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B Climate Service Center Germany (GERICS)

= Founded in 2009 by the German Federal Ministry of

Education and Research

= Since June 2014 scientific organizational entity of
Helmholtz-Zentrum Geesthacht

= Financed by programme-oriented funding of Helmholtz
Association

= Director is Prof. Dr. Daniela Jacob

= Based in Hamburg’'s Chilehaus

Chilehaus Hamburg

= Interdisciplinary team of natural scientists and socio-
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B [IMPACT2C - aim and approach

Research questions

1. What are the potential climate impacts in Europe in a 2 degree (compared to pre-
industrial) warmer world?

2. What are the differential impacts between 1.5, 2, and 3 degree C worlds?

3. Are there any hotspot areas in Europe which may be particularly negatively or
positively affected by multiple climate impacts?

Sectors

Water, ecosystems, agriculture, health, air quality, energy, tourism, coasts (SLR),
cross-sectoral impacts.

Quantifying uncertainty
Multiple climate models, and multiple impact models.
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B What do we mean by +2 °C?

« 'Pre-industrial’ period 1881-1910 (GISS LOT1, HadCRUT3, NOAANCDC

« Base period 1971-2000

« Temperature threshold periods (1.5, 2, 3 °C), determined by year in which
GCM 30 year running mean crosses the temperature threshold starting from
base period warming
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B When might we reach +2°C?

Evolution of global temperature. Observed historical (black line) and future projections from different GCMs (CMIP5) .

Time series are smoothed using a 30-year running mean. The 2°C threshold is marked in red.
Pre-industrial time: 1881-1910; baseline period: 1971-2000
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B What does +2 °C global warming mean for Europe?

Increase in temperature relative to the
reference period 1971-2000

« Most regions in Europe warm
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B Seasonal mean temperature changes in Europe in a +2 °C world

« Enhanced summer heat in Mediterranean regions (+3 °C)
« Enhanced winter warming in Northern and Eastern Europe (+4 °C)
« Robust agreement among climate models

JJA SCN-CTL(deg.C)

DJF ENS-MEAN CTL(deg.C)
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Source: Sobolowski et al. In prep.
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B Daily maximum and minimum temperature in Europe in a +2 °C
world

« Daily max. temp. 3-4 °C over S, SE, Europe
« Daily min. temp. 3-6 °C in more northerly latitudes

JJA SCN-CTL(deg.C) DJF SCN-CTL(deg.C)
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Source: Sobolowski et al. In prep.
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B Mean precipitation changes in Europe in a +2 °C world

« Increases in winter ppt. of +10-20% over central and northern Europe
« Decreases in summer ppt. of -10 to -20 % for central and southern Europe
. Results not as robust as for temperature based indicators

JJA SCN-CTL(%) DJF SCN-CTL(%)

Source: Sobolowski et al. In prep.

+23s Helmholtz-Zentrum H'
211! Geesthach ERIGS
eesthacht

Centre for Materials and Coastal Research Climate Service Center

Germany e
———

© Climate Service Center Germany



B Intense rainfall (1 in 10 year RP) in Europe in a +2 °C world

Intense rain (RP 10y), median relative change
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g Cold day duration index (southern Finland)
The number of days where, in intervals of at least 6 consecutive days the daily minimum temperature
is five degrees lower than the long term mean minimum temperature. The dashed line indicates the
historical 95th percentile. stefan.sobolowski@uni.no
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J Heatwave duration index (central France)
The number of heatwave days per year (May-Sep) in intervals of at least six consecutive days which are at
least 5 degrees over the climatological Tmax 5-day running mean. The dashed line indicates the historical
95th percentile. stefan.sobolowski@uni.no
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B Growing season length (Brandenburg, Germany)

The number of days between the first occurrence of 5day where T > 5C and the last occurrence within a
calendar year. The dashed line is the median from the historical simulations. stefan.sobolowski@uni.no
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B Floods —1in 10 year RP

QRP10, median relative change
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B Floods —1in 100 year RP

QRP100, median relative change
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B Hydrological drought - low flow duration

Duration (RP 10y), median relative change
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B Hydrological drought — magnitude of low flow

