-

View metadata, citation and similar papers at core.ac.uk brought to you byji CORE

provided by LIMU Research Online

¢ LIVERPOOL

JOHN MOORES
UNIVERSITY

LIMU Research Online

Noone, S, Broderick, C, Duffy, C, Matthews, TR, Wilby, RL and Murphy, C
A 250 year drought catalogue for the island of Ireland (1765-2015)

http:/Iresearchonline.ljmu.ac.uk/5161/

Article

Citation (please note it is advisable to refer to the publisher’s version if you
intend to cite from this work)

Noone, S, Broderick, C, Duffy, C, Matthews, TR, Wilby, RL and Murphy, C
(2017) A 250 year drought catalogue for the island of Ireland (1765-2015).
International Journal of Climatology. ISSN 0899-8418

LIMU has developed LIMU Research Online for users to access the research output of the
University more effectively. Copyright © and Moral Rights for the papers on this site are retained by
the individual authors and/or other copyright owners. Users may download and/or print one copy of
any article(s) in LIMU Research Online to facilitate their private study or for non-commercial research.
You may not engage in further distribution of the material or use it for any profit-making activities or
any commercial gain.

The version presented here may differ from the published version or from the version of the record.
Please see the repository URL above for details on accessing the published version and note that
access may require a subscription.

For more information please contact researchonline@ljmu.ac.uk

http://researchonline.ljmu.ac.uk/


https://core.ac.uk/display/74237798?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://researchonline.ljmu.ac.uk/
mailto:researchonline@ljmu.ac.uk

A 250 year drought catalogue for the island of Ireland (1765-2015)

S. Nooné, C. Broderick, C. Duffy!, T. Matthews$, R.L. Wilby?, C. Murphy

Ylrish Climate Analysis and Research UnitS (ICARUSgpartment of Geography, Maynooth

University, Kildare, Ireland.

2School of Natural Sciences and Psychology, Livetdadin Moores University, Liverpool L3 3AF,
England, UK

3Department of Geography, Loughborough Universityydghborough LE11 3TU, England, UK

Corresponding Author: Conor Murphy (emaitinor.murphy@nuim.ietel:+353 1 7083494)

Abstract

This work created a 250 year historic drought catalogue by applyingahda®dised Precipitation

Index (SPI) to the Island of Ireland Precipitation (IIP) network (1850-2015)aaretonstructed
precipitation series from 1765. Documentary sources from newspaper archives spannsi@8te la
years, together with other historical sources are used to (i) add confidence toathiatixe
detection of drought episodes and (i) gain insight to the socio-economic ingfabistoric
droughts. The results show that Ireland is drought prone but recent decades are uratypeesint

the longer-term drought climatology. A large decline in 30-year accumulated SRIWEs is
evident from around the 1990s onwards. During the years 1850-2015 seven major drought rich
periods were identified with an island-wide fingerpiimtl854-1860, 1884-1896, 1904-1912, 1921-
1923, 1932-1935, 1952-1954 and 1969-1977. These events exhibit substantial diversity in terms of
drought development, severity and spatial occurrence. Two exceptitorag events are found in

the record: the continuous drought of 1854-1860 and the drought of 1800-1809 (in fact af series
three droughts with brief interludes). Over the last 250 years drougisrésulted in agricultural
hardship, water resource crises and failures and preceded some of the majordathmésth and

19th centuries. This work shows that newspaper archives can be used to traeythssion of
drought events and impacts and we thus advocate their wider use in corroboratingtyeanti
assessments. The resulting catalogue challenges prevailing perceptions about idrdnedguhd

whilst strengthening the evidence base for future drought and water reptamoeng across the

island.

Keywords: Drought, Standardised Precipitation Index (SPI), Documentary sources, Newspaper

Archives, Climate reconstructions, Ireland

Running Head: A 250 year drought catalogue for the island of Ireland (1765-2015)
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1 Introduction

Recent decades have withessed severe drought events across Europ @Firk004; Marsh,
2004; Toddet al.,2013; Lennarcet al.,2014; Spinonket al.,2015) with serious impacts including
reductions or loss of water supply, decreased agricultural production and penenatgn,
environmental degradation and even loss of life (Cole and Marsh, 2006; Briffd., 2009;
Hannafordet al, 2011; Lennardet al., 2014). Appropriate drought planning, particularly in the
context of future climate change begins with understanding the magnitude and ceocioyie
impacts of past events. To this end a growing number of studies are usirtgrlongbservations
alongside documentary evidence to identify and assess historical droughts (Mishra and Singh, 2010
Goslinget al.,2012; Wattst al.,2012; Lennarckt al., 2014; Lennareet al.,2015; Kingstoret al,
2015).

For example, Marshbt al.(2007) and Cole and Marsh (2006) identify periods of prolonged drought
in the UK during 1854-1860 and 1890-1910 - which were attributed to sequences of dryandhter
summer seasons. Using long term observations (1697-2011) dtoddl (2013) reconstructed
droughts across the southeld#t, identifying several drought rich periods including 1943-1950 and
1970-1978. Spraggst al (2015) identified long drought periods in the"X@®ntury, with the most
notable being 1854-1860 for the Anglian region (UK). Baikeail (2004) reconstructed a 200 year
precipitation series for the Central Lake District (northwest Englanuding prolonged dry spells in
the 1850s, 1880s, 1930s and 1970s.

Going back further in time, Brazadt al (2013) used documentary, proxy and instrumental sources
to reconstruct droughts for the Czech Lands from 1090, identifying two impomaunghd rich
periods (in 1863-1874 and 2004-2012). Cakal (2015) constructed an “Old World Drought
Atlas” (OWDA) dating from the 11th century using instrumental records, tree-rings and
documentary sources to identify mega-droughts and pluvials. Others have reconstructedriong-t
gridded monthly and seasonal precipitation records for Europe using proxy sources amdnong-t
observational data sets (e.g. Castyal, 2007). Castyet al (2005) revealed that 1540, 1921 and
2003 were the three driest years in the last 500 for the European Alps. aalif@006) find that

the driest seasons in the past 500 years occurred in winter 1774, spring 1686, andL&G8umith
extremely dry summers in 1666 and 1669. Despite their increasing availability, such fong-ter

precipitation reconstructions have generally been under-utilised for drought assessment.

In Ireland, less detailed work has been conducted on historical droughts. Laoghog (1979)
investigated the impacts of the severe drought of 1974-1976. Mac Carthaigh (1996gchaé

1995 drought from a water management perspective. Single-site analysis of droughtagh Ar



Observatory highlights that the lowest rainfall amounts since records bed&36nfell between

April to August 1975 (O’Laoghog, 1979). Beyond recent experience, historical droughts were
briefly discussed by Dooge (1985) for the period AD 759-1408. More recently, @tikoly (2015)
examined the persistence of meteorological droughts using the Island of Ireland Pratigitli
network 1850-2010 (Noonet al., 2015). This study demonstrated the potential for below average
rainfall to persist for periods in excess of nine seasons (wankrsummer half years). Examples
include long dry spells up to 10 seasons in length at Belfast (1853-1858), Cappoquinn (1969-1973),
Phoenix Park (1903-1908) and Strokestown (1912-1919), thus highlighting Ireland's vuliyex@bilit
long dry-spells (Wilbyet al, 2015).

