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Gravity
Recovery and
Climate
Experiment
(GRACE)

The Earth's gravitational field is measured, which is
influenced by movement of water.

Globally more precipitation, but an even greater
increase in evaporation and thus less surface water
and less groundwater.

Fred Hattermann

Pascolini-Campbell et al (2021)
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Presenter Notes
Presentation Notes
Dies sind globale Werte. Die Bänder zeigen die Unsicherheit. Diese ist beim Grundwasser am niedrigsten, da es das meiste betrachtete Wasser ist. Insgesamt zeigt sich, dass es durch mehr Verdunstung wohl zu mehr Niederschlag kommt, dieser aber den Rückgang in den Ober- und Grundwassermengen nicht ausgleichen kann.
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Weather persistence
describes the duration
of a particular weather

situation:

e A long-lasting high-
pressure weather
situation leads to drought,

e along-lasting low pressure

often leads to flooding. S =
Jun-Aug: Weather Persistence Index (WPI), Trend: 1981-2019 (NCEP-NCAR)

(+) WPI Trend (%)

land+positive: 24.0% (WD) 37.6% (NH) ‘ —1

o ) o

Fred Hattermann Hoffmann P, Fallah B. & Hattermann FF (2021), Scientific Reports


Presenter Notes
Presentation Notes
Der Klimawandel verändert auch die Dynamik des Wetters. Die Grundidee dabei ist, dass der Jetstream sich verändert: Der Jetstream bezeichnet das Band starker Höhenwinde um die nördliche Hemisphäre der von den Temperaturunterschieden zwischen Äquator und Nordpol sowie der Rotation der Erde angetrieben wird. Diese Luftströmung mäandern, die sogenannten Rossby-Wellen, und beeinflusst so entscheidend die Lage der Hoch- und Tiefdruckgebiete, welche sich stark auf das Wettergeschehen auswirken beeinflussen. Normalerweise bewegen sich Täler und Rücken der Rossby-Wellen ostwärst und verschieben so auch die Lage der Hoch-und Tiefdruckgebiete. Unter bestimmten Bedingungen kann es aber dazu kommen, dass die Atmosphäre nord- und südlich des Jetstream diese Wellen mehr oder weniger einfängt, worauf sich die Schwingungen verstärken und die Ostwärts Bewegung mehr oder weniger zum Erliegen kommt. Die mit den Hoch-und Tiefdruckgebieten verbundenen Wetterlagen, je nach Lage der Welle können das Hitze, Trockenheit oder Regen sein werden so einerseits verstärkt und halten andererseits länger an. So entstehen langanhaltenden Hitzewellen, Dürren und Überschwemmungen. 
Dieser Mechanismus nimmt zu. Warum? In Folge der globalen Erwärmung hat sich der Jetstream in den letzten Jahrzehnten signifikant verlangsamt unter anderem weil der Temperaturunterschied zwischen Äquator und Pol aufgrund der starke Erwärmung der Arktis geringer geworden ist. Ein langsamer Jetstream mäandert stärker und Extremwetter werden häufiger. 
Ein Beispiel ist der letzte Sommer wo es im Juli zu solch einer stationären Verstärkung des Jetstreams kam. Und es zeitgleich zur Trockenheit und Hitze im Western der USA, Überflutungen an deren Ostküste, der lagen Trockenperiode bei uns, und einer Hitzewelle in Japan kam. Dies veranschaulicht auch gut, die Gefahr dieser Ereignisse. Dadurch, dass der Jetstream ein die ganze nördliche Hemisphäre umfassendes Band ist, kann er gleichzeitig an verschiedenen Orten extreme Wetterlagen begünstigen.
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The situation at the Horn of Africa
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Everything is connected: global food network

Global food trade network

Low connection via trade High connection via trade

‘ ‘ ‘ ‘ ‘ ‘ Based on Ercsey-Ravasz et. al 2012 doi:10.137 1/journal pone 0037810
|

Seite 14




Everything is connected: The Nexus Water — Energy — Food

FAO 2019:

e Water security, energy
security and food security are
linked, and

e Qactions in one area have
effects in other areas.

e One could add other sectors
such as health and ecology.

e Strong links to Sustainable
Development Goals

-—— e e —

Fred Hattermann https://www.water-energy-food.org/ Seite 15



November 27, 2023

@/ GRACE-Based Shallow Groundwater Drought Indicator ]

December 16, 2024

@/ GRACE-Based Shallow Groundwater Drought Indicator
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UN sustainable development goals
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There is no life without energy input:

e Energy is needed by living organisms to
build energy-rich chemical compounds and
to allow biological processes to take place.

e Live generates order*.

