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Environmental Protection Agency

The Environmental Protection Agency (EPA) is
a statutory body responsible for protecting
the environment in Ireland. We regulate and
police activities that might otherwise cause
pollution. We ensure there is solid
information on environmental trends so that
necessary actions are taken. Our priorities are
protecting the Irish environment and
ensuring that development is sustainable. 

The EPA is an independent public body
established in July 1993 under the
Environmental Protection Agency Act, 1992.
Its sponsor in Government is the Department
of the Environment, Heritage and Local
Government.

OUR RESPONSIBILITIES
LICENSING

We license the following to ensure that their emissions
do not endanger human health or harm the environment:

� waste facilities (e.g., landfills, 
incinerators, waste transfer stations); 

� large scale industrial activities 
(e.g., pharmaceutical manufacturing, 
cement manufacturing, power plants); 

� intensive agriculture; 

� the contained use and controlled release 
of Genetically Modified Organisms (GMOs); 

� large petrol storage facilities.

� Waste water discharges

NATIONAL ENVIRONMENTAL ENFORCEMENT 

� Conducting over 2,000 audits and inspections of
EPA licensed facilities every year. 

� Overseeing local authorities’ environmental
protection responsibilities in the areas of - air,
noise, waste, waste-water and water quality.  

� Working with local authorities and the Gardaí to
stamp out illegal waste activity by co-ordinating a
national enforcement network, targeting offenders,
conducting  investigations and overseeing
remediation.

� Prosecuting those who flout environmental law and
damage the environment as a result of their actions.

MONITORING, ANALYSING AND REPORTING ON THE
ENVIRONMENT

� Monitoring air quality and the quality of rivers,
lakes, tidal waters and ground waters; measuring
water levels and river flows. 

� Independent reporting to inform decision making by
national and local government.

REGULATING IRELAND’S GREENHOUSE GAS EMISSIONS 

� Quantifying Ireland’s emissions of greenhouse gases
in the context of our Kyoto commitments.

� Implementing the Emissions Trading Directive,
involving over 100 companies who are major
generators of carbon dioxide in Ireland. 

ENVIRONMENTAL RESEARCH AND DEVELOPMENT 

� Co-ordinating research on environmental issues
(including air and water quality, climate change,
biodiversity, environmental technologies).  

STRATEGIC ENVIRONMENTAL ASSESSMENT 

� Assessing the impact of plans and programmes on
the Irish environment (such as waste management
and development plans). 

ENVIRONMENTAL PLANNING, EDUCATION AND
GUIDANCE 
� Providing guidance to the public and to industry on

various environmental topics (including licence
applications, waste prevention and environmental
regulations). 

� Generating greater environmental awareness
(through environmental television programmes and
primary and secondary schools’ resource packs). 

PROACTIVE WASTE MANAGEMENT 

� Promoting waste prevention and minimisation
projects through the co-ordination of the National
Waste Prevention Programme, including input into
the implementation of Producer Responsibility
Initiatives.

� Enforcing Regulations such as Waste Electrical and
Electronic Equipment (WEEE) and Restriction of
Hazardous Substances (RoHS) and substances that
deplete the ozone layer.

� Developing a National Hazardous Waste Management
Plan to prevent and manage hazardous waste. 

MANAGEMENT AND STRUCTURE OF THE EPA 

The organisation is managed by a full time Board,
consisting of a Director General and four Directors.

The work of the EPA is carried out across four offices: 

� Office of Climate, Licensing and Resource Use

� Office of Environmental Enforcement

� Office of Environmental Assessment

� Office of Communications and Corporate Services 

The EPA is assisted by an Advisory Committee of twelve
members who meet several times a year to discuss
issues of concern and offer advice to the Board.

An Ghníomhaireacht um Chaomhnú Comhshaoil 

Is í an Gníomhaireacht um Chaomhnú
Comhshaoil (EPA) comhlachta reachtúil a
chosnaíonn an comhshaol do mhuintir na tíre
go léir. Rialaímid agus déanaimid maoirsiú ar
ghníomhaíochtaí a d'fhéadfadh truailliú a
chruthú murach sin. Cinntímid go bhfuil eolas
cruinn ann ar threochtaí comhshaoil ionas 
go nglactar aon chéim is gá. Is iad na 
príomh-nithe a bhfuilimid gníomhach leo 
ná comhshaol na hÉireann a chosaint agus
cinntiú go bhfuil forbairt inbhuanaithe.

Is comhlacht poiblí neamhspleách í an
Ghníomhaireacht um Chaomhnú Comhshaoil
(EPA) a bunaíodh i mí Iúil 1993 faoin 
Acht fán nGníomhaireacht um Chaomhnú
Comhshaoil 1992. Ó thaobh an Rialtais, is í
an Roinn Comhshaoil agus Rialtais Áitiúil a
dhéanann urraíocht uirthi.

