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Outline

* Recap af usikkerheder pa klimafremskrivninger (klimatilpasnings.dk / AR4)

» Klimafremskrivning og hydrologiske effekter (AquaClew /AR5)

o Fremskrivning for 2071-2100 i forhold til 1981-2010 reference for RCP 8.5 og RCP 4.5 scenarierne, med
biaskorrektion af 21/5 klimamodeller fra AR5 udfra perioden 1990-2009

* Tidligere eksempler pa vurdering af klimaeffekter i hydrologisk ssmmenhang (AR4)
o Klimatilpasning.dk (3 — 9 klimamodeller 2021-2050/1961-1990 landsdaekkende)

* Opsamling pa usikkerheder (reference, fremskrivning, bias-korrektion)

 Konklusion




Usikkerhed pa forskellige klimamodeller og
bias korrektion (AR4)

Bias (model - observed) in annual precipitation for 1991-2010

ARPEGE-RMS5.1 BCM2-RCA3 ECHAMS5-RCA3 ECHAMS5-REMO ECHAM5-RegCM3  HadCM3-CLM
=» Outputs from climate models must be downscaled/bias corrected before used in
hydrological models
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Fremtidig nedbgrsudvikling (AR4)

Andring i manedlig nedbgr i DK 2071-2100
sammenlignet med 1991-2010
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Forudsigelse af klimaet og effekter pa grundvand

Periode Emissions-scenarie Klimamodel
(Reference: 1961-90; 1981-2010, (B2, A2, A1B, RCP4.5, RCP 8.5) (HIRHAM, ECHAM, HadGEM2-ES etc.)
Fremtid: 2021-50; 2071-2100)
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Bias korrektion

(Delta change,
Distribution

Based Scaling)

Klimaprognose og
Hydrologisk model hydrologisk prognose
(MIKE SHE/MIKE Hydro,

konceptuel/lumped)



Global average surface temperature change
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Bias korrektionsmetoder

Delta change method (pertubations to observed values)

M: Mean monthly precipitation (e.g. 30 years period)
M. : Future climate
M.+ : Present climate (control period)

More comprehensive methods (pertubations to climate model
simulated values)

« Distribution based scaling

* Quantile mapping

= Preserve climate model simulated structure, changes in
variability and intensities



Metodik

Down-
scaling

Bias
correction

Hydrologisk Maskin
Global Regional Model model laering

>
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Fremskrivninger af
temperatur, nedbgr og
potentiel fordampning

Pa hver figur:
- Observeret (sort)
- Uden biaskorrektion (rgd)

- Med biaskorrektion ("dobbel
gamma”, bl3)

- Spredning (uden biaskorrektion,
gulskraveret)

- Spredning (med biaskorrektion,
blagraskraveret)
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Ukorrigeret - Bias korrigeret -
middel aendring mlddel a2ndring
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Fremskrevne
andringer i
nedbgr og
potentiel
fordampning

Potential evapotranspiration change (%)

Projected change 2071-2100 compared to 1981-2010

Pasten-Zapata, Sonnenborg, Refsgaard 2019 - ROSA
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Usikkerhed pa
fremskrivning

Signal to noise ratio

TEMPERATUR

| NEDB@R

Uncertaintie

12041-2070 2071-2100

2041-2070 2071-2100

GCM
RCM
RCP
NV

Pasten-Zapata, Sonnenborg, Refsgaard 2019 - ROSA

GCM: global klimamodel

RCM: regional klimamodel

RCP: emissions scenarie

NV: naturlig variabilitet

‘ Largest source of uncertainty

® Smallest source of uncertainty
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New projections AR5 2071-2100 versus

1981-2010 (RCP 8.5)
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New projections AR5 2071-2100 versus
1981-2010 (RCP 4.5)
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Tidligere eksempler pa klimafremskrivning
(AR4)
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CC impacts on groundwater (Example 2/4)
Change in available groundwater [1961-90] to [2021-50]

"dry” climate model

RS

"Wet"” climate model

Projected change in
annual groundwater
recharge (mm/year)
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Figur 4.7 AEndringer i manedsnedbor for de tre udvalgte klimamodeller (ECHAM-DMI,

Fremskrivning er meget forskellig ECHAM-SMHI og ARPEGE_CNRM) for referenceperioden 1961-1990 (tonede sgjler) og
. _ fremtidsperioden 2021-2050 (udfyldte sgjler). Desuden er vist akkumulerede veerdier pa
(2021-2050) for vad, median og ter stiplede kurver (1961-1990) og optrukne linjer (2021-2050).

(vist med optrukket linie akkumuleret)
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Figur 3.6 /Endringer i middel grundvandsstand (Mid GVS) og karakteristisk haj grund-
vandsstand (Haj GVS) i gennemsnit (m) for Sjaelland (omrade 1) og Ringkebing Fjord op-
(3/9 klima modeller) landet (del af omrade 5). Kombination 2 (SC2-sort: ECHAM-DMI, vad) giver starst stigning.
Kombination 5 (SC5-red: ECHAM-SMHI, median) giver en medianstigning. Kombination 9
Klimatilpasning.dk (sco - gron: ARPEGE-CRNM) giver mindst stigning i grundvandsstand for begge omrader
(der ses et begraenset fald i grundvandsstanden for Sjeelland og Ringkabing Fjord med
kombination 9, tar). Tilsvarende analyse er gennemfart for grundvandsdannelse.




Afstromning og grundvand

Klimafaktor

Klimafaktor

® 0,90-1,00

1,00-1,10
* 1,10-1,25
1,25-1,50
1,50-2,00
>2,00

L]

Dybde tibgittgsisiend (B)tid

Legend
s
/-
1K
-
I
I -
U
I -
I




Max afstremning i vandlgb

 Klimafaktor for 100 ars haendelse opdelt pa omrader og periode

Klimafaktor NEERL! Sydjylland Midtjylland Nordjylland Bornholm

100 arshandelse

Hele aret




Fremskrivning
2021-2050
versus 1961-
1990

Middel
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grundvands-
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Uncertainties in climate
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Conclusions
Key challenges for groundwater management

* Impacts, e.g.
o Groundwater flooding
o Groundwater recharge
o Groundwater quality
o Meteorological-Agricultural-Groundwater drought

* Large uncertainties on climate impacts

=» Uncertainties must be accounted for in
water management (e.g. by adaptive management)

=>» Try to reduce uncertainties
" Improved models and data
= Discard ensemble model members with low reliability _|
(see e.g. Climate JPI project http://aquaclew.eu/ )
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