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Overview

AClimate and weather simulation§/ncertainties
AENSEMBLES and @l: Met Eireann's involvement
Mredicted temperature and rainfall for Ireland
Ampacts of climate change on river flow
Ampacts of climate change on storm surge
AEC-EARTH: Met Eireann's involvement



Weather/climate systems are Aorear and
fundamentally chaotic

ECMWF ENSEMBLE FORECASTS FOR: IRELAND .uj.mw. I:lw.y:m, Dy:u.g:um .m.1ml\.

DATE: 2009012900 DUELIN LAT: 53.4 LONG: -6.3 Oper 7399 — EMem

Ensemble members of TOTAL PRECIPITATION - Aczum. mte mmi12h

P

Rainfall forecasts for Dublin

Ensemble obl forecasts
launched from slightly different
Initial states.

Even withperfectmodels:

C Forecasts launched from slightly different initial conditions eventually diverge.
C Divergence occurs even in the limit of minute differences.

C It destroys predictability afleterministic weather forecasts

C Climate models sacrifice detalil to get over the limit.



Summary of error sources in weather/climate
forecasts

Models are only modeisthey do not provide a perfect simulation of
reality (only a numerical representation of physical processes).
Sensitive to oO6start pointo.

Some weat her el ement s ar @dfficalth er
to predict details.

Reliability of results iscaledependent i.e. worse at a regional level.

Climate predictions have an additional uncertainty: based on future
greenhouse gas emissions (less of an issue up to mid century).

Applications introduce theirownerragiss cascade of un



Impacts on Predictability

Very Predictable Seasonal Unpredictable
forecast

Weather Weather Climate change Stock
Market
tomorrow next forecast
week - - —

nAverage wealhero (over
several decades) orilycan
neverprovide information
for a particular year or
season.




S
ource: IPCC. 2007

Mid-1980s
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Regional Climate Modelling

Generating local detail from the coarse picture Atmospesan
General Circulation Models (AOGCMS)

Jat

AOGCM > RCM

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



Tackling uncertainty

EU ENSEMBLES Project i European Climate

Average number of days per month with ground frost
(19611990

ENSEMBLES : EU FB-funded project
iInvolving 67 institutes (including Met Eireann)

Goal:

Runensemblesf different climate models to
sampleuncertainties

Assesgeliability of models for historical
periods

Working towards grobabilisticframework for
projectionsof climate change

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

So far, ENSEMBLES has produceti3climate
simulation datasets that represent the curren
state of knowledge regarding future climate
change for Europe.



C4l project Met Eireann 2003-2007 et
Irish climate

Funded by EPA, SEl and HEA
Goals:
Build a national climate modelling capability
Predict the climate of Ireland up to 2100
Assist Irish scientists
Assessmpactsof climate change
Benefit policy and decision makers
Methods:
Regional climate model

Ensemble approach
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Climate Change

Seasonal and Regional changes in temperature

(Results from C4l / Met Eireann project 20032007
MAM

2021-2060relative t01961-2000
(mean oB simulations)

Warming particularly in the
summer and autumi.g-1.4 C).

NKR na 1 11 12 13 14 18 1 17 1R

The warming is most pronounced
In the south and east.

Similar pattern towards end of
century- increase up t&.4 C.




Climate Change _

Seasonal and Regional changes (%) in rainfall @
(Results from C4l / Met Eireann project 20032007

2021-2060relative t01961-2000
(mean oB simulations)
Wetter in autumn and winter:

5-10% increase in mid century,
iIncreasingl5-25% towards the
end of the century.

Summers are drier:

5-10% decrease f02021-2060Q
10-18% decrease towards the enc
of the century.

Extreme rainfall events more
likely.

B u tregional details are
unreliable




Impacts of climate change on river flow:
danger of usingoneclimate simulation
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Climate data used to force a
hydrological model (HBV).
Uncertainty in HBV handled
by choosing thd00best
parameter sets.

The100grey lines (solid black
line represents mean) give ar
indication of the uncertainty

due to the hydrological model

% change in monthly mean daily flow (262060 compared
with period 19632000) for 9 catchments.



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

Bandon Barrow Blackwater
1T 1

I
| | [ [
8 i £ 8B 3 @
3

2-64

S
i 8 & 8 8B 3 @

EF 8 2 8 &

Climate data fromi3 ensemble
simulations used to force the
HBV hydrological model.
Uncertainty in HBV handled
by choosing thd00best
parameter sets.

The black solid curve shows
the mean over all300
simulations. The shaded plot
shows a frequency distributio
of the predicted changes of tr
1300simulations grouped In
5% bins.This gives an
Indication of the uncertainty
due to the climatand
hydrological models.