The objectives of this work are two-fold: first this research séek$evelop a detailed drought
catalogue for the island of Ireland that consolidates and builds on previous vpodvitte a fuller
understanding of the drought climatology of Ireland. In doing so the Standardisedt&tienip

Index (SPI) is applied to the recently established IIP network (Neored, 2015) to identify
drought events for the period 1850-2015. To extend the analysis further, avaiktif@taiion
reconstructions for the period 1765-1849 are employed. Second, documentary sources, particularly
newspaper archives are employed extensively to (i) support the quantitative findintsexuiofe

the socio-economic impacts of notable droughts. The historical drought catalogue and corresponding
guantitative data presented in this study will provide a detailed historicgdgmive on droughts in
Ireland over the last 250 years. Section 2 describes the datasets and methods empldgeateresul
presented in section 3 with the main findings and future work discussed in section 4; the conclusions

are set out in section 5.

2 Data and methods

2.1 Observed Rainfall 1850-2015

The Island of Ireland Precipitation (IIP) network (Nooekal, 2015) consists of homogenous
monthly rainfall totals for 25 stations (Figure 1) and an Island of Ireland (lol) series cadcasathe
arithmetic mean of all stations. Noom¢ al (2015) used the HOMogenisation softwarE in R
(HOMER) package (Mestret al, 2013) and station metadata to homogenize and infill/extend all
records for the period 1850-2010. Here, all stations in the IIP network and the dslaeriupdated

to December 2015 using data provided by the Irish meteorological service&Eidann). Where
station closures have occurred or no data were available, bridging using correlated nieighbou
station records was undertaken using linear regression (intercept of aed®rive seasonal
adjustments (as in Nooret al.,2015). The updated IIP network and lol series are employed to
identify historic droughts over the period 1850-2015. Results of the 1IP network update to December
2015, together with stations used for updating and the seasonal correctioed appresented in
Table 2. Of 25 IIP stations, 17 were updated by appending the 2011-2015 data to station records.
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For 8 stations, bridging to neighbouring gauges using seasonal regressions was ndoessary
mainly to station closures. Seasonal adjustments range from 0.75 at Cappoquinn for sutrit@er to

at Athboy for spring. The largest mean actual error (MAE) (9.85 mm) in monthly totals is associated
with the bridging of summer precipitation between Glenties (donor) andr&idlP station). We

note that, for some stations the seasonal adjustments were made using only 9®freoraitable

data and highlight that the absence of longer term overlaps may affectdiblaridging captures
interdecadal variability at receiver sites.

2.2 Reconstructed Rainfall 1765-1849

Castyet al (2007) provide gridded monthly precipitation reconstructions for the North Aflanti
European area (80-39 and 50W-4(°E) for the period December 1765 to November 2000. Pauling
et al (2005) describe the methods used to reconstruct precipitation - with data frorori@f@s
being the gridded CRU TS2 reanalysis (Mitchell and Jones, 2005). To further ex¢edbtight
analysis, gridded precipitation reconstructianse extracted for the Irish land area to prodace
series of monthly rainfall totals. Monthly regressions (intercept ab)zeere derived for data
overlapping the lol series (1850-2000) and used to adjust the reconstructetiaantuenised lol
series. This extended monthly series (December 1765 to December 1849) is refertotbk. ds
assessing drought characteristics the lolext series (1765-1849) was anapeedety to the lol
series and IIP network (1850-2015). Following extraction of monthly precipitatichdasland of
Ireland from Castyet al (2007), data for the reconstructed period (1765-1849) were adjusted to the
lol series. Monthly adjustment factors derived for the overlapping perio856-2000 are shown in
Table 3. Monthly adjustments are all within +10 per cent, while July and Noveshber largest
MAEs.

2.3 Standardized Precipitation Index

The widely used Standardized Precipitation Index (SPI) (Mckeal, 1993; Guttman, 1999;
Lloyd-Hughes and Saunders 2002; Redmond, 2002; Van Loon, 2015) is used to identify drought
events. This index was selected as it is applicable to monthly series, daeguicté additional
climatological variables, and is recommended as a key drought indicator (WMO, 20&23PI is
calculated by summing precipitation over specified accumulation periods (typicaBy,6, 9, 12

and 24 months) and fitting accumulation series to a parametric distribution fimim probabilities

are transformed to the standard normal distribution (McKeal, 1993; Guttman, 1999; Lloyd-
Hughes and Saunders, 2002). SPI values give standard deviations from typical acdumulate
precipitation for a given location and time of year. This allows the frequdocgtion, intensity and
magnitude of drought events to be quantified and compared even across climatolddfeatint
regions (McKeeet al, 1993; Lloyd-Hughes and Saunders, 2002; Jenkins and Warren, 2015). SPI



values between 0.99 and -0.99 are generally considered to be near normal, -1.00 to -1.49 is moderate
drought, -1.50 to -1.99 is severe drought, and less thanis2e@@eme drought (WMO, 2012).

Choice of accumulation period, reference period and statistical distribution areetegdological
decisions when applying SPI. Shorter accumulation periods (1-6 months) are aiseftdrhining
agricultural drought, whét longer durations (6-24 months) are more indicative of hydrological
drought and water scarcity (WMO, 2012). Given the objective of examining inmgaotss multiple
sectors th&PF12 was derivedsing the ‘SPEF package in R (Begueria and Vicente-Serrano, 2013)

to fit a gamma distribution to accumulated precipitation. Staggd, (2015) examined candidate
distributions for SPI of various accumulations across Europe and confirmed thyeottilie two-
parameter gamma distribution for accumulation periods greater than one iogthHughes and
Saunders, 2002; Lennaed al.,2015). We derive SPI-12 separately for reconstructed and observed
series with normalisation performed relative to the median precipitation iof rdmpective full
records (i.e. 1765-1849 and 1850-2015).

