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Overview

ÅClimate and weather simulations - Uncertainties 

ÅENSEMBLES and C4I: Met Éireann's involvement 

ÅPredicted temperature and rainfall  for Ireland

ÅImpacts of climate change on river flow

ÅImpacts of climate change on storm surge

ÅEC-EARTH: Met Éireann's involvement 



Weather/climate systems are non-linear and 
fundamentally chaotic 

Even with perfectmodels:

ÇForecasts launched from slightly different initial conditions eventually diverge.

ÇDivergence occurs even in the limit of minute differences. 

Ç It destroys predictability of deterministic weather forecasts

ÇClimate models sacrifice detail to get over the limit.

Rainfall forecasts for Dublin

Ensemble of 51 forecasts 
launched from slightly different 
initial states.



Summary of error sources in weather/climate 
forecasts 

Ç Models are only models ïthey do not provide a perfect simulation of 

reality (only a numerical representation of physical processes). 

Sensitive to óstart pointô.

Ç Some weather elements are inherently ónoisyô (e.g. rainfall) ïdifficult 

to predict details.

Ç Reliability of results is scaledependent i.e. worse at a regional level.

Ç Climate predictions have an additional uncertainty: based on future 

greenhouse gas emissions (less of an issue up to mid century).

Ç Applications introduce their own errors ïócascade of uncertaintyô.



Impacts on Predictability

Very Predictable Unpredictable

Weather

tomorrow

Weather

next 
week

Climate change

forecast

Stock 
Market

Seasonal 
forecast

ñAverage weatherò (over 
several decades) only ïcan 
neverprovide information 
for a particular year or 
season.



1990-2007 
typical for 
short-term 
climate 
simulations; 
century long 
~1 step 
behind. 
Single-layer 
slab ocean+10 
atm -> 30/30

Source: IPCC, 2007
1990

1995

2001

2007

History of IPCC Assessment Reports ïtypical resolution and 
complexity of Atmosphere-Ocean General Circulation 
Models (AOGCMs) used in assessments. Models are very 
expensive to run ïlimits resolution.



Regional Climate Modelling

Generating local detail from the coarse picture Atmosphere-Ocean 

General Circulation Models (AOGCMs)

AOGCM                           RCM

RCM outputs then used to drive 
application models (marine 
surge/wave, crop growth, river 
hydrology, etc.)



Average number of days per month with ground frost 

(1961-1990)

Tackling uncertainty 

EU ENSEMBLES Project ïEuropean Climate

ENSEMBLES : EU FP6-funded project 
involving 67 institutes (including Met Éireann) 

Goal:

Run ensemblesof different climate models to 
sample uncertainties

Assess reliability of models for historical 
periods

Working towards a probabilisticframework for 
projectionsof climate change

Focus: season, decadal, centennial; global, 
regional and local.  Applications of societal 
relevance

So far, ENSEMBLES has produced ~13 climate 
simulation datasets that represent the current 
state of knowledge regarding future climate 
change for Europe.



C4I project Met Eireann 2003-2007

Irish climate

Funded by EPA, SEI and HEA

Goals:

Build a national climate modelling capability

Predict the climate of Ireland up to 2100

Assist Irish scientists

Assess impacts of climate change

Benefit policy and decision makers

Methods:

Regional climate model

Ensemble approach



CRU Avg Glo Temp Jan 06 VAL AN Mean From Aidan

3yr filter From Aidan From Aidan

1856 -0.38 year year Mean Tr year Birr mean annual temp. Phoenix Park ann mean

1857 -0.46

1858 -0.42

1859 -0.23

1860 -0.37

1861 -0.4 -0.4

1862 -0.52 -0.4

1863 -0.27 -0.4

1864 -0.48 -0.3

1865 -0.26 -0.3

1866 -0.22 -0.3

1867 -0.29 -0.2

1868 -0.22 -0.3

1869 -0.31 -0.3

1870 -0.29 -0.3

1871 -0.34 -0.3

1872 -0.26 -0.3

1873 -0.33 -0.3

1874 -0.38 -0.4

1875 -0.42 -0.4

1876 -0.46 -0.4

1877 -0.21 -0.2

1878 -0.06 -0.2

1879 -0.29 -0.2

1880 -0.3 -0.3

1881 -0.25 -0.3

1882 -0.26 -0.3

1883 -0.32 -0.3

1884 -0.35 -0.3

1885 -0.35 -0.3

1886 -0.26 -0.3

1887 -0.35 -0.3

1888 -0.31 -0.3

1889 -0.2 -0.3 Birr Aidan M

1890 -0.41 -0.3 Val Aidan M Val Mean-(61-90)