The environment of living beings is influenced

by energy input:

e Radiative forcing determines climate and
generates weather.
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Climate zones as habltat of different ecosystems

|f|cat|0n map (1980-2016)

A Tropical
B Arid
C Temperate =
D Continqﬁn‘talf
E Polar '

.Af .EWh DCsa DCwa B

.Am DEWK DCsb .Cwb B
.Awas .ESh .CSC Ich [

Source: Beck et al.: Present and future Kdppen-Geiger climate classification maps at 1-km resolution, Scientific Data 5:180214, doi:10.1038/sdata.2018.214 (2018)

20



Climate change?
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Climate change?
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Climate change?
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Number Of eventS W0r|dWide (Munich Re NatCat)

Number of relevant natural loss events worldwide 1980 - 2018
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What we will learn

* The climate of earth is driven by solar energy /
radiation

e This shapes live on erarth
e Human activities influence the energy budget
e This impacts on climate and live on earth

e Rigid mitigation is necessary to avoid un-
manageable impacts

\D
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Outline of the three lessons

e Introduction

e Climate — drivers and processes
e Climate and live

e Observed impacts of climate change

0L £
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| - From Radiative Forcing to Atmospheric Circulation

1. Energy distribution on Earth’s surface

2. Aircirculation in the atmosphere

3. Effects of Earth’s rotation

4. The Coriolis effect N

5. Global atmospheric flux processes i %ﬂf

6. Earth’s resulting circulation cells ) L
[_\

Source: James F. Kasting - http://www.powershow.com/view/5a855-
~ ~ YWRmO/Atmospheric_Circulation flash ppt_presentation
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http://www.powershow.com/view/5a855-YWRmO/Atmospheric_Circulation_flash_ppt_presentation

Which Quantities and Units do we use for Energy?

e Energy E J (Joule)

e Work L W (Watt) energy per time
W=1J/s

[- Energy Flux S W/m? work per area ]

Other Units used

e Electricity: kilowatt-hour (kWh);
1kWh= 3.6X10°)

e Food: calorie (cal) or Calorie (kcal)
lcal = 4.184)

P
r
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Earth’s Energy Sources

& Rigid mantle

crust ( .r,’-. £
bhasAltic) ==
st (le;Eﬂfl_C‘]_’;f

The Sun generates its
energy by nuclear fusion
of hydrogen nuclei into
helium.

Moon

l'f:. ‘.
\ Atmosphere
Continent — . Hydrosphere
Ocean ’

Sun’s surface temperature (5780 K) ~ Earth’s core temperature (6300 K)

Question Answer

Are the Earth’s surface and its lower atmosphere Its the radiation

warmed up by from the Sun (nearly 100%).
a) geothermal heat flux from the Earth's interior? a) = 47 Terawatts

b) incoming radiant energy from the Sun? b) = 173,000 Terawatts

1 Terrawatt = 1012 Watt ; 1 Watt = 1 Joule/s

\D
»
b

Hattermann@pik-potsdam.de - GCM2021 Energy&Climate 29

-
-~



Longwave and shortwave radiation

« Short-wave radiation is the radiation coming from the 5,500 ° C hot
sun with a wavelength of 0.2 to 3 um (micrometres), which humans
partially perceive as light.

