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Top of
atmosphere

IN OUT=

ENERGY BALANCE

The  simple st view: 
He a ting from sunlight is ba la nce d by cooling from the rma l ra dia tion. 

Surfa ce
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Incoming
(shortwave)

Energy balance:

Outgoing
(longwave)

1 − 𝛼𝛼 𝑆𝑆𝑆𝑆𝑎𝑎2 4𝜋𝜋𝑎𝑎2𝜎𝜎𝑇𝑇4

𝑇𝑇𝐸𝐸 =
4 𝑆𝑆
4
1−𝛼𝛼
𝜎𝜎

=  255 K = -18 ℃

EARTH’S EMISSION TEMPERATURE
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PUT ON YOUR INFRARED GOGGLES!

"Infrared Thermography 
Inspection - Thermo Élite Inc" 
by thermoeliteinc is licensed 
under CC PDM 1.0 
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GREENHOUSE EFFECT

He ight

Te mpe ra ture

Emission leve l

TE TS

New e mission leve l

TS
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BASIC PRINCIPLES

7

Funda me nta l conse rva tion principle s:
• Conse rva tion of e ne rgy
• Conse rva tion of ma ss (a ir, wa te r, e tc)
• Conse rva tion of mome ntum

Ide a l ga s la w (a nd e qua tion of sta te for 
se a wa te r)
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GRID CELLS

Climate models
Also known a s General Circulation Models or 
Earth System models

Physics (e ne rgy ba la nce , hydrology, flow of a ir 
a nd wa te r, e tc) is solve d grid  box by grid  box

Goosse: Climate System 
Dynamics and Modelling
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Mathematical formulas that give the net effect of many
small-scale effects that cannot be directly included :

For example
- Clouds
- Turbulence

PARAMETERIZATIONS
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CHAOS AND PREDICTABILITY

A Tra je ctory Through Pha se  Spa ce  in a  Lore nz 
Attra ctor by Da n Quinn (CC BY-SA 3.0)
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TODAY’S MENU: SPAGHETTI

We tte rze ntra le .de
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MY DOG LORENZON A LEASH

Ske ptica l Scie nce  /
Ja cob Bock Axe lse n
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OBSERVEDCHANGES: CO2
950 ppm

May 2022:
421 ppm
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OBSERVEDCHANGES: TEMPERATURE

2010’s wa rme r tha n
2000’s wa rme r tha n
1990’s, wa rme r tha n
1980’s, wa rme r tha n
1970’s.

7 wa rme st ye a rs a re the  7 la te st

21 of the  22 wa rme st ye a rs a fte r
2000

Fewe r cold da ys a nd nights
More  wa rm da ys a nd nights
More  fre que nt he a t wa ve s
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NATURAL CHANGES?

IPCC AR5
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MAN–MADE CHANGES?

IPCC AR5
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BOTH?

IPCC AR5
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CLIMATE SENSITIVITY AND 
FUTURE PROJECTIONS
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CLIMATESENSITIVITYAND FEEDBACKS

20

Dire ct 
wa rming

+1.2 C

Water 
vapor
+1.5 C

Albe do
+0.4 C

Clouds
+0.3 C

La pse  
ra te

-0.6 C

2x CO2

Total 
warming

~ 3 C
Direct

IPCC AR6
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FUTURE CO2 SCENARIOS

RCP 8.5
High
emission level

RCP 2.6
Low
emission level

RCP 4.5
Medium-Low
emission level

RCP 6
Medium
emission level

Global Carbon Project 
(data: CDIAC/GCP/IPCC/Fuss et al. 2014)



CLIMATE FRIDAYS - BASIC MECHANISMS PETER L. LANGEN
10 SEP 2021 PROFESSOR

DEPARTMENT OF ENVIRONMENTAL SCIENCE

AARHUS
UNIVERSITY

SCENARIOS FOR
TEMPERATURE AND SEA LEVEL

IPCC AR6
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FUTURE ARCTIC WARMING UNCERTAINTY

Low
CO2

High
CO2

IPCC AR5
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