ÁR bhFREAGRACHTAÍ
CEADÚNÚ

Bíonn ceadúnais á n-eisiúint againn i gcomhair na nithe
seo a leanas chun a chinntiú nach mbíonn astuithe uathu
ag cur sláinte an phobail ná an comhshaol i mbaol:

� áiseanna dramhaíola (m.sh., líonadh talún,
loisceoirí, stáisiúin aistrithe dramhaíola); 

� gníomhaíochtaí tionsclaíocha ar scála mór (m.sh.,
déantúsaíocht cógaisíochta, déantúsaíocht
stroighne, stáisiúin chumhachta); 

� diantalmhaíocht; 

� úsáid faoi shrian agus scaoileadh smachtaithe
Orgánach Géinathraithe (GMO); 

� mór-áiseanna stórais peitreail.

� Scardadh dramhuisce  

FEIDHMIÚ COMHSHAOIL NÁISIÚNTA  

� Stiúradh os cionn 2,000 iniúchadh agus cigireacht
de áiseanna a fuair ceadúnas ón nGníomhaireacht
gach bliain. 

� Maoirsiú freagrachtaí cosanta comhshaoil údarás
áitiúla thar sé earnáil - aer, fuaim, dramhaíl,
dramhuisce agus caighdeán uisce.

� Obair le húdaráis áitiúla agus leis na Gardaí chun
stop a chur le gníomhaíocht mhídhleathach
dramhaíola trí comhordú a dhéanamh ar líonra
forfheidhmithe náisiúnta, díriú isteach ar chiontóirí,
stiúradh fiosrúcháin agus maoirsiú leigheas na
bhfadhbanna.

� An dlí a chur orthu siúd a bhriseann dlí comhshaoil
agus a dhéanann dochar don chomhshaol mar
thoradh ar a ngníomhaíochtaí.

MONATÓIREACHT, ANAILÍS AGUS TUAIRISCIÚ AR 
AN GCOMHSHAOL
� Monatóireacht ar chaighdeán aeir agus caighdeáin

aibhneacha, locha, uiscí taoide agus uiscí talaimh;
leibhéil agus sruth aibhneacha a thomhas. 

� Tuairisciú neamhspleách chun cabhrú le rialtais
náisiúnta agus áitiúla cinntí a dhéanamh. 

RIALÚ ASTUITHE GÁIS CEAPTHA TEASA NA HÉIREANN 
� Cainníochtú astuithe gáis ceaptha teasa na

hÉireann i gcomhthéacs ár dtiomantas Kyoto.

� Cur i bhfeidhm na Treorach um Thrádáil Astuithe, a
bhfuil baint aige le hos cionn 100 cuideachta atá
ina mór-ghineadóirí dé-ocsaíd charbóin in Éirinn. 

TAIGHDE AGUS FORBAIRT COMHSHAOIL 
� Taighde ar shaincheisteanna comhshaoil a chomhordú

(cosúil le caighdéan aeir agus uisce, athrú aeráide,
bithéagsúlacht, teicneolaíochtaí comhshaoil).  

MEASÚNÚ STRAITÉISEACH COMHSHAOIL 

� Ag déanamh measúnú ar thionchar phleananna agus
chláracha ar chomhshaol na hÉireann (cosúil le
pleananna bainistíochta dramhaíola agus forbartha).  

PLEANÁIL, OIDEACHAS AGUS TREOIR CHOMHSHAOIL 
� Treoir a thabhairt don phobal agus do thionscal ar

cheisteanna comhshaoil éagsúla (m.sh., iarratais ar
cheadúnais, seachaint dramhaíola agus rialacháin
chomhshaoil). 

� Eolas níos fearr ar an gcomhshaol a scaipeadh (trí
cláracha teilifíse comhshaoil agus pacáistí
acmhainne do bhunscoileanna agus do
mheánscoileanna). 

BAINISTÍOCHT DRAMHAÍOLA FHORGHNÍOMHACH 

� Cur chun cinn seachaint agus laghdú dramhaíola trí
chomhordú An Chláir Náisiúnta um Chosc
Dramhaíola, lena n-áirítear cur i bhfeidhm na
dTionscnamh Freagrachta Táirgeoirí.

� Cur i bhfeidhm Rialachán ar nós na treoracha maidir
le Trealamh Leictreach agus Leictreonach Caite agus
le Srianadh Substaintí Guaiseacha agus substaintí a
dhéanann ídiú ar an gcrios ózóin.

� Plean Náisiúnta Bainistíochta um Dramhaíl
Ghuaiseach a fhorbairt chun dramhaíl ghuaiseach a
sheachaint agus a bhainistiú. 

STRUCHTÚR NA GNÍOMHAIREACHTA 

Bunaíodh an Ghníomhaireacht i 1993 chun comhshaol
na hÉireann a chosaint. Tá an eagraíocht á bhainistiú
ag Bord lánaimseartha, ar a bhfuil Príomhstiúrthóir
agus ceithre Stiúrthóir. 

