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Key Messages

Human-caused warming has already increased the likelihood of extreme July Potential
Evapotranspiration (PET) by approximately 8-fold and the intensity by 7% in Ireland. As
global temperatures increase, we expect the likelihood and intensity of future July PET
events to further increase, with a nearly 6% increase in PET on present levels expected
at 3°C of warming globally.

Really dry Julys in terms of low precipitation levels, like those experienced this summer,
are becoming rarer. However, when these exceptionally dry Julys do occur, they are
expected to bring even less rainfall.

The evidence indicates that it was the PET which exacerbated the effects of the low
rainfall conditions and therefore exacerbated the drought conditions experienced across
Ireland in July 2026. In general, drying in July is being driven by rising temperatures,
which leads to more evaporation, rather than changes in precipitation.

Maximum and minimum summer temperatures are following the expected trend and it is
becoming not only more likely to have warm summers, as experienced this year, but
future summers are also set to become warmer, not just during the day but also at night.
Ireland's agriculture sector is highly dependent on expected weather conditions. As
global temperatures continue to rise, we expect soils to become increasingly dry during
the warm summer months. What, historically, has been seen as unusually dry soil
conditions will become increasingly common under further global warming, and it is
important that farmers start to plan for such an eventuality rather than seeing the past
summer as a one-off.



1 Introduction

At the end of a summer where the United Nations Environment Program (UNEP) report said the
world is on track to exceed 1.5°C of warming (UNEP, 2026) we summarise the extreme weather
that affected Ireland and discuss its impact on agriculture and wider society. The UNEP “Limiting
Overshoot” report highlights the worrying reality that current policies place the world in a
position that exceeding global warming of 1.5°C is ‘unavoidable’. This striking message calls for
urgent action in reducing our greenhouse gas emissions, but also acknowledges that we must
adapt and prepare for worsening conditions as global temperatures continue to rise.

Met Eireann found that this summer beat summer 2025’s record of the warmest Irish summer on
record (Met Eireann. 2026a) and August 2026 was found to be the joint hottest month on record
globally (Copernicus, 2026). This summer was also particularly dry across Europe (The
Washington Post, 2026), with Europeans set to face more severe drought as climate change
continues to raise global temperatures (Kew et al., 2026).

Focusing on lIreland, the Climate Change Advisory Council have voiced their concerns of the
impact of climate change, including increased heat stress combined with prolonged winter
rainfall, on agriculture. They cite the potential impacts on crop yields, fodder reserves and
supplies, animal welfare, and animal waste, amongst other issues (CCAC, 2026).

This study sets out to further understand how climate change already impacts summer weather
in Ireland and how this may change in the future with further warming.

1.1 Meteorological Extremes

Most of western Europe, including Ireland, was dominated by high pressure during summer
2026. The North Atlantic jet stream was weak and displaced to the north of Ireland through most
of the season. Intense high-pressure systems amplified through the upper and lower levels of
the troposphere, known as heat domes, extended north over Ireland on several occasions
during the summer months bringing prolonged periods of hot weather, see Figure 1.1. The hot,
sunny and dry conditions that resulted were consistently most intense in the midlands, south
and east, while the northwest was cooler and cloudier overall.


https://www.unep.org/resources/limiting-overshoot-navigating-exceedance
https://www.met.ie/climate-statement-for-summer-2026
https://climate.copernicus.eu/copernicus-august-was-worlds-joint-hottest-month-record-pushing-global-temperatures-back-above
https://www.washingtontimes.com/news/2026/aug/3/not-dry-european-summer-takes-toll-fires-france-greece-drought/
https://www.washingtontimes.com/news/2026/aug/3/not-dry-european-summer-takes-toll-fires-france-greece-drought/
https://www.worldweatherattribution.org/increasingly-hot-europe-faces-more-severe-droughts-and-growing-challenges-for-water-and-land-management/
https://www.climatecouncil.ie/councilpublications/annualreviewandreport/AR26-Agriculture-final.pdf
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Figure 1.1: Summer (JJA) Left: mean sea level pressure anomaly and Right: 2m temperature anomaly.
Both are calculated against the respective 1991-2020 long term average using ERA5 0.5° x 0.5° data.

The first period of exceptionally hot weather for Ireland during meteorological summer 2026
came in the final third of June, hot on the heels of the record breaking late May heatwave
(Bergin et al., 2026a). A hot air mass moved north over the country and brought exceptionally
high daytime and nighttime temperatures, along with high humidity. July saw the Azores high
pressure system extend over Ireland for most of the month. It was an exceptionally dry month
with an extended hot period that built over the country under the dominant high-pressure
conditions. This resulted in one of the hottest, driest and sunniest months on record for Ireland.
August saw high pressure close by for most of the month, however, it was less dominant
compared to July as low pressure passed close to, or over, the country at times. Another hot air
mass moved north over the country during the second week of the month which brought a
relatively short, but intense, hot spell.

Met Eireann reported a number of records and extremes for summer 2026 based on their core
network of 25 principal synoptic weather stations. Fourteen stations, including all three Dublin
stations and three Cork stations, reported their hottest summer on record. Thirteen stations saw
a record number of warm days (>20°C), the highest of which was 68 warm days at Phoenix
Park, Co Dublin (previous highest for Phoenix Park was 64 warm days in 1995). Four
consecutive months (May-August 2026) have seen a synoptic station reach 30°C. The previous
highest in the past was 2 months in 1976 and 2022.

A partial drought at Oak Park, Co Carlow that began on Saturday 20th June continued until
Monday 24th August, lasting 66 days. This is the longest partial drought on record since 1941. A
partial drought is a period of at least 29 consecutive days, the mean daily rainfall of which does
not exceed 0.2 mm (< 0.2 mm). All 25 stations saw dry spells between Wednesday July 1st and
Sunday August 2nd lasting between 19 and 33 days. A dry spell is a period of 15 or more
consecutive days with daily precipitation of less than 1 mm.


https://wasitus.ie/wp-content/uploads/2026/06/WASITUS_May_Heat_2026_Report.pdf

Across Met Eireann’s 25 synoptic stations, the number of days that recorded = 20°C and = 28°C
during the summer months since 2002 can be seen in Figure 1.2. There is a clear trend in the
number of days reaching = 20°C over time, with 17 stations indicating their highest number of
days reaching this threshold in 2026. A further 11 stations recorded their highest number of days
= 28°C in 2026, with another 4 stations matching their previous records.
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Figure 1.2: The number of days that reached = 20°C (Left) and = 28°C (Right) during the summer months
(JJA) at all 25 Met Eireann synoptic stations from 2002 to 2026. Stations are ordered from top to bottom
based on the total number of days that reached the = 20°C threshold over the shown 24 year period. The
period of length shown was restricted to 24 years due to limitations in station records. Black squares
denote record breaking years.

The Standardised Precipitation Index (SPI) is a measure of rainfall anomalies. Distribution
parameters, fitted to past rainfall observations, along with current observations are used, via an
inverse normal transformation, to calculate the SPI value; which is a unit-less measure of
deviation from average conditions (McKee et al., 1993). This can be performed for a single
month’s rainfall, but also for multi-month accumulations. The Standardised Precipitation
Evapotranspiration Index (SPEI) is calculated in a similar manner to SPI, but with net rainfall
(rainfall - potential evapotranspiration) used as input to calculate the index (Vicente-Serrano et
al., 2012). This offers the potential to capture the ability of high temperatures to exacerbate dry
conditions through enhanced evapotranspiration.

The extremely dry conditions that were experienced nationwide in July are apparent in the map
of SPEI1, Figure 1.3 (left). For 3-month accumulations, the largest deficits in SPI3/SPEI3
occurred in the south and southeast at the end of July/early August, Figure 1.3 (right). The
deficits were generally larger for SPEI3 compared to SPI3, highlighting the impact the high
temperatures had in enhancing evapotranspiration. The wetter than average June and
near-average rainfall for August, Figure 1.3 (left), helped to reduce the severity of the rainfall
deficits on longer timescales.


https://www.researchgate.net/profile/Patrick-Keys/post/Which-are-the-drought-indices-based-on-precipitation-and-temperature/attachment/59d652b379197b80779aadb6/AS%3A513526097166336%401499445570190/download/r_MCKEE_1993_Relationship+of+drought+Standardized+Precipitation+Index+SPI.pdf
https://journals.ametsoc.org/view/journals/clim/23/7/2009jcli2909.1.xml
https://journals.ametsoc.org/view/journals/clim/23/7/2009jcli2909.1.xml
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Figure 1.3: Maps of SPEI1 for each month of 2026 (left) and comparison of SPI3 and SPEI3 for summer
2026 (right) over Ireland. Data from: Met Eireann.

1.2 Warm, Dry and Humid Irish Summers

For the second year in a row, Ireland has experienced its warmest summer on record. Prior to
2025, 1995 was the warmest summer on record, reaching an average temperature of 16.11°C.
This long standing record was broken in 2025, when average summer temperatures increased
by 0.08°C to 16.19°C. This record has since been broken again for the second consecutive
year, with 2026’s provisional summer average temperature measured at 16.28 °C (Met Eireann
2026a). Notably, over the last decade, Ireland has experienced four of the ten warmest
summers on record since 1900 — a worrying trend. This follows the extremely early onset of high
temperatures at the end of May in 2026, where temperatures broke the national May
temperature record by over 2°C, reaching 30.9°C at two separate stations (Met Eireann, 2026b).
Following an event attribution analysis by WASITUS, these maximum temperatures were found
to be virtually impossible in a pre-industrial world where no human induced warming was
present (Bergin et al., 2026a).