1891 -0.35 -0.4 3yr filer

1892 -0.41 -0.4

1893 -0.45 -0.4 1893 11.2 0.7 Birr Mean-(61-90)

1894 -0.41 -0.4 1894 10.7 0.2

1895 -0.36 -0.3 1895 9.9 -0.6 1895 8.35 -1.06

1896 -0.2 -0.2 1896 10.5 0.0 1896 9.18 -0.23

1897 -0.18 -0.2 1897 10.7 0.2 1897 9.39 -0.01

1898 -0.34 -0.3 1898 11.2 0.7 1898 9.93 0.53

1899 -0.25 -0.3 1899 11.2 0.7 1899 9.76 0.35

1900 -0.19 -0.2 1900 10.4 -0.1 0.1 1900 9.0 -0.4 -0.2

1901 -0.26 -0.3 1901 10.1 -0.4 -0.2 1901 8.9 -0.5 -0.4

1902 -0.35 -0.4 1902 10.5 0.0 -0.2 1902 9.1 -0.3 -0.4

1903 -0.45 -0.4 1903 10.3 -0.2 -0.2 1903 8.9 -0.5 -0.4

1904 -0.44 -0.4 1904 10.2 -0.3 -0.2 1904 9.0 -0.4 -0.4

1905 -0.37 -0.4 1905 10.3 -0.2 -0.2 1905 9.1 -0.3 -0.3

1906 -0.29 -0.4 1906 10.5 0.0 -0.2 1906 9.1 -0.3 -0.4



2021-2060 relative to 1961-2000

(mean of 8 simulations)

Warming, particularly in the 
summer and autumn (1.2-1.4 C). 

The warming is most pronounced 
in the south and east.

Similar pattern towards end of 
century - increase up to 3.4 C.

DJF                            MAM

JJA                             SON

Climate Change

Seasonal and Regional changes in temperature

(Results from C4I / Met Éireann project 2003-2007)



2021-2060 relative to 1961-2000

(mean of 8 simulations)

Wetter in autumn and winter:

5-10% increase in mid century, 
increasing 15-25% towards the 
end of the century. 

Summers are drier:

5-10% decrease for 2021-2060; 
10-18% decrease towards the end 
of the century. 

Extreme rainfall events more 
likely. 

Butéregional details are 
unreliable

Climate Change

Seasonal and Regional changes (%) in rainfall

(Results from C4I / Met Éireann project 2003-2007)

DJF                           MAM

JJA                           SON



Impacts of climate change on river flow: 
danger of using oneclimate simulation

% change in monthly mean daily flow (2021-2060 compared 
with period 1961-2000) for 9 catchments. 

Climate data used to force a 
hydrological model (HBV). 
Uncertainty in HBV handled 
by choosing the 100 best 
parameter sets. 

The 100 grey lines (solid black 
line represents mean) give an 
indication of the uncertainty 
due to the hydrological model.



Climate data from 13 ensemble 
simulations used to force the 
HBV hydrological model. 
Uncertainty in HBV handled 
by choosing the 100 best 
parameter sets. 

The black solid curve shows 
the mean over all 1300 
simulations. The shaded plot 
shows a frequency distribution 
of the predicted changes of the 
1300 simulations grouped in 
5% bins.This gives an 
indication of the uncertainty 
due to the climate and
hydrological models. 

% change in monthly mean daily flow (2021-2060 compared 
with period 1961-2000) for 9 catchments. 

