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Executive Summary

There is growing concern surrounding the important linkages between water quality and
climate change. This policy brief and full report was commissioned by An Féram Uisce's
Open Research Call with the aim of identifying where water and climate policies align and
diverge with each other and with scientific evidence. The key findings and recommendations
are outlined in this brief with regard to improving policy coherence for water quality
management and climate change.

The availability of high-quality freshwater is crucial for enabling good public health, a
functioning environment, and a productive economy. Over 80% of Ireland’s water supply
comes from surface waters (lakes, rivers, and streams), which is used for domestic drinking
water supply, wastewater treatment, irrigation, industrial activities, hydropower generation,
while also being an important resource for fishing and recreational activities. In addition,
around 750,000 people rely on private groundwater sources for daily domestic use.
Impaired water quality is a persistent and growing problem in Ireland, increasing costs
associated with drinking water and food production, along with degrading ecosystems.

Extreme weather events are expected to include extended periods of abnormally low
precipitation (droughts), rapid high-intensity precipitation events and flooding, along with
increased heat waves and storm activity. In Ireland, observed changes in climate indicate
that seasonal shifts in temperature and precipitation patterns are emerging across a clear
west-to-east divide. Projected changes in seasonal precipitation suggest an increase in the
frequency of rapid high-intensity precipitation events during the autumn and winter months,
mostly affecting the south and west coast of Ireland. A substantial reduction in precipitation
during the spring and summer months is projected, which will likely result in extended
periods of water stress during the summer months, mostly affecting, but not exclusive to,
the east and southeast of the country. The number of heatwave events are expected to
increase over the 20-year period (2041-2060), with the largest increases in the southeast
of the country. Furthermore, annual reduced river discharges, associated with increased low
flow periods are already evident in the east and south of Ireland, while the midlands, west
and north largely show a pattern towards increasing flows.




The quality of water will be affected at different times of the year and in different parts of
the country. For example, heavy rainfall events could put pressure on water infrastructure,
particularly for combined sewage overflow systems in urban areas (i.e., Dublin, Cork and
Galway city). Ordinarily in urban centres all the waste water is treated before discharge;
however, heavy rains can overwhelm combined sewage overflow systems by contributing
additional stormwater, and in order to avoid sewers becoming overwhelmed in high rainfall
events, excess water is discharged straight into local receiving waters, sending with it a
cocktail of pathogens, active pharmaceutical ingredients, household chemicals, heavy
metals, hydrocarbons, pesticides, excess nutrients, and other pollutants. The effect on water
quality depends on a combination of climate change at the regional- to local scale, time of
year (i.e, autumn and winter versus spring and summer months), population growth, and
aging infrastructure. Conversely, reduced precipitation may lead to less dilution of
contaminants present in water, resulting in the concentration of pollutant levels above
‘Environmental Quality Standards’ (EQS). In rivers and lakes, warmer summer temperatures
may exacerbate the effects of eutrophication (excessive growth of plants and algae due to
the increased availability of photosynthetic growing factors) and increase the abundance of
cyanobacterial blooms. Some cyanobacteria produce cyanotoxins (secondary metabolites),
which threaten the safe use of water for drinking and recreational (and even tourism)
activities. A more complex scenario involves disentangling the combined impacts of
temperature and precipitation change. For example, concentrations of organic carbon in
streams and rivers draining upland peatlands have increased rapidly in recent decades due
to a combination of changes in atmospheric deposition chemistry and peat degradation.
The peatlands responsible for supplying high volumes of potable water in Ireland are all
situated in upland areas (at least 300 m above sea level). Ireland consumes 0.19 km3 yr-1 of
mixed-source peat-fed potable water, equivalent to supporting 4.22 million people in
Ireland. Projected climate change (warmer temperatures and modified precipitation) to
2100 is predicted to cause severe degradation (drying) of peatlands, resulting in
accelerated peat decomposition, release of aquatic carbon and a reduction water quality
draining peat dominated systems. This will likely increase costs associated with disinfecting
potable water in treatment plants, which will be required to not only remove organic carbon
but also to mitigate the production of harmful disinfection by-products during the
chlorination process, some of which are harmful to human health, such as trihalomethanes
(THMs).

