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What is weather, what is climate?

Weather is the physical state of the
atmosphere at a given time

Climate is averaged weather
(often 30 years)
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Introduction
What is weather, what is climate?

While we are not able to predict weather at a specific date in a decade, why does it still
make sense to propose general trends?

Average cloud coverage ⇒ Average reflection

Average precipitation/temperature ⇒
vegetation ⇒ influences carbon cycle ⇒
warming/cooling ⇒ ice coverage ⇒ reflection . . .
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Introduction
What is a Climate Model?

Definition (AR5)
A climate model is a numerical representation of the climate system.

GCM: General Circulation Model
A global Climate Model, usually
ocean-atmosphere-circulation

RCM: Regional Climate Model
A Climate model at higher resolution
over a limited area

Impact Model: Not a climate model, higher time and
space resolution, for simulating extreme
weather events like floods
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Introduction
What is a Climate Model?

Definition (AR5)
A climate model is a numerical representation of the climate system.

AR5:
IPCC, 2013: Climate Change 2013: The Physical Science Basis. Contribution of
Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J.
Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley(eds.)]. Cambridge University
Press, Cambridge, United Kingdom and New York, NY, USA, 1535 pp.

copyright: https://www.ipcc.ch/copyright/
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IPCC Reports
A typical image people show when adressing climate change

AR5, p.89

Numbers, Uncertainties

Representative
Concentration Pathways
(RCP)

Sources of the Graphs

Is it proven? Is there
scientific evidence?

8www.ufz.de



IPCC Reports
A typical image people show when adressing climate change

AR5, p.89

Numbers, Uncertainties

Representative
Concentration Pathways
(RCP)

Sources of the Graphs

Is it proven? Is there
scientific evidence?

8www.ufz.de



IPCC Reports
A typical image people show when adressing climate change

AR5, p.89

Numbers, Uncertainties

Representative
Concentration Pathways
(RCP)

Sources of the Graphs

Is it proven? Is there
scientific evidence?

8www.ufz.de



IPCC Reports
A typical image people show when adressing climate change

AR5, p.89

Numbers, Uncertainties

Representative
Concentration Pathways
(RCP)

Sources of the Graphs

Is it proven? Is there
scientific evidence?

8www.ufz.de



IPCC Reports
The Questions

AR5, p.89

Numbers, Uncertainties

Representative
Concentration Pathways
(RCP)

Sources of the Graphs

Is it proven? Is there
scientific evidence?
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IPCC Reports
Is it proven? Is there scientific evidence

The strength of scientific evidence is generally based on the results of statisti-
cal analysis and the strength of scientific controls.1

1wikipedia, Scientific Evidence, 24th Nov 2019
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IPCC Reports
Is it proven? Is there scientific evidence

Human beings are now carrying out a large-scale geophysical experiment of a
kind that could not have happened in the past nor be reproduced in the future.

– Roger Revelle, 1957
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IPCC Reports
Is it proven? Is there scientific evidence

Conservation of Momentum

Would you cross the road?
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IPCC Reports
Basic Physics

solar insolation:
S = 343 W

m2

parts of light reflected
jrefl = albedo S
albedo = 0.3

parts of light absorbed:
jsurf = (1− albedo)S

Stefan-Boltzmann law for energy emissions:
jsurf = σT 4

surf
σ = 5.6710−8 W

m2K 4

energy balance:
(1− albedo)S = σT 4

surf

⇒ Tsurf =
4

√
S(1−albedo)

4σ = −19.5◦C

transparency of atmosphere:
0.15 ≤ t ≤ 0.3
t jsurf

jatmos

(1− t)jsurf

jatmos

(1− t)jsurf = 2jatmos

jsurf = (1− albedo)S + jatmos

jsurf = σT 4
surf

measured 2000:
Tsurf = 14.5◦CTsurf =

4

√
2(1−albedo)S

(1+t)σ , t = 0.225⇒ Tsurf = 15◦CTsurf =
4

√
2(1−albedo)S

(1+t)σ , t = 0.2⇒ Tsurf = 16.6◦C
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IPCC Reports
Basic Physics

Percentage of additional CO2

average Temperature rise in
Dec. in Leipzig

Arrhenius 1896: ⇒ 4-6◦C

Current Models: ⇒ 2-4◦C

Svante Arrhenius, On the influence of carbonic acid in the air upon the temperature of the ground,

The London, Edinburgh and Dublin Philosophical Magazine and Journal of Science 5, 237–276 (1896)
14www.ufz.de



IPCC Reports
Sources Of Uncertainties

A climate model represents physical laws. Where do uncertainties come from?

Initial Conditions: how is the current state of the climate
system

Resolution: temporal and spatial step length

Truncation: computational limits

Lack of Understanding: for example clouds
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IPCC Reports
Sources Of Uncertainties

Why is there no such thing as the one best climate model?

Dynamic Core: including the method for differential
equations, such as the grid

Parametrization: parameters (like t , albedo) that can be
calibrated with different error measures

Schemes: different formulations of physical processes

Truncation: how to limit due to computational power
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IPCC Reports
The Questions - Is it proven? Is there scientific evidence

Solution:

Investigate all the models.

