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ABSTRACT

Severe drought conditions in 2018 prompted concerted efforts by Irish authorities to establish a 
formal planning process for drought risks as part of the wider national water management strategy. 
More than two decades had passed since Ireland had experienced a socioeconomically significant 
drought, but recently reconstructed long-term data have shown that drought is a much more fre-
quent hazard here than previously thought. With climate change impacts likely to affect the tempo-
ral and spatial distribution of precipitation in coming decades, there is an ongoing need for further 
planning and preparation to reduce the vulnerability of the Irish water system to droughts. In this 
article we report results of a systematic comparison of Irish drought management plans and policies 
with those in southwestern Ontario, Canada, a region that shares many similar drought risk factors 
and management challenges but has longer established institutional practices for managing droughts. 
Key recommendations for Irish water managers emerging from this project include fostering a cul-
ture of water conservation among the Irish public; using catchments as the spatial unit for drought 
monitoring and management decisions; creation of standing drought management teams that in-
volve and broaden key stakeholders and user groups; and further refining data collection to support 
planning for future challenges associated with climate change. Pursuing future opportunities for 
peer-to-peer learning between Irish water managers and their counterparts in other jurisdictions 
is a wider opportunity for developing best practices for drought management in the Irish context.

INTRODUCTION

Public policy, planning and management of precip-
itation-related hazards in the Republic of Ireland 
(RoI) have, for understandable reasons, focused pri-
marily on mitigating risks associated with flooding, 
waterlogging and drainage. Droughts in 2018 and 
2020 served as reminders that extended periods of 
low precipitation—and the associated impacts on 
agricultural productivity and water availability for 
household and municipal use—are less frequent 
hazards, yet nonetheless recurrent ones, that also re-
quire policymakers’ attention. The need for drought 
risk management policies at national and local levels 
for both urban and rural water systems will, more-
over, become increasingly important with anthro-
pogenic climate change expected to affect the spatial 
and temporal variability of precipitation in Ireland 
in coming decades (Charlton et al. 2006; Hall and 
Murphy 2010; Nolan et al. 2017; Nolan and Fla-
nagan 2020). In recognition of these needs, Irish 
Water (Uisce Éireann from December 2022)—the 

national water utility—initiated in 2020 the first 
ever drought management strategy as part of its 
larger water management plan for the RoI. As most 
references to Irish Water/ Uisce Éireann are for the 
period before it rebranded and for consistency with 
the published documents we refer to, we use the 
name Irish Water throughout the article.

In this article, we review historical, current and 
projected drought risks for Ireland, and summarise 
the current status of drought management practice 
and policy. We then describe existing institutional 
structures and drought monitoring and response 
practices in southwestern Ontario, Canada, an area 
with land use and settlement patterns comparable to 
those in southeastern Ireland, but with much longer 
institutional experience of drought management 
planning and practice. By combining empirical evi-
dence of drought risks with insights from institu-
tional experience in a comparable jurisdiction, this 
article identifies considerations for Irish decision 
makers for building greater drought resilience into 
evolving water management policies and practices.
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The Irish national meteorological agency (Met 
Éireann 2021) describes meteorological drought ac-
cording to two sub-categories:

-  absolute drought = a period of 15 or more con-
secutive days with less than 0.2mm rainfall on each

-  partial drought = a period of at least 29 consec-
utive days with a rainfall total averaging less than 
0.2mm of rain per day

Agricultural droughts as defined by Met Éireann 
(2021) occur when measured soil moisture deficits 
exceed 75mm. Hydrological droughts are identified 
by measuring water levels at a network of moni-
toring stations and comparing these to expected 
levels using a ‘hydrological calendar’ centred on 1 
October, when the hydrological system is assumed 
to be in balance. Catchments are expected to ac-
cumulate water between 1 October and 1 April, a 
period when precipitation levels typically exceed 
evapotranspiration levels, and river flows are usually 
at their highest (Webster et al. 2017), with levels fall-
ing between 1 April and 1 October, when evapo-
transpiration is expected to exceed precipitation.

Until recently, systematic attempts had not 
been made to characterise socio-economic droughts 
in the Irish context. In 2022, a research team that 
includes several of the present authors released a 
searchable online database recording digitised Irish 
newspaper articles dating back to 1737 that contain 
mention of droughts and their impacts (https://
doi.org/10.5281/zenodo.7216126). The frequency 
of newspaper reporting in a given year provides a 
coarse way of identifying socio-economic droughts, 
as is shown in Figure 1, which compares this metric 
with mean summer precipitation for the island of 
Ireland for the same year since 1950. By doing so, 
three things leap out from Figure 1. First, droughts 
with newsworthy socio-economic impacts are rela-
tively frequent and recurrent over this period. Sec-
ond, there is an anomalous interval between 1995 
and the severe 2018 drought during which there 
are few mentions of drought in Irish newspapers, 
which may have created perceptions in government 
and the general public that drought planning need 
not be high priority. Third, there are instances such 
as in 2006 when observed precipitation levels are 
relatively low but newspapers contain few mentions 
of drought, and others such as in 1957 when news-
papers contain numerous stories about drought and 
where the precipitation is below average but not by 
as much as in other periods. This reinforces the im-
portance of recognising that meteorological values 
alone may not provide a precise indicator of when 
low water conditions present challenges for the 
wellbeing of residents.

The 2018 summer drought has been a catalyst 
for efforts to create systematic drought plans for 
Ireland. It emerged through a combination of low 

DROUGHT AND LOW-WATER RISKS IN 
IRELAND

In Ireland, precipitation is ordinarily experienced in 
all months of the year and at levels such that flood-
ing and waterlogging of land are more frequent 
hydrological hazards than is drought. Precipitation 
is unevenly distributed in spatial terms across Ire-
land, with the west of the country receiving roughly 
double the annual precipitation of eastern areas; for 
example, an annual average of nearly 1,500mm of 
precipitation has been recorded at Killarney versus 
735mm at Dublin Airport (Noone et al. 2016). This 
results in the south-east of Ireland having higher 
exposure to drought relative to other areas. There is 
also seasonal variability in precipitation; for exam-
ple, average monthly precipitation at Dublin Airport 
ranges from 49 to 56mm from February through 
June, and from 50 to 76mm from July through Jan-
uary. The spring and summer months are conse-
quently when conditions that might potentially give 
rise to droughts are most likely to occur, given the 
coincidence of lower average monthly precipitation, 
milder temperatures and greater potential for high 
pressure systems.

Drought is a hydroclimatic hazard that is 
context specific, reflecting levels of surface water, 
ground water and/or soil moisture that are low 
relative to what is ordinarily expected at a given 
location based on past experience (Glantz and 
Katz 1977; Misra and Singh 2010). Conditions that 
are considered to constitute drought in the Irish 
context may therefore not in another country (or 
vice versa). Regardless of the locale, drought mon-
itoring and management systems typically employ 
a suite of locally indicative variables to identify 
drought conditions, such as measures of precip-
itation, temperature, streamflow, soil moisture, 
groundwater and reservoir levels (World Meteo-
rological Organization 2016). Although there is 
no universal definition, droughts are commonly 
described according to one of four categories 
(taken here from the U.S. National Drought Mon-
itoring Center 2021):

1)  Meteorological drought: when precipitation levels 
fall below some predetermined threshold over a 
given period of time;

2)  Vegetative or soil moisture drought: when plants 
exhibit stress due to a shortage of available soil 
moisture; when there is a lack of moisture that 
adversely affects crops or livestock forage, it is 
commonly described as agricultural drought;

3)  Hydrological drought: when surface and/or 
ground water levels drop below some predeter-
mined threshold; and

4)  Socio-economic drought: when adverse impacts on 
economic systems, livelihoods, health or social 
wellbeing are attributable to weather-related 
water shortages.
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emergence of moisture stress on vegetation. Sig-
nificant financial losses were experienced by Irish 
farmers due to below-average crop and grass yields 
and higher costs for livestock fodder and bedding 
(see Table 1). County Wicklow saw a large number 
of wildfires, whilst tar-based road surfaces in Clare, 
Mayo and Offaly began to melt (O’Brien 2018). At 
Lough Ree, the RNLI reported significant num-
bers of pleasure boats running aground due to lower 
water levels (O’Brien 2018). Mid-summer flow lev-
els in most rivers across Ireland were exceptionally 

May-July precipitation and unusually hot June tem-
peratures (with daily highs exceeding 30oC across 
much of Ireland (Met Éireann 2020)) and gener-
ated a range of impacts for rural and urban areas 
that are indicative of those that may be expected in 
future droughts. Drought conditions were visually 
evident first and foremost in the southeast, where 
grass and other vegetation turned uncharacteris-
tically brown due to lack of soil moisture (Falzoi 
et al. 2019). In the north and west, soils tend to be 
heavier and hold more moisture, which delayed the 

Fig. 1—Summer precipitation variability and socio-economic drought events in Ireland, 1950–
2020. The dark blue line shows mean summer precipitation (June - August), derived using 
available stations from the Island of Ireland Precipitation Network (Noone et al. 2016). The 
orange lines indicate years with >60 published newspaper reports about drought. Although 
chosen here for illustrative purposes, the breakpoint of 60 corresponds with a natural break in 
the annual frequency of reported droughts and provide a rough indication of the relative severity 
of drought impacts as viewed through the lens of popular media. The figure also illustrates the 
disparity between meteorological records and socio-economic impacts (e.g. year 2006 or 1957), 
highlighting the fact that low mean precipitation values might not always translate into 
significant socio-economic impacts and vice versa, where under certain circumstances they 
might have larger impacts than might be expected.

Table 1—Agricultural impacts of 2018 drought (from Dillon et al. 2019)

Examples of Agricultural impacts of 2018 drought 2018 vs 2017

Average Irish farm income -15 %
Cereal yields -20 %
A decline in fodder production across most areas in turn led to higher costs of livestock 
feed and bedding straw; impacts on Irish beef, pig and sheep producers included:
- gross margins for single-suckling beef producers -19 %
- gross margins for cattle finishing operations -11 %
- average net margins for dairy farmers -34 %
- wholesale milk prices -7 %
Expenditure on animal feed on dairy farms, measured by litre of milk produced +50 % (ca)
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low (Quinlan 2019) and hosepipe bans (i.e. water 
conservation orders) were implemented in early 
July, starting with Dublin County and spreading 
country-wide shortly thereafter; in some areas, these 
would not be lifted until late September. Irish Water 
issued repeated warnings throughout the sum-
mer about potential municipal water shortages for 
Dublin and other cities, a situation exacerbated by 
limited storage capacity, aging infrastructure, and 
leaky underground pipes that in some systems led 
to nearly half the supply being lost before reaching 
consumers (Murray 2018).

