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Content of Part B

This part discusses:

1. Climate sensitivity and climate feedback
processes

2. Recent scenarios for climate models
3. Energy — Balance Models - MAGICC

4. Regional Climate Models



Planets as black bodies

A black body absorbs all the radiation and during its heating it
radiates all the absorbed radiation towards the environment with
which it is in a thermal equilibrium.

The total amount of energy that radiates from a black body, to the
unit of area and time, is given by the Law of Stefan-Boltzmann:

F=0oT*

where 0=5.67*%108 W m=2 K* the Boltzmann constant



Earth’s Effective Temperature

The solar energy that the Earth absorbs (1-A) mR2 F,

The energy that the Earth emits as a black body in the same temperature AT R?F,

In equilibrium state they msut be equal!

(1-A) mR2F, =4t R2F,
R Earth radius

A Albedo of the Earth-Atmosphere system (A= 0.3)

F solar constant (Fs = 1370 W/m?)




Calculation of the Earth’s Effective Temperature

According to the Law of Stefan-Boltzman
F,.=0T?

SO
(I-A)mR?2F,=4mR?°0 T.*

Te:[a—A)FST
o 4

T.=251K

The effective temperature of a planet Te is the temperature at which a black body
would emit the same constant flux F equal to the planet's radiation flux, which is
ultimately emitted from its upper boundary to space.



0-D energy-balance climate sensitivity and
feedback parameters
For the equilibrium state:
Fo=F,
If there is a perturbation, then:
AF. . = AFs — AF,
In order for the equilibrium to be restored, there must be a change in T, so that:
AT, = ANAF . < A = AT, /AF

~ 0.3 K (W m2)-1

and
f=N1 = AF . /AT, = 3.75 Wm=2 K



Energy Flow in the Climate system:




The Greenhouse Effect

The difference between the temperature of the lower atmosphere and the effective
temperature depends on the mass of the atmosphere and the ability of its
compounds to absorb in the outgoing infrared (IR) part of the electromagnetic
spectrum.

According to Eddington's relation for radiation equilibrium conditions where there
are no energy losses, the change in temperature at various optical depths is given

T4=Tz€+%r)

where tis the atmosphere’s optical depth

by the relationship:



Greenhouse Effect

I, intesity of IR at the surface
I, intesity of IR that passes through the atmosphere

T optical depth in IR

l, =1, exp(-T)

From observations we know that I/l = 0.2, which means that about 80% of the
intensity of the IR radiation is absorbed mainly by triatomic gases (CO,, H,0, O,)

T, = -In(l/1.) =-In(0.2) = 1.61




Equilibrium time scales of the climate system

Radiative forcing
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How is climate sensitivity defined?

Climate sensitivity as the global temperature rise a doubling
of CO, concentration

The temperature increase at the instant that atmospheric
CO, has doubled (following an increase of 1% each year) gives us the . This is useful as a
gauge for what we might expect over the current century when atmospheric concentrations of
CO, are changing.

The climate system will continue to warm for some
time after the point, largely as the oceans are very slow to respond. Therefore we can also
consider the temperature increase that would eventually occur (after hundreds or even thousands
of years) when the climate system fully adjusts to a sustained doubling of CO,. The long
timescales involved here mean is arguably a less relevant measure for policy decisions
around climate change.

In climate models, the estimation of requires a long-term simulation, something
that is not required for . is smaller than due to the inertia of the oceans
to heating.



Climate sensitivity cannot be directly measured in the real world. Instead it must be estimated
and there are three main lines of evidence that can be used to do this:

we can use climate models, which provide complex simulations of the Earth’s
climate system, to predict future climate sensitivity as we don't have observations for the future
climate. These mathematical models are built around our understanding of the physics which
underpin our climate system.

instrumental records of warming since the mid-19thcentury,
combined with estimates of greenhouse gas and aerosol emissions, can be used to assess the
global temperature response to emissions of CO, by human activities to date.

ice cores and other records can be used to estimate natural changes in
temperature and atmospheric CO, over thousands of years. These can be used for estimates of
the past relationship between the two factors.



