

Farrell et al, 2016 

 



  • OPW Funds 

• Minor Flood Mitigation 
Works and Coastal 
Protection Scheme 

• Community engaged 

• <€500,000 

• Up to 90% of cost 

• Risk Management Study 
necessary 

• <75m coastline 

• Liase with your county 
council 

• Start to plan now 

 

Funding is Key 

Salthill, Galway 

Bartraw, Co. Mayo 

Protrane, Co. Dublin 

Farrell et al, 2016 

 



Striking a Balance 

• Brisbane, Australia 
• Population 1 million 
• 2011 heavy rain 
• Dam holding issues – floods 
• 24 lives lost 
• Strong public realm 
• Community engagement and support not common 

 
• Dhaka, Bangladesh 
• Population 25 million 
• Large amounts of slums 
• 1998 Monsoon 
• 918 deaths 
• Absence of strong public realm 
• Presence of strong local community was of little help to residents 

Walters, P., 2015. The problem of community resilience in two flooded cities: Dhaka 1998 and Brisbane 2011. Habitat International, 50, pp.51-56. 



Hurricanes Irene and Sandy (2011 
&12) underlined the need to enhance 
resilience. Differing views on 
measures: 
 

Armour  
“….armoring . . . the coastline, which 
is very, very expensive but also 
….accelerates the erosion elsewhere."  
NJ Conservation Stakeholder 
 

Replacing eroded sand 
“beach nourishment….really isn’t the 
long-term answer. It’s going to get 
more expensive over time because 
the material is going to erode more 
quickly."  
Real Estate Stakeholder 
 

 
Robin Leichenko (2017) Barriers, Limits and Limitations to Resilience. Rutgers University 

Striking a Balance 



• Bridge over Lahill River 

• Carried up to 4,000 cars each day  

• Collapsed 18th July 2007  

• Torrential rain brought landslides 

• Significant repair 

. 

Mayo News and Irish Times 

• Better foresight & response 

• Large round about trip 

• Need transport response 

• Community and Public 

• Buses and journey sharing 

Lessons from Leenane - Inconvenience 



Lessons from Lahinch – Include all Stakeholders 

• Lahinch promenade damaged 
• Clare Co Co immediate response 
• Engineering response, bouldering 
• Many stakeholders appreciate this 
• Lack of engagement 

 

 
Flooding, sea surge, inundation (EPA, 2016). 

• Poor co-design 
• Surfers not happy 
• Reduced access to shoreline 
• Summer schools, recreation, 

tourism and business impacted 
 

 



Lessons from Cork – Inclusion  

https://www.thejournal.ie/river-lee-cork-city-3338964-Apr2017/ 

• Cork City Council response to build anti-flood walls, raise the banks 
• 'Save Cork city’: locals determined to stop walls being built on River Lee 
• Feel that so-called “Lee wall” will have a severe negative impact on the 

Environment, cultural heritage and economy of the city 
• They recommend a tidal barrier 
• High Court Challenge to Cork City Council Plans 
• With solution co-design and strong engagement such expensive, drawn 

out legal contests can be avoided 
• Strong public realm 
• Strong stakeholders and community input 
 



  

Getting it Right 

Salthill, Galway 

Bartraw, Co. Mayo 

Protrane, Co. Dublin 



Co-design and Co-management Solutions  

 

• Images: Southpark, 

Galway & Waterville, 

County Kerry  

• Shoreline defence 

structures 

• Armour/boulders  

• Typical of shoreline 

protection works 

commonly found at Irish 

coastal sites  

• Lessons learned: 

• Strong public realm 

• Connected community 

• Co-design 

• Co-management 

 

 
 

Salthill, Galway (W2013/14 ) Salthill, Galway (W2013/14 ) 

Source: gis.galwaycity.ie 

Galway (W2013/14) Galway (W2013/14) 

Source: Mr. Paul O’Brien; www.the42.ie 



The degree to which a community is 
susceptible to and is unable to cope with 
adverse effects of a single, or of several 
hazards or stresses. 

Lankao, P.R. and Qin, H., 2011. Conceptualizing urban vulnerability to global climate and environmental change. Current opinion in 
environmental sustainability, 3(3), pp.142-149. 

Vulnerability 



O’Malley Ferries 

Example of  

Vulnerability 

Roonagh Pier 
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O’Malley Ferries 

Example of  

Vulnerability 

Roonagh Pier 



• Resilience is the ability to anticipate risk, limit impact and bounce 
back or recover rapidly in the face of major disruption 

• Eg. Return employees to work, reopen business, restore essential 
services quickly etc.  

• Resilience and vulnerability are important features of a community 
for policy makers and practitioners to explore and understand 

• Critical to share the design of solutions 

• Communities thrive in co-management 

 

P. Walters / Habitat International 50 (2015) 

Community Resilience 

Key elements of resilience:  

• Prepare for threats  

• Absorb impacts  

• Recover & adapt 



Arbon, 2014. Developing a model and tool to measure community disaster resilience 

https://ajem.infoservices.com.au/items/AJEM-29-04-04#sthash.DitYa9i5.dpuf  

 
• Community – organised, ready 

to respond, collaborate 
• Effective governance systems – 

collaborate, plan, design, 
flexibility 

• Risk identification 
• Response identification 
• Adaptation resources available 

like sandbags, flood barriers etc 
• Information and communication 
• Community and Local Authority 

working together 

 

(Norris et al. 2008) 

Building Resilience – Key Elements 



Arbon, 2014. Developing a model and tool to measure community disaster resilience 

https://ajem.infoservices.com.au/items/AJEM-29-04-04#sthash.DitYa9i5.dpuf  
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Building Resilience – Key Elements 



Resilience is strengthened when you work with Local Authority or 
OPW and generate and submit to plans, local, regional and national: 
1. Flood Risk Management Plans 
2. Biodiversity Management Plan 
3. Conservation Action Plan (CANN) 
4. Surface Water Management Plan 
5. Peatland Management Plan 
6. Community Resilience Plan 
7. Community Futures Plans 
8. Neighbourhood Climate Action Plan 
9. Business Continuity Plan 
10. Invasive Species Management Plan 
11. County Development Plans 
12. Climate Mitigation Strategy Plan 
13. Local Economic and Community Plan 
 

Plan 

Arbon, 2014. Developing a model and tool to measure community disaster resilience 
https://ajem.infoservices.com.au/items/AJEM-29-04-04#sthash.DitYa9i5.dpuf  



Breakout Session  



Breakout Session  

How would you protect
your coastal communities
and habitats? (30 minutes) 

Ideas, examples…… 
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Email: vincentcarragher@gmail.com 

Email: ofeeney@mayococo.ie  
Email: nclesham@southmayo.com  

Email: rethinkgalway@gmail.com   

Email: vincent.carragher@tcd.ie 

 
 
 
 
 

 

Please complete the workshop evaluation 
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