Tá obair na Gníomhaireachta ar siúl trí ceithre Oifig:  

� An Oifig Aeráide, Ceadúnaithe agus Úsáide
Acmhainní 

� An Oifig um Fhorfheidhmiúchán Comhshaoil 

� An Oifig um Measúnacht Comhshaoil 

� An Oifig Cumarsáide agus Seirbhísí Corparáide  

Tá Coiste Comhairleach ag an nGníomhaireacht le
cabhrú léi. Tá dáréag ball air agus tagann siad le chéile
cúpla uair in aghaidh na bliana le plé a dhéanamh ar
cheisteanna ar ábhar imní iad agus le comhairle a
thabhairt don Bhord.
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4.4	 Rainfall

The locations of hourly rainfall stations and pan-
evaporation stations operated by Met Éireann are 
shown in Fig. 4.1. Hourly precipitation from the 13 
synoptic stations were examined for: (a) interannual 
variability of total precipitation; (b) interannual variability 
of seasonal distribution; (c) hourly intensity; (d) 
frequency of wet hours; (e) intensity-duration-frequency 
(IDF) relationships. Significant increasing trends in 
total annual precipitation were found for the west coast 
stations of Belmullet (42.1 mm decade-1), Valentia (48.2 
mm decade-1) and Malin Head (23.6 mm decade-1) for 
the period 1957–2006. The year 2008 experienced the 
breaking of many rainfall records throughout the country 
(Lennon and Walsh, 2008). Met Éireann’s 2008 annual 
weather summary stated: ‘Annual rainfall totals were 
above normal everywhere and it was the wettest year 
for between six and 22 years generally, while Shannon 

(both means and extrema) than for daily maximum 
temperatures. This indicates a narrowing of the mean 
daily temperature range. Comparing the trends in 
annual means of daily minimum temperature and the 
99th percentiles of daily minimum temperatures, it is 
noted that the increasing trends of the 99th percentiles 
exceed those of the annual means. This suggests a 
decrease in the likelihood of extremes of cold. The rate 
of increase of both the maxima and minima exceeds 
the rate of increase of the means, suggesting that the 
extremes are becoming more extreme. 

Airport’s total of 1270 mm was the highest at the station 
since it opened in 1945’ (Met Éireann, 2009). 

Met Éireann noted that 2009 was wetter than normal 
everywhere – annual rainfall totals were well above 
normal for the second successive year. They ranged 
from 981 mm at Dublin Airport to 2175 mm at Valentia 
(between 12% and 55% higher than the 30-year 
annual average amounts respectively). November was 
the wettest November since records began at most 
stations and the wettest of any month on record in 
several places. Annual totals were highest in over 50 
years at Mullingar and Wexford, while at Valentia it was 
the highest since records began in 1866. The annual 
number of wet days (>1 mm per day) was above normal 
everywhere by between 10 and 20% generally, with 145 
wet days in Dublin and 231 wet days at Valentia (Met 
Éireann, 2010; Smith, 2010). While the rainfall for the 
month of November 2009 was extreme, the 24-hour 
and 48-hour rainfalls immediately prior to the flooding of 
19/20 November were not extreme. 

Figure 4.3. Total annual precipitation anomaly, arithmetic average over all stations.

Figure 4.3 shows the average precipitation anomaly over 
all Irish synoptic stations (from the 1961–1990 mean). 
An increasing trend line in the series can be seen. 
Annual rainfall series were analysed for change points, 
and there is strong statistical evidence (P >0.95) that 
change points in the annual total precipitation occurred 
for stations near the west coast: Belmullet, Claremorris, 
Malin Head and Valentia, with a transition to increased 
rainfall levels being evident. The change points were 
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shown to have occurred between 1975 and 1978, with 
the exception of Belmullet, where the change point was 
estimated to be 1983. A very high (P >0.99) probability 
was associated with the Belmullet and Valentia change 
points. No significant change points were detected for 
stations in the remainder of the country, nor for the 
Shannon station despite its proximity to the west coast. 
In general, most stations, particularly those in the east 
and south-east showed decreases in July rainfall after 
1975, and all stations showed increases in the March 
and October rainfall. 

This analysis extends that of Kiely (1999), who used 
rainfall data from synoptic stations up to 1995. It 
confirms an increase in annual precipitation amounts 
and in the occurrence of extreme precipitation events 
in Ireland, particularly in the west of the country, post-
1975. The change to wetter conditions was coincident 
with a change in the seasonal pattern of the NAO. The 
change in the seasonal pattern of the NAO has also 
been noted by others (Werner et al., 2000; Visbeck et 
al., 2001). Most of the increase in annual precipitation 
was observed during the two months of March and 
October. Storm events at the Valentia station that had 
a 30-year return period before 1975 were estimated to 
have a 10-year return period after 1975. Furthermore, 
in a ranking exercise, it was found the seven highest 
annual Valentia precipitation totals for the entire record 
occurred after 1975, and the five lowest annual totals 
occurred before 1975.