What would be the effect of doubling CO, on T_?

It is estimated that a doubling of CO, will lead to AF, = 4.6 W m™

' ~According to AT, = A AF,, and considering A = 0.3 K/ Wm-2 this will lead to an
increase in the effective temperature AT, = 1.4 K (a first estimate for ECS)

. This change in temperature is smaller than what is estimated for ECS by climate
models (~2 to 4.5 K ), that contain mechanisms of feedback, that eventually lead
to the enhancement of the greenhouse effect.



Feedback is a circular causal whereby some
proportion of a system's output is returned (fed
back) to the

input

AT | output
ATiinal

AFfinal = AF + AFfeedback
AFfeedvack can be either negative or positive

ATiinal = AT + ATteedback



= Stefan-Boltzmann Law (longwave radiation feedback) -

=Ice/snow-albedo feedback -

= Water vapour feedback -

* Cloud feedback —

= Lapse Rate Feedback -

* Climate — carbon cycle feedbacks-

= Climate — vegetation feedback -



Negative Stefan-Boltzmann Law - longwave radiation feedback

Longwave outgoing radiation:

F.=oT*4
o0 =5.67x108 W m=2 K4 the Boltzmann constant

Cooling of the planet — negative
feedback

The total energy that heats
Earth’s climatic system is
reduced

More outgoing radiation is
emitted by the Earth, due to

the Stefan-Boltzmann




Positive Ice/snow-albedo feedback

More melting of sea ice  |[FEEEE

AN

Darker ocean with
lower reflectivity

Absorption of more
energy




Positive Water vapour feedback

More evaporation from

the oceans .

A

More water vapour in More absorption of IR
the atmosphere

—

1) Water vapor (H,0) is a strong greenhouse gas.

2) Increase of 1% in T will increase the saturation vapour pressure e, through the Clausius-
Clapeyron equation by 20%.

3) The maximum content of the atmosphere in water vapour increases with the increase of
temperature, while the oceans consist a huge source of water vapor. Theoretical
calculations display a maximum increase in water vapour of ~7% for every degree of
heating near the surface and by a factor of 2-3 times larger in upper atmosphere.



Outgoing Longwave Radiation (W/m2)
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Cloud feedbacks

Clouds increase reflectivity, decreasing the shortwave radiation every year to -47
W m=2 in a global scale. Also, clouds hinder the outgoing IR radiation causing a
mean increase to the radiation budget +30 W m=2. The result is a decrease of -
17 W m-2 on a global scale, that in recent climate leads to cooling. This fact does
not provide information concerning cloud feedbacks, but it is indicative that it is
difficult to calculate the total impact of the clouds from the subtraction of two
large and competitive terms.

It is unclear what is the strength and even directions (negative or positive).
Low cumulus clouds (negative feedback) - High cirrus clouds (positive feedback)

It is uncertain whether an increased temperature will lead to increased or
decreased cloud cover.

It is generally agreed that increased temperatures will cause higher rates of
evaporation and hence make more water vapor available for cloud formation, but
the form of additional clouds is much less certain.

Generally, cloud feedbacks are responsible for the large range of estimations of
climatic sensitivity in climate models and hence, for the range of future climatic
estimations.



positive cloud feedack

Surface heating and
enhancement of heating
l due to GHGs

More evaporation and 4

more moist atmosphere

. More absorption of the
More high clouds ———— emitted IR terrestrial

radiation




negative cloud feedack

Cooling of the surface
and slowing of heating
l due to GHGs

More evaporation and 4

more moist atmosphere

More low clouds Increase of reflectivity

e | and decrease in incominig

solar radiation




» As an ascending moist mass of air condenses, it releases latent heat and
heats the air around it. A warmer air mass contains more water vapour in
saturation, so it condenses more water vapour as it ascends and temperature
decreases with height with a slower rate. This means that the moist adiabatic
lapse rate, -dT/dz, decreases with the increase of temperature.

