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Tree Ring Chronology of Meteorological 

Extremes for Ireland, AD425-1650 

The Irish Dendrochro-

nological Record 

 

For over thirty years the 

study of Ireland‘s climate his-

tory has benefited from the 

availability of world class den-

drochronological (tree ring) 

records, developed by Michael 

Baillie, David Brown and col-

leagues in Queen‘s University, 

Belfast, based upon the meas-

urement of annual ring widths 

on oaks native to Ireland (i.e. 

the Sessile and Pedunculate 

Oak). Both species are suit-

able for the construction of 

long dendrochronological re-

cords because of their longev-

ity, clear annual growth rings 

and a general absence of miss-

ing, partial or false rings that 

cause difficulties with the con-

struction of chronologies 

from other species (Baillie, 

1982, 1995). Living oaks and 

the availability of timbers from 

historic buildings and archaeo-

logical sites, and still older 

subfossil oaks preserved in 

peat bogs, lake margins and 

river gravels, means that over-

lapping chronologies of yearly 

ring widths from these 

sources can be successfully 

anchored to the present and 

extended into the past. Efforts 

in chronology construction 

culminated in 1984 in an un-

broken 7,272-year oak chro-

nology for Western Europe, 

incorporating chronologies 

from the North of Ireland, 

Britain and Germany (Pilcher 

et al., 1984). 

 

A correlation between mete-

orological conditions and the 

growth of many tree species, 

as expressed in their annual 

ring widths, has long been 

recognised as a potential 

means of reconstructing cli-

mate before the era of instru-

mental meteorological re-

cords (Douglass, 1919). A 

landmark success in this field 

(dendroclimatology) involved 

an 1100 year climate recon-

struction using the annual 

rings of Bristlecone Pines 

growing at high altitudes in 

the White Mountains, Califor-

nia (La Marche, 1974). In Ire-

land, the primary motivation 

for dendrochronology was not 

climate reconstruction, but 

rather the direct dating of 

archaeological sites from un-

earthed timbers, and the re-

calibration of the radiocarbon 

timescale, also for dating pur-

poses (Pearson et al., 1984; 

Baillie, 1995). But the poten-

tial for quantitative recon-

struction of annual tempera-

ture and precipitation from 

Irish oaks was recognised and 

investigated in the 1970s and 

1980s (e.g. Hughes et al., 

1978; Briffa et al., 1983) by 

comparing ring widths from 

oak chronologies to tempera-

ture and precipitation data 

from meteorological stations 

closest to the sites in which 

the trees forming the chro-

nologies grew, for periods in 

which there were overlapping 

records.  

 

A significant problem, how-

ever, with the use of Irish oak 

ring widths for climate recon-

struction arises from Ireland‘s 

mild maritime climate. In La 

Marche‘s (1974) study, the 

Bristlecone Pines grew in a 

marginal high-altitude environ-

ment, where a clear stressor 

for the trees was tempera-

ture. But Ireland cannot be 

considered a marginal envi-

ronment for oak, except in 

exceptional locations, and ring 

widths may vary ambiguously 

in response to a complex ar-

ray of possible meteorological 

influences. One example of 

the complex relationship of 

oak growth to climate in Ire-

land is provided by an ob-

served negative growth re-

sponse to mild winters. A 

possible explanation is that 

continued biological activity 

promoted during mild winters 

(which are otherwise periods 

of dormancy) utilises stored 

energy usually reserved to fuel 

early growth during the next 

growing season (i.e. around 

April) (Pilcher and Gray, 

1982). García-Suárez et al. 

(2009: 163) notes that “around 

20 years ago, dendroclimatic 
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studies were discontinued using trees in 

the British Isles because it was believed 

that they were less sensitive to climate 

than those which live under more critical 

conditions.”  

 

Recent work has shown that potential 

exists for climate reconstruction 

through a multi-species approach, 

combining oak, Scots pine, beech and 

ash, each of which exhibit different 

sensitivities to different aspects of cli-

mate (García-Suárez et al., 2009). 

Available chronologies for the latter 

species do not yet extend far into the 

past, but are the best prospect for 

quantitative annual climate reconstruc-

tion for Ireland before the instrumen-

tal period (which began most consis-

tently in Ireland in the late eighteenth 

century with recording at Armagh 

Observatory (Butler et al., 2005)). It is 

hoped that these chronologies may be 

ultimately extended further.  