* The earth's surface and atmosphere, which are around 15° Cwarm,
radiate energy into space in the form of long-wave thermal radiation
(wavelength 3-60 pum).

||\D
!
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Solar Radiation - Wavelength and Energy

Solar Radiation Spectrum

uv ;Visible: Infrared Eph — h}%
| with
175 4 MIPR- E = Energy

h = Planck constant
c = Speed of light

Sunlight at top of the atmosphere A = Wavelength
- 5250 °C Blackbody spectrum

1.50 —

1.25 —

1.00 —
Most of its energy isin the

IR-VIS-UV part of the spectrum:
~50% is in the visible
~40% in the near-IR
~10% in the UV

0.25 ‘“ .
0.00 . I | I I | I I | I | ] L

250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000
Wavelength (nm)

Spectral iradiance (W/m2/nm)

https://opentextbc.ca/chemistry/chapter/6-1-electromagnetic-energy/
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https://opentextbc.ca/chemistry/chapter/6-1-electromagnetic-energy/

The Relation between Radiation and Temperature

The radiation energy flux of light from a star
(energy per area, per time, and per wavelength)
increases with the surface temperature T of the star
Fluxt

The total energy flux S radiated
per unit area per unit time

is related to temperature T

in K as follows:

S=0T4
with o =5.67 108 Wm=2K*

(Stefan-Boltzmann constant)

yellow star
~6000 K

400 700 Wavelength [nm)

||\D
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Energy Input and Energy Distribution on Earth

Incoming solar
radiation

The total energy input
per second at top of the

atmosphere is
Non-rotating disk 1368 W/m?

surface are- = mr?

1368 W/m?

average radiation
at surfa-u:
1368 W/m?

ays rotation
Rotating spher2 of Earth the energy is
surface area = 47nr? distributed oyer the

. esfarger
average radiation
at surfarc-- rrace area

342 W/m2 > =1368/4 W/m?

— T
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Earth's Energy Balance (in W/m?, £ 20% uncertainty)

Reflected Solar
107 \ Radiation
107 Wm?

Reflected by Clouds,
Aerosol and
Atmospheric
. Gases

7

Incoming
Solar
Radiation
342 Wm?

342

V

Emitted by
Atmosphere

Emitted by Clouds

Absorbed by
67 Atmosphere

235

Atmospheric
Window

Outgoing
Longwave
Radiation
235 Wm?

Greenhouse

Gases
First law of
3332:'( thermodynamics:
Radiation conservation of

energy

Quelle: Kiehl and Trenberth, 1997

Example: 168 + 324 = 492 = 24 + 78 +390 and 342 = 107 + 235 and 165 + 30 + 40 = 235
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Long-wave radiation and the greenhouse effect

* The earth's surface radiates 390 W/m? in the form of long-wave thermal
radiation. Only about 40 W/m? can escape unhindered through the atmosphere
into space. The remaining 350 W/m? are absorbed by the atmosphere due to
the absorption properties of the atmosphere and the natural greenhouse gases
it contains.

* The property of greenhouse gases to allow short-wave radiation to pass
through unhindered, but to absorb long-wave radiation, results in the much-
cited greenhouse effect.

* The resulting atmospheric counter-radiation is 324 W/m?, which is radiated back
towards the earth's surface. This naturally occurring greenhouse effect is a
decisive prerequisite for life-friendly climatic conditions on Earth.

* Without the natural greenhouse effect, the earth would not have a pleasant
average temperature of 15° C, butanicy-18° C!

Hattermann@pik-potsdam.de - GCM2021 Climate & Life (1) 35
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Radiation transmitted
by the atmosphere
and the greenhouse
effect

Percent

Radiation Transmitted by the Atmosphere
1

0.2 10 70
2| Downgoing Solar Radiation Upgoing Thermal Radiation
E 70-75% Transmitted 15-30% Transmitted
]
=
™
b
3
v

Visible

E 1 Carbon Dioxide
E- : ' A Oxygen and Ozone
@ R n Methane
3_,_."'% R l i R Nitrous Oxide
k Rayleigh Scattering
0.2 1 10 70
AN A Wavelength (um)

I
'° IIIII
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http://de.wikipedia.org/wiki/Datei:Atmospheric_Transmission.png



How is climate already changing?

Climate Reanalyzer (University of Maine):

 Climate Reanalyzer provides visualizations of existing publicly-
available datasets and models. .

* Easy to use.
 https://climatereanalyzer.org/
Tasks:

Browse through the climate data

Where are we (global temperature in comparison to past)?

