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 Boreal coniferous forests (boreal =
northern) is the vegetation zone in which
trees can still grow despite cold
temperatures. The boreal coniferous forest
belt stretches practically across the entire
northern hemisphere, around the 60th
parallel.

e Spruces, pines, firs and larches are generally
the dominant coniferous species in boreal
climates. Mostly conifers.

e Low precipitation, permafrost, mean
temperatures around +5 to -5 C, with
significant upward and downward deviations
(-30 C in the winter months; up to +20 C in
the summer months).




Life adaptes to climate conditions

Characteristics of tropical rainforests: 1.
located near the equator, 2. high
temperatures, 3. daily precipitation, 4.
evergreen vegetation, 5. high species
diversity.

In the tropical rainforest there are no
seasons. A diurnal climate prevails (opposite:
seasonal climate).

Mostly broadleave trees.
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Life adaptes to climate conditions

Bergmann's rule states that
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Surface increases with power 2 (Sphere = ©tr?)

\_/
1 < 1,00 Meter

—— e — e —

S Source: https://studyflix.de/ 6



Life adaptes to climate conditions

Allen's rule states that mammals
in colder regions, for example,
have smaller limps, ears etc.

han their closely related species
in warmer regions.
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CO2 — concentrations rise
ATMOSPHERIC CARBON DIOXIDE
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CO2 emmisions

Carbon dioxide emissions per person
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CO2 emmissions

https://www.universityofcalifornia.edu/news/where-do-
greenhouse-gas-emissions-come
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Where do greenhous
gas emissions
come from?

W Learn more at
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climate.universityofcalifornia.edu




Changes in global surface temperature relative to 1850-1%200

{a) Change in global surface temperature (decadal average) {b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
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From emissions to temperatures

Business-as-usual in red
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Climate tipping points

Risks at the horizon
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Intergovernmental Panel on Climate Change (IPCC):

e atleast 3.3 billion people’s daily lives are “highly
vulnerable” to climate change,

 and people are 15 times more likely to die from extreme
weather than in years past, the report said.
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Climate change vulnerability: Hunger

Vulnerability
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Gravity Recovery and Climate
Experiment (GRACE)

Fred Hattermann Pascolini-Campbell et al (2021)
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Number of events worldwide wunich re natcay)

Number of relevant natural loss events worldwide 1980 - 2018
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Increase of intense precipitation with temperature
(15min precipitation, 99.9% Quantile, Brixenbachtal, Langental, Ruggbachtal)

15min precipitation / 24h temperature (station data)
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Trend in absolute air humidity
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Trend in relative air humidity

Relf daily WFDEIL: 1979-2009, TREND
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Trends in relative and absolute humidity in Europe

WEFDEI: EUROPE
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Merz et al. 2012, following IPCC 2007:

Detection in hydrology and related disciplines refers to the
demonstration that an observed change is significantly different (in a
statistical sense) from changes that can be explained by natural
variability.

Attribution is the subsequent attribution of causes to the change.
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Detection and attribution of heavy precipitation events

Floods: Land use change or climate change?

How strong is the influence of climate change on flood risk in Central
Europe?

. What if ...

29



Problem: Extremes are rare events, but for robust statistics you need as
much data as possible.
e Method:

n
Number of rekords N = Z 1/n
n=1

R, —R
obs 1/n X 100(%)

Anomaly of the records Ranom =

with R .. the number of observed records.

obs

Trick: many time series are lumped in one data basis.

Lehmann et al., Climatic Change, 2015



Result: more precipitation records worldwide

(a) Global

40 60

Record-breaking anomaly (%)
20

-20

(a) Global

1980

¥ Saturation vapour

pressure regulates daily
extreme precipitation.
Saturation vapour
pressure increases at a
rate of 7% per degree of
warming (Clausius-
Clapeyron).

Red area takes
temperature rise into
account.

Also for regions: In
Central Europe +31

Lehmann et al., Climatic Change, 2015



Example 2: Land use change or climate change?

Germany study

More than 5000 river sections are considered for the five
largest rivers in Germany (Rhine, Elbe, Danube, Weser and
Ems).

Process-oriented eco-hydrological model SWIM (Soil and Water
Integrated Model), daily time step

Climate data of the DWD from 1951 to 2010 (2020)
Different generations of regional climate scenario data

Coupled with damage functions of the GDV (German Insurance
Association)
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The ecohydrological Modell SWIM B
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The ecohydrological Modell SWIM
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Land use change or climate change?

Trend in annual max. floods 1951-2003

observed

Polen

simulated
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Huang et al. 2012a, Hattermann et al. 2012d; s. auch Petrow & Merz 2009, Petrow et al. 2009




Climate change impacts on flood damages
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In example 1, a lot of data was saved for statistical analysis
by pooling many time series.

Much of the data for robust analysis can also be generated
by computer models.