 

Despite the limitations, it has been 

possible to use the available long Irish 

oak chronologies to identify years of 

dramatically reduced growth (Baillie 

and Munro, 1988; Baillie, 1999, 2006). 

Common years of poor growth identi-

fied in chronologies from dispersed 

locations across, and even beyond, 

Ireland, provide strong evidence of a 

climatic origin (Kelly et al., 1989), with 

climate being one of the only feasible 

mechanisms for inducing common 

growth signals over large geographical 

areas. Figure 1 (left) presents the an-

nual average growth widths of Irish 

oaks from 1805-1825. This period is 

notable for the major explosive vol-

canic eruption in Tambora, Indonesia, 

in April 1815, which led to abnormally 

low temperatures across Europe and 

gave rise to the famous “year without a 

summer” in 1816 (Self, 2005). The im-

pact of the eruption on Irish oaks is 

clearly visible in the pronounced de-

cline in growth in 1816, continuing in 

1817, with the low growth surpassed 

only once in the remainder of the re-

cord up to 1992.  

 

Figure 1 (right) shows a sample taken 

from a living oak on the grounds of 

Shane‘s Castle, Co. Antrim, which 

highlights a period of very small ring 

growth beginning in 1740, a time be-

fore consistent instrumental meteoro-

logical record keeping in Ireland. This 

low growth, culminating in 1742, cor-

responds clearly with a very severe 

and prolonged frost (associated with 

conditions of famine) recorded widely 

in contemporary Irish historical re-

cords, and written about most exten-

sively by David Dickson (1997) in Arc-

tic Ireland: The Extraordinary Story of the 

Great Frost and Forgotten Famine of 

1740-41. Examining the records of 

known episodes of major explosive 

volcanism (Zielinski et al. (1994) and 

Zielinski (1995)) reveals a major vol-

canic eruption in Tarumai, Japan, in 

1739. It seems likely that this eruption 

played some part in inducing the cold 

spell of 1740-41, with the initial im-

pediment to oak growth possibly being 

defoliation by frost. 

Figure 1. (left) Annual mean tree ring width of Irish oaks, between the years 1805 and 1825. (right) Oak sample from 

Shane‘s Castle, Co. Antrim. Image courtesy of M. Baillie. 
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The Irish Annalistic Record 

 

Carefully examining the Irish dendro-

chronological record can thus provide 

a precisely-dated chronology of years 

of very adverse growing conditions for 

Irish oaks. When combined with evi-

dence of human activities from ar-

chaeological, palaeoecological and his-

torical sources, this can be valuable in 

exploring the socio-economic impacts 

of episodes of inclement or extreme 

weather and abrupt climate changes in 

Ireland before the era of modern in-

strumental record keeping. The influ-

ence of non-climatic factors, such as 

disease and pest outbreaks, or the 

coppicing and pollarding of oaks in 

deliberately managed woodlands that 

might lead to non-climatic variations in 

ring growth (Bridge et al., 1986; Baillie, 

1993), can be largely excluded by iden-

tifying years of poor growth common 

to different regions. But even when a 

climatic cause is most likely, the prob-

lem of interpreting the exact condi-

tions underlying any particular episode 

of notably reduced growth remains. 

An episode of prolonged summer 

drought may have significantly different 

impacts upon pre-Modern Irish society 

than the occurrence of severe and 

persistent winter frost. But if these 

conditions are registered in the Irish 

oak record, it is uncertain how they 

may be expressed, or if it is possible to 

clearly tell one from the other. Mat-

ters may, however, be clarified by ref-

erence to the long tradition of annual 

chronicling in Ireland, which has left a 

large corpus of documentary records 

known collectively as the Irish Annals. 