Where are we (global seasurface in comparison to past)

X))

Hochschule
fiir nachhaltige Entwicklung
Eberswalde

—— =
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https://climatereanalyzer.org/

Energy distribution on Earth’s surface

High latitudes receive light at low >/

angles

Regions near the equator receive | >
light at 90°

-> Light energy is more
concentrated near the equator. In
other words, there is a greater flux >

per unit area (W/m?2)

D

i
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Radiation Differences at Low and High Latitudes

P —— S AT In low latitudes is a greater
- flux per unit area (W/m?2) than
- in high latitudes
5% reflected
- MR
Incoming ~ -
radiation Incoming 3 5
33% reflected radiation " Pl
95% absorbed
67% absorbed
A Low latitude B High latitude
o0 o
== =§ §= == Hattermann@pik-potsdam.de - GCM2021 Energy&Climate 39
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Average Incoming Solar Radiation

Solar areas defined by the six
dark disks could provide more
than the world's total primary
energy demand (assuming a

conversion efficiency of 8%)

L ——————— | _
0 S0 100 150 200 250 300 350 wW/m2 zZe® = 18 TwWe
A O\ N http://en.wikipedia.org/wiki/Solar_energy

-
y
.f?
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f
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Energy

90

P
r

h-
~

45

0
Latitude

(absorbed solar
energy
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More energy is absorbed near the equator than emitted

and more energy is emitted near the poles than is absorbed.

(absorbed solar

Emitted IR energy
energy

\

Energy

45 0 45 90
Latitude

i S

iP
|

Hattermann@pik-potsdam.de - GCM2021 Energy&Climate

h-
~

42



net radiation
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Excess energy at the equator is transferred towards the
poles by convection cells
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Air circulation in the atmosphere

Air near the equator is warmed, and rises

/
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solar radiation
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The rising air creates a
circulation cell, called a Hadley Cell

L
N

solar radiation

Rising air -> low pressure
Sinking air -> high pressure
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Hadley Circulation Cell

Air cools, sinks

Rising ai s replaced N> (T
Warm air rises
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The rising air creates a
circulation cell, called a Hadley Cell

L
I

solar radiation

Rising air -> low pressure
Sinking air -> high pressure
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Effects of Earth rotation

, Polar person
spinning in place

The Earth would have two large Hadley
cells, if it did not rotate.

--This is exactly what we think
occurs on Venus
(which rotates very slowly)!

Rotation of the Earth leads to the
Coriolis Effect

This causes winds (and all moving objects)
to be deflected:

* to theright in the Northern Hemisphere

* tothe left in the Southern Hemisphere

—— iy Sy —
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The Earth as a rotating system

Planet Earth rotates once per day.

Objects near the poles travel slower
than those near the equator.
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Coriolis effect

Objects near the poles have less angular momentum than
those near the equator.

When objects move polewards, their angular momentum
causes them to go faster than the surrounding air.
Conversely, they slow as they move towards the equator.

When objects move north or south, their angular momentum
causes them to appear to go slower or faster.

This is why traveling objects (or air parcels) deflect to the
right in the northern hemisphere and to the
left in the southern hemisphere.
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Coriolis effect seen from in- and outside

In the inertial frame of reference (upper part of the
picture), the black object moves in a straight line.

However, the observer (red dot) who is standing in
the non-inertial frame of reference (lower part of
the picture) sees the object as following a curved
path due to the Coriolis and centrifugal forces
present in this frame.

http://en.wikipedia.org/wiki/Coriolis effect
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The Coriolis effect is a large-scale effect!

Coriolis force is a large-
scale effect!
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Global Atmospheric Flux Processes

The Coriolis effect causes winds to deflect
as they travel within circulation cells

This breaks up the two large Hadley cells
into six smaller cells.
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In the tropics, surface air
is moving equatorwards.

It is deflected to the right

in the NH (left in the SH), ‘,‘ '''''''''''''''''''''''''' Easterlies
givingriseto easterlyflow Y\
(the trade winds) % .............................
AN
—Lo—_~L3
=T= == == Hattermann@pik-potsdam.de - GCM2021 Energy&Climate cc

h-
~



At midlatitudes, surface air JA \g

is moving poleward. '/ Westerlies

It is deflected to the right Cj """""""""""""""""""
in the NH (left in the SH), Q ''''''''''''''''''''''''''

Giving rise to westerly flow Q

- _ Westerlies
(the prevailing westerlies)
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The Jet Streams

Polar Jet__

Polar Jet

30°N
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Global Atmospheric Flux and Ciculation Cells

A A A Credit: NASA
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Jestream (nasa)




Winds around High’s and Low’s

e |If the wind is at your back in the Northern Hemisphere,
high pressure is always on your right, low pressure always on your left!
(Remember Low pressure = Left!)