A number of localised water scarcity events 
have occurred since the 2018 drought. For exam-
ple, south-central and southeast Ireland experienced 
low river flows and below average cereal produc-
tion in 2020 following high temperatures and low 
precipitation in the spring of that year. Potato crops 
required more irrigation than usual, and newspapers 
remarked upon the uncertain availability of water for 
household and commercial use (Kellet 2020; Antwi 
et al. 2022). Hot and dry conditions in the summer 
of 2021 raised concerns about water supplies at some 
pumping stations in the counties of Limerick, Kerry, 
Cork, Wexford and Donegal, leading Irish Water to 
implement targeted night-time restrictions at some 
locations within counties to ensure adequate day-
time water supplies (Meehan 2021). An unusually 
dry winter in 2021–22 had Irish Water using water 
tankers to supplement supplies for users in several 
areas across the country (Raollaigh 2022).

Whilst the 2018 drought revealed the current 
vulnerability of the Irish water system to drought, 
two other factors have helped stimulate the move to 
more systematic drought planning. First, demand for 
water is expected to grow significantly in coming 
decades, especially in Dublin and surrounding areas 
due to the combined effects of population growth 
and economic growth (Jacobs Engineering/Irish 
Water 2015). Growth in demand might be tempered 
somewhat should households be charged for their 
water consumption, but this would require revoking 
the current annual free allowance of 213,000 litres 
per year for a household of four, which would be 
politically contentious (O’Neill et al. 2018). Sec-
ond, climate change is expected to have significant 
impacts on precipitation patterns and average tem-
peratures in Ireland, with models suggesting the 
potential for increased flows in Irish catchments in 
winter, reduced flows in summer, and overall lower 
annual flows (Meresa et al. 2022). There is a notable 
degree of uncertainty in the specific levels of flows, 
especially in spring and autumn, with the scale of 
change being heavily moderated by future global 
greenhouse gas emissions pathways. Despite such 
uncertainties, given the heavy dependence of Ire-
land’s water system on surface water, and increases 
in intra-annual variability and lower summer flow 
would, when combined with increasing water 

demand, amplify Ireland’s future vulnerability to 
drought.

INSTITUTIONAL MECHANISMS FOR 
DROUGHT AND LOW WATER MANAGEMENT: 

IRELAND AND ONTARIO, CANADA 
COMPARED

In 2021, as part of its National Water Resources 
Plan, Irish Water published a twenty-three page 
technical appendix outlining activities to be under-
taken in conjunction with other agencies (e.g. Met 
Éireann, Environmental Protection Agency (EPA), 
Office of Public Works (OPW), Electricity Supply 
Board (ESB), Waterways Ireland and Inland Fisheries 
Ireland (IFI)) to monitor for emergent droughts and 
communicate risks to the public, and to coordinate 
conservation measures for water supplies during 
droughts (Irish Water 2021, Appendix E). Many of 
the actions described in this drought plan emerged 
from experience during the 2018 drought crisis and 
have been undergoing a process of continued refine-
ment in subsequent years. 

Given the relative newness and limited testing 
of the Irish Water drought planning and management 
strategy, we carried out a systematic comparison with 
institutional drought management policy and plan-
ning in southwestern Ontario, Canada, a region that 
has rural land uses, urban settlement patterns, water 
demands, seasonal river flows and drought risks sim-
ilar to those in southeastern Ireland; and where gov-
ernment agencies have longer established and better 
tested drought management strategies. Our aim was 
to generate an evidence base that facilitates ongo-
ing refinement of Ireland’s National Water Manage-
ment Plan to create greater institutional resilience for 
drought in a changing climate. The methodological 
approach began by systematically identifying from 
published government documents in each jurisdiction 
the institutional responsibilities, planning priorities, 
monitoring systems, published drought management 
strategies, resourcing requirements and other rele-
vant considerations. Using an approach familiar to 
researchers engaged in institutional mapping (Aligica 
2006), three researchers working in concert anal-
ysed and summarised these materials in customised 
spreadsheets and organisational charts, structured to 
facilitate one-to-one comparison across common 
themes. Pre-existing contacts in water management 
positions in Irish Water and at the Ontario Ministry 
of Natural Resources (OMNR) and Ontario’s Grand 
River Conservation Authority (GRCA) were con-
sulted on multiple occasions during this process to 
ensure relevant publications were included. This was 
followed by online focus group-style workshops of 
approximately 2.5 hours, held on two separate occa-
sions, that brought together project team members, 
two senior managers at Irish Water directly involved 
in drought planning, two managers at OMNR’s 
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of government units responsible for drought policy, 
planning and response. In Ontario, drought policy 
and planning procedures are set by the provincial 
government as part of its wider responsibilities for 
managing freshwater and other natural resources. The 
guiding provincial Low Water Response Plan was first 
established in 2001, following an extended dry period 
that affected much of the province in the late 1990s, 
and was further revised following a severe drought in 
2007 (Roth and Murray 2014). In this respect, the 
catalysts for formal drought/low water planning in 
Ontario and Ireland have been similar. Planning and 
implementation processes differ significantly between 
the two jurisdictions, however, because of differences 
in the nature, scale and role of lower-level institutions.

In Ireland, the delivery of water to most mu-
nicipal users with piped supplies is directly overseen 
by a national agency established in 2014, Irish Water, 
with a small percentage being supplied by Group 
Water Schemes that source their water from public 
supplies (rural consumers without piped supplies typ-
ically draw their water from local wells) (Rolston and 
Linnane 2020). Irish Water in turn works with other 
relevant state-level agencies and key stakeholders such 
as dam operators and local governments (31 local 
authorities) in implementing low water responses. 
There is no comparable institution in Ontario, where 
most piped water is provided by local governments 
to consumers, as was the situation in Ireland prior to 
the formation of Irish Water. Roughly half of piped 
water consumed in Ontario is for residential use (Sta-
tistics Canada 2021); comparable statistics for Ireland 
are not readily available and this has been the subject 
of recent public debate (The Journal online 2023). 
Piped water use in Ontario is metered and, unlike 
in Ireland, both commercial and household users are 
charged at locally specified rates. As an example, at the 
time of publication in 2023 households in Toronto 
paid a rate of C$4.3863/m3 and commercial users 
C$3.0703/m3. Being part of the European Union 
(EU), Ireland’s water management policies and prac-
tices, including drought planning, must conform to 
the EU’s Water Framework Directive (WFD). In On-
tario, water policy decisions must be considerate of 
federal government policies and regulations regarding 
navigable waterways and commercial fisheries, as well 
as joint management agreements with the United 
States over the Great Lakes; however, the WFD places 
greater constraints on water policy and planning in 
Ireland than do federal/international considerations 
for Ontario decision-makers.

LOW WATER RESPONSE PLANNING AND 
MANAGEMENT IN ONTARIO

For those parts of Ontario with the greatest pop-
ulation density there exists a type of government 
agency not found in Ireland, one that acts as an 
intermediary between provincial and local govern-
ments, known as a Conservation Authority (CA). 

Surface Water Monitoring Centre who have lengthy 
experience in the province’s low water response 
operations, and a water resource engineer from the 
GRCA who is responsible for that agency’s drought 
response activities. These practice-led conversations 
organised around a set of questions circulated to par-
ticipants beforehand helped the research team iden-
tify key challenges shared by the two jurisdictions and 
the response options available. The meetings were 
not recorded, allowing participants to speak freely 
and critically (if warranted) about their organisation’s 
activities and the strengths and weaknesses of existing 
practices and policies. To accommodate this, all five 
members of the research team who participated in 
the meetings kept detailed written notes that were 
later consolidated and summarised in subsequent 
meetings for only research team members.

It should be noted that provincial governments 
have primary responsibility for water resource man-
agement under Canada’s federal system, and so the 
Ontario provincial government was equated to the 
national government of Ireland for the purpose of 
this comparative exercise. A detailed organisational 
plan of Ontario’s ‘low water management’ strategies, 
on which much of the discussion that follows is based, 
is included in the Supplementary Materials for this 
article.

DATA COLLECTION AND MONITORING 
RESOURCES AVAILABLE TO WATER 

MANAGERS IN EACH COUNTRY

A geographically expansive network for collecting 
meteorological and hydrometric data is an essential 
foundation for drought planning and response. Both 
Ireland and Ontario have well-established networks 
of hydrological monitoring stations for surface and 
groundwater, with a centralised agency for data col-
lection and monitoring. In the case of Ireland, Met 
Éireann maintains a network of 25 staffed and auto-
mated weather stations and over 500 rainfall gauges 
nationwide, with data being transferred on an ongoing 
basis to headquarters in Dublin (Met Éireann 2022). 
In the case of Ontario, a network of over 600 rainfall 
gauges is maintained across the province, as part of 
a partnership between the OMNR and the federal 
government’s environment ministry, the latter being 
responsible for maintaining meteorological stations 
across the province (Government of Ontario 2022). 
Hydrometric and meteorological data are monitored 
and analysed by the OMNR’s Surface Water Moni-
toring Centre on an ongoing basis, which issues fore-
casts and warnings for both flooding and low water 
(i.e. drought) events (Government of Ontario 2022).

INSTITUTIONAL STRUCTURES FOR WATER 
MANAGEMENT

Significant differences exist between Ontario and 
Ireland in terms of the nature and geographical scale 



Biology And EnvironmEnt

72

There are 36 CAs in Ontario, their jurisdictions 
corresponding with the boundaries of larger catch-
ments in the province (except in the case of Toronto, 
where CA boundaries correspond more closely to 
the metropolitan jurisdictional boundaries). Estab-
lished in the 1940s, CAs are mandated to implement 
catchment-scale programs to protect people and 
property from floods, droughts and other hazards 
(Conservation Ontario 2022). Under the Low Water 
Response Plan, CAs are responsible for developing 
and implementing water conservation measures and 
drought preparedness plans in conjunction with 
local governments; establishing standing committees 
for low water management with local governments, 
key stakeholders and user groups within their catch-
ment boundaries; and, for communicating drought 
risks to key stakeholders and the wider public.