2.4 Drought Identification

Following previous analyses, drought start is defined as the month in which SitlslBelow -
1.00, with the return to positive values indicating the month of drought tdfomn@ishra and
Singh, 2010; Lennarét al, 2014; Lennarcet al, 2015). Variability is examined in the drought
climatology of the lol series by deriving 30 year accumulations of SR¥liddentified droughts in
all (over-lapping) 30 year periods from 1881-2015. Additional statistics wereedefor each
drought event, including:

1. Duration: number of months from start to termination

2 Accumulated deficit: sum of SPI-12 values during the event

3. Mean deficit: Accumulated deficit divided by drought duration
4

Maximum intensity: Minimum SPI-12 value achieved during the event

Given the focus on long droughts, this study uses these statistics to ideatitg &vthe lol and
lolext series of greater than 18 months duration. Though subjective, selection ohtt® mllows
us to look in detail at droughts exceeding approximately the 80th percentile of all eveniss of
duration. Given the impracticality of identifying uniform start and end datesvents across 25
stations, drought rich periods are examined in the 1IP network. For the pugbdlsissstudy, these
events are defined as those years in which at least 40% of the stations in thediiR arperience

drought events of at least 18 months duration.

2.5 Documentary Sources



Documentary evidence is used to confirm the occurrence of drought events and to examine their

socio-economic impacts. Digitised and searchable historical print raediaccessed through the

Irish Newspaper Archive_(www.irishnewsarchive.com) and the Irish Times Newspaper Archive
(http://www.irishtimes.com/archive). Sixteen national and regional titlesirmtaded (Table 1)
which collectively span various political positions. Of particular note ar8atast Newsletteand
the Freeman’s Journal which began reporting in the early and mid-18th century respectiely.
further nine tittles commence in the 19th century with many continuipgegent day. Drought start
and end dates identified from the SPI analysis were used to guide the search of neavspmesr
for articles containing the following phrase®ought’, ‘water shortage’, ‘water supply’ oOr ‘crop
failure’. For inclusion in this analysis an article had to refer to drought explicitly in either tleedtitl
main text. Identified articles were saved by month and year of reporting antbudgeblop insight
into the timing of drought development, associated impacts and responsesht@veat. A
supplementary information table is provided that includesrect link to each newspaper article
used inthe study. Additional historical documents, including: the 1851 Census of Iral¥ifdk (
1851), Richard M. Barrington’s assessment of the 1887 drought (Barrington 1888), the British
Rainfall report for 1887 (Symons,887) and Whistlecraft’s Rural Gleanings or Facts worth

Knowing (Whistlecraft, 1851), are used to supplement newspaper sources.

3. Results

Results are presented as follows; Section 3.1 chronicles drought events identifiedol series
1850-2015 (calculated as the arithmetic mean of all 25 IIP stations). Section 3.2 dedilggnt
events identified in the 1IP network 1850-2105 (25 individual stations) and Highbgme of the

socio economic impacts using documentary evidence. Section 3.3 outlines drought eventslidentifie
in the lolext (monthly precipitation reconstructions for Ireland 1765-184&%ies, and presents

documentary evidence of their impact.

3.1 Drought events in the lol series (1850-2015)

Figure 2 shows the SPI-12 index for the lol series (1850-2015). The relativaypaiiéong

droughts in recent years (1980s onwards) is evident, as is a tendency fontenese droughts to

occur earlier in the record. In total, 45 individual drought events are i@entifithe lol series for

the period 1850-2015. Of these, 22 are shorter than 10 months, 19 have durations of between 10 and
20 months, and 4 last longer than 20 months. Figure 3 plots drought duration agadmstim

intensity and mean deficit for all identified events, wtillable 4 presents the top 10 droughts in the

lol series ranked by duration, accumulated deficit, mean and maximum intensity.ldh seeies

the longest drought occurred from 1854-1860, persisting for 73 months with maxieunsity of

SPH12 = -2.84. The most intense drought occurred from 1887-1889 recording a minimum SPI-12 =
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-3.14 in February 1888. The most recent drought in the.@dpased on duration occurred between
June 1975 and February 1977. This eventedrith, lased 20 months and had the highest mean
SPH12 over the period of drought (SPI-12 = -1.55). Figure 3 highlights the laoitalble droughts

since the 1980s. Variability in drought climatology for the lol series thdurassessed in Figure 4.
This plots accumulations of SPI-12 for identified droughts in all 30 yeandsefiom 1881-2015

(i.e. 1881 represents the 30 years 1850-1881, and so on). The relative paucity of prolonded droug
events in recent years underlines the value of using long-term tdatstablish a more
comprehensive picture of thidand’s drought climatology.

3.2 Drought rich periods across the |IP network (180-2015)

Figure 5 shows the SPI-12 matrix plotted for all 25 stations in the IIP netwdrkvalites colour

coded based on drought severity. It is clear that many drought events identified in the 1IP series have
been island wide in extent. Also evident is the tendency for severe droughtstén i time. The

relative paucity of droughts in recent decades noted in the lol series is alsd avrden individual
stations. A detailed drought catalogue for each of the 25 stations in theMi®rkét provided in

the Supplementary Information, where all drought events for each statioistace dlong with
information on the duration, the mean, total accumulated and minimum SPI-12 \aiussch

event. Here, attention is focused on understanding the development of drought andtattenolan

economic impacts during drought rich periods.

Using the definition of a drought rich period as years in which at least #@% stations in the IIP
network experience events of at least 18 months duration, the following periods eate 18%4-

1860, 1884-1896, 1904-1912, 1921-1923, 1932-1935, 1952-1954 and 1969-1977. Figure 6 shows
the progression and spatial distribution of these events in more detaibt®©fs the diversity of
drought signatures in terms tfeir severity and spatio-temporal development. For instance, the
events of 1884-1896 and 1969-1977 are marked by intermittent periods of extreme and moderate
drought conditions, while the events in 1854-1860, 1932-1935 and 1952-1954 are characterised by
prolonged, severe drought conditions. Tlomg drought of 1854-1860 previously identified in the

IIP network (Wilbyet al, 2015) and UK (Marslet al, 2007) series is evident. However, in the
south and southeast this event appears more intense but shorter in duratimoughe period of
1921-1923 is the least spatially extensive of those considered, and falls jusifsiesting the

criteria set out for drought identification. However we include it in owlyais as it has been
recorded as an event of note in other work covering Ireland (Ebak 2015) and the UK (e.g.
Lennardet al 2015) respectively. For this period extreme drought conditions are noted as persisting
for a relatively long period at a small humber of stations. In the followingosscgach of the

drought rich periods identified above are further analysed, furthermore dinatlopment and



impacts are traced with reference to documentary evidence using the sources iowkotidn 2.5.
Note that when tracing the evolution of each drought, the date of publication of newspaper articles is

also provided.

3.2.1 1854-1860

This drought began in December 1853 in the northeast, spreading to western and regibesn r

by January 1854. It extended south to Shannon by April 1854. Drought reached other parts of the
south and southeast around September 1854. In all regions drought persisted until Ap8Bulay
lasting more than 70 months at 16 stations in the I[IP network. The droughtosti;itanse in the

south and southeast with minimum SPI-12 values for Valentia (-3.99), €88), Killarney (-

3.14) and Waterford (-2.87) recorded between January and April 1855.