For much of the summer, Ireland was under the influence of a high-pressure dome, or heat
dome. When the Jet Stream stalls above Europe, high-pressure ‘domes’ become trapped,
resulting in warmer-than-average temperatures (Woolway et al., 2020). If a heat dome persists,
it can result in prolonged heatwave conditions, where maximum day time temperatures remain
above 25°C for an extended period of time. An example of such conditions occurred in June and
July of 2018 (Noone et al.. 2024). Following a retrospective event attribution analysis of summer
2018 by WASITUS, the warmest average day-time temperatures over a 60 day period were
found to have become 6 times more likely and 0.9°C warmer in 2018 compared to a
pre-industrial climate (Swan. 2026).

Elevated sea surface temperatures (SSTs) are often present during in-land high temperature
extremes. In 2018, 2023 and 2025, anomalously high SSTs were present off the coast of Ireland
during the summer months leading to increased air temperatures (McCarthy et al., 2023; Bergin
et al., 2025; Swan, 2026). An event attribution analysis performed by WWA found that the
extreme SSTs present during July of 2026 surrounding Ireland and the UK would have been



https://www.met.ie/climate-statement-for-summer-2026
https://www.met.ie/climate-statement-for-summer-2026
https://www.met.ie/climate-statement-for-may-2026
https://wasitus.ie/wp-content/uploads/2026/06/WASITUS_May_Heat_2026_Report.pdf
https://www.tandfonline.com/doi/full/10.1080/20442041.2020.1712180
https://rmets.onlinelibrary.wiley.com/doi/10.1002/wea.4586
https://wasitus.ie/wp-content/uploads/2026/05/WASITUS-Retrospective-Attribution-Study_-Summer-2018.pdf
https://archimer.ifremer.fr/doc/00861/97258/106224.pdf
https://wasitus.ie/wp-content/uploads/2025/09/Scientific_Report_Summer_2025.pdf
https://wasitus.ie/wp-content/uploads/2025/09/Scientific_Report_Summer_2025.pdf
https://wasitus.ie/wp-content/uploads/2026/05/WASITUS-Retrospective-Attribution-Study_-Summer-2018.pdf

virtually impossible for July in a pre-industrial climate and had become 1.5°C warmer due to
human induced climate change (Bergin et al., 2026b).

July 2026 was the driest July on record in Ireland, with only 16.1 mm of rainfall recorded over
the entire month, equating to just 17% of the 1991-2020 long term average (Met Eireann
2026a). This broke the previous record of 20 mm in 1955. The lack of rainfall caused severe
drought conditions across much of the country. Moore Park and Cork Airport recorded a mere
1.1 mm of total rainfall over the entire month of July, just 0.4 mm more than the 0.7 mm record
for an individual station set in Glanmire, Cork in 1955 (Met Eireann. 2026a).

Attributing drought conditions to human induced climate change was performed by WASITUS
when examining the low rainfall in summer 2018 (Swan. 2026). Results suggested the driest 30
day period over the months of June and July had become wetter based on the observations,
however, the climate models suggested the opposite trend of drying under further warming
scenarios. With differing directions of change, low confidence was ascribed to the presence of a
human induced climate change signal in summer rainfall for Ireland. Over the wider European
region, the WWA analysed several drought metrics — including low rainfall, potential
evapotranspiration (PET) and soil moisture — to gain a broader understanding as to whether
human induced climate change had impacted European summer drought in 2026. Their findings
suggest drought across both western and eastern Europe has increased due to climate change.
Observed changes in rainfall were largely ambiguous, with differing signals between
observations and climate models. However, PET showed clear signs in both observations and
models that conditions are becoming drier due to human induced climate change (Kew et al.
2026). This is directly linked to enhanced evaporation due to high temperatures.

1.3 Event Definition

To fully understand the extreme nature of weather in Ireland in summer 2026, we investigate a
number of different meteorological variables.

Given that the previous warmest summer record was only broken in 2025, and a full study was
undertaken at the time (Bergin et al., 2025), we revisit the analysis with observation based data
only. In addition, rainfall levels from October to March give a good indication of the growing
conditions across the country, as the rainfall over winter and spring, 2025 to 2026, had been
previously analysed (Bergin et al., 2025, Bergin et al., 2026c¢), we restrict the analysis herein to
observation based data.
e Tx3month - three-month average daily maximum temperature for June, July and
August, spatially averaged over Ireland
e Tn3month - three-month average daily minimum temperature for June, July and August,
spatially averaged over Ireland
e Precip - 6month - six month averaged daily rainfall for October to March, inclusive,
spatially averaged over Ireland

In addition, a full drought study was carried out by analysing precipitation levels, or lack thereof,
and potential evapotranspiration (PET) for the month of July, when the largest effects of the


https://spiral.imperial.ac.uk/entities/publication/345181ea-773a-4d42-9151-b4cdfdb20416
https://www.met.ie/climate-statement-for-summer-2026
https://www.met.ie/climate-statement-for-summer-2026
https://www.met.ie/climate-statement-for-summer-2026
https://wasitus.ie/wp-content/uploads/2026/05/WASITUS-Retrospective-Attribution-Study_-Summer-2018.pdf
https://spiral.imperial.ac.uk/entities/publication/1ec6813c-972f-4c93-a845-b10311b5cd39
https://spiral.imperial.ac.uk/entities/publication/1ec6813c-972f-4c93-a845-b10311b5cd39
https://wasitus.ie/wp-content/uploads/2025/09/Scientific_Report_Summer_2025.pdf
https://wasitus.ie/wp-content/uploads/2025/11/Scientific_Report_Rainfall_Claudia.pdf
https://wasitus.ie/wp-content/uploads/2026/01/WASITUS_Report_Chandra_Rainfall.pdf

drought were felt. PET is the amount of water which could be evaporated given sufficient water
availability. In this analysis, PET is used to reflect the atmospheric drying capacity, independent
of locally varying land surface conditions. Following the methods used in Kew et al. (2026), PET
is calculated using the Hargreaves formula (Hargreaves and Samani, 1982; Hargreaves and
Samani, 1985). By analysing both precipitation levels and PET we may ascertain whether the
drought was directly linked to the lack of precipitation, or due to the warm temperatures causing
evaporation of moisture in soils and plants. See Figure 1.4 for more details.

e Precip - July - averaged daily rainfall for July, spatially averaged over Ireland

e PET - July - averaged daily PET for July, spatially averaged over Ireland
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Figure 1.4: Comparison of July 2026 (left) with the 1991-2020 July Climatology (right). Completed for
Precipitation (top) and Potential Evapotranspiration (bottom). Data: Met Eireann gridded product.


https://spiral.imperial.ac.uk/entities/publication/1ec6813c-972f-4c93-a845-b10311b5cd39
https://ascelibrary.org/doi/10.1061/JRCEA4.0001390
https://elibrary.asabe.org/abstract.asp?aid=26773
https://elibrary.asabe.org/abstract.asp?aid=26773
https://www.met.ie/daily-rainfall-and-temperature-grids

2 Data and methods

In this report, we study the influence of anthropogenic climate change on a range of extreme
meteorological conditions experienced this summer. A primary aim of this report is to link the
changes in the extreme weather with agriculture and other societal interests. To this end, we
analyse the drought in July by investigating both precipitation levels and potential
evapotranspiration. The likelihood and intensity of the precipitation and PET levels experienced
this July were compared with those that were expected to occur in a 1.4°C cooler climate. We
also extend this analysis into the future by assessing the influence of a further 0.6°C, and 1.6°C
of global warming from the present. This is in line with 2°C of global warming which constitutes
the higher part of the long-term temperature goal of the Paris Agreement' and 3°C of global
warming which is highly likely over the course of this century under current policies (UNEP.
2024).

In addition, Summer (JJA) maximum and minimum temperatures, as well as precipitation levels
from October to March, were compared with those that were expected to occur in a 1.4°C cooler
climate. These three variables were analysed with observation/ reanalysis only data as they
have been focused on in other full studies (Bergin et al., 2025, Bergin et al., 2025, Bergin et al.,
2026¢).