 

The Irish Annals are yearly listings of 

major events maintained at first in 

monastic foundations across Ireland, 

and from roughly the thirteenth cen-

tury AD, in the secular schools of 

learning run by hereditary historians  

employed by the Gaelic aristocracy 

(McCarthy, 2008). This transition from 

monastic to secular recording was 

due, in large part, to twelfth century 

reform of the Irish church, which saw 

a move away from secular involve-

ments (of which the chronicling of 

secular events was seen as part) and 

the destabilising impacts of the twelfth 

century Anglo-Norman invasion and 

colonisation. The early content of 

many surviving manuscripts (most pre-

served on vellum) stretches back cen-

turies before the arrival of Christianity 

to Ireland in the fifth century. It repre-

sents a mixture of events borrowed 

from Biblical chronology, world his-

tory from continental chronicles, inte-

grated with events from Irish mythol-

ogy. The date at which the surviving 

manuscripts begin to report genuine 

contemporary events in Ireland is long 

debated, with dates given in the sixth, 

seventh and later centuries (Kelleher, 

1963; Hughes, 1972; Smyth, 1972). 

More recent work provides strong 

evidence for a date as early as ~425 

(McCarthy, 2008; Ludlow, 2010). 

Chronicling of events in Ireland effec-

tively ceased by the mid-seventeenth 

century when the spread of English 

custom and colonial rule resulted in 

the disruption of the old Gaelic order.  

 

In addition to recording events such as 

the founding and sacking of ecclesiasti-

cal settlements, major battles and the 

obituaries of important persons, the 

Irish Annals preserve unique and abun-

dant records of adverse meteorologi-

cal conditions and extremes, as well as 

descriptions of their impacts upon 

society and the biosphere. An example 

is a report of “very severe weather, frost 

and snow, from the fifteenth of the kal-

ends of January [i.e. 15 days before the 

1st of January] to the fifteenth of the 

kalends of March [i.e. 15 days before the 

1st of March], or longer, which made 

great havoc of birds, cattle and people; 

and from which arose great scarcity 

throughout all Ireland, and Leinster espe-

cially” recorded in the Annals of Loch Cé 

for 1115. A further example, from the 

Annals of the Four Masters for 892, re-

ports “a great wind on the festival of St. 

Martin this year [i.e. 11 November, Julian 

Calendar]; and it prostrated many trees, 

and caused great destruction of the 

woods in Ireland, and swept oratories and 

other houses from their respective sites.” 

A final example from the Annals of 

Connacht for 1252 reports “great heat 

and drought in the summer… so that folk 

used to walk across the Shannon dryshod. 

The wheat was reaped three weeks be-

fore Lammas [i.e. 1 August, Julian Calen-

dar], and indeed all corn-crops were 

reaped then. The trees were burned by 

the sun.” Although the records are not 

always as detailed, these examples 

demonstrate the advantages of docu-

mentary meteorological information. It 

is phenomena-specific, clearly identify-

ing the meteorological conditions and 

phenomena experienced, it is precisely 

dated, even specifying within-year du-

rations, it provides valuable geographi-

cal information on the locations or 

spatial extent of conditions, and gives 

unique secondary information about 

the impacts upon society and the bio-

sphere. 

 

Unsurprisingly, historical documentary 

records are now recognised as valu-

able sources for climate history, with 

their use in climate reconstruction the 

concern of historical climatology 

(Brázdil et al., 2005). The USA‘s Na-

tional Research Council (NRC) (2006: 

40) notes that “documentary evidence is 

one of the few kinds available that can 

register severe floods… and other natural 

disasters. Consequently, their analysis 

enables an investigation of the relation-

ship between variations in climate and the 

frequency and severity of extreme events, 

a subject that is of major societal concern 

in relation to projected global warming”. 
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Extreme events are, by definition, rare, 

and long records are required to relia-

bly characterise their likelihood of 

occurrence. The long record of the 

Irish Annals, spanning up to twelve 

centuries, can play an important role 

in determining if past changes in long-

term climatic averages (e.g. of tem-

perature and precipitation) were ac-

companied by changes in the fre-

quency and severity of extreme 

events. Exploring the socio-economic 

responses to historic extremes and 

abrupt climate changes is similarly im-

portant, given the prospect of changes 

in the frequency and severity of ex-

tremes under future climate change 

(McBean, 2004; Skinner, 2008). Com-

paring the rich record of social 

stresses preserved in the Irish Annals 

(e.g. conditions of scarcity and famine) 

to the chronology of major growth 

downturns registered in the Irish oaks 

may show that past experiences hold 

valuable lessons for the future 

(Campbell, 2010).  

