
Climate Change and Hydrology: 
From Observations to 

Projections
Prof. Conor Murphy

ICARUS, Dept. of Geography,
Maynooth University



Content from Recent and Ongoing Projects

ÅPart 1:  Observations
ÅDatasets, detection and attribution
ÅIrish Hydrometric Reference Network V2 (IHRN) Project
ÅHydroDARE: Detection and Attribution of Change in Hydrological Series

ÅPart 2: Projections
ÅCMIP6 and Cordexsimulations
ÅHydroPredictProject
ÅWaterFuturesProject

ÅAcknowledge the researchers employed on these project and 
collaborators
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Irish Hydrometric Reference Network

ÅMaps of IHRN stations suitable for flow assessment at high (a), mean (b), and low (c) flows. 
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IHRN V2: Final Numbers
1. A total of 51 IHRN stations identified.

2. Station performances ranked at high, mean, and 
low flows as good = 1, moderate = 2 or poor = 3.

3. Stations noted as performing poor (red) are not 
employed in the IHRN for the given flow regime. 
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Missing Data
ÅAverage record length т 49.2 years [31 to 71 years]; average missing data - 4.5 % [0.9 % to 9.3 %]
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Infilling Missing Flows

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

2. Observations from Met Éireann 1km x 1km gridded dataset; ERA5 temperature data 
bias corrected (Q-mapping); §ƨĬŔŰќƚ formula - PET. 

3. GR4J (4 parameter lumped rainfall-runoff model) т generated daily flows from 
precipitation and PET inputs. 

4. ANN (backpropagation neural network) т inputs included lagged GR4J flow, 
temperature, precipitation, precipitation lagged by one to four days.

5. Kling Gupta (KGE) and Nash Sutcliffe (NSE) objective functions used to identify best 
combination of parameter sets (GR4J) and neurons (ANN).
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Hydrological Model Performances
ÅNSE, KGE, Mean Absolute Error (MAE) and R-squared values used to assess performance for the 

calibration (start year - 1999) and validation (2000-2022) periods.
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Infilled versus Observed Trends

ÅTrends determined using Mann Kendall (MK) 

ÅZ statistic scores above (below) 1.96 (-1.96) 
represent significant increasing (decreasing) 
trends.

ÅMK scores initially derived for infilled and 
observed flows for full period for each station.

ÅAnnual and seasonal values extracted and 
plotted.

ÅTrends showing good agreement in general - 
close to 1:1 reference line. 
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Annual Trend Magnitudes

ÅÑőĲŔũШÉĲŰќƚШƚũŸƓĲШŔĬĲŰƣŔŉŔĲĬШŉŸƖШ
annual infilled flows.

ÅThis test identifies magnitude of 
change. 

ÅWhite arrows are significant 
trends.

ÅAssessment of Long (1972-2022) 
versus Short (1992-2022) trends 
highlights importance of chosen 
period.

ÅLonger period identifies more 
statistically significant trends.



Trends in hydro indices from reconstructions 
1941-2022

















Trends in seasonal rainfall extremes 

üStrong westтeast gradient: 
significant increases in the west, 
decreases or weak trends in the 
east.

üPRCPTOT and Rx5day show the 
most robust increases (up to ~19% 
in the west).

Figure: Magnitude and direction of trends fixed period for winter 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.

Winter



Spring

üWidespread increases across all 
indicators, especially in the west.

üPRCPTOT shows the strongest 
increases (up to ~27% in the 
west).

üShort-duration extremes (Rx1day, 
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.

Trends in seasonal rainfall extremes 