2.1 Observational data

Precipitation:

e MSWEPB - The Multi-Source Weighted-Ensemble Precipitation v2.8 dataset, is a
gridded reanalysis data product (Beck et al. 2019). The precipitation data used from the
MSWEP reanalysis product is fully global and available at 3-hourly intervals. It comes at
a 0.1°x0.1° spatial resolution and covers the years 1979 to present. The product
combines gauge-, satellite-, and reanalysis-based data, including ERA5 (Hersbach et al.,
2020).

e EOBS - This is a gridded land-only observation dataset of Europe, formed from the
interpolation of station-derived meteorological observations (Cornes et al., 2018). We
use version 31.0e of this dataset, at spatial resolution 0.1° x 0.1° gridded precipitation,
from 1950-present and data from 1920 to 1949 is taken from the pre1950 version.

e Met Eireann - The lIrish national meteorological services gridded product, from
1941-2025, with provisional grids for 2026. It has a 1x1km resolution, approximately

' Article 2

1. This Agreement, in enhancing the implementation of the Convention, including its
objective, aims to strengthen the global response to the threat of climate change, in the
context of sustainable development and efforts to eradicate poverty, including by:

(a) Holding the increase in the global average temperature to well below 2°C above
pre-industrial levels and pursuing efforts to limit the temperature increase to 1.5°C above
pre-industrial levels, recognizing that this would significantly reduce the risks and
impacts of climate change; [...]


https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://www.unep.org/resources/emissions-gap-report-2024
https://www.unep.org/resources/emissions-gap-report-2024
https://wasitus.ie/wp-content/uploads/2025/09/Scientific_Report_Summer_2025.pdf
https://wasitus.ie/wp-content/uploads/2025/11/Scientific_Report_Rainfall_Claudia.pdf
https://wasitus.ie/wp-content/uploads/2026/01/WASITUS_Report_Chandra_Rainfall.pdf
https://wasitus.ie/wp-content/uploads/2026/01/WASITUS_Report_Chandra_Rainfall.pdf
https://journals.ametsoc.org/view/journals/bams/100/3/bams-d-17-0138.1.xml
https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/qj.3803
https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/qj.3803
https://doi.org/10.1029/2017JD028200
https://www.met.ie/daily-rainfall-and-temperature-grids

0.01°x0.01°. Interpolation methods were used to calculate the precipitation grid point
values with inputs from observations recorded at Met Eireann stations.

Temperature - Tmin and Tmax:

e ERAS - The European Centre for Medium-Range Weather Forecasts's 5th generation
reanalysis product, ERA5, is a gridded dataset that combines historical observations into
global estimates using advanced modelling and data assimilation systems (Hersbach et
al., 2020). We use daily maximum and minimum temperature data (tmax and tmin,
respectively) from this product at a resolution of 0.25°x0.25°, from the years 1950 to
present.

e EOBS - This is a gridded land-only observation dataset of Europe, formed from the
interpolation of station-derived meteorological observations (Cornes et al., 2018). We
use version 29.0e of this dataset, at spatial resolution 0.1°x0.1° gridded tmax and tmin,
from 1920-present.

e CPC - This is the gridded product from NOAA PSL, Boulder, Colorado, USA known as
the CPC Global Unified Daily Gridded data, available at 0.5°x0.5° resolution, for the
period 1979-present. We use daily tmax and tmin. Data are available from NOAA.

e Met Eireann - The lIrish national meteorological services gridded product, from
1961-2025, with provisional grids for 2026. It has a 1x1km resolution, approximately
0.01°x0.01°. Interpolation methods were used to calculate the temperature grid point
values with inputs from observations recorded at Met Eireann stations.

Potential Evapotranspiration:

The observational data for Tmin and Tmax for each respective data set were used to calculate
PET using the Hargreaves formula (Hargreaves and Samani, 1982; Hargreaves and Samani,
1985). The same resolution and time frames were used as described above. The only exception
is the Met Eireann temperature data was resampled to a 25-cell aggregation before PET was
calculated to speed up computation time.

2.2 Model and experiment descriptions

We use the CMIP6 ensemble of coupled global circulation models. This consists of simulations
from up to 15 participating models in total (depending on the variable under study) with varying
resolutions. For more details on CMIP6, see Eyring et al., (2016). For all simulations, the period
1850 to 2015 is based on historical simulations, while the SSP5-8.5 scenario is used to project
from 2016 to 2070. Note: CMIP6 models for PET were calculated with maximum and minimum
temperature models using the Hargreaves formula (Hargreaves and Samani, 1982; Hargreaves
and Samani, 1985).

2.3 Statistical methods

The methods for observational and model analysis, and for model evaluation and synthesis,
follow the World Weather Attribution Protocol, described in Philip et al., (2020), with supporting
details found in van Oldenborgh et al., (2021), Ciavarella et al., (2021) and WWA, 2021. The key
steps, presented in sections 3 and 4, are: trend estimation from observations; model evaluation;
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multi-method multi-model attribution; and synthesis of the attribution statement. In addition,
section 5 presents the societal impacts of the extreme weather event and section 6 gives a brief
conclusion.

In this report we analyse the observational time series only of maximum and minimum summer
temperatures as well as the 6-month (October - March) precipitation. We also run a full analysis
on precipitation and potential evapotranspiration (PET) for the month of July. All study regions
cover the whole of the Republic of Ireland.

A nonstationary Normal distribution is used to model all indices, with precipitation first being
log-transformed. All variables, including log-precip, are assumed to scale linearly with GMST,
while the variance remains constant. The parameters of the statistical model are estimated
using maximum likelihood.

For each time series we calculate the return period and intensity of the event under study for the
2026 GMST and for 1.4°C cooler GMST: this allows us to compare the climate of now and of the
preindustrial past without human-caused warming (based on Forster et al., 2026), by calculating
the probability ratio (PR; the factor-change in the event's probability) and change in intensity of
the event. We also calculate the probability ratio and change in intensity of the event under
study for two different future climates, one which has warmed by 2°C and the second which has
warmed by 3°C since the pre-industrial period, compared to the climate of now.

3 Observational analyses

In this section, trends in observational datasets (the gridded data products set out in section 2.1)
are calculated and compared. We analyse the area average Tx3month, Tn3month, Precip -
6month, Precip - July, PET - July for all relevant gridded datasets and calculate the return
period, change in intensity and probability ratio (along with 95% confidence intervals for each)
between the current climate of 2026 and a 1.4°C cooler past climate.

3.1 - Land Temperatures: Tx3month and Tn3month

The three-month summer (JJA) maximum temperatures were analysed for changes between a
1.4°C cooler counterfactual climate and today. Figure 3.1, shows the estimated change in return
levels associated with a 1.4°C increase in GMST from the pre-industrial to the current climate.
In all datasets, there is a clear separation between the return levels in the current climate (red)
and the past climate (blue).


https://essd.copernicus.org/articles/18/3889/2026/essd-18-3889-2026-discussion.html
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Figure 3.1: All results for Tx3month over study region. The pink in all graphs marks the 2026 event (not
available in EOBS at the time of writing). Expected return levels in the 2026 climate (red lines) and in a
1.4°C cooler counterfactual climate (blue line), estimated from the statistical model described in section
2.3. Shaded regions represent 95% confidence intervals obtained via a bootstrapping procedure. Red and
blue ticks at the x-axis indicate the estimated return level of the event in the 2026 climate and
counterfactual climate.

All results are summarised in Table 3.1 for the observational datasets. In ERAS5, the event has a
current day return period of 21 years (bootstrapped 95% confidence interval (Cl): 8, 120), in
CPC, 9 years (95% Cl: 4, 49), and Met Eireann, 6 years (95% ClI: 3, 21). We therefore use a
return period of 10 years to represent this event in the EOBS dataset and when attributing the
observational data. In ERA5, the maximum temperatures of the warm Irish summer were found
to have warmed by 0.77°C (95% CI: -0.1, 1.4) with respect to the pre-industrial baseline. In
CPC, by 1.8°C (95% Cl: 0.5, 2.9), in Met Eireann, by 1.8°C (95% CI: 0.9, 2.7), and in EOBS, by
1°C (95% CI: 0.4, 1.5). Finally, the best estimate of the probability ratio - that is, the factor
change in the probability of such an event occurring relative to pre-industrial - is 9 for ERA5, 183
for CPC, 117 for Met Eireann, and 13 for EOBS.

After combining the results of the statistically modelled data from the different datasets, and
using a return period of 10 years as discussed, we find that the observations suggest that the
maximum temperatures experienced this summer have become 40 times more likely as a result
of climate change. In addition, they are warming almost in line with global temperatures, having
increased in temperature by 1.35°C. Therefore, we can say that the maximum temperatures
experienced this summer, which are currently expected to occur 1-in-every-10-years, would
have happened 1-in-every-400-years in a world without human induced climate change.



Tmax - Summer JJA
Dataset Magnitude | Return Period (1 Probability ratio | Intensity change
(°C) in X-year) (95% (95% C.1.) (°C) (95% C.1.)
C.l)
ERAS 19.2 21.2(8.32t0 120) | 9.16 (0.71to 154) | 0.77 (-0.12 to 1.41)
CPC 20.1 8.59 (3.66 t0 48.7) 183 (3.10 to 1.81 (0.50 to 2.89)
278000)
Met Eireann 20.4 5.94 (2.98 t0 21.3) | 117 (7.67 to 7170) | 1.84 (0.88 to 2.65)
EOBS 20.0 10 13.1 (2.94 to 78.0) | 0.98 (0.41 to 1.52)
Observations - - 40.0 (0.72 to 1.35 (-0.08 to 2.68)
5890)

Table 3.1: Summary of fitted model results for Tx3month: event magnitude; return period of 2026
Tx3month in the 2026 climate; change in Tx3month and factor change in likelihood (probability ratio)
associated with 1.4°C of global warming. Figures in parenthesis indicate 95% confidence interval
obtained via bootstrapping. Statistically significant changes are highlighted in bold.

To fully understand the temperature change associated with this summer, we also analysed the
3-month minimum summer temperatures for the observational datasets. Figure 3.2, shows the
estimated change in return levels associated with a 1.4°C increase in GMST from the
pre-industrial to the current climate. In all datasets, there is a clear separation between the
return levels in the current climate (red) and the past climate (blue). This is even more stark than
for the maximum temperatures in Figure 3.1 above.