Increasing rainfall amounts post-1975 suggest that the 
rainfall amounts are non-stationary. This is relevant as 
it suggests that the traditional methodology of analysing 
rainfall data based on the assumption of stationarity may 
no longer be valid. It is suggested that in determining 
rainfall amounts for particular return periods that the 
shorter post-1975 data set be considered rather than 
the longer datasets. 

4.4.1	 Storminess and Rainfall
To examine the variation in rainstorm magnitudes over 
the second half of the twentieth century, rain-event 
intensities were calculated over 1-, 3-, 4-, 6-, 8-, 12-, 
18- and 24-hour intervals. For each duration, only 

unique (i.e. completely non-overlapping) events were 
considered. Following the approach of Willems (2000), 
in the cases of events of less than 12-hour duration, 
only events separated by a minimum of 12 hours were 
considered in order to ensure statistical independence. 
The top 20 events of each duration category were then 
selected and ranked by intensity. The total number of 
events falling into each time range (full time range, pre-
1975 and post-1975) was tabulated. Intensity-duration-
frequency curves were computed for several locations 
and compared across the three time ranges: (i) the 
full extent of the record; (ii) up to 1975; and (iii) after 
1975. The IDF relations were then calculated for return 
periods of 10 years and 30 years. The partial duration 
series (PDS) approach was used to calculate event 
magnitudes for several return periods (Madsen et al., 
1997). A generalised Pareto (GP) distribution was fitted 
to the observed distribution of extreme values over a 
defined threshold, I0. The threshold was determined 
by sorting the partial series in descending order by 
magnitude, and by truncating the partial series at 2.7 
times the number of years in the series of observations 
under consideration. The threshold value is the final 
value in the truncated series (Kiely 1999). The method 
of moments was used to estimate the GP distribution 
parameters. The IDF analyses showed an increase in 
storm event magnitude for return periods of 10 and 30 
years at many, but not all, stations after 1975, when 
compared to pre-1975 (Figure 4.4). However, for many 
stations these increases were small (<5 mm) at all 
durations. 

The IDF analysis of the Valentia observations shows that 
storm events (of 12-hour duration or longer) with a 10-
year return period in the post-1975 record are of similar 
magnitude to events with a 30-year return period in the 
record up to 1975. A similar change is evident at Dublin 
Airport after 1975. By contrast, the IDF relationships for 
Malin Head remain almost unchanged after 1975 and 
there is little change in the Belmullet or Casement IDFs, 
despite the latter station’s proximity to Dublin Airport. 
Rainfall in the north-west of the country is the most 
strongly influenced by the pattern of the NAO. 
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4.5	 Evaporation

Stanhill and Moller (2008) recently reported evidence 
for the enhancement of the hydrologic cycle over 
Britain and Ireland with the general increase in pan-
evaporation since the mid-twentieth century. Findings 
from the current research confirm this result, and also 
investigate these trends on a seasonal basis and 
examine the spatial variability. Pan-evaporation is a 
reasonable approximation of actual evapotranspiration, 
as surface moisture availability is rarely a limiting 
factor in the Irish climate. Total annual evaporation, 
averaged over all stations that satisfied data-coverage 
requirements (Ballyshannon, Boora, Fermoy, 
Johnstown, Poulaphouca, Rosslare and Valentia), 
shows a significant negative trend of -14.6 mm decade-1 
between 1967 and 2006. Statistically significant positive 
linear trends, indicated by the F-test of the fitted trend 
line, were found for two stations in the south-east: 
Johnstown (35.0 mm decade-1) and Rosslare (32.9 mm 
decade-1). Significant negative trends were found for the 
Ballyshannon (-14.4 mm decade-1) and Poulaphouca 
(-33.1 mm decade-1) stations. Change point tests 
of the annual evaporation time series from Valentia 
revealed change points at the end of 1974 and 1976 
respectively, with a probability greater than 0.99. This 

Figure 4.4. 10-year and 30-year intensity-duration-frequency (IDF) relationships for Dublin Airport and Valentia 
before and after 1975. It is noted that for the higher storm durations (>12 h) the precipitation depth for the 30-
year storm (pre-1975) is similar to the precipitation depth for the 10-year storm (post-1975). 

change point is coincident with the change point in the 
Valentia annual precipitation series. The evaporation 
change points were more spatially heterogeneous 
than the precipitation change points, revealing different 
change points in annual totals in different parts of the 
country. In general, stations far from the west coast 
such as Boora, Derrygreenagh, Dungarvan, John F. 
Kennedy Park, Poulaphouca and Kilkenny, all displayed 
significant change points from either or both tests. Most 
of these change points were detected around 1990. 
However, it should be noted that the relatively short 
evaporation records, most of which date back only to 
the 1960s, make it more difficult to detect a change 
point in the mid-1970s reliably. Statistically significant 
trends were observed in the annual series of monthly 
pan-evaporation from several stations.

