—————— ————=—"POTSDAM-INSTITUT FUR é‘la) Eberswalde
=- 2 i :|= KL' MAFOLGENFORSCHUNG Eberswalde University for Sustainable Development
P 1 K University of Applied Sciences

Climate and Climate Change

Fred F. Hattermann
Potsdam Institute for Climate Impact Research




\D
|

Introduction

Climate — drivers and processes
Climate and live

Observed climate change and change

b

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



Climate change?

'. > B - S n >

Hattermann@pik-potsdam.de - GCM2020 Climate & Life (I)




Climate change?

D

D
D

)
i

I
T

Hattermann@pik-potsdam.de - GCM2020 Climate & Life (l)



Hattermann@pik-potsdam.de - GCM2020 Climate & Life (I)



D

)
i

Number of events worldwide wunich re natcay)

Number of relevant natural loss events worldwide 1980 - 2018
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UN sustainable development goals
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The climate of earth is driven by solar energy /
radiation

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

Rigid mitigation is necessary to avoid un-
manageable impacts
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1. Energy distribution on Earth’s surface
2. Aircirculation in the atmosphere

3. Effects of Earth’s rotation

4. The Coriolis effect
5
6

B\
. Global atmospheric flux processes %ﬂf‘“

. Earth’s resulting circulation cells

WESTERLIES

Source: James F. Kasting - http://www.powershow.com/view/5a855- —
YWRmMO/Atmospheric Circulation flash ppt presentation -t —
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http://www.powershow.com/view/5a855-YWRmO/Atmospheric_Circulation_flash_ppt_presentation

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);
1 kWh= 3.6x10°)
e Food: calorie (cal) or Calorie (kcal)
lcal = 4.184)
£
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S  Rigid mantle
crust (gran o 5
st (bas fl(f) '3 -

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

r 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 =1 12 . 1 =1
oY N Terrawatt = 102 Watt ; 1 Watt = 1 Joule/s
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e 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.

e The earth's surface and atmosphere, which are around 15 °C warm,
radiate energy into space in the form of long-wave thermal radiation
(wavelength 3-60 um).
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Solar Radiation - Wavelength and Energy
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Solar Radiation Spectrum
uv 'Visibh:.‘: Infrared

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

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

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)

P
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I [ | .
r;g?::;:f el 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-c:
1368 W/m?

Rotating spher2

surface area —= 47mr?

average radiation
at surface- rface area

342 W/m? =1368/4 W/m?2

— T
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Absorbed by

\D

Reflected Solar Incoming 235 Outgoing
107\ Radiation 342 Solar Longwave
107 Wm? Radiation Radiation
‘ 342 Wm? 235 Wm?
Reflected by Clouds,
Aerosol and . f
Atmospheric Emitted by 40
, Gases Atmosphere 165 Atmospheric
7 Window
Emitted by Clouds
Greenhouse

67 Atmosphere Gases
First law of
g::k thermodynamics:
Radiation conservation of

energy

Quelle: Kiehl and Trenberth, 1997
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Example: 168 + 324 = 492 = 24 + 78 +390 and 342 = 107 + 235 and 165 + 30 + 40 = 235
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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, but an icy -18°C!
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Radiation Transmitted by the Atmosphere
1
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Latitude and Longitude lines divide up the
Earth into a usable coordinate system
Lines from W to E

= meridians of Longitude

Longitude measures how far E or W

a location is from the Prime Meridian
(through Greenwich, England)

Lines from N to S (parallel to equator)
are meridians of Latitude

Latitude measures how far Nor S

a location is from the equator.

Meridians
of Longitude

Values of Longitude
go from 180°W to 180°E

 Parallels
of Latitude

M T

e —

Values of Latitude
go from 90°S to 90°N
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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)
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5% reflected

Incoming
radiation

95% absorbed

Low latitude

P>

r

In low latitudes is a greater
flux per unit area (W/m?) than
in high latitudes

Incuming

33% reflected radiation

67% absorbed

B High latitude
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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%)

e — | .
0 S0 100 150 200 250 300 350 w/m?2 Z® = 18 TWe
O N N http://en.wikipedia.org/wiki/Solar enerqy
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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

90 45 0 45 90
Latitude
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net radiation
surplus

Energy

90 45 0 45
Latitude
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Excess energy at the equator is transferred towards the
poles by convection cells

net radiation

surplus

>
9
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net radiatio

deficit
90 45 0 45 90
Latitude
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Air near the equator is warmed, and rises

/
N\

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 NN S
Warm air rises

HIGH LOW HIGH

P
r
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The rising air creates a
circulation cell, called a Hadley Cell

S
N

solar radiation
—

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

Polar person

| spinning n 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:

e to therightin the Northern Hemisphere

e tothe leftin the Southern Hemisphere

—— iy Sy —
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Planet Earth rotates once per day.

Objects near the poles travel slower
than those near the equator.
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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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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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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!)

=
N 1,

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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™ isobar
(line of constant pressure)

e Hurricanes are low pressure centers (cyclones)

e Air moves from high pressure towards low pressure

e As the air moves in, it is deflected towards the right in the NH
e Resulting circulation is counter-clockwise
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D

Highs and Lows and the resulting Wind

dry and cold air

. o declines and
meist warm air rises

and cools down
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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
—=2_£3
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At midlatitudes, surface air JA \g

is moving poleward. V' / __ | 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

Equator

- == Hattermann@pik-potsdam.de - GCM2021 Climate & Life (I) Source: https://wiki.bildungsserver.de 43



Dynamical development of highs and lows, NH

1. The jet : 2. Rossby
stream begins _ ; waves begin
to undulate f to form

M TROPICAL AIR

3. Waves 4. Waves are
develop, cold pinched off,
air occupies forming
troughs of low cyclones of
pressure cold air
o L) o
— =_P:|$ — Hattermann@pik-potsdam.de - GCM2021 Climate & Life (|) Source: https;//wv\/w_abc_net_au 44



Ridge Breaking

Rossby wave ® event

SFOONY/ON\ G 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
£_Lt2_£3
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Circulation pattern change because of the change in energy input

Heat wave
in Japan

Forest fires Juli ((-J
in California & 50 SO
=1 b 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
T

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




6. Global Atmospheric Flux and Ciculation Cells
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