Key features of Ontario’s Low Water Response 
Plan include: three defined stages of planning (pre-
drought, during drought, post-drought), each with 
a prescribed set of actors and responsibilities; a con-
tinuous emphasis on water conservation, regardless 
of actual water levels in catchments in a given year; 
and standing committees and mechanisms for com-
municating water levels, conservation planning, and 
risks to stakeholders and the general public. Stage 
1 of the planning process is described as the ‘pre-
drought’ stage, although in practice it is carried out 
on a continuous basis. The key activities of Stage 1 
planning occur at the catchment level, and entail the 
following:

-  Identification of areas of potential water use 
conflict within a given catchment;

-  Establishment of water monitoring data sources 
and procedures;

-  Creation of a standing Water Response Team of 
provincial and local government agencies and 
key stakeholders (e.g. groups representing large 
water users such as farmers, aggregate mines, 
golf courses, bottling companies, industrial users, 
etc.); and

-  Establishment of specific water conservation 
strategies and drought contingency plans.

Conservation and contingency plans include such 
things as increasing water storage capacity; identify-
ing alternative sources of water for use in a drought 
event; and engaging large water users in water con-
servation and drought contingency planning.

Stage 2 of the Ontario plan refers to a period 
when hydrometric monitoring shows that water 
levels are falling in a given catchment below pre-es-
tablished thresholds or ‘triggers’. There are three lev-
els of Low Water Response that may unfold during 
Stage 2, with thresholds that are tailored to spe-
cific catchments. For example, for the Grand River 
catchment—one of the largest catchments and the 
largest CA in southern Ontario (Figure 2)—a Level 

1 Low Water Event is triggered when the following 
conditions are observed:

-  When monthly springtime surface water flows 
are less than 100% of the lowest average sum-
mer month flow or, at other times of year, when 
monthly flows are less than 70% of lowest aver-
age summer month flow; and,

-  When precipitation over the preceding 
18-month period is less than 80% of average 
precipitation or if precipitation over the preced-
ing three months is less than 80% of average 
(Shifflett 2014)

When a Level 1 event is declared, Water Response 
Teams are called into action, and meet with CA and 
OMNR officials to establish enhanced conservation 
measures for the catchment. These typically include 
actions to reduce non-essential water use, such as 
restricting watering of residential gardens, the wash-
ing of automobiles and encouraging residents and 
businesses through media outreach to engage volun-
tarily in reducing water use. Should any additional 
precipitation triggers subsequently occur, a Low 
Water Event Level 2 alert is issued. In the example 
of the Grand River catchment, these triggers are any 
of the following:

-  18-month precipitation falls more than 60% 
below average, or

-  3-month precipitation falls more than 60% 
below average, or

-  Precipitation in any one month falls more than 
60% below average, or

-  Weekly precipitation in a two-week period is less 
than 7.6mm/week in high water demand areas 
(or in a three-week period for areas with moder-
ate water demand)

In a Level 2 event, all users are asked to voluntarily 
reduce usage by 20%, and a range of additional re-
strictions are implemented to control non-essential 
water use by residents, with greater enforcement. 
The taking of water by permitted users is closely 
monitored by officials, and no additional permits 
will be issued for large water withdrawals within the 
affected area. The CAs review their reservoir oper-
ations and implement strategies to address supply 
problems as appropriate. To date, Level 2 strategies 
have been sufficient to meet water supply issues 
in Ontario during past droughts, with some local 
exceptions. However, should major water supply 
problems emerge, a Level 3 alert may be issued; in 
the case of the Grand River catchment, this would 
occur when:

-  18-month precipitation is less than 40% of av-
erage, or
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emergency water supplies for municipalities, suggest 
additional drought adaptation opportunities and ad-
dress any gaps or deficiencies in monitoring, data 
analysis or other actions that were discovered during 
the preceding event and ensure these are addressed 
in future planning.

Between 2001 and 2020, slightly more than 200 
catchment-level Low Water events were declared in 
summer months across southern Ontario, the vast 
majority being Level 1 events (Figure 3). The only 
year in which Level 3 events were declared was in 
2016 in four eastern Ontario catchments. Although 
most of the 31 southern Ontario catchment agen-
cies had Low Water events declared due to wide-
spread drought conditions in 2016, these four 
catchments have a very different geology from other 
parts of southern Ontario that leaves them with 
limited groundwater supplies, which serve as a de 
facto contingency reserve in other catchments. Over 
this same period, Level 1 Low Water events were de-
clared in the Grand River catchment in every year 
except 2002, 2014 and 2019, with the risk being 
elevated to Level 2 in six of those years. Low Water 

-  3-month precipitation is less than 40% of aver-
age, or

-  Precipitation in any one month is less than 40% 
of average

In a Level 3 situation, priority is given to munici-
pal drinking water supplies; livestock watering and 
household and communal wells. Other users must 
reduce their consumption according to instruc-
tions from authorities or face enforcement action. 
Emergency water sources are brought online, and 
reservoir operations further modified until the Low 
Water Event ends.

A Low Water Event is determined to be over 
when precipitation indicators rise above the Level 
1 warning thresholds and when monitoring of 
reservoir levels, surface flows, ground water levels, 
pond recharge rates and snowpack levels indicates 
the catchment has recovered. In this post-event stage 
(described as Stage 3 in the Low Water Response Plan) 
CAs, Water Management Teams and other actors as-
sess the environmental, social and economic impacts 
of the event, identify opportunities for improving 

Fig. 2—Location of Grand River catchment, Ontario, Canada, with main urban centres labelled. 
Lines within the catchment indicate local government boundaries. Map source: Redrawn by 
authors, using Grand River Watershed Basic Map Layers [SHP]. Waterloo, Ontario: The 
Department of Geography and Environmental Studies, Wilfrid Laurier University [1998].
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events are declared more often than in many neigh-
bouring catchments because the Grand River has a 
relatively large population within its boundaries—
roughly 1 million people—with a limited amount 
of surface water to serve that population (80% of 
households rely on groundwater (GRCA 2023)).

Ontario’s Low Water Response program has 
not undergone any formal performance review 
in the last decade, but instead relies on continu-
ous improvement at the catchment level through 
ongoing collaboration between official agencies and 
stakeholders participating in Water Response Teams. 
The success of this approach was assessed in a study 
by Roth and de Loë (2017) who found participants 
to be generally satisfied with the process, particularly 
in terms of social and environmental outcomes, and 
that compliance with water conservation measures 
was generally satisfactory, even in the absence of sys-
tematic data collection. The study found a weakness 
in the system to be a hesitancy to transition from 
Level 2 to Level 3 events given the severe restrictions 
that ensue, and that large water users represented on 
Water Response Teams may pressure officials to go 
slow in this regard when conditions may demand 
swifter action. This was also identified as a potential 
weakness in an earlier study by (Disch et al. 2012), 
who noted that the impacts of climate change on 
catchments may force catchment authorities to cre-
ate less ambiguous guidelines for the transition from 
Level 2 to Level 3. The GRCA has since done this, 

but not all catchment authorities have guidelines as 
specific as those described above.

DROUGHT PLANNING AND MANAGEMENT 
IN IRELAND

Water supply infrastructure and water manage-
ment in Ireland has evolved considerably since the 
mid-1800s, when Dublin Corporation first began 
building reservoirs to supplement water taken 
directly from watercourses flowing through the 
city (Corcoran 2005; Kelly-Quinn et al. 2014). For 
most of the subsequent period, water supply infra-
structure and management across the country were 
under the jurisdiction of local councils that focused 
on expanding supply for a growing and increasingly 
urban population. The transition to centralised man-
agement of the country’s water supplies and the cre-
ation of Irish Water in 2014 emerged in response 
to European Union policy directives that called 
for national planning and charging users for water 
consumption. The water supply infrastructure that 
Irish Water inherited from local governments is het-
erogeneous and, in many cases, aged and in poor 
repair. It is estimated that 38% of the water supply 
is lost before it reaches consumers due to leaky dis-
tribution pipes, and Irish Water has implemented 
a National Leakage Reduction Programme that is 
expected to cost more than €1.1 billion by 2024 
(Irish Water 2022).

Fig. 3—Number of southern Ontario catchments declaring Low Water events in summer 
months, 2001–20. Data source: Ontario Surface Monitoring Centre https://www.ontario.ca/
page/surface-water-monitoring-centre

https://www.ontario.ca/page/surface-water-monitoring-centre
https://www.ontario.ca/page/surface-water-monitoring-centre
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be calibrated for any accumulation time period be-
tween 1 and 36 months; SPI-6, for example, is an 
index for precipitation accumulation over a six-
month period. SPI values for Ireland are derived 
from monthly rainfall data from a network of ten 
selected stations from across the country, providing 
data on continuous basis. The index is thus flexible 
and provides indicative values specific to identifying 
meteorological drought in an Irish context. A lim-
itation of the SPI is that it does not account for the 
effects of above average temperatures that can affect 
evapotranspiration rates and therefore exacerbate 
conditions that give rise to hydrological, agricultural 
and/or socio-economic drought—hence the need 
to include other indicators, and to potentially con-
sider using an index that includes evapotranspiration 
in addition to precipitation (discussed below).

Given the inherent heterogeneity of water 
services and the inevitable variability of drought 
impacts at local levels, operational metrics such as 
reservoir storage capacity and water demand are 
used in addition to SPI to establish drought level 
categorisations and consequent actions to be taken 
at each stage. The crossing of a threshold from one 
stage to the next does not automatically trigger re-
sponsive actions, with additional factors such as time 
of the year, network functionality and water user 
needs driving the timing and nature of responses. 
Irish Water’s operational team is involved with all 
levels of drought identified in Table 3, with addi-
tional actors and agencies brought in as appropriate 
to assist with the coordination of responses at each 
stage of drought.

Irish Water’s drought management planning is 
very much a work in progress, laying out a proposed 
framework for managing water supplies during 
drought periods and for developing a longer term, 
tactical planning process. While it is yet to be for-
mally enacted, the plan outline in Irish Water’s ‘Ap-
pendix E’ document identifies known issues with 
existing water supplies and identifies data sources 
for monitoring and the identification of drought 
and the bodies responsible for providing such data 
(Table 2). Five stages of drought have been identi-
fied, along with general measures to be undertaken 
at each stage (Table 3). The proposed thresholds or 
‘triggers’ for moving between stages are based upon 
a combination of factors that include a meteoro-
logical drought indicator (Standardised Precipitation 
Index (SPI)), the return period of drought events, 
and operational performance considerations.