% change in monthly mean daily flo®(21-2060compared

with period1961-2000 for 9 catchments.



Impacts of climate change on river flow: using the
climate ensemble to estimate the full uncertainty
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% change in monthly mean daily flow (262060

Amplification of seasonal
cycle:

Increased winter rainfall
=> Increased winter flow

Increased summer
temperature and reduced
rainfall => reduced summer
flow

compared with period 1962000) for 9 catchments.



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

Decrease Increase in
Catchment IN .
summer winter
Bandon 99.37% 84.66%
Barrow 96.56% 89.74%
Blackwater 97.77% 86.15%
Boyne 93.87% 89.9000
Brosna 97.44% 87.87/%
Feale 98.51% 70.82%
Moy 96.7 7% 82.67%
Suck 98.73% 84.59%
Sulir 98.54% 89.74%

% of 1300simulations showing the indicated trend

Natural variability will
I nfl uence 1 n

Estimates of extreme flows
return periods, etc., are
possible but current
experience suggests that t
climate ensemble size nee
to be (much) larger to
capture the range of
uncertainty.



Impacts of climate change on river flow
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% change in monthly mean dailginfall (2021-2060
compared with period961-2000 for 9 catchments.

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

Main source of uncertainty is
In therainfall.



Community Climate Change Consortium for Ire

. ROMS - RegionalOcean
Modelling System- a 3D -
circulation model

. Horizontal resolution: 4'
‘Vertical resolution: 16 levels™ |
. Thetidal dataare derived 1
from the barotropic tide data =% .
assimilation system of Oregon |
State University (TPXO.6): it
Includes eight primary (M2, :
S2, N2, K2, K1, 01, P1, Q1) ._.‘40 :

54N

and two long period (Mf, Mmj» =
. . 24 200 184 12°W il 4=k
harmonic constituents.

Impacts of climate change on storm surge
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Consortium far Ireland

Impacts of climate change on storm surge

100 1000 10000

10

041 Community Climate Change Cansnrtiuﬂ?i

Commusity
Clumate Changpe

Galway

B Past(1961-1990)

| | | | | | B Future(z031-2060)

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

Obvious increases in th
occurrence of extreme
storm surges (tm)
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Community Climate Change Consortium for Ireland

Impacts of climate change on storm surge

Station Name 50cm<Hsurge<100cm | 99% Maximum Surge
Dublin Bay 14.7% 5.45% 5.6%
Wicklow | 21.9% 2.22% | 13.98%
Arklow | 20.1% 2.27% | 11.1%
Wexford Bay | 18.98% 2.44% | 12.36%
Waterford | 20.6% 2.44% | -7.69%
Cork Harbour 10.6% 0.01% -17.76%
Dingle Bay | 24.93% 2.33% | 20.88%
Shannon Estuary | 25.50% 4.76% | 10%
Sligo Entrance | 30.53% 6.38% | -5.08%
Lough Swilly | 19.2% 3.7% | -10.88%
Donegal Bay | 24.80% 6.12% | 6.87%
Clew Bay 31.20% 6.38% 6.42%
Galway Bay 25.93% 6.52% 73.2%

Difference in surge elevation between the future and control run
Note: only one simulation need to perform ensemble
simulations similar to the hydrological study



Tackling Uncertainty i the Global route
EC-EARTH

[ Atmosphere: IFS |

Land: IFS H-tessel ]

Sea-ice ]

Vegetation |

[ Ocean: NEMO | Chemistry: TM5 |

International project to develop a new global Earth System Model: atmosphere,
ocean, seace, land, atmospheric chemistryunified within a single
package.

Irish partners: Met Eireann, UCD and ICHEC.

Global model currently being run in Met Eireaniorizontal resolutiong0-80
km for climate sensitivity studies. Will provide improved estimates of changes

In future precipitation and wind.



EC-EARTH current work

Several sensitivity studies:

Influence of rapidly melting Arctic seiae on midlatitude
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
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EC-EARTH plans (GPEARTH

Contribution to CMIP5 (Coupled Model Intercomparison Proje&) and

IPCC-ARS (Intergovernmental Panel on Climate ChangeAssessment Repob):

Number of runs to be carried out by participating institutes for the CMIP5/AR5 runs

Exp. CMIP5 | Name exp. Ens. Resp. Time frame KNMI | SMHI/ | DMI | BSC | MetEir./ | IC3 | MetNo | IM/UL

nr. nr. Size Inst. MISU ICHEC

1 3.1 Spinup+preind- | 1 KNMI spring09-fall09 1 0 0 0 0 0 0 0
control

2 32 20™ century 5-10 SHMI fall09-spring10 1 4-5 1 1 1 0 0 0
control

3 4.1 21" cent. RCP | 5-10 DMI sping10-sum10 1 4-5 1 1 1 0 0 0
4.5 W/m’