Magnitude (RP 10y), median relative change

(=] - - D
~ -
Change (%)
<o Hew _ =
iy E ae H<-15
3 : i ®-15:0
0o +15
@
S m+15; +50
= .
=
- &
Ire) | > +50
=3
-10 40
2222 Helmholtz-Zent : i —
1111 HelmBoltz-Zentrum Source: Roudier et al. 2016 GERICS ——
Centre for Materials and Coastal Research Climate Service Center g™

Germany e
——

© Climate Service Center Germany



B Multi-sector “winners” and “losers” in a +2° C world

Impacts: water (hydrological drought, floods, cooling water), agriculture (crop yield),
ecosystems (NPP, SOC), tourism (summer and winter VaR)
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B Multi-sector “winners” and “losers” in a +2° C world

Impacts: water (hydrological drought, floods, cooling water), agriculture (crop yield),
ecosystems (NPP, SOC), tourism (summer and winter VaR)
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B Project outputs
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B [IMPACT2C policy briefs

IMPACT

Policy Update on 2°C Warming

Effects of 2°C Warming g

Analysis of early IMPACT2C climate modelling results

IMPACT2C modelling results: climate change and sea- 5 4
level rise from a 2°C climate Effects of 2°C Wa rming

IMPACT

IMPACT2C modelling results for a 2°C climate
for key global vulnerable regions
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Quantifying projected impacts under 2.C warrmng-—
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B IMPACT2C atlas: www.atlas.impact2c.eu

By presenting a wide variety of potential climate change impacts, the IMPACT?2C atlas
aims to serve various audiences in gathering information for the development of
recommendations on possible adaptation strategies on national and international levels
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B IMPACT2C Atlas example: freeze-thaw days (1971-2000 absolute)
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B IMPACT2C Atlas example: freeze-thaw days (+2 °C absolute)
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IMPACT2C Atlas example: freeze-thaw days (change ina +2 °C
- world)
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o * Number of freeze-chaw days decreases almost everywhere under a
«2°C global warming

* Exceptions are modest Increases at high alticudes and latitudes

Why is the content of UNS map inpoviant?
. Freeze.thaw days are days during which ternper afures cross me 0°C threshold. These can have serious and costly
b IMPacts on avianon, roadways and rallways i is argely oue to the expansion/contraction of materials, which leads
= to cracng and deformacion. On roadways and runways, the most dangerous ice conditions also occur around the
. / 0°C threshoid

. Which sectors are affected by ohis resuit?

The results are iImportant fof the transpoaation sector, espedially ransport infrastructure design and maintenance;
BN partcularly road, rail and air The projected changes are actually good news for most of Europe, wheresn the 0°C
¢ Crossings are problemarcic under present conditions

What s shown on the maps?

e The current map shows that freeze-thaw days are most commaon n northern Europe with anyanere from 30-60
freeze-thaw days per year. The «2°C global warming period already shows decreases, on average, of over 15 days
per year in northarn Europe and the near disappearance of the pnenomenca ac lower latitudes. The few areas that
do shaw an increase are modess, only being a handful of days

Detals and further information.

We have delined freeze. taw days fobowing the descnpuon gven by Schimidin et al. {1986). A day is considered as a
freeze-thaw day If the dally manimum temperature Is less than or equal to -2 2°C and the maximum temperature Is
equal to or greater than 0°C The number of these days s then calculated over each year There are many alternative
defnitons The argurnent for our approach IS that lermnperatures between 2ero and -2°C do not constitute a hard
freeze and Impacts on vegetation and mfrastructure are modest. Nevertheless, certam iImpacts might depend on
more getaded Indicators, which are not considered in this study, such as the number of crossings of 0°C per day

Addicional information ¥

change in freeze-thaw days per year ) g

- g \ :
\ 4

<40 »40 235 215 2T nocrange W0 =5 213 225 280 |

o a Y e Ny

.lrw'rvu'w(iru Ih|_\-,mry‘, ﬁ more topics {hlr this 3(.;:-'.) ﬁ more SLones ‘
——
* Helmholtz-Zentrum o~
¢ Geesthacht N"“
Centre for Materials and Coastal Research Climate Service Center g™