SPI is a widely used drought measure that is 
based on the probability of precipitation for any 
time scale at any location for which long term re-
cords exist (World Meteorological Organization 
2012). Median average precipitation receives a value 
of zero on the index, with positive SPI values re-
flecting precipitation levels above the median, and 
negative values reflecting precipitation levels below 
the median. Near normal levels of precipitation 
range between +1 and -1. Values larger than +2 and 
lower than -2 reflect extremely wet and extremely 
dry conditions respectively. Moderately dry condi-
tions are experienced when SPI values are between 
-1 and -1.49, and values between -1.5 and -1.99 
are said to be severely dry conditions. The SPI can 

Table 2—Data sources for identifying droughts (Irish Water 2021, Appendix E, p. 8)

Water Source type Indicator Operators Comments

All Rainfall Met Éireann Wide range of locations with daily 
and monthly data

All Soil moisture deficit Met Éireann All Ireland, three soil categories

Rivers Flow Environmental Pro-
tection Agency (EPA), 
Office of Public Works 
(OPW), Electricity 
Supply Board (ESB)

Relatively few flow gauging 
stations exist, providing a long-
term record that includes several 
significant droughts 

Reservoirs Current storage 
volume

ESB, IW Data regularly available. Relatively 
few reservoirs providing dispro-
portionate amount of regularly 
used water supply nationally

Groundwater Groundwater level EPA, Geological Survey 
of Ireland (GSI)

Number of monitoring sites and 
length of their records varies 
regionally, and historical data are 
limited (comprehensive network 
only since late 2000s).

Water Resource 
Zones

Demand IW Ongoing measurement
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A range of potential drought response measures 
have been identified by Irish Water, drawing upon 
observations and experience from drought events in 
England in 2005, 2006 and 2012. The response mea-
sures may be applied on the demand and/or supply 
side (Table 4). Not all of them have been fully or 
widely implemented in previous droughts, and Irish 
Water has noted concerns regarding potential public 
receptiveness to some of these measures (i.e. con-
sumer savings). For example, extensive public aware-
ness campaigns about personal water use were run 
by Irish Water during the 2018 drought, and whilst 
these had some positive impact on household water 
use, research undertaken after the campaign showed 

that some people thought the extent and severity of 
the drought may have been exaggerated. However, 
results from a 2020 water conservation campaign 
indicated a more favourable response, especially 
among young people, suggesting that public aware-
ness of the importance of water conservation may 
be changing (Irish Water 2021).

Irish Water has recognised that some of the sup-
ply-side measures listed in Table 4 may have observ-
able environmental impacts during the construction 
phase and/or during water abstraction, diversion or 
transport. The impacts and their acceptability are 
judged against the degree of risk to supplies, the 
possible drought impacts without intervention, the 

Table 3—Stages of drought planning (Irish Water 2021, Appendix E, pgs 13–14)

Drought stage Description Escalation Triggers/Operational performance

Normal Normal monitoring SPI exceeds -1
Water available for use (WAFU) exceeds demand, no 
foreseeable deficits in short/medium term

Potential drought Management actions 
required to prepare 
for drought following 
extended period of dry 
weather

SPI of -1 or below,
WAFU = demand. No impacts on customer supply, 
but source levels are lower than in recent drought 
years, supply showing stress in relation to source and 
storage levels. Some actions needed to improve water 
availability with no environmental impacts, but with 
proposed Inland Fisheries Ireland (IFI) interventions.

Drought Management actions 
required once conditions 
impact customers and 
environment

SPI of -1.5 or below
WAFU < demand. Actions taken to increase avail-
ability, reduce demand (e.g. using tankers to bring 
water in, nighttime restrictions, bottled water to 
consumers, shutting down of water treatment plants 
(WTP) due to low source levels).
Actions to increase availability may have some low 
environmental impacts (consultations with environ-
mental stakeholders, IFI interventions are in place).

Emergency (severe 
drought)

Management actions 
required as water demand 
exceeds availability of 
water for customers and 
environment

SPI of -2 or below
Actions taken to increase availability, reduce demand 
(e.g. using tankers to supplement water in reservoirs 
for more than two days, nighttime restrictions, WTP 
experiencing drought conditions for more than four 
days or had to be shut down because of source and 
demand issues).
Customers may experience prolonged, significant 
supply restrictions. Actions taken to increase raw 
water availability may have significant environmen-
tal impacts according to Environmental Assessment 
Process and through IFI consultation.

Post-drought Monitoring and manage-
ment actions focused on 
recovery of water supply 
and reviewing response to 
drought responses

Supply has recovered, environmental stress has eased
WAFU once again exceeds demand
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Table 4—Possible drought response measures (Irish Water, Appendix E, pgs 15–18)

Demand-side measures Stages of drought 
when implemented  
(see Table 3)

Supply-side measures Stages of drought when 
implemented (see Table 3)

Consumer savings from 
voluntary actions (e.g. 
information campaigns are 
used to raise customers’ 
awareness and ask for water 
conservation measures)

All stages Optimisation of existing 
sources (includes conser-
vation of reservoir storage 
and maximising abstraction 
from rivers).

Potential drought

Large water users asked to 
reduce use (e.g. implement 
voluntary water saving 
efforts, use alternative sup-
plies, conduct water audits)

All stages Optimisation of intakes 
(e.g. use of submersible 
pumps, channelisation, 
temporary modification of 
intake structures; requires 
working with IFI and 
environmental stakeholders 
to consider environmental 
impact)

Potential drought

Additional measures to 
reduce system leakage 
and adjust water pressure 
within system 

Potential drought, 
Drought, Emer-
gency drought 

Rezoning of supplies 
(e.g. adjusting supplies and 
distribution within net-
work to reduce vulnerabil-
ity at critical points)

Potential drought, 
Drought, Emergency 
drought

Imposing restrictions on 
consumers’ water use (tak-
ing into account different 
categories of water use, 
ensuring needs of sensitive 
users are met, and balanc-
ing impacts on residential 
and business customers) 

Drought,

Severe drought 

Recommissioning disused 
sources that may still be 
viable 

Drought, Emergency 
drought

Interruptions to Supply 
(to be accompanied by 
mitigation measures such as 
water tankering, supply-
ing bottled water, creating 
emergency helplines)

Drought,

Severe drought 

Increasing abstraction at 
existing sources* (this may 
require additional engi-
neering or revisiting legal 
constraints that limit exist-
ing abstraction levels) 

Drought, Emergency 
drought

Alternative water supplies Drought,

Severe drought

Bringing water by tanker 
from Water Resource 
Zones with adequate 
supplies to other, more 
vulnerable ones (subject 
to practical constraints 
such as road access, tanker 
capacity)

Drought, Emergency 
drought 

Construction of new 
satellite boreholes, where 
environmentally feasible* 

Drought, Emergency 
drought

Inter-zonal bulk transfers 
from areas with secure sup-
ply to those in deficit, to 
balance supply and demand

Potential drought, 
Drought, Emergency 
drought

* Note: there is currently no mechanism that would allow real-time introduction of these supply-side  
options swiftly enough to be effective once a drought has already ensued.
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potential post-drought recovery and Irish Water’s 
legal obligations under the Habitats Directive and 
Water Framework Directive. Particular concerns exist 
with respect to potential impacts on areas that are 
protected under international, European or national 
legislation, and on catchments containing species pro-
tected under European law or Ireland’s Wildlife Act. 
In such cases, environmental assessments are or would 
need to be carried out before supply-side initiatives 
are implemented, with Table 5 providing examples of 
such considerations and possible mitigation measures.

The declaration of the end of a drought is 
usually based on the same criteria as its beginning, 
using indicators such as SPI, river flows, reservoir 
and groundwater levels to determine when these 
have returned to normal conditions for a period of 
time (e.g. a return to average or above average rain-
fall removing the soil moisture deficit, restoring river 
flows and groundwater levels and refilling reservoirs). 
Once a drought event is judged to have ended, and 
the drought stage is lowered to ‘Post-Drought’ sta-
tus, the process of de-escalation of drought related 
response measures begins. The timing and order in 
which measures are stopped depends on the rate of 
recovery of water supplies and the social and envi-
ronmental impacts of the measures in question. At 
this stage, the Irish drought management plan also 
requires that Irish Water conduct a review of how the 
drought was managed, with particular attention to:

-  describing any environmental and other 
impacts that were attributable to the drought  

(in conjunction with the EPA and other relevant 
stakeholders);

-  recording and reviewing all response actions that 
were taken and mitigation measures applied;

-  identifying potential areas for improvement in the 
management response;

-  identifying capital investments that would be use-
ful for reducing future risks;

-  assessing the performance of specific water 
sources during the drought relative to specific 
escalation points, and the amount of time neces-
sary to recharge;

-  whether the selection and definition of escalation 
points and the actions that followed were accurate, 
appropriate and timely;

-  estimates of the contribution and success of 
demand-side measures;

-  the effectiveness of communications during the 
drought; and

-  how closely demand forecasts corresponded with 
actual demand patterns during the drought.

Unlike in Ontario, there is limited standing legal 
guidance in the RoI regarding the types of water use 
to prioritise during times of drought or short supply. 
The water supply is dependent on cooperation of 
other stakeholders, many of whom have control over 
the water source. In some cases, there are conflicting 
thresholds of need between water users such as fish-
eries, private agricultural and commercial abstrac-
tions, hydro-electricity generation, environmental 
uses, etc. In cases with a range of uses, public water 
supply abstraction has in general a lower priority 

Table 5—Examples of environmental considerations and possible mitigation measures related 
to supply-side drought responses (Irish Water, 2021, Appendix E, p. 19)

Environmental sites warranting 
particular consideration

Environmental considerations Examples of environmental mitigation 
measures that may be necessary

-  Special Protection areas 
(European protected 
areas)

-  Special Areas of Con-
servation (European 
protected areas)

-  Ramsar (Internationally 
protected sites)

-  Natural Heritage Areas 
(NHAs) and proposed 
NHAs (Nationally pro-
tected sites)

-  Flora and Fauna pro-
tected under the Wildlife 
Act (National legislation 
for species protection)

-  European protected 
species

-  Likely changes in flow/level 
regime and/or water quality

-  Catchment features sensitive to 
flow/level regime changes

-  Species that may be sensitive to 
changes in water levels, velocity, 
sedimentation, pollution, etc.