4.6	 Droughts

Low rainfalls in 1976 and 1995 in particular produced 
droughts in Ireland (MacCarthaigh, 1996). During 
the 1976 drought, most stations recorded negligible 
rainfall for 60 consecutive days up to early September. 
Although an examination of the rainfall records shows 
that the 1976 drought was more prolonged than that of 
1995 in most of the country, river flows at the end of 
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the 1995 drought were comparable to those measured 
at the end of the 1976 drought. MacCarthaigh (1996) 
noted that groundwater generally begins to recede in 
early Spring and the trend of the recession is largely 
unaffected by subsequent rainfall in late Spring and 
Summer. A subsequent long period of negligible rainfall, 
ending in September, produced exceptionally low river 
flows. 

4.7	 River Flows 

River flows for the three rivers (The Suir, The Nore, 
The Fergus) were examined with results for The Suir 
shown in Fig. 4.5. It was found that the annual, March 
and October means all showed an increase particularly 
after the change point years of around 1976. The trends 
coincide with the increases in precipitation over the 
latter quarter of the twentieth century.

and thus the long-term records may be unaffected by 
changes in the surface roughness from development 
or tree growth. Two studies combining observational 
and instrumental records of high wind events in Ireland 
showed an increase in storm occurrence in Dublin and 
Armagh during the 1970s and 1980s, and a decrease 
thereafter (Sweeney, 2000; Hickey, 2003). These 
studies also noted that trends of storminess in the last 
three decades of the twentieth century were spatially 
variable, with locations in the north-west of the country 
(Belmullet and Malin Head) registering an increase, 
and stations in the north-east and south-west (Armagh 
and Valentia) registering a decrease. In an analysis of 
wind data from 1953–1987, a fall-off in extreme winds 
in the period after 1975 was observed, which was 
ascribed to a decrease in the occurrence of extreme 
windstorms (Logue, 1989). Bengtsson et al. (2006) 
noted that there are indications of a poleward shift of 
storm tracks – a reduced frequency of Mediterranean 
storm tracks and a strengthening of the Atlantic storm 
tracks north of Britain and Ireland – which is consistent 
with the trends noted in local precipitation time series 
(e.g. Kiely, 1999; Serrano et al., 1999). However, the 
impact of this poleward shift has yet to be studied for 
Ireland. 

Figure 4.5. Annual mean, maximum, March mean and October mean flow for The Suir at Newbridge. 

4.8	 Winds

In Ireland, extreme winds are generally caused by 
large-scale mid-latitude depressions. These typically 
pass to the west or north of the country, tracking 
easterly or north-easterly (Logue, 1989). Surface wind 
speeds are usually measured close to 10 m height 
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4.9	 Landslides and Bog Movements

Shallow landslides occur relatively infrequently in 
upland areas and can have long-lived geomorphological 
effects and shorter-lived, local environmental impacts 
(Dykes and Warburton, 2008). Work has recently been 
undertaken to catalogue known incidences of landslides 
in Ireland (Creighton et al., 2006). Almost 50% of 
landslides in Ireland occur in peatland areas, and such 
events typically occur in the months of July and August, 
in areas between 300 and 500 metres in elevation and 
of 4–10 degrees in slope (Fleming, 2009). Bog slides 
of upland blanket peat are of particular interest in 
Ireland, given the extent of surface peat cover in these 
areas, and the potential for human fatality, fish kills and 
damage to infrastructure. Extreme rainfalls, particularly 
following relatively dry periods, and human disturbance 
such as cutting, digging of drainage channels or 
construction activity are often cited as contributing 
factors (Creighton et al., 2006; Dykes and Warburton, 
2008). Past bog movements can be inferred from 
presently visible surface geomorphological features 
(Feehan and O’Donovan, 1996) or may occur as dating 
anomalies in other palaeoenvironmental studies due 
to lateral transportation of material resulting in older 
material overlying new (Caseldine and Gearey, 2005). 
‘Dry shifts’ in hydrological proxies in peat may be the 
result of bog bursts rather than shifts in environmental 
conditions (Stefanini, 2008). Intact peatland margins 
provide the structural integrity of peatlands against 

failure as the margins contain peat of higher density 
and lower hydraulic conductivity than peatland central 
areas. 