 

In 1975 the eminent Irish historian F. 

X. Martin remarked that “the quantity 

and quality of the [Irish] Annals are formi-

dable… as far as annals are concerned 

Ireland has an embarras de richesse. Few 

European countries, if any, can claim a 

similar body of literature on a national 

scale” (Martin, 1975: 5). Of immense 

value is the fact that the Irish Annals 

provide detailed coverage during the 

―Dark Ages‖ of the first millennium for 

which comparable information is ex-

tremely scarce in Europe (Lamb, 1995; 

Pfister et al., 1998). Yet the meteoro-

logical content of the Irish Annals has 

been largely ignored, or used only an-

ecdotally, with few exceptions (to 

varying degrees including, Dixon 

(1953, 1959), Mallory and Baillie 

(1988), Ludlow (2005), McCormick et 

al. (2007), Hickey (2008), Kerr et al. 

(2009) and Kiely et al. (2010)). This is 

despite the extensive use of similar 

sources in palaeoclimatology in Europe 

and Asia (e.g. Chu et al., 2002; Brázdil 

et al., 2005; Ge et al., 2008). Indeed, 

misconceptions exist regarding the 

meteorological content of the Irish 

Annals. In commenting upon the scar-

city of early medieval documentary 

data for Europe, the NRC (2006: 40) 

state that “there are… weather records 

preserved in Irish and Norse annals back 

to the middle of the first millennium A.D., 

but their dating is imprecise and descrip-

tions of weather and climate are often 

exaggerated.” This statement reflects 

real, but also perceived, barriers to 

using the meteorological content of 

the Irish Annals, and helps to explain 

its neglect.  

 

Most of these barriers have now been 

removed or shown to be overstated. 

The pioneering work of McCarthy 

(1998, 2001, 2005) in correcting and 

calibrating the chronology of the Irish 

Annals against independent evidence, 

including precisely calculable dates of 

solar and lunar eclipses, has provided 

coherent and more reliable dating for 

events in the Annals. Although the 

NRC (2006) provide no citation or 

evidence to support an exaggeration 

of information in the Irish Annals, the 

reliability of information in documen-

tary sources is a legitimate concern 

(Brázdil et al., 2005). Ludlow (2010) 

has conducted a detailed examination 

of the reliability of the meteorological 

content in the Irish Annals, founded 

upon an investigation of the percep-

tion of rare natural phenomena and 

meteorological extremes in medieval 

Ireland. For example, scribes based in 

monastic institutions largely wrote 

from a religious perspective and em-

ployed Biblical allusions in describing 

natural phenomena (McCarthy and 

Breen, 1997). An example from the 

Annals of Ulster for 772 relates the oc-

currence of “lightning and thunder like 

the Day of Judgement… which was called 

fire from heaven… the Irish fasted two 

periods of three days, with a single meal 

between them, through fear of the fire.” 

Knowledge of how meteorological 

extremes were perceived, and what 

significance was attached to them, in 

turn tells us about the varying motives 

for their recording. Some motives 

promote recording of lesser reliability 

than others, but the results of this 

assessment suggest that less than 10% 

of all meteorological records should 

be considered completely unreliable. 

 

Other barriers have also been largely 

resolved, such as the widespread du-

plication of recorded meteorological 

extremes between surviving manu-

scripts of the Irish Annals, arising due 

to shared ancestry. Most manuscripts 

contain unique material, but also a 

large body of duplicated material that 

exists due to the copying of a common 

earlier manuscript (e.g. most surviving 

manuscripts contain material from 

older annual records originally com-

piled in the monastic centre at Clon-

macnoise, Co. Offaly, up to the thir-

teenth century). When scribes were 

copying from earlier sources, they 

might accidentally change the text and 

enter records under incorrect years. 