-  Potential perturbation to spawn-
ing areas

- Fish rescues
- Fish ladder regularly checked
-  Increased presence to restrict 

poaching and protect spawning 
areas

- Habitat restoration
-  Reduction of abstraction, if 

possible
- Freshet release
-  Flow augmentation structures to 

enhance water flow/velocity
-  Ensure adequate post-drought 

monitoring for recovery
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Irish participants observed that Irish Water 
is a relatively new organisation, and that there 
are ongoing challenges related to infrastructural 
improvements, policy development, and resourcing 
the necessary modernisation of the national water 
supply. They emphasised that formal drought plan-
ning at a national scale had never been undertaken 
until the spate of recent severe droughts. A num-
ber of particular challenges and priority areas for 
improvement were identified. One is that there is 
a significant mismatch between where user demand 
is concentrated and locations from where water is 
drawn to meet that demand, creating systemic vul-
nerabilities to drought in certain parts of the coun-
try. For example, the average daily water abstraction 
from the Shannon catchment is roughly the same as 
the comparatively small Vartry catchment in Wick-
low, despite the latter servicing a major centre of 
population and industry. Much of Ireland’s current 
supply remains dependent on the legacy decisions 
of the earliest period of water supply development 
in the late nineteenth and early twentieth century, 
when proximity to local population centres drove 
early reservoir location selection, but these locations 
can no longer fully meet the needs of present settle-
ment patterns and usage demands. Irish participants 
estimate that 60% of the existing supply network 
would benefit from reconfiguration, but this would 
require a significant capital spend increase. Legal 
issues with water abstraction at certain times/loca-
tions within catchments further exacerbate the vul-
nerability of the water system in particular regions 
of the country during dry periods. Many key res-
ervoirs in Ireland are used for multiple purposes, 
including electricity generation, meaning that deci-
sions about storage and release must respond to the 
needs of multiple stakeholders, not just Irish Water’s 
priorities.

Ontario participants noted that large areas of 
the province that have high water demand have un-
derground aquifers that can readily augment normal 
supplies during dry periods. Perhaps unsurprisingly, 
the one Ontario region to experience a severe sup-
ply shortage in recent years is located in an area with 
limited accessible groundwater, a situation not un-
like some parts of Ireland with high water demand. 
The lack of large groundwater reserves in such areas 
emphasises the long-term need for reconfiguration 
of the Irish water supply network to better align it 
with where users are concentrated, with increased 
water conservation and the repair of leaky infra-
structure remaining shorter-term priorities.

Another challenge in Ireland is public percep-
tion of drought risks. Irish participants felt that pub-
lic awareness is slowly growing, not least because of 
the impacts of and media attention given to drought 
conditions in 2018. Achieving a widespread under-
standing of the need for water conservation and 
related compliance measures is still a work in prog-
ress, however, and it was remarked that there may be 

than other uses (EurEau 2020). Decisions are made 
in the moment through national emergency man-
agement measures, with Irish Water being part 
of the decision-making team. There is no explicit 
mandate that drinking water should be the first pri-
ority during a Low Water Event; instead, there are 
categories of sensitive sectors such as hospitals and 
care homes that are recognised as requiring priority 
access to supplies. Coordination for priority water 
use under drought conditions is managed through a 
national emergency management structure (EurEau 
2020).

The Irish Framework for Major Emergency 
Management was developed in 2005 and adopted 
by government in 2006 and sets arrangements and 
structures for frontline public sector emergency 
management in Ireland. The part of the frame-
work most relevant to drought management is, ‘A 
guide to severe weather emergencies’. The National 
Directorate for Fire and Emergency Management 
Crisis Management Team (NDFEM CMT) is 
charged with continually monitoring and reviewing 
information received from Met Éireann and from 
other sources (e.g. OPW, ESB), and decides when 
local authorities should be notified, or a National 
Emergency Coordination Group meeting should be 
convened. During the 2018 drought, the National 
Emergency Coordination Group met weekly, and 
directed the EPA Hydrometric and Groundwater 
Section, OPW Hydrometric section and IW con-
sultants to conduct more frequent monitoring of 
river flows across the country (Quinlan 2019). In 
addition, the Drought Management Team (con-
sisting of Irish Water units responsible for business 
support, environmental regulation, workflow and 
asset delivery, management, operations and plan-
ning) was meeting daily to assess and analyse water 
demand and consumption levels for every area in 
the country. The logistics and success of coordinat-
ing IW’s drought management plans with NDFEM 
procedures will need to be examined and refined in 
future drought events.

KEY CHALLENGES IDENTIFIED BY 
PRACTITIONERS

Over the course of two separate online workshops 
held in 2021, senior managers from Irish Water, 
OMNR and GRCA reflected on their own expe-
rience with institutional arrangements for drought 
management, identified common challenges and 
shared ideas on best practices and opportunities 
for future improvements in drought management. 
Although this was a two-way exchange of expe-
riences and best practices, here we focus on those 
topics where Ontario managers were familiar with 
challenges identified by their Irish counterparts 
and were able to share their own experiences, also 
reflecting upon the relative successes of different 
management strategies and their development.
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an ingrained public perception that Ireland receives 
such abundant rainfall that drought cannot be a 
serious issue. In addition, the outdated infrastruc-
ture, and leaky pipes are often perceived as the main 
reason for the water shortages, further complicating 
the situation. A June 2020 hosepipe ban in particular 
became a subject of contentious discussion in Irish 
media (Augustenborg et al. 2022). As a result, Irish 
Water managers believe that, although they have 
the legal authority to restrict water distribution in 
a drought emergency under the Water Services Act 
2007, public resistance may make it difficult to actu-
ally do so.

By contrast, Ontario participants suggested that 
water conservation measures there have become so 
well established that large parts of the public accept 
summertime water use restrictions as being normal 
(a belief consistent with public opinion research 
conducted in a large city in the Grand River water-
shed (Atwood et al. 2007)). When Ontario water 
managers need to move to a Level 1 response, local 
governments and residents are thus able to tran-
sition efficiently to restrictions on non-essential 
water use, and compliance tends to be high. As in 
Ireland, Ontario water providers have the authority 
to reduce water pressure to non-complying users, 
but this rarely needs to be done. Ontario partici-
pants believed this high acceptance of the need for 
conservation (and indeed success in its implemen-
tation) is part of the reason why relatively few Low 
Water events have reached advanced stages in recent 
years. Overall, both Irish and Ontario participants 
agreed that continuous communications and public 
outreach about the need to conserve water each and 
every year (not just in drought years) is a key com-
ponent of drought risk reduction.

Participants from both countries expressed 
concerns about the resilience of water supplies in 
a changing climate and the need for better data 
and modelling to support long term strategic plan-
ning. This is particularly important given that sea-
sonality of surface water supplies in both countries 
makes water management challenging at the best of 
times, with management plans needing to account 
for seasonal flood risks as well as low water situ-
ations. Irish participants expressed particular con-
cerns about extended dry periods, especially when 
a dry spring or summer is preceded (and its impacts 
compounded) by a dry winter. Given current water 
demand in Ireland, Irish participants predicted that 
a lengthy drought such as that of 1975–76 would be 
catastrophic if it occurred today. The comparatively 
brief 2018 drought led to the failure of 150 sup-
ply sources, which bodes poorly for a future where 
reductions in summer precipitation and increased 
variance in winter precipitation are projected (Met 
Éireann 2021).

Ontario participants noted that higher levels 
of government are more likely to provide financial 

resources for drought management in the years im-
mediately following a severe event, but that these 
resources tend to decline as memory of the event 
recedes. Whether the very success of drought man-
agement in Ontario might give rise to a form of 
‘prevention paradox’, in which increased compla-
cency about drought hazards (with associated conse-
quences for investment and funding) might increase 
the risk of future major impacts, was considered to 
be an open question. This, and related questions of 
the role of societal memory and the promotion of 
public and governmental recognition of drought 
hazards, were considered areas in which academics 
might usefully collaborate with water management 
professionals in Ireland and Ontario. Overall, given 
the relative newness of Irish Water and the transition 
to a national water management system, the need 
to balance the dedication of financial resources for 
drought management against the many competing 
financial needs related to modernising the country’s 
water supply infrastructure was regarded as an over-
arching challenge.

DISCUSSION AND CONCLUSIONS

Our analyses of planning documents and the online 
workshops that engaged practitioners from the two 
countries identified many useful considerations for 
Irish policy makers and water managers as they con-
tinue to develop management plans and strategies 
for drought. The general framing of Irish Water’s 
drought management strategy and many of its basic 
elements are comparable to Ontario’s Low Water 
Response Plan, creating an opportunity to incorpo-
rate many of the best practices of the latter into the 
Irish drought strategy as it evolves. The three-stage 
approach of the Ontario plan, particularly its greater 
specificity of pre- and post-drought event activities, 
and clearer designations of priority water users, is 
worth emulating, as is its emphasis on understanding 
drought risks at the catchment level. Of the many 
potentially useful considerations identified and out-
lined in this paper, the key ones may be summarised 
as follows:

1)  There is considerable value in fostering a culture 
of water conservation among the Irish public to 
reduce pressure on water supply systems on an 
ongoing basis, making it easier to communicate 
the need for action and get widespread voluntary 
participation when drought conditions emerge. 
This is especially the case when it comes to infre-
quent hazards such as drought, where the pub-
lic may be especially reliant on expert advice 
obtained through the media given their lack of 
personal experience (Kapuściński and Richards 
2016). An examination of media reporting by 
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The 2018 drought that was the catalyst for a move 
toward formal drought planning was not even the 
most pronounced drought event in modern Irish 
history. It is important that Irish Water’s evolving 
drought plans be seen as the first stage of an on-
going process with ever widening engagement and 
collaboration with other agencies and the general 
public. It should not be seen to be an end point 
or finished product. In addition to those noted 
above, a number of other opportunities for further 
refinement of the national drought strategy were 
identified as part of our review. For example, the 
SPI is an important component in demarking the 
different stages in Irish drought planning (Table 3). 
As increased attention is given to how closely spe-
cific SPI scores correspond with the observed so-
cio-economic impacts of droughts (e.g. O’Connor 
et al. 2022), it may be found that socio-economic 
impacts emerge before a particular SPI score is re-
alised or, conversely, that a worrisome SPI score 
might not translate into significant socio-economic 
impacts under certain circumstances. There is also 
room to refine the time scales and deficit accu-
mulation periods most appropriate for SPI values 
to be used in such a way. For example, in Ontario 
there are four different time scales over which low 
precipitation levels might trigger management ac-
tions (2 weeks, 1 month, 3 months and 18 months). 
It is also worth investigating whether SPEI, that 
includes evaporative losses in addition to precipita-
tion deficits, might provide a more reliable drought 
monitor than SPI, especially given the frequent 
combination of drought conditions with high 
temperatures, and the impact of climate change on 
both temperature and precipitation.