There are references to the start of drought in several newspapers (AC, 27.04.18%4, fihge
27.05.1854, page 4). Théeeman’s Journal notes the increasing cost of agricultural produce at
Dublin Market with a lack of fodder and unusually late potato and wheat crop§405.1855,

page 4). Therish Examinerreports that the soil was very absorbent with rainfall being soaked up
by the parched earth (1B,7.06.1854, page 4). Due to the scarcity of pasture many cows remained
dry of milk and unsold at the Dublin market, with similar conditions arlhdaprices experienced

at other monthly fairs across the island Q&,06.1854, page 4).

Some respite came with rainfall across specific regions in summer 1854st \afiihe crops
recovered in time for harvesting, rainfall was not sufficient to relidsmught conditions (N,
08.07.1854, page 14). Later in the drought there are also accounts of sporadic wet weather.
However, there are also references to rain events that made the landrwyiétding crops due to

the soil damage caused by the preceding droughB8(@Bb5.1859, page 2; TQ1.06.1859, page 2;

BN, 31.05.1859, page 4; BN,1.06.1859, page 2). The summer of 1859 saw severe water shortages
for Dublin City. Restrictions by order of Dublin City Hall were imra@gé on both domestic and
manufacturing water usage as well as a complete ban on watering the streE2s0(F1859, page

1). By early 1860 agriculture was in a “distressing condition” with crop failures, rotted wheat and
livestock suffering from a lack of grass (FJ, 10.07.1860, page 2). By May agdJaad 1860
rainfall returned and, although wells were dry and groundwater supplies depbsgg,continuous
rainfall replenished stocks to a satisfactory stated8.05.1860, page 4; FJ2.06.1860, page 3; FJ,
10.07.1860, page 2; FJ, 15.07.1806, page 2).

3.2.2 1884-1896
The period 1884-1896 saw severe multi-year droughts punctuated by periods of posiiai&R|
Evidence indicates that the most intense and widespread drought during the period 1850-2015



occurred in 1887. This event began between May and June 1887 along the east coast and spread
island-wide. Event duration was greater than 30 months at most stations, vikiesgtwn
registering the longest event duration (60 months). Maximum intensity wasesxel at Dublin (-

3.54), while the largest accumulated deficit was experienced at Ardara (-105.02).

Barrington (1888) described widespread crop failures across Ireland in 1887awéi, oats, and
potatoes stocks severely depleted. However, it appears conditions suited the wheattleeop
northeast and southeast. The 1887 drought caused widespread crop failures, reduced vegetable
growth and livestock losses in Clare, Tipperary, Wexford, Antrim, Galwayrykand Dublin (N,
15.10.1887, page 11; IT, 26.06.1887, page 3; IT, 02.07.1887, page 5; IT, 06.07.1887, page 5; IT,
08.07.1887, page 6; IT, 03.09.1887, page 7). Drought also impacted the linen trade imthétmort
factories closed due to lack of water-power (IE, 25.08.1887, page 4). In August 188¥atemw
pressure in Dublin caused problems when responding to fire in the city centre (IT, 09.08.1887, pag
4). Reductions in tram receipts were attributed to excess dust caused by the (@ifo3dhb8.1887,

page 3). Sewerage systems were reported blocked due to lack of water, leadingcthgalthi
concerns (IT, 30.06.1887, page 6; IT, 21.07.1887, page 5).

Extreme drought returned in spring 1893 across the south, east and southeast. WaténtbradnRa

and Enniscorthy stations show drought conditions lasting until July/August 189@eakSPI12
intensities below -3.00. The west, northwest and some midland stations experienced less severe
deficits with drought terminating earlier. The 1893 drought depleted watels len the Vartry
reservoi, Dublin’s major water source (FJ, 14.03.1894, page 7), with water leakages from a
degraded distribution network deemed to have exacerbated the public water suglynsifhe

event saw demands for a repair and monitoring programme and debate over potentiaterew w
sources for the city (1T, 23.11.1893, page 6; FJ, 14.03.1894, page 7).

3.2.31904-1912

The drought began in October 1904 in the east and northeast and was evidetatiora! sy June
1905. Drought duration varied from 10 months at Armagh to 64 months at DublinpeBke
severity (-3.03) at Cork in the south was recorded in March 1907. Regions workdaftece in

the south, east and some areas of the southwest. This period of drought was epistdatepuoy
intermittent rainfall events. Levels in the inland navigation canal and Royadlfedlrta an extent

that reduced their navigability (I, 08.09.1911, page 4). The reservoir locatke imitlands at
Longford dried up completely (I, 08.09.1911, page 4). With the exception of Ardara and Malin
Head, where drought persisted until December 1912, by June 1912 most areas wéoenback

normal conditions.



3.2.4 1921-1923

The severe two year drought of 1921-1923 began in February 1921 across the midlamdstand
regions. However, by summer 1921 all areas were affected. Strokestown recordeattst geak
intensity (-3.56) in October 1921. In the east the drought peaked several maeiths Imanuary
1923 but was less severe (-2.25) at Phoenix Park. Drought duration varied betwea8 tibtdhs,
causing widespread water restrictions 20.06.1921, page 4). There were also concerns that the
Vartry reservoir would dry up completely, with comparisons made t6Gheat Drought of 1893

(I1, 20.06.1921, page 4).

3.2.5 1932-1935

The first signs of drought appeared at Ardara and Valentia in October 1931, Derry in February 1932,
spreading to the other stations in the south/southwest by summer/autumn and ahéheestland

by autumn 1933. The greatest intensity was experienced at Derry (-4.38) and A3ddp (vith
the drought persisting the longest at Ardara (69 months) [but note poteatiak found in the
metadata around 1931 for Ardara in No@teal (2015)]. At 12 stations the drought lasted longer
than 25 months, terminating at most stations by November 1934. Farmers in Wexfmidrequl
water shortages with ponds, springs, wells and streams drying W85((,.1934, page 5). Milk and
butter yields were well below normal and beet and turnips crops faile@%I87.1934, page 5).
Low reservoir levels in Enniskillen in the north impacted flax growers and in Cldimmible south)
residents were asked to stop watering gardens unnecessard$.08.,1935, page 1).

3.2.6 1952-1954

A further severe two-year drought began in November/December 1952 and persistedareamst

until August/September 1954. Stations in the west, midlands, northwest and south wexly sever
affected, with Shannon recording the greatest intensity (-3.41; June 1953). Diotagian ranged

from 12 months at Derry to 24 months at Portlaw. Newspaper reports state that rdskvyeeé
diminished, rivers and lakes were well below normal levels and tillage growthedased due to

hard ground (Il, 27.03.1953, page 2; NG, 14.02.1953, page 5). Hydroelectric output was also well
below average (LL, 10.10.1953, page 9). During 1952/3 there were also reports of a marked
reduction in the quantity of salmon, oysters and eels due to an insufficient floatesfinvthe weirs
located at Castleconnell and Thomond, County Limerick (Electricity Supply Board,1953; LL,
10.10.1953, page 9).

