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Ki\i;\}\l Climate change in observations

CHANGES IN TEMPERATURE, SEA LEVEL AND NoRTHERN HEMISPHERE Snow CovER

(@) Global average temperature R Temperature rise
"1 ¢ since 1956
S o2 accelerating to
3 0.13 + 0.03 K/10yrs
E -}(b) Global f.-iver:dge=seaile\;el ' = ] _
s T Sea level rise
s ] since 1993
] accelerating to
] 3.1 + 0.7 mm/yr
- (c) Northern Hemisphere snow cover
o T . Snow cover/glacier
i . length decreasing

®IPCC 2007: WG1-AR4

IPCC, 2007
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A

Model reconstructions

GLoBAL AND CoNTINENTAL TEMPERATURE CHANGE
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4 Model projections of future
NMI

KNM global climate
e Models are imperfect

e Coordinated effort:

SRES Scenarios

g
3
=)
2
e Future greenhouse gas concentrations are unknown é—
m
3
— define set of emission scenarios _

— calculate concentration evolution

— use this to make projections with range of GCMs

e AR4: Large (—25) nr of GCMs available for 1900 —
2200 (http://www-pcmdi.linl.gov/)

anasul YISt~

New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios



CH,

CH,4 emissions (Tg CHy)

CQO5 emissions (Gt C)
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Global surface warming (°C)
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Model projections (global
mean temperature)
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& Projections mean precipitation

KNMI (2050/1990) wn:h the MP1 model

Winter

Winter Precipitation Anomaly A’ Winter Precipitation A aiy
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& Projections mean precipitation
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N-S gradient in winter 1 A2 a bit stronger in winter
SE-NW gradient in summer Resolution A1B a bit stronger in summer

Extremes ~ A% .
Only seasonal mean!

No info on extremes or
nr of wet days.

Summer = '




AN/

Climate change involves
KNMI many aspects

e Future temperature change varies between regions
e Mean wind patterns may also change!

Mean temperature change SRES A2 scenario
2025 2100

. S

|
0051152253354455556657 7.5
(°C)

I1PCC, 2007 New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios
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2% Atmospheric circulation change

KNMI

Van Ulden and Van Oldenborgh, 2006

New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios

Sea level pressure difference
from 2 different GCMs
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AN/

3
I

KNM

The influence from
circulation change

e Change of precipitation annual cycle in Rhine area
from multiple regional climate model simulations

e Two different GCM'’s

Mean Precip Amount A2 minus CTL [mm/day]
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The production of the KNMI'06
scenarios

1 |

Scenarios for the Netherlands
+ @ @ W
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i Climate change in the
N Netherlands
e Climate change in the Netherlands depends on

— global temperature rise
— change In local wind regime

I Spuelispap >’-’-’I>IU!UO>,

Air circulation ‘
patterns =
= I‘O6

Global
temperature
in 2050
compared
to 1990
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The production of the KNMI'06
scenarios

1 |

Scenarios for the Netherlands
+ @ @ W
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< Regional climate change:

KNMI downscaling

e GCM-grid box too coarse

Global model

Regional model o|e

X - . LJ ] ~ Yy L
Cvan :ga_l__l__gllsﬁ? 2006 (bren: KNMI)




«,  Regional Climate Modelling
N (RCM)
» High resolution GCM (50 — 20 km)

e Lateral boundary conditions from reanalysis
(present-day climate conditions) or GCM runs
(scenario runs)

— multi-level
— temporal frequency dependent on domain
 Inner domain free evolving

Jnnjsul Yos!80I0I0IRIN SPUELSpaN AMpiuuoy,
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hxd Precipitation extremes in
summer (difference A2 —CTL)

Purpose of downscaling:
extra spatial and temporal detail
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Ko:..:Z_.:A Nederlands Meteorologisch Instituut

Precipitation extremes in
summer (difference A2 — CTL)

Mean;

Danish Met. Institute

)
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AN/

Kﬁ, Precipitation extremes in
summer (difference A2 — CTL)

90%;

~10 times per summer
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AN/

Kﬁ;\, Precipitation extremes in
summer (difference A2 — CTL)

95%;

~5 times per summer
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Kﬁ;\, Precipitation extremes in
summer (difference A2 — CTL)
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K‘,Eii';\, Precipitation extremes in
summer (difference A2 — CTL)

99.5%;

~shower exceeded once per 5 yrs
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hxd Precipitation extremes in
summer (difference A2 —CTL)

99.9%

~shower exceeded once per 10 yrs
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The KNMI’'06 climate scenarios:
change in 2050 relative to 1990

Global temperature rise
Change in air circulation patterns

Winter?

Summer?

Sea level

G+

+1°C
yes

+1.1°C
+1.5°C
+7%

+1%

average temperature
coldest winter day per year

average precipitation amount
number of wet days (= 0.1 mm)

10-day precipitation sum exceeded
once in 10 years

+6%

maximum average daily wind
speed per year +2%
+1.4°C
+1.9°C
-10%

-10%

average temperature
warmest summer day per year
average precipitation amount

number of wet days (= 0.1 mm)

daily precipitation sum exceeded
once in 10 years

+5%
+8%

15-25 em

potential evaporation

absolute increase

New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios
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G+

+1°C
yes

Global temperature rise
Change in air circulation patterns

+1,8°C +2,3°C
+2,1°C +2,9°C

Winter average temperature
coldest winter day per year

With circulation change the coldest and warmest
temperature change more than mean

Summer average temperature +1,7°C +2,8°C

warmest summer day per year

+2,1°C +3,8°C

New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios
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Global temperature rise
Change in air circulation patterns