This helps to disguise the fact that a 

given record is a duplicate also found 

in other manuscripts. The Annals of 

Clonmacnoise, which is a translation to 

Elizabethan English in 1627 from a lost 

Irish manuscript, reports for 819 that 

“there was such froste this yeare [that] all 

the Laughes, pooles and rivers of Ireland 

were soe dryed upp and frozen, [that] 

steed and all manner of cattle might pass 

on them without Danger.” In contrast, 

two years later (in 821) the Annals of 

Ulster report in Irish: “aigh anaicenta: ru

-reset inna muire & inna locha & inna 

aibni co ructha graige & eti & fedman 

iarmaibh‖. This is translated by Mac 

Airt and Mac Niocaill (1983) as 

“abnormal ice; the seas, lakes and rivers 



I R I S H  M E T E O R O L O G I C A L  S O C I E T Y  

P A G E  5 8  

froze and herds of horses and cattle, and 

loads, were brought across them.” Inves-

tigating errors in the chronologies of 

these manuscripts suggests that both 

records should, in fact, refer to the 

year 822, so that instead of two dis-

tinct episodes of cold, the conditions 

described are the same. And despite 

apparent textual differences, there are 

enough similarities in the description 

to suggest that these are duplicates of 

a single original account of conditions 

for 822. This is further supported by 

the knowledge that both these sources 

contain material from a common, but 

now lost manuscript, likely to have 

been originally compiled in Clonmac-

noise (McCarthy, 2008).  

 

All instances of duplication must be 

found and accounted for, otherwise 

the result will be an artificial inflation 

of the number of extreme events that 

appear to have happened through 

time. This issue was tackled by Ludlow 

(2010), who systematically surveyed 

the surviving manuscripts, categorising 

and quantifying their relevant content. 

Even when duplication is accounted 

for, the occurrence of some 585 ex-

treme meteorological conditions and 

related phenomena are recorded in 

the Irish Annals, the majority of which 

can be considered historically reliable, 

along with unique descriptions of the 

impact of these conditions on society 

and the biosphere. The aim of Lud-

low‘s (2010) work is to provide a se-

cure foundation for the systematic, 

and long overdue, use of the remark-

able meteorological records preserved 

for posterity by the Irish medieval 

scribes. 

 

Combining the Record of the 

Irish Annals and Irish Oaks 

 

We can learn most about our climate 

history through the comparison and 

combination of diverse lines of evi-

dence (Mann, 2002), as with the Irish 

dendrochronological record and the 

Irish Annals. Although the Irish oak 

record may not clearly mirror annual 

variations in temperature and precipi-

tation in Ireland‘s mild maritime cli-

mate, the clear response of the trees 

to exceptional events such as the “year 

without a summer” in 1816 suggests 

that similar growth impacts may be 

observed during or after years with 

extremes recorded in the Irish Annals. 

This may help to determine if different 

types of extreme conditions leave dis-

tinct signatures on the Irish oaks (e.g. 

frosts vs droughts). Figure 2 shows the 

mean annual growth widths for the 

Irish oaks for the period 770-800. 

Years of reported extremes in the 

Irish Annals are indicated by arrows.  

 

Some clear correspondences are ob-

served, such as that between the 773 

report from the Annals of Ulster  of 

“unaccustomed drought  and heat of the 

sun so that nearly all bread-[grain] failed” 

and the very low ring growth for the 

same year. The low value for this year 

is surpassed only by the low growth in 

782, which can be seen as a continua-

tion of the low growth in 781. These 

years of poor growth may correspond 

to the “great snowfall in April” reported 

in the Annals of Ulster  for 780. This 

event is particularly notable for its 

lateness in the year, which may have 

magnified its impact by being coinci-

dent with the start of the growing 

season for the oaks. The fact that it is 

Figure 2. Annual mean tree ring width of Irish oaks between the years 770 and 800. 
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recorded as occurring a year before 

the pronounced drop in ring growth 

may be a reflection on the mechanism 

described by Baillie (1993) in which 

energy reserves can sustain growth 

during the year of the occurrence of 

adverse growing conditions, with the 

greatest visible impact occurring  only 

in the following years. Alternatively, 

despite the great advances in our un-

derstanding of the chronology of the 

Irish Annals from the work of Daniel 

McCarthy, and the resulting correc-

tions  to the chronology  based upon 

this understanding, it is still possible 

that small dating errors may remain. 

This example provides a glimpse of the 

biological and chronological complexi-

ties that are quickly encountered upon 

comparing historically recorded ex-

tremes to the record from the Irish 

oaks.  