Germany gy’
e

© Climate Service Center Germany



. IMPACT2C Atlas example: freeze-thaw days (model agreement in
a+2°C world)

b lfeer i brosctic eioricimate/Semes-Sur-darafipwart 1923 QO c Qs 8 O H-®B- & & 4 =
& About the IMPACTZC wed
& A.hn 1t the IMPACT2C project = Menu
& Giossary AA A conc

1 -+ (b broce dibad Tl Clmate change signal for 2°C penod Freeze-Thaw Ddy':
I Snow percenule BRI RTT
= Key messages:
* Number of freeze-thaw days decreases almost everywhere under a
+2'C global warming

* Exceptions are modest increases at high aititudes and latitudes

Why is the conternt of this map important?

- Freeze-thaw days are days during whach temperatures <ross the 0°C threshold. These can have serious and cosztly
5 ImMpacts on avianon, readways and railways, ITis largely due to the expansion/contraction of materials, which leads
™~ to cracking and deformation. On roadways and runways, the most dangerous Ice conditions also occur around the
0°C thweshold

x Whiich sectors are affected by s result?

The results are important for the ransportation sector, especally ransport infrastructure design and maintenance;
partcularty road, rail and air. The projected changes are actually good news for most of Europe, wherein the 0°C
Oossings are problemanc under present conditions

3 - What is shown on the maps?
<a The current map shows that freeze-thaw days are most COmMon in northermn Europe with anywhere from 30-60
freeze-thaw days per year. The «2°C global warming period already shows decreases, on average, of over 15 days
per year in northern Europe and the near disappearance of the phenomenon at lawer latitudes. The few areas that
do show an increase are modest, only being a handful of days

Dietavls and further informaton.
We nave defined freeze-tnaw days following the description given by Schmidlin et al (1986) A day 15 considered as a
4 freeze-thaw day IF the dally minimum temperature is less than or egual 1o -2 2°C and the maximum temperature (s
- 4 equal 1o or greater than 0°C. The number of these days is then calculated over each year There are many alternative

definitions. The argument for our appecach is that temperatures between 2ero and -2°C do not constitute a hard
freeze and Impacts on vegetation and infrastructure are modest. Neverthedess, certain impacts might depend on
enzemble agreement on projected increase of froeze.thaw days per year n %

more detalled indicators, which are not considered In this study, such as the number of crossngs of 0°C per day
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B Using climate information in the transport sector

« Climate risk screening and risk analyses

« Testing current design standards against climate change - new
updated standards needed?

« Examining current business goals and objectives and how a changing
climate may affect the ability to meet these — climate risk
management in the transport sector.
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Using climate information in the transport sector

Phenomenon

Wind (gust speed)

Snowfall

Rain

Cold (mean daily
temp.)

Heat (mean daily
temp.)

Blizzard
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15t threshold: harmful
impacts possible
>=17 m/s

>= 1 cm/day

>= 30 mm/day

<0°C

>=25°C

2"d threshold: harmful
impacts are likely

>= 25 m/s

>= 10 cm/day

>= 100 mm/day

<-7°

>=32°C

3'd threshold: harmful
impacts are certain
>= 32 m/s

>= 20 cm/day

>= 150 mm/day

<-20°C

>=43 °C

When threshold values of wind, snowfall, and cold are realised simultaneously

Source: adapted from Leviakangas and Saarikivi, 2012
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Thank you

paul.bowyer@hzg.de
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Spare slides
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B We are...