3.2.7 1969-1977
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This period is marked by a clustering of drought events. The first began a@ssstations in
October 1969 and terminated in August 1970 across northwest, northeast and \wast T
midlands, south and southeast were more severely affected with Birr recargliegk drought
intensity of -2.86 in January 1970. Drought returned to most stations by autumn 197 leafigstg
intensity at Killarney (-2.99) in September 1971. Drought duration of 53 monthsesmsled at
Belfast. The event terminated in December 1973 at most stations but persstight donditions
returned to all stations by August 1975. The southeast, south and nortbeasewverely affected.
Armagh recorded the lowest SPI-12 value (-3.05) in January 1976, with SPI-12 petsissently
below -2.00 for several months. Most stations located in the midlands, south andstoetuwded
persistent SPI-12 values of this magnitude for more than 4 months during the sum®iés.oAll
stations returned to near normal conditions by August 1977. Drought impacts included reduced
levels in reservoirs supplying water to Dublin City, provoking stringent water restrictions (O’
Laoghog, 1979). Water supplies were stressed in 1976 due to increased demand duraviptie pr
summer and insufficient replenishment during the intervening dry winter (O’ Laoghog, 1979). The
severe lack of water for livestock and the poor condition of crop and grazing défiedsed
agriculture (WP, 19.07.1975, page 22).

3.3 Reconstructed drought events 1765-1849

For the period of reconstructed rainfall (1765-1849) Figure 7 plots SPI-12efdoltxt series. Of

note is the lack of drought in the early record (~1766 to 1775). In28tdroughts are identified
throughout the reconstructed period, seven of which are shorter events lastithgute&0 months.

Figure 8 plots the duration of all droughts in the lolext against their maximiensity and mean

SPH12. Evident is the long, intense event around 1800-1804 (49 months), followed clossly by t
shorter but also intense events in 1805-1806 (23 months) and 1807-1809 (22 months). These three
droughts are only briefly punctuated by near normal conditions and are treated insoosnt

drought periods below.

Shorter, but particularly intense droughts are noted in 1813-1815 (18 months), 1826-27 (17 months)
and 1838-1839 (20 months). The latter occurs within a cluster of events from approximatdly 1830
1849, which tend to be relatively brief but intense events. Notable is thateht Iish Famine of
1845-1852 occurred during this period of intermittent drought. The followingossafirovide an
overview of key impacts for long drought events in this lolext series. Alththe 1826-27 event

lasted for 17 monthst is included below because it coincided with the famine of 1826. Table 5
gives statistical details on each drought and an overview of the accompanying documentary

evidence.
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3.3.11784-1786

The drought of 1784-1786 lasted 25 months with an accumulated ddfieR5®1 reaching
maximum intensity (-2.43) in July 1785. Newspaper articles refer to extreme dtbugighout

Europe, England and southern parts of Ireland in 1785 (BN, 20.06.1788, page 3; BN, 22.07.1785,
page 2; FJ, 03.09.1785, page 3). Symons (1887) also notes that 1785 was a year that experienced
“remarkable heat and drought”, whilst Garnieret al (2015) mention reduced productivity in textile

and flour industries due to water shortage. O Grada (2015) makes referéneeltought of 1784-

1786 and subsequent famine, noting that disease was rife and a temporary embargoeaasnpl
distilling and grain exports.

3.3.2 1800-1809

The sequence of droughts between 1800 and 1809 was the most remarkable in the entire 250 year
record analysed. The first drought began in September 1800 and lasted 49 months almil Oct
1804 - with an accumulated deficit of -51.33 and maximum intensity (-2.13; October 1803).
Following a three months respite, the second drought phase commenced in January 18@dand las
23 months until December 1806, with an accumulated deficit of -29.24 and maximum intensity
2.30) in November 1805. After another three months of near normal SPI-12 values, the third drought
phase began in March 1807, &d22 months until January 1809, recording an accumulated deficit

of -21.02 and maximum intensity of (-1.78) in March 1808.

There is evidence that, at least early stages of the event, drougtd eféee not island-wide with
counties Leitrim and Roscommon producing potatoes and other crops for supply to severely
impacted areas in the south and west (FJ,03.01.1801, page 2). In 1802, Irish officials ace in pl
financial support to import maize from the United States to alleviate thegenugr (O Grada,

2015). There are also a number of references to this period in the 1851 Census, which notes that
summer of 1800 was unusually hot and dry, and in the period June-September 1803 Ireland was
“nearly burned by drought”, with springs and rivulets drying up (Census, 1851). There is also
evidence of this being a severe drought period across the UK and Europe withatpods crop

growth and livestock dying (IT, 09.01.1801, page 2; IT, 06.02.1802, page 5; FJ, 11.01.1803, page 2;
FJ, 15.06.1805, page 2).

3.3.31813-1815

Within the lolext series this event lasts 18 months (September 1813 to FebruarywitB1&h
accumulated deficit of -28.53 and maximum intensity (-2.59) in May 1814. The 1851 Census reports
that June, July and August 1815 were very hot and winter 1815 very mild, althoughsthere i

reference to rainfall. ThBreeman’s Journal reports that in October 1814 the drought had increased
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corn and wheat prices forcing brewers to use alternative ingredients, somettmgmisonous
consequences (FJ, 15.10.1814, page 3). This intense drought immediately precedes theneish fami
of 1816-1818 when 40,000 to 60,000 Irish people lost their lives (Kelly, 1992; O Grada, 2045). Thi
event is also noted in England where Symons (1887) mentions that many ponds and rivers dried up

and grass became very scarce.

3.3.4 1826-1827

Commencing in May 1826 and terminating in September 1827 (17 months) this wesre se
drought with SPI-12 values less than -1.50d@ven consecutive months coinciding with the famine
of 1826, causing severe hardship to the population (Mc Sweeny, 83drada, 2015 The
drought reached a maximum intensity (-2.40) in December 1826. Linen Hall, Belfastpoated

as having very low rainfall throughout the summer of 1826 (Barrington, 1888). Farmerforeed

to harvest crops early. However, due to the severe drought, early potato clegs ffastures

suffered severely and cattle prices were very low (IT,11.07.1826, page 3; BN, 22.08.1826, page 2).