Balancing environmental protection with sup-
ply needs during times of low water will be an 
ongoing challenge (Table 5). The drought man-
agement plan recognises that there may be loca-
tions where actions needed to respond to drought 
cannot be implemented without at least temporary 
environmental impacts, and a judgment is made by 
weighing the acceptability of the impact against the 
impacts on water supplies and the viability of alter-
native actions. Some of the challenging questions 
that will confront decision makers in such cases will 
include whether there are possible occasions when 
environmental protection interests are so great in a 
given location that no additional abstraction could 
be permitted even during a time of pronounced 
water supply needs? Or, should water supply needs 
always take priority in certain stages of drought?

Other difficult questions will be faced when 
deciding how to distribute water during future 
droughts designated as ‘severe’. When supplies cannot 
meet the needs of all, the current plan calls for prior-
ities to be based on the nature of the use, with poten-
tial exemptions, such as in 2018, when certain types 
of sensitive users (nursing homes, hospitals) were 

Augustenborg et al. (2022) found that media cov-
erage of the 2018 drought was slow to emerge 
and, combined with sparse and irregular instruc-
tions given to the public on how to reduce water, 
likely harmed conservation efforts. The authors 
found that 95% of articles discussing the response 
of Irish Water and the Irish Government to the 
drought reported them as being ineffective, with 
communication regarding the hosepipe ban 
being notably poor. Irish Water has since begun 
to engage in conservation messaging more pro-
actively, and it is starting to appear more regularly 
in the media (Raollaigh 2022). This is import-
ant, as demand-side interventions for droughts 
are likely to be more cost-effective and more 
quickly achievable than supply-side interven-
tions, although the latter is crucial in Ireland over 
the longer term given the antiquated infrastruc-
ture and the lack of large groundwater reserves 
in some vulnerable locations to serve as fallback 
supplies during shortage.

2)  Catchments are an effective spatial unit for making 
water management decisions. Decision-making at 
the catchment scale recognises the local specific-
ity of both supply factors (e.g. precipitation pat-
terns, surface water sources, groundwater sources, 
control structures, reservoirs, land conditions) and 
demand factors (e.g. absolute population, ratio of 
users/supply, types of users). The combination of 
local factors and more generic indicators such 
as SPI presently being developed by Irish Water 
would allow for closer alignment of water supply 
with demand and identification of areas of system 
vulnerability during dry periods.

3)  Standing drought management teams that involve 
Irish Water, other relevant government agencies 
and representatives of key user groups should 
continue to be developed and could be further 
supported by the identification and incorpora-
tion of user groups that are not currently rep-
resented. Evidence from Ontario shows that 
effective drought management responses require 
ongoing participation from a broad cross-section 
of stakeholders and, as part of this process, man-
agement teams should be engaged in clarifying 
which users and sectors should be prioritised 
during Low Water events.

4)  The continued assessment and refining of water 
discharge models, indicators being used to iden-
tify droughts, and ‘triggers’ for response levels, is 
required to ensure the data collected and moni-
tored is best suited for the Irish context and can 
support planning for future challenges associated 
with climate change. A first step would be to 
assess whether aligning data collection, moni-
toring and modelling with catchment boundar-
ies would provide more precise information for 
decision makers and, if so, to adapt response trig-
gers accordingly.
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given priority. The implications and new challenges 
that might emerge from prioritising uses over users—
or vice versa—could be more systematically assessed. 
A related question warranting further clarification is 
the criteria used to distinguish ‘large users’ (Table 4) 
from others, something that could become conten-
tious, depending on the circumstances. Further clari-
fication as to how managers will distinguish localised 
water scarcity events that can be managed through 
normal management actions from those that require 
triggering a formal drought declaration and formal 
responses would also be important. It is also worth 
reflecting upon the wider context within which the 
drought planning strategy is situated. Its success will 
in a significant part be determined by the reliabil-
ity of water demand forecasts and the infrastructure 
decisions and investments that are based upon them.

As a final, general conclusion, this exercise 
has shown there would be considerable utility in 
canvassing drought management in other juris-
dictions besides Ontario to identify practices that 
might be well suited for Ireland. Irish Water is a 
relatively new entity and would benefit from more 
peer-to-peer engagement with water managers in 
comparable, longer-established agencies with sim-
ilar challenges. Ireland was fortunate to have gone 
more than two decades without a serious drought 
prior to 2018, but in that anomalous interlude, in-
stitutional memory and public experience of what 
to do when a drought hazard occurs may well have 
eroded. Climate change is likely to exacerbate the 
already numerous challenges facing Irish water 
managers. Important strides have been made since 
2018 to address drought risks in the Irish Water 
Management strategy, and future refinement will 
benefit from better understanding the experience 
of other countries where drought has been a more 
frequent hazard. Our paper aims to further pro-
mote this as an ongoing process both by highlight-
ing the outcomes of such discussions to date (with 
participants on both the Ontario and Irish sides 
noting the value of the exchange) and providing a 
foundation for future conversations.

SUPPLEMENTARY MATERIALS

Supplementary materials for this article are available 
online here: http://muse.jhu.edu/resolve/199

ACKNOWLEGEMENTS AND FUNDING 
STATEMENT

We would like to recognize the assistance and sup-
port of the representatives of Uisce Éireann, GRCA 
and OMNR who were so generous with their 

time during our workshops. All authors acknowl-
edge funding from the Irish Research Council 
(COALESCE/2019/43). Eva Jobbová and Francis 
Ludlow acknowledge additional support from the 
European Research Council (Synergy grant agree-
ment no. 951649). 

CONFLICT OF INTEREST DISCLOSURE

The authors have no conflict of interest to disclose.

REFERENCES

Aligica, P.D. 2006 Institutional and Stakeholder Mapping: 
Frameworks for Policy Analysis and Institutional 
Change. Public Organization Review 6, 79–90. https://
doi.org/10.1007/s11115–006–6833–0

Antwi, S.H, Rolston, A., Linnane, S. and Getty, D. 2022 
Communicating water availability to improve aware-
ness and implementation of water conservation: a study 
of the 2018 and 2020 drought events in the Republic 
of Ireland. Science of the Total Environment 807, 150865. 
https://doi.org/10.1016/j.scitotenv.2021.150865

Atwood, C., Kreutzwiser, R. and De Loë, R. 2007 Res-
idents’ assessment of an urban outdoor water con-
servation program in Guelph, Ontario. Journal of 
the American Water Resources Association 43, 427–39. 
https://doi.org/10.1111/j.1752-1688.2007.00033.x

Augustenborg, C.A., Kelleherb, L., O’Neillband, E. and 
Cloona, H. 2022 Insights from the 2018 drought in 
Ireland’s broadsheet media. Environmental Communi-
cations 16(4), 445–57. https://doi.org/10.1080/175
24032.2022.2063917

Brady, J. and Grey N.F. 2010 Group water schemes in Ire-
land: their role within the Irish water sector. European 
Water 29, 39–58. https://www.ewra.net/ew/pdf/
EW_2010_29_05.pdf (accessed 4 July 2023)

Charlton, R., Fealy, R., Moore, S., Sweeney, J. and Mur-
phy, C. 2006 Assessing the impact of climate change 
on water supply and flood hazard in Ireland using 
statistical downscaling and hydrological modelling 
techniques. Climatic Change 74, 475–91.

Conservation Ontario 2022 About conservation authorities. 
https://conservationontario.ca/conservation-au-
thorities/about-conservation-authorities (accessed 4 
July 2023)

Corcoran, M. 2005 Our good health: a history of Dublin’s 
water and drainage Dublin. Dublin City Council.

Dillon, E., Donnellan, T., Hanrahan, K., Houlihan, T., 
Kinsella, A., Loughrey, J., McKeon, M., Moran, B. 
and Thorne F. 2019 Outlook 2019: economic pros-
pects for agriculture. Dublin. https://www.teagasc.ie/
media/website/publications/2018/Outlook2019.
pdf (accessed 4 July 2023)

Disch, J., Kay, P. and Mortsch, L. 2012  A resiliency assess-
ment of Ontario’s low-water response mechanism: 
implications for addressing management of low-wa-
ter under potential future climate change, Canadian 
Water Resources Journal / Revue canadienne des ressources 

http://muse.jhu.edu/resolve/199
https://doi.org/10.1007/s11115-006-6833-0
https://doi.org/10.1007/s11115-006-6833-0
https://doi.org/10.1016/j.scitotenv.2021.150865
https://doi.org/10.1111/j.1752-1688.2007.00033.x
https://doi.org/10.1080/17524032.2022.2063917
https://doi.org/10.1080/17524032.2022.2063917
https://www.ewra.net/ew/pdf/EW_2010_29_05.pdf
https://www.ewra.net/ew/pdf/EW_2010_29_05.pdf
https://conservationontario.ca/conservation-authorities/about-conservation-authorities
https://conservationontario.ca/conservation-authorities/about-conservation-authorities
https://www.teagasc.ie/media/website/publications/2018/Outlook2019.pdf
https://www.teagasc.ie/media/website/publications/2018/Outlook2019.pdf
https://www.teagasc.ie/media/website/publications/2018/Outlook2019.pdf


InstItutIonal management and plannIng for droughts

83

supply, management, and governance issues. Ecol-
ogy and Society 19(4), 10. https://doi.org/10.5751/
ES-06921-190410

Mac Guill, D. 2016 FactCheck: Who uses water most, and 
who pays most of the cost? TheJournal.ie. https://
www.thejournal.ie/households-businesses-irish-
water-usage-costs-factcheck-2852594-Jun2016/ 
(accessed 4 July 2023)

Meehan, S. 2021 Irish Water warns of risk of drought 
in some areas as heatwave continues. Agriland.  
https://www.agriland.ie/farming-news/irish-wa-
ter-warns-of-risk-of-drought-in-some-areas-as-
heatwave-continues/ (accessed 4 July 2023)

Meresa, H., Donegan, S., Golian, S. and Murphy, C. 2022 
Simulated changes in seasonal and low flows with 
climate change for Irish catchments. Water 14(10), 
1556. https://doi.org/10.3390/w14101556

Met Éireann 2020 Summer 2018: an analysis of the heat-
waves and droughts that affected Ireland and Europe in 
the summer of 2018. https://www.met.ie/cms/as-
sets/uploads/2020/06/Summer2018.pdf (accessed 
4 July 2023)

Met Éireann 2021 Drought summary. https://www.met.ie/
drought-summary (accessed 4 July 2023)

Met Éireann 2022 Met Éireann’s weather observation network. 
https://www.met.ie/climate/what-we-measure  
(accessed 4 July 2023)

Mishra, A.K. and Singh, V.P. 2010 A review of drought 
concepts. Journal of Hydrology 391(1–2), 202–16.