 

These complexities can be further 

observed with the example of the 

“great snowfall on the third of the Kal-

ends of May” (i.e. three days before the 

1st of May, Julian Calendar) recorded 

in the Annals of Ulster for 789. Ring 

growth is, however, not remarkably 

low in 789, but is notably low in 788, 

implying either that the date assigned 

to this event is marginally in error, or 

that there was no clear impact on the 

trees. It is interesting to note that the 

Greenland Ice Sheet Project 2 (GISP2) 

ice-core registers elevated sulphate 

deposition levels for the year 788 

(with +/- a 2.5 year uncertainty). Ele-

vated sulphate levels in the GISP2 are 

a reliable indicator of the occurrence 

of explosive volcanism (Zielinski et al., 

1994) and explosive volcanism is in 

turn known to induce episodes of ex-

treme cold. This occurs because the 

presence of volcanic sulphate aerosol 

injected into the stratosphere effec-

tively backscatters incoming direct 

solar (shortwave) radiation to space, 

and thereby cools the Earth‘s surface 

(Robock, 2000). The resultant reduced 

temperatures are known to effect tree 

growth in marginal environments, such 

as the high latitudes of the Northern 

Hemisphere (e.g. Briffa et al., 1998). 

But the effects of low temperatures 

may be reduced, perhaps particularly 

in non-marginal growth settings such 

as Ireland, because the same volcanic 

aerosols that reduce incoming direct 

solar radiation also act to increase the 

levels of diffuse (scattered) radiation 

reaching the Earth‘s surface. Robock 

(2005) has shown that diffuse radiation 

can be more effectively used in photo-

synthesis than direct radiation, thereby 

acting to enhance tree growth. It can 

be speculated, therefore, that ex-

tremes of cold recorded in the Irish 

Annals may be less likely to affect tree 

ring width if the cold extreme was as a 

result of a volcanic event. In this re-

spect, it is worth noting that the  

snowfall in the year 780 (see figure 2), 

which appears to have occurred, is not 

associated with any volcanic event 

registered in the GISP2.  

 

It is clear that a systematic comparison 

of the record of the Irish oaks to that 

of the Irish Annals, making use of the 

full span of reliable historical re-

cordings from the fifth to the seven-

teenth centuries, is needed to establish 

if the Irish oaks tree ring widths con-

sistently register the conditions that 

have been deemed sufficiently extreme 

to merit recording by human observ-

ers. By comparing both records, it may 

be possible to determine the condi-

tions to which the trees are most sen-

sitive, and those to which they are not, 

which would help to shed light on the 

origins of many dramatic growth 

downturns that currently do not have 

a clear interpretation. Attention must 

also be paid to hidden properties of 

the Irish dendrochronological record. 

It is easy to treat the record as a single 

monolithic entity, with unchanging 

properties through time. But, in fact, 

the record is comprised of numerous 

overlapping chronologies that can be 

untangled from each another. Each has 

different levels of replication (i.e. more 

replication equates to more trees, 

making up a chronology which should 

equate to a more reliable climatic sig-

nal). The chronologies can also origi-

nate from widely dispersed sites 

throughout Ireland (Baillie, 1982), in-

corporating trees that grew in very 

different contexts with an array of 

variable local environmental influences 

(e.g. elevation, aspect). In essence, the 

trees from some sites and some peri-

ods may prove more sensitive to cli-

mate than others.  

 

Conclusion 

 

The existence of the excellent Irish 

dendrochronological record and the 

long and abundant record of weather 

extremes in the Irish Annals offers the 

prospect of significantly improving our 

knowledge of Ireland‘s climate history. 

Our island is a key region for the 

study of past climatic conditions, occu-

pying a climatically sensitive northeast 

Atlantic location. Our climate is sensi-

tive to the influence of major atmos-

pheric modes of variability, such as the 

North Atlantic Oscillation, and to 

ocean circulation changes (Sweeney, 

1997; Turney et al., 2005). And now, 

more than ever, an improved under-

standing of our climate history is 

needed to distinguish climate change, 

as influenced solely by natural factors 

in the past (e.g. volcanism or solar 

variability), from that caused by human 

activities in the future. 
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