3.3.51838-1839

This drought rich period consisted of a cluster of events that occurredebet®80 and 1849. The
drought began in January 1838 and terminated 20 months later in September 1839, reaching an
accumulated deficit of -17.18 and maximum intensity (-1.76) in February 1838. There ats repor
that both flour and oatmeal arrived slowly to markets due to drought in 1838 (LE, 20.1@4§a38,

4). In the southeast farmers told of soil that was so dry it was diffeceultivate and that both the

tillage and growth of the potato crop was delayed in 1839 (FJ, 21.05.1839, page 2; FJ88%,.06.1
page 4). In June 1839 tHereemars Journal notes that in many parts plants were parched,
vegetation had made little growth and the drought was so severe thabtinel gvas difficult to

work (FJ, 06.06.1839, page 4). In 1839, Ireland experienced a famine with potatoes atighvery

price causing hardship but relatively small increases in mort@ittada, 2015)

4. Discussion

The assessment of drought occurrence and impacts presented here yields new insidgigs into t
experience of drought in Ireland. The lol (1850-2015) and lolext (1765-1849) seréd 68/
individual drought events over the last 250 years. Fourteen long duration dretightagnths) are
identified, with seven in each of the lol (see Table 4) and lolext (see Talsleri6}. Table 4
presents the top ten ranked droughts based on mean intensity, accumulated SPI deficits, duration and
maximum intensity. Depending on which metric is prioritised a differerdfsmtents and ranking is

returned highlighting the difficulty of using a single metric in drougihalysis. For example the
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drought event of 1854-1860 is ranked first for duration and accumulated SPI deficiteobght
events in 1887-1889 and 1933-1934 rank first for maximum SPI intensity and mean SPI

respectively.

Impacts from severe drought periods include reduced or failed crop yields, idcteasend dairy
prices, human and livestock health issues, water restrictions, low resemwals, lwater supply
failures and hydro-power reductions. During the period 1765-1849 many long duratios coemt
during or immediately prior to famine evemts1782-1784, 1800-1801, 1816-1818, 1839 and 1845-
1849 (Great Irish Famine) (O Grada, 2015). Acrtiss analysis, two long duration events are
particularly noteworthy: the drought of 1800-1809 (in fact a series of dnoegghts with brief three
month interludes) and the continuous event of 1854-1860 (73 months).

A key insight gained is the relative paucity of droughts in recent decadesulgalfi since the
1980s. Although occasional intense drought events have occurred in this perid®$8,02006,
2013) these have been relatively short-lived (Figure 4). Thus, in compreherdieecterizing
drought climatology the study demonstrates the added-value of long records. Thhenasses
drought accumulations over continuous 30-year periods for the lol series (18502dlights the
unusualness of the recent record and how unrepresentative the period since 1980ldsgftémm
drought climatology of the island. The period of subd8&d12 accumulations around the 1990s
(Figure 4) is consistent in timing with the regime shift in Atlantic Ocedilngnce on European
climate identified by Sutton and Dong (2012). It is also notable that thréwee dbp ten wettest
summers in the lol series since 1850 have occurred since 2000 (2007; 2008; 2009)efNdone
2015). Matthewset al., (2015) note an increase in storminess in summer in recent decades and
Wilby et al, (2015) highlight that the probability of a dry half-year followed by anatinghalf-
year is currently lowest since 1850. Important future work is to explore teatjdbtdrivers of
change in the recent experience of droughts to ascertain the likelihoodtofrato longer duration
events of earlier centuries. We note that there has been limited explai@tiate regarding the
impacts of anthropogenic climate change on droughts for Ireland. Raidkér(2016) highlight
that hydrological drought magnitude and duration may increase in Ireland°@ wa2mer world.
However large uncertainties surround projections of rainfall for the islandet#ntl. While
increases in winter rainfall are expected, the direction of change in summigll ris highly
uncertain (Matthewst al, 2016).

Assessment of drought across the 25 stations in the IIP network (1850-2015) shows general
coherence with findings from the lol series. Seven drought rich periods are étkatifioss the
island in 1854-1860, 1884-1896, 1904-1912, 1921-1923, 1932-1935, 1952-1954 and 1969-1977,
revealing substantial variations in terms of drought development, severity, aiadl esxiaint across

the network as a whole (see Figure 6). For instance, 1884-1896 is charactegpataby uniform
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clusters of extreme drought events, while 1854-1860 is characterised by protramigtit dr
conditions with the event being markedly shorter and more severe in the southeast. Drthgght i
period 1921-1923 is the least spatially coherent and less severe. Thisoigrast to 1932-1935

where 21 stations experienced maximum SPI-12 values greater than -2.00 (FigesuB. far the

period 1969-1977 show that drought across the west and northwest was generally ledhaevere

the south and southeast. This contrasts with earlier droughts (e.g. 1854-1860,1884-1896, 1932-1935)
where all regions were severely affected. Such diversity questions the pracistegosingle events

for tasks such as drought planning. Uncovering the climatological drivers of dnotiyhteriods

(e.g. Moreireet al, 2015) would facilitate deeper understanding of past events. Such knowledge is
critical for establishing how climate variability and change might émfae future drought

occurrence.

The drought catalogue draws extensively on documentary sources, particularly newspager reco
digitised, and made searchable by the Irish Newspaper Archive. Such sources contaih teeme
longest running publications in the world and offer unique insights into the scar@mic impacts

of drought. There is scope to utilise the documentary evidence to qualitatively theedicdbught
analysis back prior to 1765.This research also shows that such archives can be used touirage evol
drought situations and their impacts. These independent sources also increase coinfitlemce
guantitative findings of drought indicators, particularly for droughts fallmghe period prior to
available digitised records (typically 1940 in Ireland) or the reconstructest Iséries. This study
advocates wider use of newspapers in understanding the impacts and climatoloigyorid
droughts, and we note the many references to UK drought within the early Irishmediia.
Murphy et al, (2016) further elaborate on insights offered by the documentary archive compiled

here.

Given that evaporative losses can exacerbate summer drought it would be preferable to use a
drought indicator that incorporates this variable (e.g. Standardized PremipEaaporative Index;
Vicente-Serranoet al, 2010). However, long-term, quality assured series of evaporation or
temperature are not yavailable for the island of Ireland. Work is ongoing to derive a temperature
series by transcribing and homogenising archived records. This will facilitatsiese of shorter
droughts (e.g. SPI-3) and reconstruction of river flows to examine hydrological dfasghtJones

et al, 2006). Pre-1850 droughts are based on reconstructed data and thus findings must remain
tentative. However, corroboration of the drought events by documentary evidenceafions v
sources increases confidence. Moreover, throughout the 250 years analysed thesnyare m
similarities with drought periods identified in neighbouring regions of thesué¢h as 1800-1809,

1826 and 1833-3 (e.g. Todd al, 2013; Marshet al, 2007; Cole and Marsh 2006). Coek al

(2015) identifypersistent drier than average conditions over north-central Edrojpg the
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period 1779-1827 The same study identified a major long drought across UK and Wales during
1798-1808, while Scotland and Ireland experienced 50%-90% below average rainfall in 1893. Cook
et al (2015) also noted that during 1921 London (UK) experienced the driest year since 1774, al
these drought periods are comparable with those identified in this study.