Mooney, S., O’Dwyer, J. and Hynds, P.D. 2021 Private 
groundwater management and risk awareness: a 
cross-sectional analysis of two age-related subsets 
in the Republic of Ireland. Science of The Total En-
vironment 796, 148844. https://doi.org/10.1016/j.
scitotenv.2021.148844

Murray, S. 2018 During the drought, some areas were 
losing half of their water supply because of leaks. 
TheJournal.ie. https://www.thejournal.ie/irish-wa-
ter-leakages-4181564-Aug2018/ (accessed 4 July 
2023)

National Drought Mitigation Center 2021 Types of 
drought. Drought in-depth. University of Nebras-
ka-Lincoln. https://drought.unl.edu/Education/
DroughtIn-depth/TypesofDrought.aspx (accessed 4 
July 2023)

Nolan, P., O’Sullivan, J. and McGrath, R. 2017 Impacts of 
climate change on mid-twenty-first-century rainfall 
in Ireland: a high-resolution regional climate model 
ensemble approach. International Journal of Climatology 
37(12) 4347–63. https://doi.org/10.1002/joc.5091

Nolan, P. and Flanagan, J. 2020 High-resolution climate pro-
jections for Ireland – a multi-model ensemble approach. 
EPA Research Report No. 339. Wexford. Environ-
mental Protection Agency. https://www.epa.ie/
publications/research/climate-change/Research_
Report_339_Part1.pdf (accessed 4 July 2023)

Noone, S., Murphy, C., Coll, J., Matthews, T., Mullan, D., 
Wilby, R.L. and Walsh, S. 2016 Homogenization and 
analysis of an expanded long-term monthly rain-
fall network for the Island of Ireland (1850–2010). 
International Journal of Climatology 36(8), 2837–53. 
https://rmets.onlinelibrary.wiley.com/doi/10.1002/
joc.4522 (accessed 4 July 2023)

O’Brien, T. 2018 Extreme weather events made a big im-
pact in 2018. The Irish Times. https://www.irishtimes.

hydriques 37(2), 105–23. https://doi.org/10.4296/
cwrj3702916

Earle, R. and Blacklocke, S. 2008 Master plan for water 
framework directive activities in Ireland leading to 
river basin management plans. Desalination 226, 134–42

EurEau newsletter 2020 Briefing note – The impact of 
drought on drinking water. Available at: https://www.
eureau.org/resources/briefing-notes/5111-briefing-
note-on-the-impact-of-drought-on-drinking-wa-
ter/file (accessed 4 July 2023)

Falzoi, S., Gleeson, E., Lambkin, K., Zimmermann, J., 
Marwaha, R., O’Hara, R., Green, S. and Fratianni, 
S. 2019 Analysis of the severe drought in Ireland in 
2018. Weather 74 368–73. https://doi.org/10.1002/
wea.3587 

Framework for a major emergency management 2020 
Guidance document 14, A guide to severe weather 
emergencies. https://assets.gov.ie/180177/93ee56e3–
59bb-4157-bce9–485d661629e6.pdf (accessed 4 July 
2023)

Fraser, C.M., Brickell, J. and Kalin, R.M. 2020 
Post-Brexit implications for transboundary 
groundwater management along the Northern 
Ireland and the Republic of Ireland border. En-
vironmental Research Letters 15, 44022. https://doi.
org/10.1088/1748–9326/ab7392 

Glantz, M.H. and Katz, R.W. 1977 When is a drought a 
drought? Nature 267, 192–93.

Government of Ontario 2022 Surface water monitoring 
centre. https://www.ontario.ca/page/surface-wa-
ter-monitoring-centre (accessed 4 July 2023)

Grand River Conservation Authority 2023 Groundwater 
resources. https://www.grandriver.ca/en/our-water-
shed/Groundwater-resources.aspx 

Hall, J. and Murphy, C. 2010 Vulnerability analysis of future 
public water supply under changing climate condi-
tions: a study of the Moy catchment, western Ireland. 
Water Resources Management 24, 3527–45. https://doi.
org/10.1007/s11269–010–9618–8 

Irish Water 2021 National water resources plan: framework 
plan, technical appendices: appendix E: drought planning. 
https://www.water.ie/projects/strategic-plans/na-
tional-water-resources/NWRP_FP-Appendix-E_
Drought-Planning-Final-.pdf (accessed 4 July 2023)

Irish Water 2022 National leakage reduction programme. 
https://www.water.ie/projects/national-projects/
leakage-reduction-programme/ (accessed 4 July 2023)

Jacobs Engineering Ireland Limited 2015 Water supply 
project midlands and eastern region water demand review. 
https://www.water.ie/projects/national-projects/
water-supply-project-east-1/publications/Vol-4_
Water-Demand-Review.pdf (accessed 4 July 2023)

Kapuściński, G. and Richards, B. 2016 News framing  
effects on destination risk perception. Tourism  
Management 57, 234–44. https://doi.org/10.1016/j.
tourman.2016.06.017

Kellett, W. 2020 Total grain output this year to ‘drop 
from 2.3 to 1.9 million tonnes’ due to the drought. 
Agriland. https://www.agriland.ie/farming-news/
total-grain-output-this-year-to-drop-from-2–3-to-
1–9-million-tonnes-due-to-the-drought/ (accessed 
4 July 2023)

Kelly-Quinn, M., Blacklocke, S., Bruen, M., Earle, R., 
O‘Neill, E., O‘Sullivan, J. and Purcell, P. 2014 Dub-
lin, Ireland: a city addressing challenging water  

https://doi.org/10.5751/ES-06921-190410
https://doi.org/10.5751/ES-06921-190410
http://TheJournal.ie
https://www.thejournal.ie/households-businesses-irish-water-usage-costs-factcheck-2852594-Jun2016/
https://www.thejournal.ie/households-businesses-irish-water-usage-costs-factcheck-2852594-Jun2016/
https://www.thejournal.ie/households-businesses-irish-water-usage-costs-factcheck-2852594-Jun2016/
https://www.agriland.ie/farming-news/irish-water-warns-of-risk-of-drought-in-some-areas-as-heatwave-continues/
https://www.agriland.ie/farming-news/irish-water-warns-of-risk-of-drought-in-some-areas-as-heatwave-continues/
https://www.agriland.ie/farming-news/irish-water-warns-of-risk-of-drought-in-some-areas-as-heatwave-continues/
https://doi.org/10.3390/w14101556
https://www.met.ie/cms/assets/uploads/2020/06/Summer2018.pdf
https://www.met.ie/cms/assets/uploads/2020/06/Summer2018.pdf
https://www.met.ie/drought-summary
https://www.met.ie/drought-summary
https://www.met.ie/climate/what-we-measure
https://doi.org/10.1016/j.scitotenv.2021.148844
https://doi.org/10.1016/j.scitotenv.2021.148844
http://TheJournal.ie
https://www.thejournal.ie/irish-water-leakages-4181564-Aug2018/
https://www.thejournal.ie/irish-water-leakages-4181564-Aug2018/
https://drought.unl.edu/Education/DroughtIn-depth/TypesofDrought.aspx
https://drought.unl.edu/Education/DroughtIn-depth/TypesofDrought.aspx
https://doi.org/10.1002/joc.5091
https://www.epa.ie/publications/research/climate-change/Research_Report_339_Part1.pdf
https://www.epa.ie/publications/research/climate-change/Research_Report_339_Part1.pdf
https://www.epa.ie/publications/research/climate-change/Research_Report_339_Part1.pdf
https://rmets.onlinelibrary.wiley.com/doi/10.1002/joc.4522
https://rmets.onlinelibrary.wiley.com/doi/10.1002/joc.4522
https://www.irishtimes.com/news/ireland/irish-news/extreme-weather-events-made-a-big-impact-in-2018
https://doi.org/10.4296/cwrj3702916
https://doi.org/10.4296/cwrj3702916
https://www.eureau.org/resources/briefing-notes/5111-briefing-note-on-the-impact-of-drought-on-drinking-water/file
https://www.eureau.org/resources/briefing-notes/5111-briefing-note-on-the-impact-of-drought-on-drinking-water/file
https://www.eureau.org/resources/briefing-notes/5111-briefing-note-on-the-impact-of-drought-on-drinking-water/file
https://www.eureau.org/resources/briefing-notes/5111-briefing-note-on-the-impact-of-drought-on-drinking-water/file
https://doi.org/10.1002/wea.3587
https://doi.org/10.1002/wea.3587
https://assets.gov.ie/180177/93ee56e3-59bb-4157-bce9-485d661629e6.pdf
https://assets.gov.ie/180177/93ee56e3-59bb-4157-bce9-485d661629e6.pdf
https://doi.org/10.1088/1748-9326/ab7392
https://doi.org/10.1088/1748-9326/ab7392
https://www.ontario.ca/page/surface-water-monitoring-centre
https://www.ontario.ca/page/surface-water-monitoring-centre
https://www.grandriver.ca/en/our-watershed/Groundwater-resources.aspx
https://www.grandriver.ca/en/our-watershed/Groundwater-resources.aspx
https://doi.org/10.1007/s11269-010-9618-8
https://doi.org/10.1007/s11269-010-9618-8
https://www.water.ie/projects/strategic-plans/national-water-resources/NWRP_FP-Appendix-E_Drought-Planning-Final-.pdf
https://www.water.ie/projects/strategic-plans/national-water-resources/NWRP_FP-Appendix-E_Drought-Planning-Final-.pdf
https://www.water.ie/projects/strategic-plans/national-water-resources/NWRP_FP-Appendix-E_Drought-Planning-Final-.pdf
https://www.water.ie/projects/national-projects/leakage-reduction-programme/
https://www.water.ie/projects/national-projects/leakage-reduction-programme/
https://www.water.ie/projects/national-projects/water-supply-project-east-1/publications/Vol-4_Water-Demand-Review.pdf
https://www.water.ie/projects/national-projects/water-supply-project-east-1/publications/Vol-4_Water-Demand-Review.pdf
https://www.water.ie/projects/national-projects/water-supply-project-east-1/publications/Vol-4_Water-Demand-Review.pdf
https://doi.org/10.1016/j.tourman.2016.06.017
https://doi.org/10.1016/j.tourman.2016.06.017
https://www.agriland.ie/farming-news/total-grain-output-this-year-to-drop-from-2-3-to-1-9-million-tonnes-due-to-the-drought/
https://www.agriland.ie/farming-news/total-grain-output-this-year-to-drop-from-2-3-to-1-9-million-tonnes-due-to-the-drought/
https://www.agriland.ie/farming-news/total-grain-output-this-year-to-drop-from-2-3-to-1-9-million-tonnes-due-to-the-drought/


