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Irish Hydrometric Reference Network

A Maps of IHRN stations suitable for flow assessment at high (a), mean (b), and low (c) flows.
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IHRN V2: Final Numbers e a m a e e

Stations |Latitude Longitude Nested Nested Within High cat Mean cat Low cat

6012| 54.093 -6.66514 No

. . L. 6013 53.856 -6.41305 No

A total of 51 IHRN stations identified. 6014 53.921 -6.54864 No
6030| 54.026 -6.2433 No

7002 53.488 -6.9699 Yes

Station performances ranked at high, mean, an( 7os sssss 79005 no

- 7006/ 53.726 -6.80198 No

low flows as good = 1, moderate = 2 or poor =& 7o sue 70771 ves
11001| 52.643 -6.26984 No

12001| 52.548 -6.5493 No

Stations noted as performing poor (red) are Not 1o ssose 7sets ves

14019| 52.935 -6.94893 No
employed in the IHRN for the given flow regime o 5287 739717 ves
15011 52.531 -7.18847 No
16009| 52.357 -7.9222 Yes
16011| 52.351 -7.69383 No
16051| 52.716 -7.79101 Yes

High Flow Stations Mean Flow Stations Low Flow Stations 18002 52.144 -8.05123 No
18003| 52.149 -8.51473 Yes
18005| 52.168 -8.25827 Yes
19001| 51.822 -8.42089 No

21 20002| 51.765 -8.68203 No
21002| 51.738 -9.45103 No
22035| 52.061 -9.61657 No
23001, 52.468 -9.53386 No
29 21 24008| 52.543 -8.76678 No
i > Final_River_Stations_List
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Missing Data

A Average record lengtir 49.2 years [31 to 71 years]; average missing dat&.5 % [0.9 % to 9.3 %]
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Infilling Missing Flows

Missing data modelled for all 51 IHRN stations from start of record till 2022.

Observations from Met Eireann 1km x 1km gridded dataset; ERA5 temperature data
bias corrected (Qmapping); 8 2 | Rd’ymula - PET.

GRA4J (4 parameter lumped rainfalfunoff model) T generated daily flows from
precipitation and PET inputs.

ANN (backpropagation neural network) inputs included lagged GRA4J flow,
temperature, precipitation, precipitation lagged by one to four days.

Kling Gupta (KGE) and Nash Sutcliffe (NSE) objective functions used to identify bes
combination of parameter sets (GR4J) and neurons (ANN).
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Hydrological Model Performances

A NSE, KGE, Mean Absolute Error (MAE) anddtiared values used to assess performance for the
calibration (start year- 1999) and validation (200€2022) periods.
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Infilled versus Observed Trends
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Annual Trend Magnitudes

ANSIJROGWEWUKt Wt GYG
annual infilled flows.

A This test identifies magnitude of
change.

Short period

A White arrows are significant
trends.

A Assessment of Long (1972022)
versus Short (19922022) trends
highlights importance of chosen
period.

A Longer period identifies more
statistically significant trends.
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Trends in hydro indices from reconstructions
1941-2022

Modified Mann-Kendall Zc by Indicator
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Emergence of a climate change signhal:

Leveraging long records in Ireland
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L
Table 1 Details of the ETCCDI temperature indices evaluated for each stati Tick marks indicate which n I c a t 0 I S a n a s e a n
indices were assessed for annual (Ann), winter (W), spring (Sp), summer nd autumn (A) series. TX

refers to daily maximum air temperature, TN to daily air temperature, TN to daily mean aiy
temperature, SCN to standard climate normal period 1961-1990.