» The intensity of the greenhouse effect depends on the vertical distribution of
temperature. The theory and the climate models show that global warming
decreases the vertical laspe rate, creating a negative feedback and a
weakening in the greekhouse effect.

> A larger emission of IR radiation in the upper troposphere means that the
surface needs less temperature in order to reach equilibrium.

» The lapse rate feedback is more intense in the tropics.



Climate — carbon cycle feedbacks

A
. I
Global warming causes carbon feedbacks:
|
that amplify the warming !
Atmos T BYmospheric L",'fy"-),"'r‘ﬂ_‘;"-_\' al Increase A
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Terrestrial feedbacks

o Increased decomposition and
respiration by soil organisms in a
warming soils.

o Heat waves and drought - reduce
carbon uptake by green vegetation
photosynthesis.

o Increased green plant toxic ground
level ozone increase- reduced
photosynthesis.

o Increased forest fires - emit black
carbon, CO, and methane.

Ocean carbon feedbacks.

o Increased water temperature
dissolves less CO,.

o Increased ocean acidification
dissolves less CO,.

o Reduced phytoplankton growth
reduces ocean photosynthesis.

o Impaired Capacity of shell bearing
organization to make calcium
carbonate.

Arctic cryosphere carbon feedbacks
o Thawing permafrost

o Melting ocean floor methane
hydrates



Feedback Mechanisms

Positive Feedback CO, - climate

Absorption of more energy

Enhanced CO, levels in the

atmosphere




Vegetation-Climate Feedbacks

- Climate

_— cooling

Greater
cooling

High-albedo surface

reflects more "
solar radiation

A Vegetation-albedo feedback

Tundra
replaces
fOrt::L

Imimal
changc - Increased
e > 7 precipitation i
EANSPRENE . Additional
precipitation

Forest
replaces
grassland

Increased
transpiration
of water vapor

B Vegetation-precipitation feedback



Feedback process Feedback parameter f

. — Total feedback
ongwave .
Water vapour -1to-1.5
Ice/snow albedo -0.1t0-0.9
dlouds uncertain Motas =0.7 K/ Wm-2 (with all feedbacks)
negative feedbacks positive feedbacks
)\total
A=0.3K/Wm=2
fiota =145 Wm-2 K1 (with all feedbacks)
positive feedbacks negative feedbacks
ftotal

f=3.75 Wm2K-'

So doubling of CO, and considering A = 0.7 K / Wm2 will lead to an
increase in temperature AT = AAF,,=0.7x4.6=3.2K
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Emissions Concentrations Radiative Forcing Climate Response

& Carbon Cycle Climate Interactions
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MAGICC

® MAGICC is coupled gas-cycle/climate model (MAGICC; Model for the
Assessment of Greenhouse-gas Induced Climate Change). The
climate model in MAGICC is an upwelling-diffusion, energy-balance
model that produces global- and hemispheric-mean temperature
output together with results for oceanic thermal expansion.

* MAGICC was one of the primary models that was used by IPCC
since 1990, for the calculation of future projections of mean global
temperature and the increase in sea-level.

® The MAGICC climate model is coupled interactively with a range of
gas-cycle models that give projections for the concentrations of the
key greenhouse gases. Climate feedbacks on the carbon cycle are
therefore accounted for.



Structure of MAGICC

MAGICC - Upwelling-Diffusion Model Structure
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Running MAGICC

File Edit Run View SCENGEN

n Model for the Assessment of

Greenhouse-gas Induced Climate Change

NCAR

As used in the IPCC Third Assessment Report

Version 5.3
Concept and Scientific Programming: T.M.L. Wigley, 5.C.B. Raper

Design: T.M.L. Wigley, M. Salmon, M. Hulme, 5.C.B. Raper

User Interface: M. Salmaon, 5. McGinnis

1. Installation

Download MAGICC 5.3 from the website
http://www.magicc.org/. It is a zip file
(SG53.zip), that contains a full index of
folders. After unzipping, save your files in
folder C:.