Example: https://www.worldweatherattribution.org
(weather only, not hydrology)

Example 3: Attribution of changes in flood risk in the Danube
River

Horizon2020
Insurance




Cooperation with
the insurance
sector
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Hydrological validation
2006 flood season
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Change in flood risk 1971-2000 to “now” 2006-2035

Current return period of historical 100-year flood
Nagymaros (Danube, Hungary)
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Change in flood risk 1971-2000 to “now” 2006-2035

Increase in flooded areas
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The future reoccurrence of the historical 1000-year flood

1000-year flood in 2020-2049 under RCP-4.5
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Historical and future flood reoccurrence

Nagymaros (Danube)
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Ensemble agreement of change in the 100-yearflood

Agreement in change of 100-year flood under RCP-4.5 (2020-2049)
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DWD: “Deluge at the Mediterranean

Sea:

"... Once connected, this low off Norway was able to
pump more and more humidity from hurricane
"SAM" across the Atlantic, a so-called atmospheric
flow. With a newly formed trough on the Atlantic,
this flow moved visibly southwards, so that the
moisture could reach the Mediterranean. ...

E.g. in Villefort: 459 |/m? within 24 hours, of which
251 I/m? within 6 hours.

The record is probably held by the station in
Rossiglione with a breathtaking 848 I/m? in 24 hours
- a value beyond any other usual scale. 700 |/m? of
this fell within 12 hours.

Other stations on the eastern edge of the Massif
Central recorded precipitation totals of well over
100 I/m?in 24 hours.
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Mittelmeerraum und Zentraleuropa am 3./4.10.2021

3. Okt 2021

e

=

45
40
35
30
25
20
17
15
12

L3

24-stiindige Niederschlagssumme vom 3.10.2021 am Zentralmassiv mit 459 I/m? in
der Spitze und verbreiteter tiber 100 I/m?.



D

Compound events — pluvial and fluvial floods
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Water scarcity in Germany!?




Potsdam: Precipitation and soil water of the last years
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Groundwater trend und dynamics

Wasserstand der letzten 14 Monate einschlielich langjahriger Hauptwerte (erstellt 20.04.2023)

Messstelle: 3744 1853/Seddin (2022-2023) und Hauptwerte aus langjahrigen Reihen
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Trends in relative und absolute humidity over Europe

WEFDEI: EUROPE

1.5
0.2

1.0

0.1
0.5

0.0

|
o
tn

-0.1

I
—
=

—-0.2

Relative Humidity Anomaly (%)

Specific Humidity Anomaly (g/kg)
R
o

M
=)

| 1 | 1 | |
1980 1985 1990 1995 2000 2005

—— e — e —

- _P= = P. Hoffmann, PIK



D

)
v

Trend in percistence of weather pattern

Weather persistence Index

30°S

(+) WPI b";'rend (%)

Jun-: Weather Persistence Index (WPI), Trend: 1981-2019 (NCEP-NCAR)

NH summer getting more persistent and climate scenarios underestimate weather
persistence
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Hoffmann P, Fallah B. & Hattermann FF
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Trends in plant available soil water (1951-2010, simulated)

q Dlrremonitor Gesamtboden Durremonitor Oberboden Pflanzenverfligbares Wasser

ca. 1.8 m bis 25 cm
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Development of

groundwater recharge
1951-2020
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https://www.ucsusa.org/resources/drought-and-climate-change

55



Higher rates of Glaciar malting Increazed avaporation
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Climate change impact on erosion

Q 7 L Possibly more erosion
I Solar Tauston (+) because:
' e Heavier precipitation;
e Droughts destroy
vegetation cover;
e More wind erosion;

Wind speed (7)

ET(+)

Fred Hattermann Ma et al. 2021, Science 57
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Heat impacts on health and productivity
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Development o under climate change

M Linking climate impact
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https://www.americanoceans.org/facts/typhoon-vs-hurricane/
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https://www.nhm.ac.uk/discover/does-climate-change-make-wildfires-worse.html
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GRACE data

Impacts of forest fires in the Upper Amazon
Leaf area index LAl (MODIS satellite data)

January July
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LAI natural forest
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e Strong and permanent decrease of vegetation cover
e Highly variable annual course of vegetation cover

e Agriculture?
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e Leaf area index: Aus MODIS
Satellitendaten.

e Verbrannte Flache: Aus
Satellitendaten

e Gednderte
Bodeneigenschaften: Aus
Konstantinos 2018 (rechts).
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Estimation of runoff parametrization
fOllOWing forest fires By Konstantinos X. Soulis, DOI:

10.1080/02626667.2018.1501482
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Figure 3. Produced total direct runoff depth vs total rainfall
depth for the 29 pre-fire and 60 post-fire storm events used in
this study. The post-fire events are divided into three chron-
ological sub-groups.
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Figure 4. Calculated CN values using Equation (3) for the
standard case of A = 0.2 plotted against the total rainfall
depth for the pre-fire and post-fire periods. The post-fire events
are divided into three chronological sub-groups.
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SWIM: Water cycle before and after fire

Natural forest:

Surface runoff 112 mm

Burned forest:

Surface runoff: 376 mm

‘ — Rain
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GWR —— ETa — Surface‘

Possibly much more surface runoff in
the burned forest areas, so heavy
erosion is likely to occur.
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Arctic sea ice 1979
15. September




Arctic sea ice 2017

. September
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Umsetzung der Wasserrahmenrichtlinie im U
Land Brandenburg :
W

Karte der Flachennutzung nach CORINE Landcover
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-> climate landscapes?
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