4 42 21" cent. RCP | 5-10 DMI spingl0-sum10 1 4-5 1 1 1 0 0 0
8.5 W/m*

5 1.1 Hindc. 10 yrs 10 OCW* fall09-sum10 2-3 4 2-3 0 1 1 2 2

6 12 Hindc. 30 yrs 10 OCW* fall09-sum10 1 4 2-3 0 1 1 0 1

7 6.1 4xCO,, 1%/yr | 1 BSC fall09-sum10 0 0 0 1 0 0 0 0

8 33 AMIP 30 yr 10 MetEir. | spring09-sum10 2 2 2 0 1 1 0 1

9 6.2ab AMIP 21" 4 IM/UL fall09-sum10 1 0 1 0 1 0 0 1
cent. time slice

10 6.3 4xCO, abrupt | — - undecided

1. T159L62 CY31+ — NEMO2 (ORCA1) — LIM2 — HTESSEL, no indirect aerosols (?)

2. T159L62 CY31+ — NEMO2 (ORCA1) — LIM2 — HTESSEL, volcanoes, changing GHG, aerosol concentrations, solar forcing, land cover

3. T159L62 CY31+ — NEMO2 (ORCAL) — LIM2 — HTESSEL, changing GHG, aerosol concentrations, land cover

4. TI59L62 CY31+ — NEMO2 (ORCAL) — LIM2 — HTESSEL, changing GHG, aerosol concentrations, land cover

5. T159L62 CY33+ — NEMO3 (ORCA1) — LIM3 — HTESSEL+ (backup CY31+), GHG, aerosols, solar, volcanoes 20™ century; 4.5 W/m?* scenario for 2005-2015

6. T159L62 CY33+ — NEMO3 (ORCA1) — LIM3 — HTESSEL+ (backup CY31+), GHG, aerosols, solar, volcanoes 20" century; 4.5 W/m? scenario for 2005-2015

7. T159L62 CY31+ - NEMO2 (ORCAI) - LIM2 — HTESSEL, no indirect aerosols (?)

8. T159L62 CY31+ and/or CY33+ — HTESSEL, no indirect aerosols ( ?),SST prescribed, aersols, GHG prescribed

9. T511 CY33+ —HTESSEL, SST prescribed from decadal forecast run, GHG, aerosols, 10 yr (2030-2040) + current climate (?), perhaps other resolution (10 member T399)

10. Undecided.
* = Ocean Working Group (led by Andreas Sterl, KNMI)




EC-EARTH plans earT

Simulations at Met Eireann / ICHEC

In addition to EGEARTH commitment:
very highresolution simulations: 51162 ~ 40 km

Further downscaling with regional climate model

|Run

|Spinup+preindustrial control
|20" century control

|21% century RCP 4.5 Wim2
|21st century RCP 8.5 Wim2
|21st century RCP 2.X W/m2
|Hindcast 10 years
[Hindcast 30 years

|AMIP 30 years

[AMIP 21* century time slice
|AMIP 30 years

|AMIP 30 years

|AMIP 30 years future

|AMIP 30 years future

Time range

500 years

156 years: 1850-2005

95 years: 2006-2100

95 years: 2006-2100

a5 years: 2006-2100

10*10 years (different start dates)

3*20 years (continuation of 1.1)

30 years: 1979-2008

2*30 years for 1 and 4*C0O2

30 years: 1979-2008

2*30 years: 1979-2008, two additional members
30 years: 2026-2055

2*30 years: 2026-2055, two additional members

|AMIP Cloud response to SST increase 30 years: 1979-2008 with SST increase

Resolution
T159L62-ORCA1L
T159L62-ORCAL
T159L62-ORCA1L
T159L62-ORCA1L
T159L62-ORCAlL
T159L62-ORCA1l
T159L62-ORCA1L
T159L62
T159L62
T511L62
T511L62
T511L62
T511L62

T511L62

'Cnmmitment

Additional
EC-EARTH commitment
EC-EARTH commitment
EC-EARTH commitment
Additional
EC-EARTH commitment
EC-EARTH commitment
EC-EARTH commitment
EC-EARTH commitment
Additional
Additional
Additional
Additional
Additional



Tackling Uncertainty zthe regional climate modelling route

Leinster Flooding episod® August2008: 24hr rainfall forecast

O

Operational 15km grid)

O

New model (HARMONIE)
2.5km grid tunder test *

will eventually be used for
regional climate modelling

Observed rainfall