S SRR 2

Project Coordinator:
Dr. Daniela Jacob
Climate Service Center Germany

Researchers from 29 different institutions
and 16 different countries
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B Number of days with >30 cm snow per year

Alps

Scandinavia

iriod
riod

1971-2000
2-degree p
3-degree p

[
00€

I I I I
0S¢ 00¢ 0S| 00}

MOUS WO Og< yum Jeak Jad sheq

0S

iriod
riod

1971-2000
2-degree p
3-degree p

[
00€

I I I I
0S¢ 002 0S| 00}

MOUS W 0g< yum Jeak sad sheq

1000 1500 2000 2500 3000 3500

500

1000 1500 2000 2500 3000 3500

500

Altitude [m ASL]

Altitude [m ASL]

elmholtz-Zentrum
eesthacht

H
G

Centre for Materials and Coastal Research

GERICS =

Climate Service Center

Germany



- Water

« Projected change in mean annual total runoff
« 5 HMs (E-Hype, Lisflood, LPImL, VIC, WBM)

+2C +3C

|
-0.15 =-0.12 -0.09 -0.06 -0.03 0

mm/d -
t::: Helmholtz-Zentrum —~
t11! Geesthacht CERICS ——
Centre for Materials and Coastal Research Climate Service Center g™

Germany gy’
-

© Climate Service Center Germany



dischar
400

800 1000

ge (m3/s)
660

200

Avg daily discharge (55 members), lon=24.6 ; Lat=65.75 (Finland, KemijoK river)

Example in Finland

— 1971/2000
+2C period
.
100 200 300

Day of the year




Winter tourism demand

» Natural snow conditions in Europe

Weather value at risk (VaR) resulting from adverse
weather conditions

VaR is change in number of overnight stays
Regression model between number of overnight stays
and a snow index (fraction of days SWE >= 120mm)
VIC and E-Obs (1958-2010)

VIC and RCP8.5 simulations

Socio-economic factors: GDP per capita, population
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Winter tourism demand

-3000 -

Change in overnight stays - RCP8.5 [1000]
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. Additional CC impact
l CC impact only l due to socioec. changes
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1 Ecosystems

« Projected change in NPP
« CLM4.0-CN, LPJmL

1.5°%
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"  Ecosystems (NPP)
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Difference 2°C - 1.5°C
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Electricity demand

o Temperature related impact on electricity load

Load data corrected for non-climate factors e.qg.
weekday effects, summer holidays, industrial production
Regression between corrected historical load data and
daily mean temperature

Historical relationship used with RCPs

55 el Zenea CERICS
Climate Service Center

Centre for Materials and Coastal Research ce
Germany



1 Electricity demand

“M “TT ﬂ r‘w -

_ 2°C-RCP45
1 2°C-RCP8S5
Bl 3°c-RCP85

Change in mean annual electricity demand [%)]
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Sources of uncertainty in climate model
projections

d Global £0.06{ N. America
0.5 B
] :‘L annual mean 0.05;
] | / 0.04]|
O 4 1 | / decadal mean =
< 1 "\ 0.03;
g 1 / ' _0.02]
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B Reasons for concern, informing climate policy goals

Global mean temperature change
(°C relative to 1986-2005)
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Key findings

IMPACT

A global warming by 2C substantially affects a wide range of sectors and regions throughout Europe.
ss*Some regions or sectors will benefit from a future warming, but some will experience disadvantages.

*»+To assess the impacts of climate change on specific sectors, cross-sectoral relationships have to be
included into the analysis.

*+In most regions of Europe, the projected regional warming is more pronounced than the global mean warming.
“*Projections for annual mean precipitation show wetter conditions in northern Europe and drier conditions
in southern Europe.

“*Under a 2C global warming, a European-wide increase in the frequency of extreme events is expected.
**Heatwaves are projected to double while extreme precipitation events tend to become more intense.

A limitation to 2C global warming will not stop sea-level rise due to the delayed reaction of the oceans.
Therefore costs due to coastal flooding will incur even with adaptation measures.

s*Bangladesh and the low-lying islands like Maldives are expected to feel the consequences of climate
change, due to the continuous rise of sea-levels enhancing the risk for storm surges and flooding.

ssFor West and East Africa, the warming is above the global temperature increase.
s*West Africa could experience a modest increase in rainfall, whereas for East Africa no clear trend is projected .
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Summary

Based on the evidence presented:

« Some appreciable changes in climate impacts at 1.5C

« Differential impacts between 1.5C and 2C worlds, are, on the
whole, not considerable for Europe, more pronounced at 3C

« Find out more:

Online atlas available at:

e
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http://www.impact2c.eu/
http://www.impact2c.eu/
http://www.atlas.impact2c.eu/
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