Average

17www.ufz.de
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Who does climate modelling

Coordinated GCMs
The specific conditions are defined via the Coupled model intercomparison project
phase 4/5/6 (CMIP4/CMIP5/CMIP6)

map shows research centers which took part in
CMIP6

mainly specialized research centers, universities
and meteorological offices

it is generally open for any institution to
participate as long as they follow a protocol for
their contribution

institutions need to produce variables for a set of
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IPCC Reports
Who does climate modelling

Other Coordinated MIPs
There are many more specific model intercomparison
projects (MIP) where the scientific focus is on a
sub-topic e.g. for land surface.
Not Coordinated Within IPCC
This is a glimpse on the coordinated research for
IPCC/CMIP reports, you can always do research
outside that framework, go to a journal and publish
your findings there.
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IPCC Reports
Sources Of The Graphs

AR5, p.89

Numbers, Uncertainties

Representative
Concentration Pathways
(RCP)

Sources of the Graphs

Is it proven? Is there
scientific evidence?
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IPCC Reports
Sources Of The Graphs

A history of IPCC reports

first Assessment Report (FAR 1990)

second Assessment Report (SAR 1995)

third Assessment Report (TAR 2001)

fourth Assessment Report (AR4 2007)

fifth Assessment Report (AR5 2013)
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IPCC Reports
Sources Of The Graphs

The IPCC consists of several working groups, including Working Group I-III, providing
the Assessment Reports:

WG I Scientific aspects of the climate system and climate change.

WG II Vulnerability of socio-economic and natural systems to climate change,
consequences, and adaptation options.

WG III Options for limiting greenhouse gas emissions and otherwise mitigating
climate change.
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IPCC Reports
History of Climate Modelling

Vilhelm Bjerknes, 1904 governing equations could be
solved to obtain future states of the
atmosphere. He envisioned to split the
task with many people

Lewis Fry Richardson, 1922 did a 6h forecast, solving
the equations by hand (alone) in
42d user, 2y total (a little behind the
weather), only to find out it didn’t give the
correct answer.

ENIAC, 1950 first successful weather model run on
the computer called ENIAC (Neumann)

1955 weather predictions were run twice a day
on an IBM 701

ENIAC
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History of Climate Modelling

Today: For example JUWELS (Jülich Wizard For European Leadership Science):

standard nodes:
2x 24 cores, 2.7 GHz
12x 8 GB, 2666 MHz

2271 standard nodes
240 large mem nodes
56 accellerated nodes

Provides computing budget for the Advaced Earth System Modelling Capacity
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FAR: ∼ 500km

SAR: ∼ 250km

TAR: ∼ 180km

AR4: ∼ 120km

AR4, p.113

AR5: higher (87.5km)
and very high (30km)
resolution models tested

AR5, p.145
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AR5, p.89

Numbers, Uncertainties

Representative
Concentration Pathways
(RCP)

Sources of the Graphs

Is it proven? Is there
scientific evidence?
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..
.

scenarios

input data

(coupled) Climate Models Model Output

WG I generally tests a selection of (coupled) Climate Models matching specific
conditions and investigates the output assuming different emission scenarios.
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Representative Concentration Pathways (RCPs)

AR5, p.89

Scenarios that include time series
of emissions and concentrations of
the full suite of greenhouse gases
and aerosols and chemically active
gases, as well as land use/land
cover (Moss et al., 2008).
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Representative Concentration Pathways (RCPs)

AR5, p.89

The data for the RCP scenarios is
coordinated by input4MIPS (input
datasets for Model Intercomparison
Projects). Most of it is freely
available
https://esgf-
node.llnl.gov/projects/input4mips

34www.ufz.de
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Representative Concentration Pathways (RCPs)

AR5, p.89

The numbers behind RCP refer to
the radiative forcing at the end of
the modelling period 2100.
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Example: Install An Impact Model To Your Local PC (Linux)

dependencies: a fortran compiler, make, cmake, netcdf-fortran

clone repository: git clone https://git.ufz.de/mhm/mhm.git

build directory: cd mhm ; mkdir build ; cd build

create a makefile: cmake ..

build the executable: make

run the model with test domains: cd .. ; build/mhm

git.ufz.de/mhm/mhm

39www.ufz.de

https://git.ufz.de/mhm/mhm


Summary, Conclusion
What do we want?

Weather is the physical state of the atmosphere at a given time, while climate is
averaged weather (∼ 30 years)

A climate model is a numerical representation of the climate system

One main source for uncertainty is the way we solve differential equations

Climate change is not proven throughout repeating one real experiment over and
over (there is but one earth) but models simulate our past climate pretty well

Human behavior is the primary source of climate change. Therefore we talk about
projections not predictions.

Human behavior scenarios dominate model uncertainties. Meaning, the question
is. . .

What do we want?
slides: karlabyrinth.org/science/ClimateModelling.html, twitter: @karlabyrinth,
email: alp@karlabyrinth.org

40www.ufz.de
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