In addition to climate change, pressures from population growth and demographic and
societal change (e.g. urbanisation, agricultural intensification), along with aging water
infrastructure will compound existing pressures on the water sector. The population of
Ireland has grown by 7.6% since 2016 and this growth is evident across every county. The
impacts of climate change should inform investment in planning and ensure our
infrastructure, and population, are more resilient to the realities of shifting regional weather
patterns. It is essential that international initiatives, European legislation, and national
strategies that promote policy responses to the water quality challenge are inclusive of
climate change. This holds particularly true for the attainment of the 2030 Agenda and
Sustainable Development Goals.

Effective action to integrate climate adaptation plans for water quality must be fully
comprehensive to ensure the right measures are put in place to address the interconnected
pressures of anthropogenic pollution, degradation of the quality of water, and climate
change. To achieve this, coherence in policy documents and plans is essential. This requires
identifying where water and climate policies align and diverge with scientific evidence. This
information can be used to coordinate national efforts to maximise the capacity and impact
of key national legislation to minimise the negative impacts of water quality in a warming
world.
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Recommendation 1.1: Identify and acknowledge risks where water quality
will be impacted by climate change. The impacts of climate change on water
quality should not be addressed in isolation. Drivers of water quality
degradation (both individual pressures and climate change) should be
addressed in tandem to adequately mitigate environmental impact.

Recommendation 1.2: The Climate Action Plan should be revised. The
impacts listed in Box 211, Page 202 — Potential Impacts of Climate Change in
Ireland, require a significant revision to provide an informed and
comprehensive review. Impacts should be identified as ‘expected’ not
‘potential’ impacts.

Recommendation 1.3 The Climate Change Adaptation Plans for each sector
should be revised and updated with measures where water quality is
relevant to the various sectors. Table 10 in the main report outlines the
current gaps.



Recommendation 1.4: The Water Quality and Water Services, Climate
Change Sectoral Adaptation Plan should be revised and include the
following;

Increased lake water temperatures will alter thermal stratification patterns
(lake mixing) resulting in major physical, chemical, and ecological effects in
freshwater lakes and thus impacting on water quality, including an
acceleration of lake deoxygenation with subsequent effects on nutrient
mineralisation and phosphorus release from hypoxic and/or anoxic lake
sediments.

The impact of harmful cyanobacterial blooms on recreational activities
Increased contamination and mobilisation of nutrients associated with
rapid, high-intensity precipitation events and flooding should also be
included for groundwater in karst regions.

The drying of peatlands and the increase of DOC export to surface water
systems should be included. Increased concentrations of DOC in
freshwaters originating from peat soils have implications both for the
ecology of receiving waters and for the quality and treatment costs of
water used for human consumption.

Atmospheric wet deposition of nutrients, particularly nitrogen and
ammonium should be included as a pollutant source in surface waters
Marine and freshwater acidification should be considered as a challenge for
climate adaptation. Ocean and freshwater acidification will impact aquatic
and marine ecosystems and subsequent food sources; while this cannot
be mitigated at a local/regional level, adaptation of economically important
species such as shellfish should be considered.

Recommendation 1.5: The National Water Resources Plan should be revised
to include increased dissolved organic carbon export should be included as an
additional barrier in the ‘Drinking Water Safety Plan and Barrier Assessment
approaches’ section, due to associated disinfection-by-product issues with
carcinogenic THM formation during the chlorination process. This will be a
significant issue for water treatment functioning and cost with climate change.

Recommendation 1.6: Amendments need to be made to EU legislation
(including Urban Wastewater Directive, Bathing Water Directive and Nitrates
Directive) to adequately future-proof our water resources and aquatic
ecosystems from the effects of climate change. These include:



« Update needed for the Urban Waste Water Treatment directive, Annex 1
“extreme values for the water quality in question shall not be taken into
consideration when they are the result of unusual situations such as those
due to heavy rain”. Climate change projections include increased
frequency and intensity of rapid, high-intensity precipitation events and
flooding for Ireland and the EU, therefore ‘heavy rain” will no longer be an
‘unusual event’, highlighting the necessity to revise this directive.

« Additionally, in the Urban Waste Water Treatment directive, Annex Il, “a
marine water body” is considered a “less sensitive area”. The recent EPA
report on Water Quality in Ireland shows a significant decline in transitional
(estuarine) and coastal waters, which indicates that they are sensitive
areas.