4.10	 Conclusions

An increasing trend in annual minimum temperatures 
since the second half of the twentieth century was 
indicated by the 99th percentile of daily minimum values 
suggesting reduced frequencies of cold episodes. Two 
stations in the east and midlands also exhibit increasing 
annual maximum temperatures over the same period. 
An increased annual and seasonal rainfall (particularly 
March and October) since 1975 was observed in the 
instrumental record. Precipitation IDF analysis shows that 
at several recording stations there has been an increase in 
extreme rainfall events since the mid-1970s, with the 30-
year rainfall event pre-1975 similar in magnitude to a 10-
year event post-1975 at some locations. Corresponding 
trends were found for some river flows. These changes in 
winter precipitation receipt and storminess are correlated 
with large-scale changes in the NAO. Increasing and 
spatially variable trends in pan-evaporation have also 
been observed in the records from the second half of 
the twentieth century, with stations in the south-east 
recording strong positive trends in pan-evaporation 
during the summer months. Given the conditions of the 
1976 drought, the combination of increased evaporation 
and reduced precipitation in the south-east during the 
summer is a cause for concern.
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5	 Synthesis

This chapter combines documentary (Annals) with 
proxy (GISP2 ice core and Irish oaks tree-ring) analysis. 
Firstly, spatial correlations in instrumental data are 
examined to determine the spatial extent of events. 

5.1	 Global and Regional Extremes Trends 
in Meteorological Time Series

Trends in globally averaged climatic values are not 
always reflected at the regional scales. Shifts or trends 
in mean conditions do not imply corresponding changes 
in extremes. 

5.1.1	 Temperatures
The global average air temperature increased for most 
of the twentieth century. The series of record-breaking 
mean surface air temperatures in the period 1990 to 
2009 is unprecedented in the modern, instrumental era 
and is unlikely (P <0.001) to occur by chance in the 
climate system. This result can be derived from several 
different reanalysis datasets and is consistent across 
global and regional (including European) scales (Zorita 
et al., 2008). 

5.1.2	 Precipitation
In Europe, the last 50 years have been the wettest of 
the last 500 years, in terms of total annual precipitation 
(TAP) (Pauling and Paeth, 2007). Annual precipitation 
totals in the Northern hemisphere midlatitudes showed 
an increasing trend in the twentieth century. In a recent 
reanalysis of records of rainfall records from 689 stations 
in the United Kingdom, Maraun et al. (2008) found 
positive trends in the occurrence of heavy precipitation 
in winter and spring storminess. Lamb (2005, 2nd edn) 
noted an increase in the frequency of large storms and 
low pressure systems over Ireland and Britain since 
1950 and suggested a link with trends in sea surface 
temperature. Lozano et al. (2004) noted a shift in the 
seasonal wind climate around the same time, with a 
regional pattern of more severe winters and calmer 
summers emerging in the middle to late twentieth 
century, apparently linked to a poleward shift in the 
trajectories of North Atlantic cyclones. Recent work 
using regional climate models (RCMs) has shown that 
the development of extratropical cyclones in the North 

Atlantic in the future may be influenced by changes in 
atmospheric stability in the region, and that changes in 
sea surface temperature (SST), a control on cyclone 
intensity, may be moderated by a weakening of the 
thermohaline circulation (Semmler et al., 2008). 

5.2	 Comparison of Annals Information 
with Proxy Data 

An important step in making use of the weather and 
related information from the Annals is its comparison 
to other environmental and climatic proxies. It is worth 
determining whether other proxies corroborate the 
Annals. In combination with other sources, the annalistic 
record has the potential to advance understanding of 
Ireland’s weather and climatic extremes. This may be 
particularly useful for biological proxies that respond 
to a number of interacting environmental influences, 
including weather and climate. This section presents 
a preliminary comparison of the Annals record of cold 
episodes to the GISP2 ice core record of volcanism and 
the Irish oak dendrochronological record.

5.2.1	  Core Records of Volcanic Forcing
An association between volcanic eruptions and 
unusual weather has long been considered. Volcanic 
eruptions have been confirmed as a source of climatic 
perturbations. Some eruptions have only minimal, 
localised or short-term climatic effects, a recent example 
being the 1980 ad Mount St Helen’s eruption in the 
western USA (Robock, 1983). Others have significantly 
larger (e.g. hemispheric or global) impacts upon climate, 
with up to three years being the most commonly cited 
duration. An historic example is the 1815 ad Tambora 
eruption in Indonesia that caused the European ‘year 
without a summer’ in 1816 ad. Records of atmospheric 
sulphate deposition (as SO4) in high resolution and 
precisely dated ice cores can extend the known record 
of historic volcanism millennia into the past (Zielinski, 
2000). One of the most important ice cores for the 
Northern Hemisphere is the GISP2 ice core, completed 
on 1 July, 1993. The record of SO4 deposited in annual 
layers of ice is available at a biannual resolution for 
the GISP2 across the period matching the Annals. 
Work has shown that the SO4 record in the GISP2 is 
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(Stothers, 2000; 2003), but other known eruptions such 
as the Laki fissure eruption (1783–1874 ad) in Iceland 
are clearly identifiable in the core (Zielinski et al., 1994). 
The trend towards increased SO4 concentrations seen 
to begin shortly before the twentieth century is attributed 
to anthropogenic activity (Mayewski et al., 1993) and 
is clearly visible and can disguise volcanic signals. An 
association between eruptions registered in the GISP2 
and several episodes of cold recorded in Ireland has 
been recognised by McCormick et al. (2007) in the 
eight, ninth and tenth centuries ad. Here, a simple 
approach was adopted. The sample SO4 levels >45ppb 
are taken as potentially representing deposition from 
explosive (and hence more likely climatically effective) 
volcanism. The mean SO4 level for 431–1648 ad is 36.9 

representative of a background of sulphate (e.g. from 
continental dust sources, Legrand, 1997) and also from 
equatorial and Northern Hemisphere volcanic emissions 
(Zielinski et al. 1994; 1996). 