All files will be normally unzipped to your
new folder, which is C:\SG53.

It is important that you choose the
unzipping and creation of the new file
directly to C:\SG53

2. Execute (Run)
Start
c:\SG53\SCEN-53\magicc.exe



MAGICC: Choosing scenarios

Emissions Scenarios
Model Parameters
COutput Years

"o MAGICC 5.3 - Emissions Scenari

Policy scenario
| WRE450

Reference scenario

| A1T-MES

Note: SRES illust.
sCenarios are
hyphenated

4 Help |

3. click edit (press Edit)

You have the option of:

—Emission Scenarios,

—Model Parameters and

—Qutput Years (years of the outputs)

4, Under —Emissions Scenarios

The user can choose either a Reference scenario, or a Policy
scenario. In the following example the A1T-MES is used, as a
Reference scenario and WRE450 as a Policy scenario.

The A1T-MES is one of the six explanatory scenarios of SRES
(Special Report on Emissions Scenarios). The WRE450 scenario
uses CO, emissions that lead to the stabilization of the
concentrations at 450.

Emissions for WRE450 are given until 2400. For A1T-MES they are
given until 2100. The basic programming for MAGICC is to give
results until 2100. If the user wants the calculation to be
performed for another year, they can change the selection in the
option “Output Year”.



MAGICC: Models Parameters Selection

74MAGICC 5.3 model p:
Forcing Controls

Carbon Cycle Model

-~ High ¥ Mid -~ Low ~- User

C-cycle Climate Feedbacks

& On -~ Off

Aerosol Forcing

+ High ¥ Mid ~- Low

Climate Model Parameters

Sensitivity { AT 2:] I a0 °C

Thermohaline Circulation
# Variable - Constant

Vert. Diffus. l,'Hz'_l:

Ice Meh
~~ High ¥ Mid ~- Low

Model: User

Reference year for climate model output I 1990

First year for climate model output I 19490

Last year for climate model run I 2100
Printout interval for climate mo-del 5

o | v |

ENEN=
1990 |
1990

2100

_5 |

—Model Parameters

The range of options allows the user to carry out a variety of
sensitivity studies. The sensitivity of the models (AT2x), is the
magnitude of the increase in the average global temperature
caused by the doubling of CO, concentrations with respect to its
18th century levels (~ 1750, pre-industrial age). Default values
are 3 °C - press OK to close the window (figure).

-Output Years

The -Output Year will display the -Output parameters window.
The user can select the years to be displayed, as well as the
years and the time step that will be used as data in the report
files. The buttons on the right reset the default values. The
choice of years for output files determines input data in the
SCENGEN model. Most scenarios are only available until 2100, so
choosing a longer year will not work. CO2 stabilization scenarios
are available until 2400. This will also allow SCENGEN to
calculate results by the year 2400. The default year is here in
the year 2100 (figure). Select OK to close the window.

4. Click Run
After your choices are complete, press Run. After a short period
of time, the climatic model begins.



MAGICC: Graphical display

Emissions
Concentrations
Radiative forcing

Temperature & Sea-Level

Reports:
User Policy
Default Policy
User Reference
Default Reference

T4#MAGICC 5.3 - Gas Concentrations

Carbon Dioxide Concentration (ppmv)
ustratr

M Ref. range
' Ref. best
| Ref. user
M Pol. range
[ Pol. best
_I Pol. user

1980 - W
1990 - 2100 |
1765 - 1990 |
1765 - 2100 |

Help |
Print |
OK |

5. click View

The user can select either to view graphical output, or, in the
Reports files, to access much more detailed tabulated output.
Each Report file gives results for (default) sensitivity AT2x = 1.5,
3.0, 6.0 °C, as well as user-selected sensitivity. Output data for
sea level combine low sensitivity with low ice melting, and high
sensitivity with high melting.