Name Acronvimn  Units Definition Type Amm W Sp S A
Cold spell : 2 unt of days '\\.uh. at

CSDI Days east 6 s when Duration
duration s

Warm spell
duration

WSDI  Dus et 6comecuve dyuoiien  Durton * Large number of temperature and precipitation extremes,
‘ together with annual and seasonal mean temperature and
precipitation

Frost days 3 0°C Threshold v

Grc owing
’ s ¢ Duration
ol

season
length

Diurnal
temperature

Monthly mean difference
between TX and TN

) I * We produce estimates of the signal to noise ratio (S/N) for changes

Ice days 5 Days  Anmnual count TX < 0°C

Coldest e ot o e 4 A 0 A 4 n observed climate indicesl‘t\)/}/ inearly regressing local variations in
e

mght y nunimum value o ]
TN C Nonblymaimm e of TN bk climate onto annual Global Mean Surface Temperature (GMST)

mght
Hottest day TXx “C Monthly maximum value o Absolute N v v . v Change .

Coldest day X °C Monthly nunimum value of TX

. - % of days when TX < 10% " _
Cool days ays ercentile \ y \ v [ G
— ! Oth t C : t I
N10p ays derce: v v v v N

Cool mghts

Warm

R sl o | * L(t) 1s the local change in temperature and precipitation indices;
— e G t?_is a smoothed version of GMST anomalies; « is the linear
scaling between L and G 8 is a constant. Significance evaluated at
Table 2 Definitions of the five ETCCDI precipitation indices analysed. the O O level

Name Acronym  Units Definition

Maximum 1-day precipitation

RX1day mm Annual maximum 1-day precipitation
amount

Maximum 5-day precipitation - ;
ayl F RX5day mm Annual maximum consecutive 5-day precipitation

e * We apply the terminology of Frame et al. (2017? to describe how

min Ratio of annual total precipitation to number of wet

TreTEREE B & emeam | climate has changed from being normal or familiar (é,SN <|1)), to
ROSYTOT mm  reopinion xees e S5 el ofdaiy being unusual (S >|14< |2])), unfamiliar (S/N >|2|<|3|), and
- =" unknown (SN >|3|), relative to the early industrial period.

Extremely wet days R99pTOT mm ds
eriod (1961-1990)




Annual and Seasonal Temperature
(note winter missing)

Annual Spring

Z Phoenix Park 1.14 0.00 2.34

Glasnevin 1.11 0.00 2.34

o A A Dublin 1.05 0.00 2.23
Armagh 1.05 0.00 2.27

Birr 1.05 0.00 2.22

Roches Point 0.63 0.00 1.66

- = - = Malin Head 0.77 0.00 2.00
Summer Autumn Markree 0.72 0.00 1.81

2‘\ 2'\ Galway 0.71 0.00 1.83
Valentia 0.72 0.00 1.94

Belmullet 0.74 0.00 1.89

Island of Ireland 0.88 0.00 2.14

Alpha: Scaling of change to GMST



Overview of all temperature indices

SNR

SNR

SNR

7| a) Mean Temp Indices d) Spring ETCCDI Indices
— B T = Forthe ETCCDI temperature indices cool days
,,,,,,,,,,,,,,,,,,,,,,,,,, — ERT | v gglee LT :
— — - EE et (TX10p), cool nights (TN10p), warms days (TX90p)
_____________________________________________________________ . gi,é and warm nights (TN90p) show the largest SNR of all
Lt == indices annually and seasonally
SR A B CEEF Seasonally, spring shows the greatest proportion of
b) Annual ETCCDI Indices éé , e) Sumn:_er ETCCDI Indices _ StatlonS/ETCCDI indlces Where the Warm|ng
g éfﬁﬁﬁ%* N — .%.% ............... B §|gnal gmerges as at least unusual-relatwe to early
— E* = - . = — -+ ' industrial, with notable decreases in frost days (FD)
BB - PRS- = apparent.
= ‘;l:l 2 - .
N
3G BEEEEEEE g While hot days are often associated with climate
change in the public imagination, we find few
c) Winter ETCCDI Indices f) Autumn ETCCDI Indices . .. . .
- : 3 - significant relationships between the hottest day (TXXx)
I T = = . .
T EERL =& " BE= B and GMST across stations and seasons, with no
- Q&.E 4 - = T i x ~ LB . .
e == 5T T = evidence for the emergence of a climate change
e T 4 EE* --------------- . . e
= 4 =B signal in this indicator.
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Scaling of SDIl to GMST: Consistent with
CC relationship