ERAS CPC Met Eireann EOBS

Figure 3.2: All results for Tn3month over study region. The pink in all graphs marks the 2026 event (not
available in EOBS at the time of writing). Expected return levels in the 2026 climate (red lines) and in a
1.4°C cooler counterfactual climate (blue line), estimated from the statistical model described in section
2.3. Shaded regions represent 95% confidence intervals obtained via a bootstrapping procedure. Red and
blue ticks at the x-axis indicate the estimated return level of the event in the 2026 climate and
counterfactual climate.



All results for the 3-month minimum temperatures are summarised in Table 3.2 for the
observational datasets. In ERA5, the event has a current day return period of 11 years
(bootstrapped 95% confidence interval (Cl): 5, 53), in CPC, 10 years (95% CI: 4, 90), and Met
Eireann, 4 years (95% ClI: 2, 12). We therefore also use a return period of 10 years to represent
this event in the EOBS dataset and when attributing the observational data. In ERA5, the
minimum temperatures of the warm Irish summer were found to have warmed by 1.1°C (95%
Cl: 0.5, 1.6) with respect to the pre-industrial baseline. In CPC, by 0.8°C (95% CI: -0.1, 1.5), in
Met Eireann, by 2.0°C (95% CI: 1.5, 2.5), and in EOBS, by 1.7°C (95% CI: 1.3, 2.2). Finally, the
best estimate of the probability ratio - that is, the factor change in the probability of such an
event occurring relative to pre-industrial - is 160 for ERA5, 28 for CPC, 194,000 for Met Eireann,
and 3,500 for EOBS.

Once again, the observational results are combined, using a return period of 10 years as
discussed. We found that the minimum temperatures experienced this summer have become
over 1000 times more likely as a result of climate change. In addition, the minimum
temperatures, also referred to as the night-time temperatures, are warming in line with global
temperatures, having increased in temperature by 1.4°C. As a result, we can say that the
night-time temperatures experienced this summer, which are currently expected to occur
1-in-every-10-years, were practically impossible without climate change. Our results suggest
similar summer minimum temperatures would have been expected 1-in-every-1300-years in a
world without human induced climate change.

Tmin - Summer JJA
Dataset Magnitude | Return Period (1 | Probability ratio Intensity change
(°C) in X-year) (95% (95% C.1.) (°C) (95% C.l.)
C.l)
ERA5 12.8 10.7 (4.96 to 52.6) | 158 (8.85 to 10600) | 1.11 (0.49 to 1.58)
CPC 12.3 9.94 (3.791090.2) | 27.6 (0.64 to 7990) | 0.77 (-0.12 to 1.51)
Met Eireann 11.9 4.20 (2.21t0 11.5) | 194000 (2470 to | 2.03 (1.46 to 2.48)
>1m)
EOBS 12.6 10 3500 (427 to 1.74 (1.28 to 2.17)
145000)
Observations - - 1310 (0.33to >1m) | 1.41 (0.12 to 2.65)

Table 3.2: Summary of fitted model results for Tn3month: event magnitude; return period of 2026
Tn3month in the 2026 climate; change in Tn3month and factor change in likelihood (probability ratio)
associated with 1.4°C of global warming. Figures in parenthesis indicate 95% confidence interval
obtained via bootstrapping. Statistically significant changes are highlighted in bold.



3.2 - Sea Surface Temperature

During the 2026 northern hemisphere summer, daily global average sea surface temperatures
(SSTs) reached their highest level on record of 21.1°C (Copernicus, 2026). In Europe, these
elevated SSTs were up to 6°C warmer than usual in parts of the Mediterranean during June
(European Union, 2026) and reached over 3°C warmer than normal off the southwest and east
coasts of Ireland at times in July (Marine Institute, 2026). The world weather attribution (W\WA)
team produced a report quantifying the role human induced climate change played in the annual
maximum 14-day sea surface temperatures. Waters surrounding much of the British and Irish
isles (known in the WWA study as the Celtic region) were made 1.25°C warmer and roughly 35
times more likely to occur (becoming a 1-in-3 year event today) compared to a pre-industrial
climate without the influence of human caused climate change (Bergin et al., 2026Db).

Using the Irish Weather Buoy Network, a collection of 5 moored surface weather buoys situated
around Ireland, we defined an ‘unusually warm’ SST threshold for each buoy as the 95th
percentile of that station’s own historical daily-mean temperature across the entire year. For
every year on record, the number of days that reached or exceeded the threshold (M2 = 15.3°C;
M3 = 17.0°C; M5 = 16.9°C; M6 = 15.9°C) were computed. Figure 3.3 plots the 2026 values
against the historical data, highlighting how the number of days at or above the threshold were
elevated at all four stations. Most notably, the M3, M5 and M6 stations recorded more days over
the threshold in 2026 (despite data only being available up until the end of August) than in any
prior year on record.



https://climate.copernicus.eu/copernicus-daily-global-sea-surface-temperature-breaks-2024-record
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https://marine.ie/site-area/data-services/real-time-observations/irish-weather-buoy-network-imos
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Figure 3.3: Locations of the four Irish Weather Buoy Network stations used in this analysis (M2, M3, M5,
M6), and the number of days per year (January—December) that daily-mean SST reached or exceeded
each station's own 95th-percentile warm threshold. Black points show historical years; orange marks
2026, where the data is restricted to January—August.

3.3 - Drought: Precipitation - July and PET - July

The time series and the expected return levels of the July precipitation over Ireland are shown in
Figure 3.4, for the three observational data products used in the precipitation analysis. All three
data sets show that this July had the lowest precipitation values for any July on record.
Focusing on the likelihood of a similar low precipitation levels, this July’s event has a return
period of over 11,000 years in MSWEP (bootstrapped 95% confidence interval (Cl): 95, over 1
million), in EOBS, 2,600 years (95% Cl: 160, 341,000), and Met Eireann 1,800 years (95% CI:



105, 315,000). All results can be found in Table 3.3. We therefore use a return period of 2,000
years to represent this event in the full attribution analysis.

MSWEP EOBS Met Eireann

Figure 3.4: All results for Precip - July over study region. The pink in all graphs marks the 2026 event.
Top row: Time series with fitted model overlaid. The heavy black line indicates the mean of the fitted
Gaussian model, and the blue lines indicate the expected return levels of 6- and 40-year events. The
green line is a nonparametric Loess smoother. Bottom row: Expected return levels in the 2026 climate
(red lines) and in a 1.4°C cooler counterfactual climate (blue line), estimated from the statistical model
described in section 2.3. Shaded regions represent 95% confidence intervals obtained via a bootstrapping
procedure. Red and blue ticks at the x-axis indicate the estimated return level of the event in the 2026
climate and counterfactual climate.

The amount of rainfall that fell in July 2026 was found to have increased in magnitude in
MSWEP by 9% (95% CI: -58%, 180%) with respect to the pre-industrial baseline. In contrast, in
EOBS a decrease was found of -9% (95% Cl: -39%, 31%) and Met Eireann showed almost no
change with -0.01% (95% CI: -0.4%, 0.2%). The range of results in intensity changes of the
rainfall suggest that a direct impact of climate change on the lack of rainfall which fell in July
2026 is highly ambiguous and sensitive to data sources and methodological processing
differences. The change in probability ratios is also not very clear. The estimated change in
return levels associated with a 1.4°C increase in GMST from the pre-industrial to the current
climate are shown in the bottom row of Figure 3.4. None of the datasets show a clear separation
between the return levels in the current climate (red) and the past climate (blue). The best
estimate of the probability ratio is 0.5 for MSWEP, 2 for EOBS, and 1 for Met Eireann.



Precip - July

Dataset Magnitude Return Period (1 Probability ratio Intensity change
(mm) in X-year) (95% (95% C.1.) (%) (95% C.1.)

C.l)

MSWEP 0.40 11300 (94.8to > 1 | 0.49 (3.29E-06 9.40 (-57.7 to 180)
million) to 337)

EOBS 0.50 2580 (162 to 2.22 (0.09t0 69.7) |-9.38 (-39.4 to 31.0)
341000)

Met 0.56 1820 (105 to 1.12 (0.02 to 45.2) | -0.01 (-0.42 to 0.20)

Eireann 315000)

Table 3.3: Summary of fitted model results for Precip - July: event magnitude; return period of 2026
Precip - July in the 2026 climate; change in Precip - July and factor change in likelihood (probability ratio)
associated with 1.4°C of global warming. Figures in parenthesis indicate 95% confidence interval

obtained via bootstrapping. Statistically significant changes are highlighted in bold.