Impacts of climate change on river flow: using the 
climate ensemble to estimate the full uncertainty



Amplification of seasonal 
cycle:

Increased winter rainfall 
=> increased winter flow

Increased summer 
temperature and reduced 
rainfall => reduced summer 
flow

% change in monthly mean daily flow (2021-2060 
compared with period 1961-2000) for 9 catchments. 

Impacts of climate change on river flow: using the 
climate ensemble to estimate the full uncertainty



89.74%98.54%Suir

84.59%98.73%Suck

82.67%96.77%Moy

70.82%98.51%Feale

87.87%97.44%Brosna

89.90%93.87%Boyne

86.15%97.77%Blackwater

89.74%96.56%Barrow

84.66%99.37%Bandon

Increase in

winter

Decrease 
in 

summer
Catchment

Natural variability will 
influence individual yearsé

Estimates of extreme flows, 
return periods, etc., are 
possible but current 
experience suggests that the 
climate ensemble size needs 
to be (much) larger to 
capture the range of 
uncertainty.% of 1300 simulations showing the indicated trend

Impacts of climate change on river flow: using the 
climate ensemble to estimate the full uncertainty



Impacts of climate change on river flow

Rainfall and temperature 
(rising temperatures associated 
with evaporation from soil) are 
the main drivers for river 
hydrology

Main source of uncertainty is 
in the rainfall. 

% change in monthly mean dailyrainfall (2021-2060 
compared with period 1961-2000) for 9 catchments. 



Impacts of climate change on storm surge

ŖOMS - Regional Ocean 

Modelling System - a 3D 

circulation model 

Ḩorizontal resolution: 4'

V̧ertical resolution: 16 levels

Ţhe tidal dataare derived 

from the barotropic tide data  

assimilation system of Oregon 

State University (TPXO.6): it 

includes eight primary (M2, 

S2, N2, K2, K1, O1, P1, Q1) 

and two long period (Mf, Mm) 

harmonic constituents.



Galway

Impacts of climate change on storm surge

Histogram of Surge Heights

¸ Increases in the 
occurrence of the  
moderate storm surges 
(>0.5m)

¸ Obvious increases in the 
occurrence of extreme 
storm surges (>1m)



Impacts of climate change on storm surge

Difference in surge elevation between the future and control run

Note: only one simulation ïneed to perform ensemble 

simulations similar to the hydrological study



International project to develop a new global Earth System Model: atmosphere, 

ocean, sea-ice, land, atmospheric chemistry ïunified within a single 

package. 

Irish partners: Met Éireann, UCD and ICHEC.

Global model currently being run in Met Éireann ïhorizontal resolutions 40-80 

km for climate sensitivity studies. Will provide improved estimates of changes 

in future precipitation and wind.

Tackling Uncertainty ïthe Global route

OASIS

Atmosphere: IFS

Ocean: NEMO

Sea-ice 

Land: IFS H-tessel

Chemistry: TM5

Vegetation

EC-EARTH



Several sensitivity studies:

¸ Influence of rapidly melting Arctic sea-ice on mid-latitude 

climate: fewer winter storms due to decreased meridional 

temperature gradient and less variability in 500 hPa geopotential

¸ Impact of horizontal resolution on atmospheric blocking: 

important to simulate frequency and duration of atmospheric 

blocking realistically since it can cause prolonged dry spells

¸ Impact of melting Greenland ice on the dynamics of the 

atmosphere

EC-EARTH current work



Blocking experiment



Contribution to CMIP5 (Coupled Model Intercomparison Project 5) and 

IPCC-AR5 (Intergovernmental Panel on Climate Change ïAssessment Report 5):

EC-EARTH plans



Simulations at Met Eireann / ICHEC

In addition to EC-EARTH commitment: 

very high-resolution simulations: T511L62 ~ 40 km

Further downscaling with regional climate model

EC-EARTH plans



Operational (15km grid) New model (HARMONIE) 
2.5km grid �±under test �±
will eventually be used for 
regional climate modelling

Observed rainfall

Tackling Uncertainty �±the regional climate modelling route

Leinster Flooding episode (9 August 2008): 24hr rainfall forecast