Example figures are shown using the WRE450 policy scenario
and the A1T-MES reference scenario. In a similar way we can
show results of other emission, concentration and radiative
forcing parameters.

MAGICC 5.3 - Temperature & Sea Level 5 x

Temperature Change (°C) w.r.t. 1990
lustrative Scenario)
2 base, LEV2 others
W' Ref. range Reference Range
M Ref. best —— Reference Best Guess
_| Ref. user Policy Range
' Pol. range —— Policy Best Guess
' Pol. best

_| Pol. user

1990 - 2100 |
1765 - 1990 |
1765 - 2100 |

Help |
Print |




MAGICC: Carbon cycle climate feedbacks

74 MAGICC 5.3 mode

=10 i

Forcing Controls

Carbon Cycle Model

~~ High % Mid -~ Low ~- User

C-cycle Climate Feedbacks

Aerosol Forcing

~ High % Mid - Low

Climate Model Parameters

Sensitivity (AT El] I 3.0 °C

Thermohaline Circulation
# Variable -~ Constamt

Vert. Diffus. [Hz]:

Ice Melt

~ High # Mid - Low

Model: User

ok |

A key component of CO, projections is the feedback on
the carbon cycle due to global warming. This is really a
complex set of different feedbacks operating on a
regional scale, some positive and some negative. On
balance, however, these climate feedbacks are positive
leading to significantly higher concentrations than would
be the case if they were absent.

We can illustrate the importance of these feedbacks with
some specific examples either by turning of the C-cycle
Climate Feedbacks box or by changing the Sensitivity
parameter.

The figure below shows an example by increasing
sensitivity to 4.5 °C

74 MAGICC 5.3 - Gas Concentrations

Carbon Dioxide Concentration (ppmv)

W Ref. range
W Ref. best
W Ref. user
M Pol.range
[ Pol. best
W Pol.user

1800 - [2100
19902100 |
1765 - 1990 |
1765.2100 |

Help |
Print |
0K | :




Excercise

Starting from the basic MAGICC model,

Use

- as a reference scenario: A1Bnew

- WREA450 policy scenario.

Consider that the other parameters keep the default values.

You can make the display of the average global temperature by the year 2100
for both scenarios (Reference and Policy).

What are the differences? Comment on your results.

Check the effects of carbon cycle climate feedbacks on global temperature by
increasing the climate sensitivity parameter to 5.
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are the
most advanced tools today
available for climate
simulation

The of present
day AOGCMs (100 - 300
km) is still too coarse to
provide fine scale regional
climate information useful
for impact studies.




A
is “nested” within a
GCM in order to increase the
resolution of a climate simulation.

for the
RCM are obtained from the GCM.

The GCM is used to
simulate the response of the general
circulation to large scale forcings,
while the RCM is used to simulate the
effect of sub-GCM-grid scale forcings
and to provide fine scale regional
information




Climate on islands, mountains and coastal areas changes very
differently around the Mediterranean Sea and it can only be
properly highlighted using a RCM



DEAR-Clima is a user friendly dynamical web application tool that extracts, visualizes and
provides time series of essential climate variables and climate indices

DEAR-Clima # Home @ Domain £ Experiments O Scenarios 28 Variables ~ l#* Application O About &= Contact

Domain

The domain of the application is the EURO-CORDEX domain which covers the greater area of Europe
including the Mediterranean and a part of N.Africa. The spatial resolution of the CORDEX simulations used in
this application is 11°x11° The approximate center of the boundaries is 27°N-72°N and 22°W-45°E, while
the center point of the domain lies is 49.68°N and 9.75°E. More information about the domain can be found
in EURO-CORDEX website.

Extract Climate Information
above Europe and N.Africa
(EURO-Cordex Domain)
in ~12 km resolution.

Future Projection are based on
three Representative Concentration
Pathways (RCPs)

More than 32 regional climate

simulations to choose from the

] CORDEX experiments ranging for
the period 1950-2100.