To further investigate drought conditions in Ireland in July 2026, and their potential link to
climate change, we also examine the changes in PET. The time series and the expected return
levels of the July PET across Ireland are shown in Figure 3.5. Four observational data products
are used to analyse PET, they vary slightly from the data used to analyse precipitation levels. All
four of the datasets show a slight increase in the likelihood of high PET values for July. Focusing
on the likelihood of similar July PET values, this July’s event has a return period of 33 years in
ERAS5 (95% CI: 9, 540), in EOBS, 13 years (95% CI: 5, 70), in CPC, 15 years (95% CI: 5, 160),
and Met Eireann, 19 years (95% CI: 6, 170). All results can be found in Table 3.4. Based on
these findings a return period of 15 years is used to represent this event in the full attribution

analysis.
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Figure 3.5: All results for PET - July over study region. The pink in all graphs marks the 2026 event. Top
row: Time series with fitted model overlaid. The heavy black line indicates the mean of the fitted
Gaussian model, and the blue lines indicate the expected return levels of 6- and 40-year events. The
green line is a nonparametric Loess smoother. Bottom row: Expected return levels in the 2026 climate
(red lines) and in a 1.4°C cooler counterfactual climate (blue line), estimated from the statistical model
described in section 2.3. Shaded regions represent 95% confidence intervals obtained via a bootstrapping
procedure. Red and blue ticks at the x-axis indicate the estimated return level of the event in the 2026
climate and counterfactual climate.

The PET values experienced in July 2026 were found to have increased in magnitude in ERA5
by 1.6% (95% CI: -5%, 9%) with respect to the pre-industrial baseline. In EOBS they were
+1.2% (95% Cl: -5%, 8%), in CPC, +11% (95% Cl: -0.8%, 28%), and in Met Eireann 7% (95%
Cl: 0.2%, 15%). In addition, the change in return levels suggest an increase in likelihood of
similar high July PET. The modelled change in return levels associated with a 1.4°C increase in
GMST from the pre-industrial to the current climate are shown in the bottom row of Figure 3.5.
CPC and Met Eireann show a clearer separation between the return levels in the current climate
(red) and the past climate (blue) in comparison to ERA5 and EOBS. The best estimate of the
probability ratio is 1.7 for ERA5, 1.4 for EOBS, 22 for CPC and 10 for Met Eireann.



PET - July
Dataset Magnitude | Return Period (1 Probability ratio Intensity change
(mm) in X-year) (95% (95% C.1.) (%) (95% C.1.)
C.l)
ERAS 3.40 33.4 (8.53t0535) | 1.69(0.16to 15.0) | 1.63 (-4.80 to 8.56)
EOBS 3.69 12.5(4.78 10 67.7) | 1.37 (0.26 t0 6.38) | 1.24 (-4.59 t0 7.75)
CPC 3.79 14.6 (4.73t0 163) | 21.6 (0.78 to 10.7 (-0.81 to 28.0)
17200)
Met Eireann | 3.99 18.6 (6.68t0o 173) | 10.0 (1.08 to 132) | 6.97 (0.20 to 14.8)

Table 3.4: Summary of fitted model results for PET - July: event magnitude; return period of 2026 PET -
July in the 2026 climate; change in PET - July and factor change in likelihood (probability ratio) associated
with 1.4°C of global warming. Figures in parenthesis indicate 95% confidence interval obtained via
bootstrapping. Statistically significant changes are highlighted in bold. Note: Met Eireann data resampled
to 25-cell aggregation before PET calculation.

3.4 - Preceding precipitation conditions: Precip - 6month

To establish the growing conditions over the preceding months, the precipitation levels for the
months October to March were analysed. The expected return levels of the 6-month
precipitation for October to March 2025/2026 are shown in Figure 3.6, where all datasets show
a clear separation between the return levels in the current climate (red) and the past climate
(blue). In addition, all numerical results are summarised in Table 3.5.

While this was not the wettest October to March on record, there were high levels of soil
saturation and some flooding events experienced, particularly in the east of the country (Bergin
et al., 2026¢). The rain experienced during this time period has a return period of 4 years in
MSWEP (bootstrapped 95% confidence interval (Cl): 2, 29), in EOBS, 2 years (95% CI: 1.4, 4),
and Met Eireann 3 years (95% CI: 1.7, 9).

The amount of rainfall that fell was found to have increased in magnitude in MSWEP by 20%
(95% Cl: -2%, 43%), in EOBS by 37% (95% Cl: 23%, 56%) and in Met Eireann by 26% (95%
Cl: 12%, 42%), with respect to the pre-industrial baseline. The change in likelihood has also
increased, with return levels increasing. The best estimate of the probability ratio is 18 for
MSWEP, 53 for EOBS, and 47 for Met Eireann.

To get a more complete understanding of the changes in observed trends, the observational
results are combined, using a return period of 40 years. We found that the precipitation levels
experienced from October to March 2025/2026 have become roughly 35 times more likely as a
result of climate change. In addition, the rainfall experienced has increased in intensity by 27%.
This means that the six months were, on average, 27% wetter as a result of the globe warming
by 1.4°C. As a result, we can say that the October to March rainfall experienced, which is


https://wasitus.ie/wp-content/uploads/2026/01/WASITUS_Report_Chandra_Rainfall.pdf
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currently expected to occur 1-in-every-40-years, was highly unlikely without climate change. Our
results suggest similar precipitation would have been expected 1-in-every-1400-years in a world
without human induced climate change.

MSWEP EOBS

Figure 3.6: All results for Precip - 6month (ONDJFM) over study region. The pink in all graphs marks the
2026 event. Expected return levels in the 2026 climate (red lines) and in a 1.4°C cooler counterfactual
climate (blue line), estimated from the statistical model described in section 2.3. Shaded regions
represent 95% confidence intervals obtained via a bootstrapping procedure. Red and blue ticks at the
x-axis indicate the estimated return level of the event in the 2026 climate and counterfactual climate.

Precip - 6 Month (ONDJFM)
Dataset Magnitude | Return Period (1 Probability ratio | Intensity change
(mm) in X-year) (95% (95% C.1.) (%) (95% C.1.)
C.l)
MSWEP 4.89 4.27 (2.021t0 28.7) | 18.3 (0.72 to 1430) | 19.6 (-1.94 to 42.7)
Met Eireann 4.75 3.07 (1.69 10 8.84) | 47.1 (7.01 to 570) | 25.8 (11.52 to 42.4)
EOBS 4.60 2.08 (1.40 t0 3.86) | 52.9 (14.3 to 364) | 37.3 (22.6 to 56.1)
Observations - - 35.7 (3.13 to 827) | 27.4 (4.37 to 55.3)

Table 3.5: Summary of fitted model results for Precip - 6month (ONDJFM): event magnitude; return period
of 2026 Precip - 6month in the 2026 climate; change in Precip - 6month and factor change in likelihood
(probability ratio) associated with 1.4°C of global warming. Figures in parenthesis indicate 95%
confidence interval obtained via bootstrapping. Statistically significant changes are highlighted in bold.

3.5 - Summary of Observed Changes

Observational data shows that maximum temperatures associated with summer 2026 have
become 40 times more likely as a result of climate change and 1.35°C warmer. In addition,
summer minimum temperatures, also referred to as nighttime temperatures, are now over 1000
times more likely as a result of climate change and 1.4°C warmer. This shows an overall trend in
increasing land based temperatures which is also followed by sea temperatures. The 95th



percentile for each of the meteorological buoys off the coast of Ireland (M2, M3, M5 and M6)
was calculated using each station's own historical daily-mean temperature across the entire
year. Three stations, M3, M5 and M6, recorded more days over the threshold in 2026 (despite
data only being available up until the end of August) than in any prior year on record.

Variables leading to drought conditions across Ireland were also investigated in the form of
precipitation and potential evapotranspiration. Understanding changes in both variables helps to
understand how climate change may change the likelihood of drought. July 2026 had the lowest
precipitation values for any July on record. The return period of a similar July event is currently
every 2,000 years. The range of results in intensity changes and probability ratios of the rainfall
suggest that a direct impact of climate change on the lack of rainfall which fell in July 2026 is not
clear based on the available data. In addition, observational datasets for PET were analysed
and a return period of 15 years was calculated. There is an overall increase in probability ratio
and intensity trends, though more clear trends were found for Met Eireann and CPC datasets.
This is possibly due to the longer duration of the EOBS and ERA5 datasets leading to less
obvious overall trends.

Finally, a short analysis was carried out on the preceding 6-month rainfall levels for October to
March. The rainfall experienced in these 6 months from October to March is now a 1-in-40 year
event and has become 35 times more likely due to human-caused climate change. Furthermore,
a 27% increase in rainfall intensity was also found.

4 Attribution of Trends - Multi-model attribution using WWA protocol

4.1 - Evaluation of climate models

In the subsections below we show the results of the model evaluation. The climate models are
evaluated against the observations in their ability to capture:

1. Seasonal cycles: For this, we qualitatively compare the seasonal cycles in model outputs
against observations-based cycles. We discard the models that exhibit ill-defined peaks
in their seasonal cycles.

2. Spatial patterns: Models that do not match the observations in terms of the large-scale
temperature patterns are excluded.

3. Parameters of the fitted statistical models: The estimated parameters must lie within the
equivalent observational parameter uncertainty range (good), or their uncertainty ranges
must overlap (reasonable).

The models are labelled as ‘good’, ‘reasonable’, or ‘bad’ based on their performances in terms
of the three criteria discussed above. A model is given an overall rating of ‘good’ if it is rated
‘good’ for all characteristics. If there is at least one ‘reasonable’ the overall rating is ‘reasonable’,
and if there is at least one ‘bad’ the overall rating is ‘bad’. Only models that are labelled as
‘good’ overall are used in the final analysis.