Figure 5.1. Greenland Ice Sheet Project 2 (GISP2) sample SO4 levels, 431–1984 ad.

The SO4 record from the GISP2 core is presented in 
Fig. 5.1 for the period 431 ad to 1984 ad along with 
its distribution in Fig. 5.2. The core is of sufficient 
resolution and accuracy to compare to the Annals. 
Background SO4 levels above zero may be observed 
in all cases, along with significant spikes indicative of 
volcanic eruptions. The largest visible spike, dated to 
1257 ad, reaches an SO4 level of 380.6 ppb, the highest 
value observed for several millennia. Ironically, the 
location and identity of this volcano remains unknown 

Figure 5.2. Distribution of sample SO4 levels, Greenland Ice Sheet Project 2 (GISP2), 431.8–1648.3 ad.
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chronology construction culminated in the creation of 
an unbroken 7,272-year oak tree-ring chronology for 
Western Europe, comprising a series from the North 
of Ireland, Britain and Germany, complementing each 
other (Pilcher et al., 1984). For dendroclimatic studies 
attempting to utilise tree-ring chronologies to infer past 
climate conditions, or reconstruct annual temperatures 
or precipitation, very high levels of replication are 
required to minimise local climatic or non-climatic 
influences (Jones et al., 2009). The possibility for oak 
chronologies in Ireland and Europe to allow quantitative 
reconstruction of annual temperature and precipitation 
was investigated in the 1970s and 1980s (e.g. Briffa et 
al., 1983a, b). A significant problem with the use of Irish 
oak ring widths relates to Ireland’s maritime climate. 
An example of the complex relationship of oak growth 
to climate is provided by an observed strong negative 
growth response to warm Irish winters. 

There is evidence that Irish oaks reflect, via notably 
depressed growth, many environmental and climatic 
disturbances such as the reputedly volcanically induced 
‘year without a summer’ of 1816 ad (Baillie, 1995). 
Whether oaks consistently register similar responses 
to cold episodes as recorded in the Annals (many also 
probably induced by volcanic eruptions), is unknown. 
Although severe cold and frost are known to stress oaks 
(e.g. Thomas et al., 2002), for these to have a notable 
effect, it is probable that they must occur during the 
growing season (i.e. April to September/October). 

5.2.2.2	 Comparison with Documentary Sources 
Here, a simple comparison of the Irish   
dendrochronoligical oak research and studies of the 
Annals is presented, with a focus on recorded cold 
episodes. The oak record used for comparison is a 
standardised index chronology provided by Baillie, 
Queen’s University, Belfast. This chronology comprises 
multiple-site chronologies from Ireland, in which 
mean tree-ring widths are smoothed statistically by 
application of a 30-year tapered cubic spline, and vary 
about a long-term mean of 100. This removes long-
term trends of non-climatic origin, arising, for example, 
where the chronology comprises young trees tending to 
exhibit wider (i.e. early growth) rings. Two periods for 
which episodes of recorded cold are pronounced (i.e. 
750–799 ad and 1250–1299 ad, each with six episodes) 

ppb and the standard deviation is 22.4 ppb. However, 
the distribution of SO4 levels shown in Fig. 5.2 is skewed 
by the presence of relatively few very large values (most 
likely resulting from major explosive eruptions). 

A 45 ppb threshold is chosen in light of the skewed 
character of the distribution and to avoid omission of 
signals representing eruptions that may have been 
climatically effective in the Northern Hemisphere. 
This threshold distinguishes 75 samples from the 585 
available for 431–1648 ad and discards 87.2% of the 
available samples. The value of 75 is comparable to the 
65 recorded cold episodes in the Annals over the same 
period.

The SO4 dates are taken as indicating a potential 
correspondence between an explosive eruption and 
an unusually severe cold in Ireland. In Fig. 5.3, of 
the 75 relevant GISP2 SO4 samples, 29 (or 38.7%) 
correspond to 1 or more dated episodes of cold in 
Ireland. Conversely, of the 65 episodes of cold, 26 (or 
40%) correspond to 1 or more of the 75 relevant GISP2 
samples. This is a significant observation and highlights 
the role of volcanism in forcing episodes of extreme 
cold (and associated phenomena, such as heavy snow 
and prolonged frost) in Ireland.