-



DEAR-Clima # Home @ Domain £ Experiments O Scenarios 82 Variables ~ |#* Application © About &= Contact

Climate Variables

The climate projection application provides historical and future projections of the following essential climate
variables.

Near sur face daily Average air Temperature (°C)
Near sur face daily Mazimum air Temperature (°C)
Near sur face daily Minimum air Temperature (°C)
Near sur face Wind Speed (m -s 5)
Precipitation (mm -day ")
Surface Solar Radiation (W -m™2)
Surface Air Pressure (hPa)
Near surface Specific Humidity (mg-kg ')
- Near surface stands for ~2m.

- Downward surface solar radiation is set to be positive.

8 Essential CIimatedVariabIe to extract
and...




DEAR-Clima

# Home @ Domain £ Experiments O Scenarios 88 Variables ~

Climate Indices

|#* Application

...13 Climate Indices related to
Drought, Wet Heat and Cold days.

Drought

Consecutive Dry Days (CDD): Number of consecutive (C) days within a year where precipiration (RR) is
lower than 1mm.

CDD = C(RRyiy < 1lmm) (days)

Consecutive Dry Days Periods (CDDP): Number of periods within a year where precipiration (RR) is lower
than 1mm. Each period is constituted of five consecutive (C) dry days.

CDDP = Periods(C(RR34.ys < 1mm)) (periods)

Wet

Consecutive Wet Days (CWD): Number of consecutive (C) days within a year where precipiration (RR) is
higher than 1mm.

CWD = C(RRity > 1mm) (days)

Consecutive Wet Days Periods (CWDP): Number of periods within a year where precipiration (RR) is higher
than 1mm. Each period is constituted of five consecutive (C) wet days.

© About % Contact

Summer Days (SU): Number of days within a year where daily maximum temperature (Tmax) is greater than
25C.

SU = Tmazx > 25°C (days)

daily

Consecutive Summer Days (CSU): Maximum number of consecutive (C) days within a year where daily
maximum temperature (Tmax) is greater than 25C.

CSU = C(Tmaz gaiy > 25°C) (days)

Hot Days (HD): Number of days within a year where daily maximum temperature (Tmax) is greater than 35C.

HD = C(Tmaz gy > 35°C) (days)

Tropical Nights (TR): Number of days within a year where daily minimum temperature (Tmin) is greater than
20C.

TR = C(Tmingaiy > 20°C) (days)

Cold

Frost Days (FD): Number of days within a year where daily minimum temperature (Tmin) is below 0C.

FD = Tmingey < 0°C (days)

Consecutive Frost Days (CFD): Maximum number of consecutive (C) days within a year where daily minimum
temperature (Tmin) is below OC.

CFD = C(Tminaiy < 0°C) (days)

Ice days (ID): Number of days within a year where daily maximum temperature (Tmax) is below 0C.

ID = C(Tmaz ., < 0°C) (days)



Temperature 2m (C)

Full Period Future

Temperature 2m, E-11 (Lon:23.008, Lat:40.665, Alt:245.1m)
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Thanks for your attention




SCENGEN

® Global-mean temperatures from MAGICC are used to drive
SCENGEN (SCENario GENerator). SCENGEN uses a pattern scaling
method to produce spatial patterns of change from a data base of
atmosphere/ocean GCM (AOGCM) data. The pattern scaling method
is based on the separation of the global-mean and spatial-pattern
components of future climate change, and the further separation of
the latter into greenhouse-gas and aerosol components.

=== M |n SCENGEN 20 GCMs are used
E SCENGEN B Results:

—Changes from model to model

A Global and Regional Climate Change Scenario Generator |

—Mean change

Concept and Scientific Programming: T.M.L. Wigley
Design: T.M.L. Wigley, M. Hulme, M. Salmon, 5. McGinnis

s nterace: 5 G, . Samon —Standard deviation between models

Data Set Development: C. Doutriaux, R. Knutti, S. Scherrer

L e | —Changes in variability

Development supported by:
The U.S. Environmental Protection Agency

—Depiction of current and future
climate on a5 x 5° grid.