Tables showing how the respective models chosen are shown in Tables A.1 and A.2 in the
appendix. Tables A.3 and A.4 below show the probability ratios and changes in intensity (Al) for
models that passed model evaluation, alongside those from observational data products. This is
calculated for both past to present and present to future.

4.2 - Hazard synthesis

For each event definition we evaluate the influence of anthropogenic climate change on the
event by calculating the probability ratio as well as the change in intensity using observations
and climate models. Models which do not pass the evaluation described in section 4 are
excluded from the analysis. The aim is to synthesise results from models that pass the
evaluation, along with the observation-based products, to give an overarching attribution
statement.

Figures 4.1 - 4.4 show the changes in likelihood and intensity for the observations (blue) and
models (red). Before combining them into a synthesised assessment, first, a representation
error is added (in quadrature) to the observations, to account for the difference between
observations-based datasets that cannot be explained by natural variability. This is shown in
these figures as white boxes around the light blue bars. The dark blue bar shows the average
over the observation-based products. Next, a term to account for intermodel spread is added (in
quadrature) to the natural variability of the models. This is shown in the figures as white boxes
around the light red bars. The dark red bar shows the model average, consisting of a weighted
mean using the (uncorrelated) uncertainties due to natural variability plus the term representing
intermodel spread (i.e., the inverse square of the white bars).

Observation-based products and models are combined into a single result in two ways. Firstly,
we neglect common model uncertainties beyond the intermodel spread that is depicted by the
model average and compute the weighted average of models (dark red bar) and observations
(dark blue bar): this is indicated by the magenta bar. As, due to common model uncertainties,
model uncertainty can be larger than the intermodel spread, secondly, we also show the more
conservative estimate of an unweighted, direct average of observations (dark blue bar) and
models (dark red bar) contributing 50% each, indicated by the white box around the magenta
bar in the synthesis figures.

Results are shown in Tables 4.1 and 4.2, where differences are presented for changes both
between a 1.4°C cooler preindustrial climate and the present, and between the present and
future 0.6°C, and 1.6°C warmer climates (2°C, and 3°C of global warming since pre-industrial
times). By combining evidence from the synthesis of model results for the past, projections for
the future, and established physical understanding, we derive a best-estimate attribution of the
event.



4.3 - Synthesis of results for Drought: Precip - July and PET - July

Figures 4.1 and 4.2 show the synthesised changes in intensity for a present day 1-in-2000-year
Precip - July low rainfall event associated with 1.4°C of warming from the pre-industrial period to
2026, and a further 0.6°C and 1.6°C of warming from 2026.

In comparison with a 1.4°C cooler climate, the precipitation levels associated with July 2026 had
4% less rainfall. A summary of all July precipitation results can be found in Table 4.1. With a
further 0.6°C and 1.6°C of warming we expect a further reduction of 3.5% and 10% in July
precipitation. For all of the precipitation results these values are best estimates and none of the
precipitation results are significant. This indicates the lack of certainty between linking GMST
with July precipitation.

We also find that similar July low rainfall events are becoming less likely. Again, no results are
statistically significant. However, they do indicate that similar July precipitation levels would have
occurred once every 1,500 years in a 1.4°C cooler climate. Today they are expected to occur
approximately once every 2,000 years, and with 3°C of warming we would expect them to occur
once every roughly 4,000 years.

Combining the precipitation results together, we find that while July precipitation levels like those
experienced in July 2026 are becoming drier, they are also becoming much less likely to occur.

Precip - July
Data Period Probability ratio Intensity change (%)
(95% CI) (95% C.1.)
Observation | Past to Present 1.07 (0.00 to 129) -0.77 (-48.6 t0 83.6)
s (at +1.4°C)
Models 0.71 (0.04 to 13.6) -4.74 (-33.8t0 34.4)
Synthesis 0.77 (0.01 to 24.0) -3.82 (-38.7 t0 47.0)
Models only Present to 0.76 (0.40 to 1.37) -3.44 (-11.2 t0 4.10)
Future
(at +2.0°C)
Models only Present to 0.47 (0.08 to 2.32) -9.6 (-31.7 to 13.6)
Future
(at +3.0°C)

Table 4.1: Summary of synthesised changes in the probability ratio and in intensity for Precip - July,
presented in Figures 4.1 and 4.2. Statistically significant changes are highlighted in bold.
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Figure 4.1: Synthesised changes for a 1-in-2000-year (section 3.3) Precip - July event due to GMST.
Changes in intensity (left) and PR (right) are shown for a historical period comparing the past 1.4°C cooler
climate with the present.
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Figure 4.2: Synthesised changes for a 1-in-2000-year (section 3.3) Precip - July event due to GMST.
Changes in intensity (left) and PR (right) are shown for a future period, based on model projections only,
comparing the present and a future warmed climate.

Moving focus now to July potential evapotranspiration levels, we present a summary of results
in Table 4.2. In addition we illustrate the synthesised changes in intensity for a present day
1-in-15-year July PET event associated with 1.4°C of warming from the pre-industrial period to
2026, and a further 0.6°C and 1.6°C of warming from 2026 in Figures 4.3 and 4.4.

Changes in PET are better defined than for precipitation. In general, there is an increase in the
amount of PET associated with July. With 1.4°C of warming we have already experienced a 7%
increase in the amount of PET occurring in Ireland in July. With further warming we expect 2%
more PET than today when global temperatures reach 2°C and nearly 6% more at 3°C of
warming. Again, these values are best estimates and may vary slightly, 95% confidence
intervals can be seen in Table 4.2.

The likelihood of similar July PET values occurring has also increased with 1.4°C of warming.
What would have been considered a once in 120 year event in a preindustrial climate is now a



once in 15 year event. At 2°C of warming we expect this to become a once in 9 year event and
at 3°C we expect a once in 4 year event.

In summary, not only is more July potential evapotranspiration expected to occur as a result of
rising global temperatures, the likelihood of similar July potential evapotranspiration levels is
increasing as global temperatures increase. We note that PET quantifies the atmospheric
evaporative demand and not the actual evaporation, which is limited by available water.

PET - July
Data Period Probability ratio Intensity change (%)
(95% ClI) (95% C.1.)
Observation | Past to Present 4.73 (0.13 to 311) 5.10 (-6.21 to 18.6)
s (at +1.4°C)
Models 9.23 (0.95 to 105) 7.41 (0.50 to 14.6)
Synthesis 7.71 (0.53 to 155) 6.86 (-1.39 to 15.9)
Models only Present to 1.71 (1.07 to 2.75) 2.32 (0.08 to 4.61)
Future
(at +2.0°C)
Models only Present to 3.49 (1.37 to 8.87) 5.92 (0.56 to 11.5)
Future
(at +3.0°C)

Table 4.2: Summary of synthesised changes in the probability ratio and in intensity for PET - July,
presented in Figures 4.3 and 4.4. Statistically significant changes are highlighted in bold.
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Figure 4.3: Synthesised changes for a 1-in-15-year (section 3.3) PET - July event due to GMST. Changes
in intensity (left) and PR (right) are shown for a historical period comparing the past 1.4°C cooler climate
with the present.
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Figure 4.4: Synthesised changes for a 1-in-15-year (section 3.3) PET - July event due to GMST. Changes
in intensity (left) and PR (right) are shown for a future period, based on model projections only, comparing
the present and a future warmed climate.

4.4 - Hazard Conclusion

Combining lines of evidence from the synthesis results of the past climate, results from future
projections and physical knowledge we conclude that human-caused warming has already
increased the likelihood of extreme July PET by approximately 8-fold and the intensity by 7% in
Ireland.

We note that PET quantifies the atmospheric evaporative demand and not the actual
evaporation, which is limited by available water. Actual evapotranspiration (ET) rather than PET
controls the soil moisture budget. In periods of drought or low soil moisture, actual ET can be
substantially lower than PET due to the limited water availability. However, due to the scarcity of
long-term reliable observation records for ET we focus our analysis on PET.

Looking specifically at July precipitation levels we find that while conditions like those
experienced in July 2026 are becoming drier, they are also becoming much less likely to occur.



The evidence indicates that it was the PET which exacerbated the low rainfall conditions and
caused the drought conditions experienced across Ireland in July 2026. As global temperatures
increase, we expect the likelihood and intensity of future July PET events to further increase.
These findings are consistent with previous studies reporting little change in precipitation
amounts in both northern and southern Europe, highlighting that the observed changes in
dryness are principally being driven by rising temperatures that lead to higher atmospheric
evaporative demand, rather than changes in precipitation.

5 Societal impacts

Due to the presence of high temperatures and extremely low levels of rainfall in July, Irish Water
issued a national hosepipe ban from the 24th July to the 26th August. This was later extended
to the 30th September for the thirteen most affected counties in the south and east. In addition,
overnight restrictions on water use were implemented in specific areas and simple changes like
using a rosehead water can to water plants were recommended to further save water (Irish
Water, 2026).

Government officials were to meet with researchers during August to discuss what measures
can be taken to address the overheating problem newly built and retrofitted homes face with
record-breaking temperatures set to become the new norm. Experts suggest as much as 10%
of Irish homes are at risk of overheating, with particular emphasis on middle to upper floor
apartments and homes in newly built estates due to the lack of protection from the sun

(thejournal.ie).

While no excess deaths have been reported by the HSE due to the extreme temperatures this
summer, Ireland and other European countries have been warned by the World Health
Organisation to implement or improve their heat-health action plans. Ireland currently does not
have a heat-health action plan, leaving the country in an “unprepared” state.