» Warmer water temperature associated with climate change will exacerbate
the formation of harmful cyanobacterial blooms in standing waters. This
factor should be included in the management of Bathing Water Quality
Directive (2006/7/EC), Annex lll bathing water profile.

« The Protection of waters against pollution caused by nitrates from
agricultural sources (Nitrates Directive 91/676/EEC) does not consider
surplus nitrogen pollution, which is volatilised into the atmosphere from
chemical fertiliser application. Atmospheric nitrogen deposition is a
significant extra-regional nutrient source through wet deposition; the
exclusion of this process is a fundamental oversight. The lack of inclusion of
climate change as an influencing variable on various water-related
directives is highlighted in Table 5.

Integration

Recommendation 2.1: Develop an integrated cross-sectoral approach with
all stakeholders.

Coordinated long-term national strategies for sustainably managing water in
the face of climate change must look at water quality and quantity in a holistic
way through collaboration with other sectors that develop policies and plans
for activities that pose threats to water security.



Recommendation 2.2: National policies should be reviewed and updated to
ensure climate action and climate adaptation measures account for
impacts on water quality. Government officials responsible for the River Basin
Management Plan 2022-2027, Water Quality and Water Services, Climate
Change Sectoral Adaptation Plan, Climate Action Plan 2021 and the Nitrates
Action Plan should consult and engage with one another for better alignment,
with supporting input from the EPA and latest research (Higher Education
Institutes).

Recommendation 2.3: There should be better alignment between the
Climate Action Plan and the Sustainable Development Goals SDGs:

o« SDG targets such as 14.3 ocean acidification, 14.2 protect and restore
ecosystems, 14.5 conserve  coastal and marine areas and 14.8 increase
scientific knowledge, research and technology for ocean health should also
be included.

o The Life On Land SDG (15) should also include the following relevant
targets, 15.5 Protect Biodiversity and Natural Habitats, 15.8 Prevent invasive
alien species on land and in water ecosystems, and 15.9 Integrate
ecosystem and biodiversity in governmental planning.

» Various other SDGs relate to the anticipated impacts of water quality from
current and projected climate change, including SDG 3 (good health and
well-being), SDG 6 (clean water and sanitation), SDG 12 (responsible
consumption and production).

Communication

Recommendation 3.1: Improve communication and synergies between
government bodies and other stakeholders. Government departments,
higher Education Institutes, regional authorities and consultancies should work
together to develop innovative and tailored practical solutions for water and
climate related issues.

Recommendation 3.2: Increase transparency in roles and responsibilities
among government bodies, state agencies, non-government organisations
and any other relevant stakeholders, to ensure accountability for action for
climate adaptation measures relevant to water.



Research

Recommendation 4.1: Conduct research to fill knowledge gaps on water
quality and climate change. Provide technical guidance based on science.
Funding should be allocated and research calls expedited to address strategic
priority relevant to increasing knowledge on climate change impacts on water
quality in Ireland.

Recommendation 4.2: Future research on the exacerbated effects of
eutrophication and the presence of cyanobacterial blooms relating to warmer
temperatures and modified precipitation. This will have implications for water
quality (reduced dissolved oxygen levels, light penetration and increased
alkalinity of the water), aquatic organisms (biodiversity) and human health
(aquaculture and recreational activities).

Recommendation 4.3: Future research on the anticipated impacts of
dissolved organic carbon (DOC) from organic soils and peatlands due to
climate change will impact water bodies and resulting contaminant
mitigation in drinking water treatment. DOC export is currently not regulated
in Irish surface waters and will likely pose a significant issue to the functioning
and cost of water treatment processes for human consumption.

Recommendation 4.4: Future research on the influence of atmospheric wet
deposition of nutrients e.g. nitrogen and ammonium and subsequent
enrichment should be included. The increased nutrient influx will exacerbate
the effects of eutrophication and the prevalence of harmful cyanobacterial
blooms, amongst other aquatic ecosystem alterations impacting water quality
and restoration plans of water bodies.