As with any drought assessment subjective decisions were necessary that mayflheneed
results. Firstly the SPI metric was chosen given data availability and itsusgdéMcKeeet al,

1993; Guttman, 1999; Lloyd-Hughes and Saunders 2002; Redmond, 2002; Guttman, 1999; Van
Loon, 2015). Following Lennaret al (2015) drought start and end dates were identified when SPI-
12 fell below -1.00 and recovered to positive values. Use of different start arwlitenid would
obviously change the duration, accumulated deficits and mean intensity of identified droughts.
Similarly, this study chose SPI-12 (12 month accumulation) to identify long lorquegiods that
impact on multiple sectors (e.g. agriculture and water). The use of SPI atowenulations (e.g.
SPF6) would also reduce the length of identified drought events. Nonetheless eanfident that

the same drought rich periods would emerge with a different study design. Téroreriior
selection of events with island-wide impact was set at 40 per cent of statpariencing drought
lasting at least 18 months. This allowed us to focus on events exceedind ther@&htile in terms

of duration and was informally chosen to identify a manageable number of trefutgsher study.

This is in line with Wilbyet al.,(2015) who regarded a drought event as widespread when more
than two thirds of stations in the IIP network of 25 stations report a dry seascenor Again we
remain confident that our analysis has identified the most noteworthy droughtsgdktheir

spatial impact.

Finally, these findings have significant implications for future infreecdure and water resource
planning, while facilitating resilience assessment of critical services uselgre drought
conditions When advising lIrish local authorities developing climate change adaptation strategies
Gray (2016) recommends adopting a 30-year window as appropriate to identify wedtbhares
and climatic trends in assessing resilience to climate variability. ThisckeaKy shows that where
vulnerability to drought is an issue, such guidance would result in considerable ptetiadawith
potentially serious consequences. The combination of droughts of various duratiotipevard
intensity identified here provide a diverse set of conditions under whichessgest current dn
planned infrastructure, particularly in the water sector (e.g. Spegds 2015; Wattst al, 2012).
To this end, this work provides detailed information on all droughts (dorati@an intensity,
accumulated deficits and maximum intensity) identified for each of the 25 lIFonketations
(1850-2015) as Supplementary Information. Practitioners can identify the most saeitebhteor

combination of historical events for the purpose at hand. The IIP netwodetmtdreely available
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for use and download atww.met.ie/download/Long-TerriP-network.zip or by email with the

author.

5. Conclusions

This research has developed a 250 year drought catalogue for Ireland. Employing thediSeahda
Precipitation Index (SPI) to identify droughts across 25 stations in the Islaredaofd Precipitation

(IIP) network and an lol series shows that the region is surprisingly drought [orieg the

period 1850-2015, seven major drought rich episodes are identified that impact simulyaatous
least 40% of the study sites in 1854-1860, 1884-1896, 1904-1912, 1921-1924, 1932-1935, 1952-
1954 and 1969-1977. The detailed analysis of SPI metrics highlights the substaetisitydbf

events in terms of drought development, severity and spatial extent across the island.

Extension of the analysis to 1765 revealed a further seven drought rich periods,cofgvantite
being the period 1800-1809. Extensive integration of documentary sources from newspaper archives
increases confidence in the droughts identified across the 250 years of fémrgork shows the
value-added by combining qualitative and quantitative evidence of historical drougintivécat a

more coherent understanding of their development and impacts.

Perhaps the most important finding of this study is that recent decades aprasémtative of the
long-term drought climatology of Ireland. Hence, there is a danger that inftase and water
resource plans benchmarked against the 1995 drought may underestimate thel pamitia

deficits that could occur with a return to conditions experienced in the 18tH%hdcentury.

Further research is needed to improve understanding of the ocean-atmosphere drivers associated
with periods of more persistent drought in Ireland. Past severe droughts can also lbestresd-t

test the resilience of planned water resource developments, at least tontht clariability

experienced over the last 250 years.
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Figure 1. Location of the 25 stations in the Island of Ireland Precipitéti®) network and the abbreviated
station names used in later figures. Also shown are counties of Ire@damabvide context for documentary

references to locations.
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Figure 2. SPI1-12 series for the Island of Ireland (lol) series-2838. Dotted horizontal line is the threshold
for drought start (-1.0), the dashed horizontal line is the threslooldevere drought (-1.5) and solid
horizontal line is the threshold for extreme drought (-2.0).
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Figure 3. Drought duration plotted against a). maximum intensity anchégn SPI-12 for each of the 45
droughts identified in the Island of Ireland (lol) series 186052 Circle size denotes duration (months) while
the colour ramp indicates intensity and mean SPI-12 respectively.
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Figure 7. SPI-12 series for the Island of Ireland extended (lolexi@ssEf65-1849. Dotted horizontal line is
the threshold for drought start (-1.0), the dashed horizontal line ightbshold for severe drought (-1.5) and
solid horizontal line is the threshold for extreme drought (-2.0).
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Tables

Table 1. Newspaper titles accessed through the Irish Newspaper Afghiwe.irishnewsarchive.com

National refers to newspapers that cecenll of the Republic of Ireland and National (NI) refers to

newspapers that covatNorthern Ireland.

Title Abbreviation Start and end Coverage Publication
dates of Newspaper Frequency

Belfast Newsletter BN 09/01/1738 - 30/08/1890 National (NI)  Daily
Freeman’s Journal FJ 03/01/1763 - 19/12/1924 National Daily
Kerry Evening Post KEP 18131817 Kerry Weekly
Tuam Herald TH 13/05/1837 - Current Galway Weekly
Nenagh Tribune NT 21/07/1838 - Current Tipperary Weekly
Irish Examiner IE 30/08/1841 1999 National Daily

The Nation N 15/10/1842 - 05/06/1897 Dublin Weekly
Tralee Chronicle TC 18/03/1843 - 20/05/1881 Kerry Daily
Anglo-Celt AC 06/02/1846 - Current Cavan Weekly
Western People WP 04/05/1889 - Current Mayo Weekly
Meath Chronicle MC 01/05/1897 - Current Meath Weekly
Longford Leader LL 14/08/1897 - Current Longford Weekly
Kerryman K 20/08/1904 - Current Kerry Weekly
Irish Independent Il 02/01/1905 - Current National Daily
Connacht Tribune CT 22/05/1909 - Current Galway Weekly
Irish Press IP 05/09/1931 - 25/05/1995 National Daily

Irish Framers Journal IFL 16/03/1957 - 26/12/1998 National Weekly
Irish Times IT 29/03/1859 - Current National Weekly
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Table 2. Seasonal bridging results in updating 8 Island of Ireland Ra&oip (IIP) network stations. Listed

for each station is the neighbouring (donor) station used for ugd#tie seasonal correction factor (CF) used
together with the coefficient of determinatio) (and mean absolute error (MAE) (mm) for each seasonal
regression (intercept zero).