5.1 - Agriculture

The low levels of rainfall, high PET and the higher than normal temperature all had an impact on
Irish agriculture this year. The impacts are not fairly distributed and are region specific, with the
south and east being hit the hardest. This followed the wet late winter that led to delays in
putting cattle out to pasture and heavy machinery on the land.

By August, severe soil moisture deficit had substantially reduced grass growth in some areas,
forcing farmers to supplement with concentrates and silage. Cost estimates are in the vicinity of
€500 per day for some farmers as livestock are taken off fields and being fed with fodder
originally intended for winter (RTE. 2026). In some of the worst affected farms across the
country, the supplementary feeds have accounted for more than 50% of dairy cows' diet
(Teagasc, 2026). As a result, concerns were raised over fodder supply for the winter (Teagasc,
2026) and the national fodder and food security committee was extraordinarily reconvened
outside of Oireachtas session on the 21th of August 2026, by Chairperson Mike Magan, at the
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request of the Minister for Agriculture, Food and the Marine, Martin Heydon TD (RTE. 2026). By
the 7th of September, despite a recent recovery due to the rainfall in August, farms recording
their data with PastureBase Ireland reported a year-to-date growth of 412 kg DM/ha (dry matter
per hectare) well below the five-year average, and 1,148 kg below 2025 levels (Teagasc, 2026).

Focusing on the farming of crops such as potatoes and vegetables, irrigation played a key role
in allowing crops to achieve average performance despite the low precipitation levels. However,
the cost of irrigation and access to reliable water supplies remains an ongoing issue for farmers
which will continue as a major issue for warming summers to come (Agriland, 2026). Bean
yields were also badly affected by the drought due to reduced pollination levels.

Overall in the tillage sector, the dry weather contributed to an unusually early harvest, but yields
were variable and generally disappointing, with the total 2026 cereal harvest estimated at below
two million tonnes. Straw yields were also reduced to approximately 80—-90% of normal, while
moisture stress was likely to impact crops such as beet and maize and created difficulties for the
establishment of cover crops and winter oilseed rape (Agriland, 2026).

Weekly grass growth is collected by Teagasc’s grassland management platform, PastureBase
Ireland. As can be seen in Figure 5.1, by the end of July, a decrease in grass growth is clear
across much of Ireland due to a combination of very low precipitation levels combined with
evaporation of residual moisture in the upper layers of soil. By the end of August, the impact of
the dry conditions in July are evident on grass growth, particularly in the south-east of Ireland.
Fortunately, at time of writing, due to a recent increase in rainfall, grass growth has recovered
nationally. However, these plots indicate just how reliant Ireland's farmers are on precipitation
levels for grass growth.
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Figure 5.1: Grass growth averages by county, given in kg DM/ha/day, from Teagasc’s PastureBase
platform.

5.2 - Wildfire

The hot and dry summer conditions, in tandem with the high levels of vegetation growth
experienced earlier in the year, primed the landscape with fuel for wildfires (Independent.ie.
2026). One area particularly affected was the Kildare Wildlife rescue, which laid bare following
the blaze (TheJournal.ie, 2026). Several other areas, including Slievenamon, county Tipperary,
Glenasmole Valley located in the dublin-wicklow mountains and Killarney national park in county
Kerry were all heavily damaged by wildfires over the course of the summer months (RTE. 2026,
RTE, 2026, The lrish Times, 2026). Much of the affected areas were protected nature sites, but
following the fires, they appear as an “apocalyptic landscape” having decimated the wildlife
(RTE. 2026). Research suggests that Ireland has one of the highest rates of wildfire overlap with
protected nature sites in all of Europe. More than half of the burnt area over the past decade
has occurred within protected sites (TheJournal.ie, 2026).

Simply put, this year a wetter October to March led to high vegetation growth across Ireland.
Then, as temperatures warmed from May onwards, they increased evaporation in soils and
vegetation, drying out vegetation making ideal burning material. A combination of ample fuel, a
lack of rainfall and localised winds caused good conditions for fires to burn and spread across
rural locations. Ten fire danger notices were issued by the Department of Agriculture, Food and
the Marine in 2026 so far, nine orange and one yellow.
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Date issued Fire danger Source
category
19 March 2026 | Yellow — Moderate Notice 01/2026
20 April 2026 Orange — High Notice 02/2026
25 May 2026 Orange — High Notice 03/2026
23 June 2026 Orange — High Notice 04/2026
(updated)
8 July 2026 Orange — High Notice 05/2026
13 July 2026 Orange — High Notice 06/2026
17 July 2026 Orange — High Notice 07/2026
20 July 2026 Orange — High Notice 08/2026
24 July 2026 Orange — High Notice 09/2026
29 July 2026 Orange — High Notice 10/2026

Table 5.1: DAFM forest fire danger notices issued between March and July 2026.Source: Department of
Agriculture, Food and the Marine (2026). Dates and categories reproduced from the supplied notice list.

Wildfire weather conditions in Ireland are assessed using the Canadian Fire Weather Index
(FWI) system, adapted to Irish conditions by Met Eireann (Walsh. 2007). For this study, daily
indices were calculated from synoptic station observations using this system. It uses noon
temperature, relative humidity and wind speed, together with preceding 24-hour rainfall and the
previous day’s moisture codes, to track fuel wetting and drying. The Fine Fuel Moisture Code
(FFMC) represents the moisture condition of litter and other dead fine fuels: higher values
indicate drier, more readily ignitable material. FWI combines potential fire spread and available
fuel into an indicator of potential fire intensity. The Irish summer classification used here has
FWI boundaries of 0, 1.6, 4.7, 9.6 and 18.0 for Very Low, Low, Medium, High and Extreme
danger, respectively, following the calibration described by Walsh (2007). FFMC provides
complementary information particularly relevant to Ireland, where the Department of Agriculture,
Food and the Marine (DAEM, n.d.) identifies it as a strong operational indicator of fire risk. The
FFMC plots use boundaries of 50, 70 and 80 to distinguish Low, Medium, High and Extreme
bands, consistent with DAFM (n.d.). These bands describe fuel conditions and are used by
DAFM to inform their fire danger notices, which also consider spread potential and other
contributing factors.
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Figure 5.2: Canadian Fire Weather Index (FWI) system, adapted to Irish conditions by Met Eireann
(Walsh, 2007) for five synoptic weather stations across Ireland.
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Figure 5.3: Fine Fuel Moisture Code (FFMC), adapted to Irish conditions by Met Eireann for five synoptic
weather stations across Ireland.



The station meteograms for FWI and FFMC (Figures 5.2 and 5.3 above) indicate a transition
from generally low or intermittent fire-weather danger in June to sustained elevated conditions
during July and much of August 2026. Oak Park showed the strongest and most persistent
signal, with FWI frequently in the Extreme category from mid-July through much of August and
several peaks reaching or exceeding 40. Moore Park also experienced a sustained Extreme
episode from mid-July into early August, peaking at approximately 34. Dunsany and Gurteen
repeatedly entered the “Extreme” category, whereas Johnstown Castle was predominantly in the
“High” category during the main episode, with shorter “Extreme” excursions. FFMC remained
above 80 for extended periods across all five stations during July and August, reaching
approximately 90 at Oak Park and Moore Park, consistent with sustained drying of fine fuels
and increased susceptibility to ignition. Rainfall coincided with abrupt reductions in the indices,
although recovery was often rapid before a more widespread decline late in August. Together,
the indices indicate prolonged periods favourable to wildfire ignition and, where fuel and wind
conditions permitted, spread and intensification. These meteograms characterise the
meteorological hazard; establishing its historical rarity or attributing changes in its likelihood or
severity to climate change requires additional analysis.

6 Conclusion

In a summer that was preceded by a May with record breaking temperatures in Ireland and
ended with an August named the global joint hottest month on record, summer 2026 proved
tricky for farmers and homeowners alike.

The driest Irish July on record, in combination with high potential evapotranspiration levels,
created very dry soil conditions and reduced crop yield for farmers. Vegetation levels were doing
well after a wet October to March, which is getting wetter as global temperatures rise. However,
this combination of increased vegetation growth over the wetter months, in combination with
drying of vegetation and soil over the summer months leads to more fuel available for gorse or
wildfires.