Version 5.3, May 2008

OK |




Use of SCENGEN

ws® SCENGEN

A Global and Regional Climate Change Scenario Generator

Concept and Scientific Programming: T.M.L. Wigley
Design: T.M.L. Wigley, M. Hulme, M. Salmon, 5. McGinnis
User Interface: 5. McGinnis, M. Salmon

Data Set Development: C. Doutriaux, R. Knutti, S. Scherrer

Other Contributers: 0. Brown, T. Jiang,

P.D. Jones, M. New, B.D. Santer
Development supported by:

The U.5. Environmental Protection Agency Strams Consulting Inc.

Version 5.3, May 2008

OK |

6. Run SCENGEN

The next step is to return to the MAGICC main control window,
select the SCENGEN key and the -RUN SCENGEN option. This
will display the SCENGEN title window.



Use of SCENGEN

/. Pressing the OK button will display an empty map and the SCENGEN
Options Menu

74 SCENGEN - ||

Control Windows | Actiohs

QUIT |
Help |

Print |
RUN |

Latitude: Longitude: Value:



SCENGEN: Example

The example gives a comparison of the results of different models for changes in spatial
distribution of mean annual rainfall. The results of the MAGICC calculations described
above, ie the A1T-MES as the baseline scenario and the WRE450 as a policy scenario, are

used.

Variability
# Change ~ 5.[0.Base.
s Error s 5.0.Change
~~ Mod. Base. ~ Tempor. SNR
s~ Mod+Change || TSNR overwrite:
~ 0Obs. Base. # Mo overwrite
~ Obs.*Change || SD-change SNR

Inter-model + SD-base uncert.

s Inter-SNR

.~ P{lncrease)

8. The first step: selecting -Analysis in the
SCENGEN window. The -Analysis options window
will appear.

In the -Data option, the default is -Change, that
is, the analysis will give us the changes in the
average value of each variable.



SCENGEN: Choose models

774 SCENGEN

=10l x|

Control Windows | Actions

Anahysis auiT

Models Help |

Region Primt |
RUH |

Variable

Warming

H Aerosol effects ~ Def.1 4 Def.2 -, Both

None | All | Default

W sccrecvz W csiro-3o W GroncMza W Ipsn oM W MRI-2322

W cccwr-31 W EcHO---G W GISS—EH W MIROC-HI W NCARPCML
W ccsM--30  _| FGOALS1G  _| GISS--ER W MIROCMED [N UKHADCM3

W cweM-cv3 W GroncMzo M ImMcM-30 W MPIECH-5 W UKHADGEM

9. Next step: (always in the SCENGEN window) select the -
AOGCMs models to use (the results shown are for the average
status of the selected models). Important: SCENGEN calculates
average values of normalized model results so that each
distribution has the same weight as the rest, and the effect is
not affected by the participation of models with different climatic
sensitivity. In the example we use all models except FGOALS and
GISS -ER.

Next, the user has the option of using Definition 1 or Definition 2
changes. Def. 1 uses the difference between the start and end
of a perturbation experiment. Def. 2 uses the difference
between the perturbed state and the control climate at the same
time. If a model has any spatial drift (and most models do) then
Def. 2 is a way of removing this drift (under the justifiable
assumption that the drift is approximately common to both the
perturbed and control runs) — normally one should use Def. 2.

Next, the user must decide whether or not to include the spatial
effects of aerosols. Normally, these effects should be included
(which is done by clicking on the “Aerosol effects” button). The
option not to include aerosol effects is to allow the user to
determine how important these effects are. The "“Models”
window shown above corresponds to these selections.



SCENGEN: Choose a region
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10. Next, return to the SCENGEN window and click on “Region”. The map shown in the figure
will appear, which shows the areas used to calculate SO, emissions in the MAGICC emission
records. Next you see the areas that can be selected. The default is the whole world, and this

is used in our example.