Donor Winter Sprin Summer Autumn
IIP Station station | 0, | or | maE |R2 [ CF |MAE |RE |CcF | MAE |RE |CcF | MAE
(overlap)
Belfast '(*fgsegg‘l‘g)h 0.83|0.87|3.39 |0.85|0.95|1.94 |0.81|0.98|6.54 | 0.84|0.90 | 0.26
Birr Egﬂz‘o"l%‘;k 0.63|1.01| 2.10 |0.82| 1.05| -1.02 | 0.63| 0.94| 3.38 | 0.69| 1.00 | 0.15
Ardara 8'32?3%10) 0.77| 0.89| -3.61 | 0.86| 0.90| -3.02 | 0.87| 0.87| 9.85 | 0.89| 0.89 | 0.49
Athboy (DZ%'gg‘_zcﬁsg'? 0.72| 1.08| 3.55 |0.86| 1.10| 1.90 | 0.51|0.89| 6.54 |0.92|1.03 | 0.25
Derry 8%'21"’_‘;”;18)“5 0.68(0.98| 4.17 |061|1.01|-2.11 | 0.64| 0.97|6.98 |0.62|1.00 |0.30
UC Galway E(lr;)%(:?k-ZOlO) 0.76| 0.99| 1.52 | 0.53| 1.09|-0.76 | 0.65| 1.02| 2.64 | 0.63|1.00 |0.11
Cappoquinn (Sztgggggl%‘;% 0.83| 0.80|-0.79 | 0.76| 0.79| -0.43 | 0.95| 0.75| 1.46 | 0.93| 0.80 | 0.06
Enniscorthy ?2%%2%%%0) 0.87| 0.82| 2.41 | 090|0.85|-1.24 | 0.88| 091|432 |0.86|0.90 |0.18




Table 3. Details of monthly adjustments made to reconstructed precipifBiiercoefficient of determination
(r’) and Mean Absolute Error (MAE) (mm) are shown for regressiomsoverlapping years between
reconstructed series and the Island of Ireland (lol) series (1900)-28so shown are the resultant adjustment
factors applied to reconstructed precipitation to derive the Island of Irebdedded (lolext) series (1765-
1849).

Month R2 Coefficient Adjustment factor Mean Absolute Error
January 0.73 1.05 2.56
February 0.75 1.09 2.80
March 0.74 1.00 2.26
April 0.76 1.05 2.13
May 0.84 1.03 1.78
June 0.74 0.96 4.10
July 0.77 0.98 2.88
August 0.84 0.96 1.72
September 0.80 1.09 3.14
October 0.74 1.01 2.70
November 0.68 1.05 3.75
December 0.76 1.05 1.91




Table 4. Top ten drought events identified in the Island of Irelemy §eries (1850-2015) separately ranked
by mean SPI deficits, accumulated SPI deficits, drought duration in smanthmaximum SPI intensity (min.
SPI-12 value) recorded during each event

Mean Accumulated Drought Duration Maximum
Rank SPI-12 Deficit months Intensity

-2.10 -97.54 73 -3.14
1st (19331934) (18541860 (18541860) (18871889)

2nd -1.55 -41.48 36 -3.12
(19754977) (19051908) (190541908) (19331934)

3rd -1.54 -40.47 36 -2.84
(18871889) (19714974) (19714974) (185441860)

4th -1.49 -31.55 28 -2.59
(195241954) (19334934) (192141923) (19521954)

5th -1.45 -30.98 20 -2.51
(19111912) (19754977) (19521954) (195941960)

6th -1.34 -29.74 20 -2.47
(18541860) (19521954) (19754977) (189341894)

7th -1.34 -29.29 19 -2.45
(195941960) (18871889) (188741889) (195541957)

8th -1.20 -27.86 16 -2.42
(193841938) (19211923) (189041892) (19754977)

9th -1.16 -17.64 16 -2.27
(20032004) (18901892) (18951896) (19114912)

10th -1.15 -17.08 15 -2.24
(19054908) (18931894) (187041881) (197241974)




Table 5. Details of the 7 drought events identified for analysis frmmisland of Ireland extended (lolext)
series (1765-1849). Also presented is the duration of each evemth@hatogether with associated
documentary evidence.

Year Duration Summary of Socio-economic impacts Sources
months
Rivers and lakes in England completely dried up, livestock died.
Ireland 1785 “remarkable heat and drought”. Garnier,et al
1784 25 Linen mills could not work due to lack of river flow. (2015)
178 A temporary embargo was placed on Irish distilling and on grain  Symons, (1887)
exports.
Famine occurred withistases such as “fever, dysentery, scarlatina, O Grada, (2015)
ophthalmia, and influenza” all rife.
The woollen industry declined in 1802 due to lack of water to w FJ,09.09.1800,
the mills. page 3
1800 49 1800 and 1801 summer temperatures “very hot” rarely experienced FJ,15.07.1806,
1804 before. page 2
June 1803 Ireland was “nearly burned by drought”. Census, (1851)
Springs and rivers completely dried up. Whistlecraft,
Potato crop failures, the main food source at this time causing s (1851)
hardship. Kelly, (1992)
17991801 famine with potato crops extremely scarce. Garnier et al.,
(2015)
1805 23 The drought which had prevailed in England gave farmers : FJ, 15.06.1805,
1806 serious alarm. page 2
Defective crops and produce falling short of usual yields dur BF,11.08.1807,
1807 22 drought. page 2
1809 After several weeks of intolerable heat and great drought the eart FJ,28.07.1807,
been refreshed with rain showers. page 2
June, July and August 1815 very hot with exceptionally mild winte
18 In England many ponds and rivers dried up. Census, (1851)
1813 Grass became very scarce. Symons, (1887)
1815 Drought preceded the Irish famine of 1816-1818 wH&60,000 Kelly,(1992)
Irish people lost their lives. O Gréada, (2015)
Reports that not a shower of rain had fallen since the 27th May 1 FJ,28.06.1826,
Temperatures reached 115° Fahrenheit on Sunday 25th June. page 4
Ireland 1826‘not a breath of air stirs” and no clouds could be seenin BN,22.08.1826,
1826 17 the sky. page 2
1827 Ireland 1826 continued to experience very hot temperatures BN,06.07.1827,
excessive drought. page 2
The summer of 1826 had not occurred in the living memory of Census,1851
oldest man. Symon’s 1887
Irish farmers named this as “the year of short oats”. Mc
Crops in a poor state, wool production reduced and hop gr Sweeny,1831
depleted.
Dry scorching wind, Ireland was experiencing severe weather an FJ,
1838 20 sun has been very strong. 06.06.1839,page
1839 Lack of upland crop growth,with flax seed growing but not ayv 4

healthy crop
Famine in Ireland during 1839 with high prices of potatoes but |
excess mortality

O Grada, (2015)