Average maximum and minimum temperatures experienced across the country this summer are
set to increase in likelihood and warmth as a direct result of human-caused climate change.
Looking specifically at July precipitation levels, we find that while conditions like those
experienced in July 2026 are becoming drier, they are also becoming much less likely to occur.
This in isolation may provide some relief for farmers and garden lovers alike. However, we did
find that human-caused warming has already increased the likelihood of extreme July PET by
approximately 8-fold and the intensity by 7% in Ireland. As global temperatures increase, we
expect the likelihood and intensity of future July PET events to further increase. These findings
highlight that the observed changes in dryness are driven by rising temperatures that lead to
higher atmospheric evaporative demand, rather than changes in precipitation.
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Appendix

Seasonal Spatial
Model / Observations cycle pattern Sigma Summary

EOBS 0.46 (0.37...0.54)

Met Eireann 0.46 (0.36...0.54)

MSWEP 0.49 (0.33...0.61)
CNRM-CM6-1-HR_r1i1p1f2_gr |good good 0.41 (0.3...0.46) good
EC-Earth3P-HR_r1i1p1fi_gr |good good 0.39 (0.37...0.4) good
EC-Earth3P-HR_r2i1p1f1_gr |good good 0.44 (0.42...0.46) good
EC-Earth3P-HR_r3i1p1fi_gr |good good 0.41 (0.33...0.5) good
EC-Earth3P_r1i1p1f1_gr good reasonable [0.44 (0.43...0.46) reasonable
EC-Earth3P_r2i1p1f1_gr good good 0.43 (0.41...0.43) good
EC-Earth3P_r3i1p1f1_gr good good 0.41 (0.36...0.43) good
MPI-ESM1-2-XR_r1i1p1f1_gn |good reasonable [0.38 (0.34...0.4) reasonable

Table A.1: Evaluation results of the climate models considered for attribution analysis of Precip - July over
the study region. Results of a visual evaluation of the seasonal cycle and spatial pattern are given. For
each model, the best estimate of the Sigma parameter is shown, and a 95% confidence interval is given

for each, obtained via bootstrapping. The qualitative evaluation is shown in the right-hand column. Models

that passed validation and used in the analysis are highlighted in bold.

Seasonal Spatial
Model / Observations cycle pattern Sigma Summary

CPC 0.3 (0.22...0.35)

EOBS 0.28 (0.23...0.31)

ERA5 0.25 (0.19...0.29)

Met Eireann 0.28 (0.22...0.32)
ACCESS-CM2_r1i1p1f1_gn reasonable [good 0.22 (0.2...0.25) reasonable
AWI-CM-1-1-MR_r1i1p1f1_gn reasonable |[good 0.2 (0.18...0.21) reasonable




CanESM5_r1i1p1f1_gn bad bad 0.2 (0.19...0.2) bad
CMCC-ESM2_r1i1p1f1_gn good good 0.2 (0.16...0.2) good
CNRM-CM6-1-HR_r1i1p1f2_gr |good good 0.27 (0.24...0.29) good
CNRM-CM6-1_r1i1p1f2_gr good good 0.28 (0.27...0.31) good
EC-Earth3-Veg-LR r1i1p1f1_gr |reasonable |good 0.19 (0.16...0.22) reasonable
GFDL-ESM4_r1i1p1f1_gr1 good good 0.21 (0.18...0.22) good
INM-CM4-8_r1i1p1f1_gr1 good bad 0.47 (0.44...0.51) bad
INM-CM5-0_r1i1p1f1_gr1 good reasonable |0.39 (0.32...0.43) reasonable
KACE-1-0-G_r1i1p1f1_gr good bad 0.39 (0.36...0.4) bad
MIROC6_r1i1p1f1_gn good good 0.29 (0.27...0.33) good
MPI-ESM1-2-LR_r1i1p1f1_gn bad bad 0.15(0.14...0.18) bad
MRI-ESM2-0_r1i1p1f1_gn good good 0.24 (0.22...0.25) good
NorESM2-MM_r1i1p1f1_gn good good 0.25(0.22...0.24) good

Table A.2: Evaluation results of the climate models considered for attribution analysis of PET - July over
the study region. Results of a visual evaluation of the seasonal cycle and spatial pattern are given. For
each model, the best estimate of the Sigma parameter is shown, and a 95% confidence interval is given
for each, obtained via bootstrapping. The qualitative evaluation is shown in the right-hand column. Models
that passed validation and used in the analysis are highlighted in bold.

Precip - July Preindustrial - Present (1.4°C) Present - Future (2.0°C) Present - Future (3.0°C)
Threshold for Change in Probability Change in Probability Change in

Model / return period |Probability intensity Al ratio PR intensity Al ratio PR intensity Al
Observations |2,000 yr ratio PR [-] [%] [-1 [%] [-1 [%]

2.22 -9.38

(0.09...69.7 ((-39.39...30.
EOBS 0.5(3) 99)

1.12 -1.44

(0.02...45.1 [(-42.61...55.
Met Eireann 0.56(9) 06)

9.4

0.49 (-57.71...17

MSWEP 0.4/(0...336.67) |9.68)




CNRM-CM 0.44 -9.42 -2.14 0.61 -5.82
6-1-HR_r1i (0.01...0.48 |(-45.64...-9.0.83 (-9.89...0.7 [(0.14...0.97 |(-28.62...1.8
1p1f2_gr 2.51|) 05) (0.5...1.04) |5) ) 9)
EC-Earth3P 1.09 1.02 0.17 1.04 0.46
-HR_r1i1p1f (0.88...1.53 (0.9 (0.96...1.16 |(-0.51...1.6 |(0.89...1.49 |(-1.36...4.33
1 gr 2.14)) (-1.41..4.6)|) 5) ) )
EC-Earth3P 1.13 1.51 0.79 -7.91
-HR_r2i1p1f (0.27...2.98 |(-16.05...14 |(0.45...1.02 |-2.9 0.52 (-26.51...0.6
1 gr 2.25) .05) ) (-9.2...0.25) [(0.1...1.06) [7)
EC-Earth3P 8.14 25.22 0.93 -0.87 0.83 12.33
-HR_r3i1p1f (1.46...45.0 |(2.44...48.0 |(0.43...1.31 |(-10.07...3. |(0.09...2.01 |(-29.36...9.5
1 gr 2.29(9) 3) ) 7) ) 5)
EC-Earth3P 0.11 -25.52 0.48 -8.98 0.13 125.78
_r2ilp1fl_g (0.08...0.59 |(-28.92...-6. |(0.36...0.63 |(-12.51...-5.|(0.06...0.28 |(-36.95...-16
r 2.11|) 74) ) 86) ) .39)
EC-Earth3P 0.16 -20.62 0.57 -7.75 0.21 122.04
_r3i1p1fl_g (0.04...19.3 |(-36.69...28 |(0.39...1.46 |(-13.1...4.0 |(0.07...2.41 |(-38.94...10.
r 2.09(3) 78) ) 5) ) 38)

Table A.3: Event magnitude, probability ratio and change in intensity for 2,000-year return period for
Precip - July for observational datasets and each model that passed the evaluation tests. (a) from
pre-industrial climate to the present, (b) from the present to 2.0°C above pre-industrial climate, and (c)

from the present to 3.0°C above pre-industrial climate.

PET - July Preindustrial - Present (1.4°C) Present - Future (2.0°C) Present - Future (3.0°C)
Threshold for Change in Probability Change in Probability Change in
Model / return period |Probability intensity Al ratio PR intensity Al ratio PR intensity Al
Observations |15 yr ratio PR [-] [%] [ [%] [-1 [%]
21.61 10.86
(0.78...172 |(-0.81...28.0
CPC 3.79|30.49) 1)
1.37 1.24
(0.26...6.38 |(-4.59...7.75
EOBS 3.691) )
1.69
(0.16...15.0 |1.63
ERA5 3.4(1) (-4.8...8.56)
10 6.97
Met Eireann 3.99((1.08...132)|(0.2...14.83)
CMCC-ES 2.74 1.58 2.02
M2_r1i1p1f (0.67...7.26 |3.55 (1.41...1.79|(1.56...2.42 |3.02 5.2
1 gn 3.28)) (-1.9..57) |) ) (2.36...3.9) |(4.07...6.2)
CNRM-CM 3.59(2.52 3.69 1.33 1.27 2.06 3.33




6-1-HR_r1i (1.26...6.9) [(0.98...6.44 |(1.15...1.46 |(0.6...1.68) ((1.43...2.52 |(1.59...4.37)

1p1f2_gr ) ) )

CNRM-CM 5.76 6.09 1.31 1.98

6-1_r1i1p1f (4.24...18.2 |(4.96...8.55 |(1.21...1.41 (1.12 (1.64...2.36 |2.92

2 gr 3.57(8) ) ) (0.8...1.4) |) (2.1...3.64)

GFDL-ESM 32.64 9.48 2.14 5.46

4 r1i1p1f1_ (6.85...142. |(5.64...12.1 |(2.08...2.36 |2.85 (5.22...6.42|7.25

gr1 3.22]15) 8) ) (2.64...3.2) |) (6.74...8.1)
10.36 9.25 1.67 2.49

MIROC6 r1 (3.82...343.|(5.2...18.38 |(1.45...1.78 | (1.74...2.77 |3.38 6.37

i1p1f1_gn 3.21|24) ) ) ) (2.5...3.87) [(4.5...7.05)

MRI-ESM2- 13.12 7.71 1.74 2.09 3.71

0 _ri1p1f1_ (2.55...21.2 |(3.27...8.47 |(1.68...1.98 | (1.96...2.45 |(3.43...4.75 |5.39

gn 3.4113) ) ) ) ) (5.06...6.28)

NorESM2- 50.65 13.42 7.09 11.31

MM_r1i1p1f (16.99...16 [(9.37...16.8 |2.51 4.56 (6.26...9.01 [(10.24...13.

1 gn 3.28]0.96) 4) (2.32...3) |(4.1...5.39) |) 18)

Table A.4: Event magnitude, probability ratio and change in intensity for 15-year return period for PET -
July for observational datasets and each model that passed the evaluation tests. (a) from pre-industrial
climate to the present, (b) from the present to 2.0°C above pre-industrial climate, and (c) from the present
to 3.0°C above pre-industrial climate.
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