P Y g
index (SDII alpha (% . . : :

Foulkesmills (s108) 8.00 0.00 0.18 6.94 0.69 0.68 1.01
Inagh (Mt. Callan s417) 7.66 0.00 0.19 8.08 0.77 0.72 1.07
Mallow (Hazelwood s706) 9.60 0.00 0.14 5.84 0.69 0.55 1.25
Mullingar (s875) 6.37 0.00 0.12 5.56 0.44 0.46 0.96
Cresslough (s944) 5.42 0.05 0.18 6.47 0.43 0.66 0.66
Roches Point (s1075) 7.58 0.00 0.16 6.20 0.58 0.58 1.00
Newport (s1175) 13.77 0.00 0.17 6.90 1.18 0.69 1.71
Dunsany (s1375) 6.28 0.00 0.11 5.37 0.42 0.42 0.98
Meelick (Victoria Lock
s1519) 9.57 0.00 0.15 5.32 0.63 0.56 1.12
Malin Head (s1575) 9.99 0.00 0.14 5.54 0.69 0.54 1.28
Carndolla (s2227) 13.85 0.00 0.15 5.72 0.98 0.62 1.59
Enniscorthy (s4015) 7.03 0.01 0.18 6.42 0.56 0.66 0.85
Kilkenny (s4513) 13.65 0.00 0.13 5.47 0.92 0.54 1.72
Kilaloe Dock (s6019) 6.39 0.01 0.16 6.97 0.55 0.61 0.91
Portlaw (Mayfield s8212) 7.44 0.02 0.22 7.15 0.66 0.80 0.83
Island of Ireland 5.64 0.00 0.09 6.13 0.43 0.33 1.30




Island of Ireland Scale

Four indices show the emergence of unfamiliar
I i climate (SNR > 2)

i LR ] i 0L Annually the number of cool days (TX10p) and cool
I nights (TN10p) have decreased to unfamiliar levels
i with a SNR of -2.00 and -2.05, respectively.

H { W{ Largest increases are evident for warm nights

SNR

(TN90Op) and annual mean temperature, which show a
. SNR of 2.07 and 2.14, respectively. TN90p has
- increased 6.84 percent per degree warming in GMST

Largest SNR was found for annual mean temperature
i with warming for the island of Ireland composite
: series estimated at 0.880C per degree increase in
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Trends In seasonal rainfall extremes

Winter

U Strong westreast gradient:
significant increases in the west,
decreases or weak trends in the
east.

U PRCPTOT and Rx5day show the
most robust increases (up to ~19%
In the west).

Fixed Period (1930-2019) Trends: Winter RX5DAY Fixed Period (1930-2019) Trends: Winter PRCPTOT

54°N 54°N

53°N

10°W 9°W 8°w 7°W 6°W
10°W o'W 8°W W 6°W

Figure: Magnitude and direction of trends fixed period for winter Rx5day anc
PRCPTOT. Blue triangles represent increasing trends and red decreasing
trends, with magnitude proportional to size. Significant trends (0.05 level)
shown by white triangles and derived from MKZs values.



Trends In seasonal rainfall extremes

Spring

U Widespread increases across all
Indicators, especially in the west.

U PRCPTOT shows the strongest
Increases (up to ~27% in the
west).

U Short-duration extremes (Rxl1day,
Rx3day, Rx5day) also increasing
significantly.

Figure: Magnitude and direction of trends fixed period for spring Rx5day
and PRCPTOT. Blue triangles represent increasing trends and red
decreasing trends, with magnitude proportional to size. Significant trends
(0.05 level) shown by white triangles and derived from MKZs values.