Recommendation 4.5: Additional research on the impact and projections
for:
o groundwater quality (monitoring) in karst regions, regional/local sea level
rise monitoring and enhanced understanding of storm activity in Ireland
» extent of saline intrusion in vulnerable groundwater drinking water sources
o chloroform and trihalomethane (THM) formation in response to climate
change
e marine and freshwater acidification impacts on water quality and aquatic
ecosystems
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Figure 2. SCOT analysis highlighting the strengths, challenges, opportunities, and threats for
water quality in Ireland, based on the findings of this report.




Scientific Context - Climate
Change in Ireland

Ireland’s climate is changing in line with global trends (IPCC, 2021). Surface air
temperature has increased by approximately 11°C from pre-industrial levels
(IPCC, 2021; Kaufman and McKay, 2022). The Intergovernmental Panel on Climate
Change (IPCC) has predicted with high confidence that global temperatures will
further increase at a rate of 0.2°C (likely between 0.1°C and 0.3°C) per decade
(IPCC, 2021). In addition to warmer surface air and water (freshwater and marine)
temperatures, the IPCC Sixth Assessment Report AR6 WII (IPCC, 2022) and the
Climate Status Report for Ireland (EPA, 2021) predict changes in seasonality and
precipitation patterns, increased incidence of extreme weather events and a
gradual continued rise in sea level in Ireland. Extreme weather events are
expected to include extended periods of abnormally low precipitation (i.e,
droughts), rapid high-intensity precipitation events and flooding, heat waves,
storms, and associated storm surge events, along with a reduced frost season
and decreased snowfall in Ireland (Nolan and Flanagan, 2020).

In Ireland, observed changes in climate indicate that seasonal shifts in
temperature and precipitation patterns are emerging across a clear west-to-
east divide. Projected changes in seasonal precipitation show marked shifts, with
a 20% increase in the frequency of rapid high-intensity precipitation events
during the autumn and winter months, mostly affecting the south and west coast
of Ireland (Nolan and Flanagan, 2020). The number of ‘wet days’ (> 20mm of
daily precipitation) is expected to increase by between 10% to 14%, while the
number of ‘very wet days’ (> 30mm of daily precipitation) is expected to
increase by between 21% to 31% (Nolan and Flanagan, 2020). A substantial
reduction in precipitation during the spring and summer months is projected,
which will likely result in extended periods of water stress (Steele-Dunne et al,,
2008; EPA, 2020). Projections anticipate a 20% to 27% increase in the number of
‘dry periods’ (< Imm of precipitation daily, over a 5-day period) during the
summer months, mostly affecting, but not exclusive to, the east and southeast
of the country (Nolan and Flanagan, 2020). The number of heatwave events are
expected to increase over the 20-year period (2041-2060), with the largest
increases in the southeast of the country. Furthermore, annual reduced river
discharges, associated with increased low flow periods are already evident in the
east and south of Ireland, while the midlands, west and north largely show a
pattern towards increasing flows. Increases in winter storm surge events along
the Irish coastline will occur along the west and east coasts of Ireland (Wang et
al, 2008). Global sea levels are expected to increase between 0.43 m and 0.84
m. Accurate projections for storm activity and sea-level rise are limited for
Ireland. 9



Climate Change Impacts
on Water Resources

Climate projections indicate that water resources will be affected both in
terms of water quality and quantity. Projected changes in air temperature
and rainfall could affect river flows and, hence, the mobility and dilution of
contaminants. Warmer temperatures may alter thermal stratification
regimes in surface waters, and may also exacerbate the effects of
eutrophication, and potentially increase the frequency of harmful

cyanobacterial blooms. This could have implications for recreational
activities and the Irish tourism industry. Climate change could alter the
prevalence of waterborne diseases and exacerbate disinfection issues for
safe drinking water with implications for human health and water treatment
costs. The anticipated impacts of climate change on water quality should
be explored against the background of a growing population and changing
societal demographics (i.e., urbanization).

Air and Water Temperature

e Increased air and water temperature will directly and indirectly affect
surface water bodies (fresh and saline) physically, biologically, and
chemically.

» Shallow lakes and wetlands will be particularly susceptible to increasing air
and water temperature due to large surface-to-volume ratios (Feuchtmayr
et al, 2009).