Biology And EnvironmEnt

84

com/news/ireland/ir ish-news/extreme-weath-
er-events-made-a-big-impact-in-2018–1.3717414  
(accessed 4 July 2023)

O’Connor, P., Murphy, C., Matthews, T. and Wilby, R.L. 2022 
Relating drought indices to impacts reported in news-
paper articles. International Journal of Climatology 43(4), 
1796–1816. https://doi.org/10.1002/joc.7946 

O’Dwyer, J., Chique, C., Weatherill, J. and Hynds, P. 2021 
Impact of the 2018 European drought on microbial 
groundwater quality in private domestic wells: a case 
study from a temperate maritime climate. Journal of 
Hydrology 601, 126669. https://doi.org/10.1016/j.
jhydrol.2021.126669

O’Neill, E., Devitt, C., Lennon, M., Duvall, P., Astori, 
L., Ford, R. and Hughes, C.  2018  The dynamics 
of justification in policy reform: insights from water 
policy debates in Ireland. Environmental Communica-
tion 12(4), 451–61. https://doi.org/10.1080/175240
32.2018.1429478 

Quinlan, C. 2019 Measuring the impact of the 2018 
summer drought on river flows and lake levels. 
Catchments.ie. https://www.catchments.ie/measur-
ing-the-impact-of-the-2018-summer-drought-on-
river-flows-and-lake-levels/ (accessed 4 July 2023)

Raollaigh, J.M. 2022 Some supplies under pressure as Irish 
Water launches conservation tool. RTE.ie. https://
www.rte.ie/news/2022/0509/1296839-water-sup-
plies-conservation/ (accessed 4 July 2023)

Roth, A. and Murray, D. 2014 Ontario’s low water response 
planning: making decisions for areas most vulnerable to 
drought and low water conditions. University of Water-
loo, Water Policy and Governance Group. https://
www.researchgate.net/publication/314327787_
Roth_A_and_Murray_D_2014_Ontario’s_Low_
Water_Response_Planning_Making_Decisions_
for_Areas_Most_Vulnerable_to_Drought_and_
Low_Water_Conditions_Waterloo_Ontar io_
Water_Policy_and_Governance_Group 

Roth, A.P. and de Loë, R.C. 2017 Incorporating out-
comes from collaborative processes into govern-
ment decision making: a case study from low water 

response planning in Ontario, Canada. Ecological 
Economics 132, 169–78. https://doi.org/10.1016/j.
ecolecon.2016.10.015

Rolston, A., Jennings, E. and Linnane, S. 2017 Water mat-
ters: an assessment of opinion on water management 
and community engagement in the Republic of 
Ireland and the United Kingdom. PLoS ONE 12: 
e0174957.

Rolston, A. and Linnane, S. 2020 Drinking water 
source protection for surface water abstractions: 
an overview of the group water scheme sector 
in the Republic of Ireland. Water 12. https://doi.
org/10.10.3390/w12092437

Shifflett, S. 2014 Grand River watershed water management 
plan: drought contingency plan: local actions in the Grand 
River watershed. Grand River Conservation Author-
ity, Cambridge, ON. https://www.grandriver.ca/
en/our-watershed/resources/Documents/WMP/
Water_WMP_Report_Drought.pdf

Statistics Canada 2021 Table 38–10–0271–01  Potable 
water use by sector and average daily use. https://doi.
org/10.25318/3810027101-eng

Webster, K.E., Tedd, K., Coxon, C. and Donohue, I. 2017 
Environmental flow assessment for Irish rivers. EPA Re-
search Report No. 203. Wexford. Environmental 
Protection Agency. https://www.epa.ie/publica-
tions/research/water/EPA-RR-203-final-web-3.
pdf (accessed 4 July 2023)

World Meteorological Organization (WMO) and Global 
Water Partnership (GWP) 2016 Handbook of 
drought indicators and indices. Integrated Drought 
Management Programme (IDMP), Integrated 
Drought Management Tools and Guidelines Series 2. 
Geneva. https://www.droughtmanagement.info/
literature/GWP_Handbook_of_Drought_Indica-
tors_and_Indices_2016.pdf (accessed 4 July 2023)

World Meteorological Organization (WMO) 2012 Stan-
dardized precipitation index user guide. WMO-No. 
1090. Geneva 2, Switzerland. https://library.wmo.
int/doc_num.php?explnum_id=7768 (accessed 4 
July 2023)

View publication stats

https://www.irishtimes.com/news/ireland/irish-news/extreme-weather-events-made-a-big-impact-in-2018
https://www.irishtimes.com/news/ireland/irish-news/extreme-weather-events-made-a-big-impact-in-2018
https://doi.org/10.1002/joc.7946
https://doi.org/10.1016/j.jhydrol.2021.126669
https://doi.org/10.1016/j.jhydrol.2021.126669
https://doi.org/10.1080/17524032.2018.1429478
https://doi.org/10.1080/17524032.2018.1429478
http://Catchments.ie
https://www.catchments.ie/measuring-the-impact-of-the-2018-summer-drought-on-river-flows-and-lake-levels/
https://www.catchments.ie/measuring-the-impact-of-the-2018-summer-drought-on-river-flows-and-lake-levels/
https://www.catchments.ie/measuring-the-impact-of-the-2018-summer-drought-on-river-flows-and-lake-levels/
http://RTE.ie
https://www.rte.ie/news/2022/0509/1296839-water-supplies-conservation/
https://www.rte.ie/news/2022/0509/1296839-water-supplies-conservation/
https://www.rte.ie/news/2022/0509/1296839-water-supplies-conservation/
https://www.researchgate.net/publication/314327787_Roth_A_and_Murray_D_2014_Ontario’s_Low_Water_Response_Planning_Making_Decisions_for_Areas_Most_Vulnerable_to_Drought_and_Low_Water_Conditions_Waterloo_Ontario_Water_Policy_and_Governance_Group
https://www.researchgate.net/publication/314327787_Roth_A_and_Murray_D_2014_Ontario’s_Low_Water_Response_Planning_Making_Decisions_for_Areas_Most_Vulnerable_to_Drought_and_Low_Water_Conditions_Waterloo_Ontario_Water_Policy_and_Governance_Group
https://www.researchgate.net/publication/314327787_Roth_A_and_Murray_D_2014_Ontario’s_Low_Water_Response_Planning_Making_Decisions_for_Areas_Most_Vulnerable_to_Drought_and_Low_Water_Conditions_Waterloo_Ontario_Water_Policy_and_Governance_Group
https://www.researchgate.net/publication/314327787_Roth_A_and_Murray_D_2014_Ontario’s_Low_Water_Response_Planning_Making_Decisions_for_Areas_Most_Vulnerable_to_Drought_and_Low_Water_Conditions_Waterloo_Ontario_Water_Policy_and_Governance_Group
https://www.researchgate.net/publication/314327787_Roth_A_and_Murray_D_2014_Ontario’s_Low_Water_Response_Planning_Making_Decisions_for_Areas_Most_Vulnerable_to_Drought_and_Low_Water_Conditions_Waterloo_Ontario_Water_Policy_and_Governance_Group
https://www.researchgate.net/publication/314327787_Roth_A_and_Murray_D_2014_Ontario’s_Low_Water_Response_Planning_Making_Decisions_for_Areas_Most_Vulnerable_to_Drought_and_Low_Water_Conditions_Waterloo_Ontario_Water_Policy_and_Governance_Group
https://www.researchgate.net/publication/314327787_Roth_A_and_Murray_D_2014_Ontario’s_Low_Water_Response_Planning_Making_Decisions_for_Areas_Most_Vulnerable_to_Drought_and_Low_Water_Conditions_Waterloo_Ontario_Water_Policy_and_Governance_Group
https://doi.org/10.1016/j.ecolecon.2016.10.015
https://doi.org/10.1016/j.ecolecon.2016.10.015
https://doi.org/10.10.3390/w12092437
https://doi.org/10.10.3390/w12092437
https://www.grandriver.ca/en/our-watershed/resources/Documents/WMP/Water_WMP_Report_Drought.pdf
https://www.grandriver.ca/en/our-watershed/resources/Documents/WMP/Water_WMP_Report_Drought.pdf
https://www.grandriver.ca/en/our-watershed/resources/Documents/WMP/Water_WMP_Report_Drought.pdf
https://doi.org/10.25318/3810027101-eng
https://doi.org/10.25318/3810027101-eng
https://www.epa.ie/publications/research/water/EPA-RR-203-final-web-3.pdf
https://www.epa.ie/publications/research/water/EPA-RR-203-final-web-3.pdf
https://www.epa.ie/publications/research/water/EPA-RR-203-final-web-3.pdf
https://www.droughtmanagement.info/literature/GWP_Handbook_of_Drought_Indicators_and_Indices_2016.pdf
https://www.droughtmanagement.info/literature/GWP_Handbook_of_Drought_Indicators_and_Indices_2016.pdf
https://www.droughtmanagement.info/literature/GWP_Handbook_of_Drought_Indicators_and_Indices_2016.pdf
https://library.wmo.int/doc_num.php?explnum_id=7768
https://library.wmo.int/doc_num.php?explnum_id=7768
https://www.researchgate.net/publication/373432366