5.2.2	 Irish Oak Dendrochronological Records
5.2.2.1	 Background
Investigation of the potential for dendrochronology on 
the island of Ireland began in a concerted manner in the 
1970s with Baillie in Queen’s University, Belfast (e.g. 
Baillie, 1988) focusing on the tree-ring widths of sessile 
and pedunculate oaks (Quercus Petraea and Quercus 
Robur, respectively). Both species are native to Ireland 
and were found to be suitable for the construction of 
long dendrochronological records because of their 
longevity, clear annual rings and a general absence 
of problems with missing, partial or false rings that 
caused difficulties with the construction of long tree-
ring width series from other species. The availability 
of modern living oaks, timbers from historic buildings 
and archaeological sites, and still older preserved 
sub-fossil oaks from peat bogs, lake margins and 
river gravels meant that overlapping chronologies of 
ring widths could be anchored in time to the present 
and extended into the prehistoric period. Efforts in 
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are extracted from the overall index chronology. For 
750–799 ad, the mean of the extracted index values 
is 101.5, standard deviation 9.9, minimum value 83.0. 
For 1250–1299 ad, the mean is 99.8, standard deviation 
8.9, minimum value 80.0. Figure 5.4 presents each 
indexed ring width value per period as a departure 
from the respective mean, with horizontal lines marking 
departures equalling or exceeding 0.5 and 1 standard 
deviation below the mean.

For 750–799 ad, 25 of the 50 indexed ring width values 
are below the mean. Eight (16%) are 1 standard 
deviation (SD) or further below the mean. Allowing a 
margin of 3 years following the date of recorded cold, 
wherein any growth below the average is deemed 
a potential match, then all 6 dates of cold in the first 
period (760, 762, 764, 780, 789, 799 ad) correspond to 
observed index values below the mean. Of the 18 years 
for which growth is at least 0.5 SD below average, 7 
(38.9%) correspond to recorded cold within the margin 
set out above. The relevant years of cold are 760, 764, 
780, 789 and 799 (or 5 of 6 years with recorded cold 

episodes for the period). Of the 7 years for which growth 
is at least 1 SD below the average, 2 (28.6%) correspond 
to recorded cold within the allowed margin (the relevant 
years of cold being 780 and 789 ad). Similar results are 
observed for the 1250–1299 ad period. All 6 recorded 
cold episodes (1251, 1270, 1271, 1280, 1281/1282, 
1296 ad) correspond to years of below average ring 
growth. 

Figure 5.4. Indexed ring widths, departures from means, 750–799 ad and 1250–1299 ad. 

Of the 14 years for which growth is at least 0.5 SD 
below average, 28.6% correspond to a date of cold 
(1251, 1270, 1271, 1280 and 1281/1282 ad, 5 of the 
6 recorded dates of cold in the Annals). Of the 8 years 
where growth is at least 1 SD below average, 37.5% 
correspond to recorded cold for 1251, 1271, 1280 
and 1281/1282 ad. From this simple analysis, it may 
be tentatively proposed that episodes of cold may be 
registered by the Irish oaks by decreased averaged 
growth of at least 0.5 SD below the average. It is also 
clear that more years of notably depressed growth 
exist than there are recorded episodes of cold. This 
may imply that not all such episodes are recorded in 
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illustrates the localised nature of extremes, and the 
benefit of considering multiple, spatially distributed 
proxies when possible.

●	 There is a correspondence between incidents 
of reported cold in the documentary evidence 
(Annals) and the record of explosive volcanism (with 
consequent cooling effects) from the GISP2 ice core.

●	 Tree-ring chronologies from multiple locations 
offer a means of overcoming the localised nature 
of individual proxies. Many, but not all, low-growth 
years from the ‘Belfast’ oak chronology, derived from 
oaks from most of Ireland, correspond with episodes 
of cold reported in the Annals.

●	 More than 50 bog burst or ‘landslides’ in peatlands 
have occurred in the past century. They are the 
results of extremes in rainfall following dry periods 
(sometimes associated with human activities) and 
have led to loss of human life as well as extensive 
ecosystem degradation. 

the Annals. However, numerous other factors may 
be proposed to explain reduced oak growth, some of 
which are non-climatic, such as pest outbreaks or the 
deliberate coppicing of trees for human consumption of 
oak timbers, known to produce reduced tree-ring widths 
in many species in following years (Rackham, 1990). 
Of the potential additional climatic factors, extremes 
of precipitation (wet and dry) are a further potential 
influence, as are storm events where branches are torn 
from trees, potentially inducing growth decreases as 
seen after coppicing. 

5.3	 Conclusions

●	 Annual rainfall extremes, extracted from multi-year 
series as 99th percentile amounts are far more 
spatially variable than daily precipitation amounts. 
While the 50% decorrelation distance for annual 
rainfall in Ireland and Britain is approximately 240 
km, the annual 99th percentiles of daily rainfall are 
correlated by less than 50% over all distances. This 