(o)

e Because of the Coriolis force winds in the Northern Hem:
— blow counterclockwise (or cyclonically) around Low Pressure
— and blow clockwise (or anti-cyclonically) around High Pressure
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Highs and Lows and the resulting Wind

cIouds ﬁ'ﬁn'rthose 1t is mlm g

dry and cold air
declines and
warms up

meist warm air rises
and cools down

e > high a
T pressure area =

e

wind blow in the clockwise direction
from center.

h-
~

Hattermann@pik-potsdam.de - GCM2021 Energy&Climate Source: Physik, Uni - Miinchen 61



iP

Dynamical development Ridge

of highs and lows, NH Breaking

Rossby wave ® event

NEAANON0 @ D Jet

Trough

Anticyclone  Blocking
event

Schematic 2-D projection

Rossby wave
of Rossby wave, upper

level jet stream, and Jet
breaking way to produce
an atmospheric blocking Cyclone
event ] High pressure (+)
] Low pressure (-) —= Upper level jetstream
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Circulation pattern change because of the change in energy input

Heat wave
in Japan

Forest fires - Ju | i { (('_)
in California , =

- 201
Ik e 21 Hitzewelle in
Heat wave in

Skandinavie »\
southw. of the USA

Drought in
Centr.
Europe

l Forest fires in
. Greece/ floods
in Italy

Floods at the
east coast
e

Scientific American, March 1, 2019 by
Michael E. Mann



Presenter Notes
Presentation Notes
Der Klimawandel verändert auch die Dynamik des Wetters. Die Grundidee dabei ist, dass der Jetstream sich verändert: Der Jetstream bezeichnet das Band starker Höhenwinde um die nördliche Hemisphäre der von den Temperaturunterschieden zwischen Äquator und Nordpol sowie der Rotation der Erde angetrieben wird. Diese Luftströmung mäandern, die sogenannten Rossby-Wellen, und beeinflusst so entscheidend die Lage der Hoch- und Tiefdruckgebiete, welche sich stark auf das Wettergeschehen auswirken beeinflussen. Normalerweise bewegen sich Täler und Rücken der Rossby-Wellen ostwärst und verschieben so auch die Lage der Hoch-und Tiefdruckgebiete. Unter bestimmten Bedingungen kann es aber dazu kommen, dass die Atmosphäre nord- und südlich des Jetstream diese Wellen mehr oder weniger einfängt, worauf sich die Schwingungen verstärken und die Ostwärts Bewegung mehr oder weniger zum Erliegen kommt. Die mit den Hoch-und Tiefdruckgebieten verbundenen Wetterlagen, je nach Lage der Welle können das Hitze, Trockenheit oder Regen sein werden so einerseits verstärkt und halten andererseits länger an. So entstehen langanhaltenden Hitzewellen, Dürren und Überschwemmungen. 
Dieser Mechanismus nimmt zu. Warum? In Folge der globalen Erwärmung hat sich der Jetstream in den letzten Jahrzehnten signifikant verlangsamt unter anderem weil der Temperaturunterschied zwischen Äquator und Pol aufgrund der starke Erwärmung der Arktis geringer geworden ist. Ein langsamer Jetstream mäandert stärker und Extremwetter werden häufiger. 
Ein Beispiel ist der letzte Sommer wo es im Juli zu solch einer stationären Verstärkung des Jetstreams kam. Und es zeitgleich zur Trockenheit und Hitze im Western der USA, Überflutungen an deren Ostküste, der lagen Trockenperiode bei uns, und einer Hitzewelle in Japan kam. Dies veranschaulicht auch gut, die Gefahr dieser Ereignisse. Dadurch, dass der Jetstream ein die ganze nördliche Hemisphäre umfassendes Band ist, kann er gleichzeitig an verschiedenen Orten extreme Wetterlagen begünstigen.




\D
|

Tasks

1. What is the solar constant and what is its value?
2. What is the greenhouse effect?

3. How do air currents and winds develop?

4. What is the Coriolis effect?

5. What is a Hadley cell?
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