G+

+1°C
yes

Nr of wet days strongly dependent on
circulation change

Summer

number of wet days -3% -19%

New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios
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General picture

Extreme temperature change is stronger than
mean, especially when circulation also changes

When circulation changes number of
precipitation days is strongly reduced in summer,
causing a reduction of mean summertime
precipitation

In winter mean precipitation increases
(dependent on circulation)

Extreme precipitation increases both Iin
summer and winter

Sea level rise is slightly smaller than in TAR

1/yr Wind slightly increases (but not
significantly)

Jnnysul YSIBOICIOIRIN SPUBLSPIN iy 6.
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The production of the KNMI'06
scenarios

&=

Scenarios for the Netherlands

G+

New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios
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£z  Return time of 2003 drought

KNM

Precipitation deficit
(mm)

Return time of
2003-drought

(yrs)
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K‘,%, Tallored climate scenarios

Specific use in water management requires
“tailoring”

Dutch Programme Climate Changes Spatial
Planning co-funded a “tailoring project”

e Examples (not all from this project)
— High resolution time series of precipitation
— Ground water tables in the Netherlands
— Rhine discharge
— Closure of Maasland barrier

P

klimaat % ruimte New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios

Lnnysul YoS180[0J03IIN SPUBlISPaN >’-’.’I>IU!UO>,



KNMI

P

Assessment of impact of KNM1'06
scenarios on Rhine discharge

Old WB21 scenarios
New KNMI'O6 scenari

Y8k ruimte

Scenario’s KNMI

zie www_knmi_nl

Variabele

Temperatuur (°C)
Gemiddeld winter (DJF)
Gemiddeld zomer (JJA)

Neerslag zomer (%)
Gemiddeld (halfjaar)
Gemiddeld (JJA)
Intensiteit in buien
dagsom, eens in 10 jaar
overschreden

Neerslag winter (%)
Gemiddeld (halfjaar)
Gemiddeld (DJF)
10-daagse som (halfjaar)
10-daagse som, eens in 10
jaar overschreden

Potentiéle evaporatie (%)
Jaarlijks
Zomer (JJA)

s N\
R’

N\

hoog
droog
laag midden G hoog W WB21* G+ W+
WB21 WB21 ‘06 WB21 '06 '06 '06
0,5 1 0,9 2 1,8 2 1,1 2,3
0,5 10,9 2 1,7 3,1 1,4 2,8
0,5 1 2
3 6 -20 -10 -19
5 10 20
13 27 5 10
3 6 12
4 7 13 7 14
5 10 20
4 8 6 12
2 4 8 8
3 7 24 8 15



«, Assessment of impact of KNMI'06
kNmi - scenarios on Rhine discharge

3500 ~
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w
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g 1500 S
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(no Acirc)
500 S S
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klimaat s ruimte



«, Assessment of impact of KNMI'06
kNmi - scenarios on Rhine discharge

3500 -
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2500
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L] L
£ 2000 AN
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i oId+1and+2 it AT
o 1500 S b NPT
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1000
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& Groundwater tables in the

KNM Netherlands
e Current practice: detailed
hydrological model is used to BT
calculate high resolution ground water ;= & (%
balance oo

e Climate change assessment needs
long records: expensive!

e To enable affordable climate change
assessment: can one construct a oo
single reference year that -
reproduces proper reference
climatological ground water product?

P

klimaat % ruimte New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios
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e Change in ground water table
KNMI the Netherlands

e Aim: first assessment of effect of W+ scenario on ground
water table in various stages of the growing season

e Tailoring:
— production of location specific meteo (applied linearly
In this example)
— running high resolution ground water model

' Lowest water
table during
growing seasog_
generally drier

s|30|0J0919V\| SPUBlISpaN >I.f!l>[u'uo>,

Start of growing
season:

generally wetter

“'DQQV!!!!!'

courtesy Timo Kroon,
Franziska Keller ea

nNUS

klimaat % ruimte New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios



2z Remarks on the scenarios

Generic scenarios
Designed to span a wide range
of possible climate change,

suitable for many applications
7

Dry summers
Particularly dry summer
conditions gain additional

o5 attention in Dutch climate
klimaat s ruimte adaptation policy

Tailoring

Process of tailoring is important
for application in practice. Close
multi-disciplinary cooperation is

required
[




& And the real world:

KNM The summer of 2006

e July was anomalously warm and dry
e Precipitation August 2006

Precip Sum {mm) Observed

Em Sea surface temperature = &

= normal Aug 200

i -+'.-r°"

courtesy Geert Lenderink
Erik van Meiljgaard



g Precipitation gradient

e Heavy precipitation limited to coastal zone

19PN >'!!I>IU]U0>I

may lead to refined
climate scenarios

courtesy Geert Lenderink
Erik van Meiljgaard



g Spring and summer 2007

e April was extremely dry and warm
e Summer (June-July-August) very wet and cool

Potential evaporation minus precipitation

5% driest years
3007 record (1976)

'g median ,
~ 2007

2 200-

i

5

L

L

g

= 100~

o

April Mei Juni Juli Augustus Seplember

fe] BRI bl gkl 20070008, 1503 yur okale Bd
New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios
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‘.‘341 n
oxg Conclusions

e Regional variability increases

— at daily time scale (changes of extremes are
stronger than changes of means)

— within a season (nr of wet days changes,
evidence for rapid transition of persistent
anomalous episodes)

— between years (scenarios differ widely but none
can be excluded)

e Climate change scenarios will continue to develop

— present state of the art is different from
yesterday’s

New climate scenarios for the Netherlands — www.knmi.nl/climatescenarios
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