» Altered seasonal thermal stratification in lakes and coastal waters can
affect dissolved oxygen levels, sediment suspension, along with altering
nutrient and metal release from sediments — such as phosphorus and
manganese (Tammeorg et al,, 2020; Anderson et al., 2002). This could be a
major issue for reservoirs and lakes were water is extracted for human
consumption as manganese cannot be removed efficiently at water
treatment plants.

o Exacerbated effects of eutrophication and increased frequencies of
cyanobacterial blooms (which will further reduce dissolved oxygen levels,
light penetration, and increase pH of water) will likely affect fishing and
recreational activities (IPCC, 2022; Nazari-Sharabian et al., 2018).

« Loss of native cold-water species due to altered thermal regimes (Morato
et al, 2021).

« Human exposure to waterborne pathogens may differ substantially from
the current pattern due to the impact of climate change (Islam et al., 2021).
However, the relative influence of climatic factors on pathogen
concentrations remains poorly understood (Hofstra, 2011).



Extended Periods of Abnormally Low
Precipitation (i.e, Droughts

» Modified precipitation and infiltration patterns may lead to less dilution of
contaminants present in surface and subsurface water, increasing the
concentration of pollutants above Environment Quality Standards
(Mellander and Jordan, 2021; Rosenfeld et al., 2011)

e Nutrients and contaminants may accumulate in soils during dry periods,
which will eventually be released in higher concentrations through pulse
events and during periods of rapid high-intensity precipitation events (Van
Metre et al, 2016).

o Export of dissolved organic carbon and particulate organic matter in
organic rich soils (such as peatlands) will likely increase due to drier
conditions. This will exacerbate disinfection by-product (DBPs) issues in
drinking water, such as the formation of carcinogenic trihalomethanes
(THMs) (Fenner and Freeman, 2011; O'Driscoll et al., 2018).

Increased Frequency of Rapid High Intensity
Precipitation Events and Flooding

» Increased frequency of rapid, high- intensity precipitation events
(particularly for the autumn and winter months). This will likely
(re-)mobilise contaminants, sediments, and waterborne pathogens from
land to water or from one water system to another (i.e., stream to coastal
system) (Geris et al., 2022; Huebsch et al., 2014).

» Rapid, high-intensity precipitation events, after extended dry periods, will
be particularly harmful due to the accumulation of high concentrations of
soluble contaminants in soils particularly after dry periods.

» Water quality of surface and subsurface water bodies will be affected,
particularly groundwater in vulnerable karst regions (Stevanovi¢ and
Stevanovigé, 2021).

e Ordinarily in urban centres all the waste water is treated before discharge;
however heavy rains can overwhelm combined sewage overflow systems
by contributing additional stormwater, and in order to avoid sewers
becoming overwhelmed in high rainfall events, excess water is discharged
straight into local receiving waters, sending with it a cocktail of pathogens,
active pharmaceutical ingredients, household chemicals, heavy metals,
hydrocarbons, pesticides, excess nutrients, and other pollutants (Morgan
et al, 2017). Thus, polluting surface waters and may have negative effects
for bathing waters (public health) and the seafood industry in Ireland.

11



Impacts Associated with Gradual Sea Level
Rise and Storm Surge Events

» Expected to cause saline intrusion in some coastal aquifers and estuaries,
which may affect groundwater drinking water resources. (Moore and Joy,
2021). Saline intrusion will compromise drinking water quality by increasing
total dissolved solids (TDS) concentrations, altering the biogeochemistry of
the aquifers and increased corrosion of buried infrastructure, with
implications for water treatment.

» While only a small proportion of Ireland’s coastal aquifers are exploited for
potable water, almost half of all registered Irish hotels and B&Bs are located
within five kilometres of the coastline (Failte Ireland, 2018). Saline intrusion
in coastal aquifers would limit the potential to tap into groundwater
reserves in the future for the tourism industry.

Other Associated Impacts

o Increased dissolution of anthropogenic carbon dioxide (CO2) from the
atmosphere in surface waters causes ocean and freshwater acidification.

» Lower pH levels will alter water geochemistry and threaten food webs, the
physiology of aquatic organisms and overall biodiversity (Arneth et al,
2020; Doney et al,, 2020).

o Lower pH levels will contribute to the solubilisation of sediments and
contaminants including trace elements (e.g., aluminium, lead, copper and
cadmium) impacting water quality. Implications for human health and
drinking water management, along with negative impacts on aquatic
organisms that have narrow ecological optima and tolerances (Millerno et
al, 2009; Peng et al.,, 2009).

12
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