SCENGEN: Variable Selection

# Precipitation |~ Min/Max

s Pressure
rainbow

# linear
W Reverse

s exponential

_| Smoothing |Season: Ann

< April
“ May
“~ June
- July

“~ August

“~ Saptember
“~ October

“* November

“* December

“* DeclJan/Feb
“~ MarlApriMay
<~ Jun/JuliAug

“ SeplDctiNov
# Annual

11. Return to the SCENGEN window and select “Variable”.

The -Variable window (as in the figure) will appear. We chose the -Precipitation (ie
atmospheric precipitation), and we will use this variable in our example. Note that
the red-back option is displayed because the color scale for the precipitation (ie
red for low values and blue for high) is inverse.

The -Ann button allows us to select seasonal or monthly changes. We return to -
Ann.

The Scaling window provides the option of using linear or exponential interference
when calculating and constructing maps from the grid points of the climate
models. In our example we use the linear one, although it is preferable to use the
exponential for rainfall variations.

Selection of spatial smoothing: This option replaces all our output files (our data)
with a smoothed field calculated from 9 neighboring boxes (the area-weighted
method). The choice of spatial smoothing means that if, for example, we have
chosen a single grid of 2.5 x 2.5° as an area, the results will be the average
values of the nine grid boxes contained in our main grid.

To change the color scale, press the rainbow button.



SCENGEN: Chosing a scenario

Scenario MAGICC Setup
# A1TMES (Ref) # Default

~ VWWRE450 (Pol} |~ User

12. Return to the SCENGEN window and open the “Warming” option.
Here the user can follow the following steps for his/hers choices:
(1) the emission scenario, ie either the Reference or the Policy.

(2) The year for which the calculations will be performed, based on the scenario
selected in step (1) (i.e., the central year for the calculation of the climatic average *,
as indicated by the length of the rolling bar, is selected.) The default year Is 2050, as in
the figure)

* Climate averages are calculated as an average of 30 years.

(3) a specific configuration in the MAGICC model, the default value (i.e., the "best
guess"), or the User option, where the User chooses.

The above factors determine the average global temperature change value from 1990
to 2050 (the deg C value displayed in red at the top of the window in our case). This
value is used to construct maps based on normalized values with an appropriate scale.

In our example, we use the default emission scenario, ie the A1T-MES, the Reference
scenario that we have previously defined, and the default parameters from MAGICC.
We also move the rolling bar to the year 2063 to reach a global average heating value
of 20C, as shown in the figure.



SCENGEN: Mapping

13. Return to the SCENGEN window: Press -RUN to start. The map will appear shortly (in the figure below). Our map
now shows the changes in the average annual precipitation for the 30 year period we chose with a central year in
2063 for the A1T emission scenario and the MAGICC climate parameter for the best estimation (ie the default). The
result has been calculated as an average of 18 AOGCMs (of the Atmospheric-General Traffic Models).

eSS e

Change in Annual Preci:itntlun Global range
-43.9 to 55.4

CoIR0-30
ECHO-——2
EFDLCMZ0
EFDLCMET

Latitude: Longitude:




Excercise

Starting from the basic MAGICC model,

Use

- as a reference scenario: A1Bnew

- WREA450 policy scenario.

Consider that the other parameters keep the default values.

You can make the display of the average global temperature by the year 2100
for both scenarios (Reference and Policy).

What are the differences? Comment on your results.

Continuing with the SCENGEN model

Follow the steps in the example and:

Describe changes in the spatial distribution of mean annual rainfall with
SCENGEN (you can use both the Reference and Policy scenarios) for the time
frame 2071-2100 using any of the AOGCMs you want. What are the differences
in Europe and the Mediterranean? Comment on your results.



MAGICC/SCENGEN:

More Information

You can get more information about using the model and other user

options from the User Manual file, the User Manual that is included in
your notes.

=More about the model



