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Why climate models?
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* For prediction
* For understanding

* Why paleoclimate models?

— For evaluating models in different
climate contexts

— For testing mechanisms
responsible for observed or
reconstructed climate changes

— For prediction?
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Back to definitions

Temperature,
precipitation,
winds, etc

mean,
standard
deviation,

CLIMATE

Statistical properties
of
meteorological variables
on a
« long enough » period

typically
a few hours

typically a few
decades

Masa Kageyama — Chennai 2011




4 What's a model?

3 * An ensemble of hypotheses with

which a phenomenon can be

explained
- Several types of climate models according to

- The hypotheses on which they are based

- The problems we want to solve
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 The computer program translating
these hypotheses




Two approaches to climate modelling

CLIMATE

Statistical properties
of meteorological variables
on a « long enough » period

Compute
a suite of Simulate
meteorological mean climate

situations
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What do we need to represent ?

* 1a. atmospheric

ATMOSPHERE

—_— e
B
_—

RAYONNEMENT
SOLAIRE

Shortwave solar radiation

30% reflected
and scattered

26% reflected
and scattered

Clouds

Greenhouse gases s 23% absorbed
4% reflected
Surface g
(snow, vegetation...)| .
Ez:g;:;i 47% absorbed
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Longwave radiation and heat transfer

70% radiated

65 % radiated
109% absorbed

96% radiated

5% lost back down
to space
29% lost
as latent
Greenhouse an.d
effect sensible

heat

Back
radiation




What do we need to represent ?

* 1b. atmospheric energetics and dynamics

Top of the atmosphere radiative budget

Zonal mean energy budget

-1 50 — 1 1 1 1 1 1 1 1 1 1 1 n
a0 &0 40 30 20 10 EQ 10 20 3¢ 40 80 90
S Latltude N

Atmosphere is losing gaining
energy energy

Implied
transports
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What do we need to represent?
* 1b. Atmospheric transports

Mid-latitude planetary waves
(e.g. in winter, oceanic depression,
continental anticyclones)
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General Circulation Models

-

Dr. David Viner 1998, 2002
Climatic Research Unit
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Compute

« meteorological »
evolution of the
atmosphere on a global
grid

Small time step, smaller
for finer grid (otherwise
numerical instabilities)

Parameterisations for fine
scale processes or

processes whose physics
are not well known

- Large computing time:
~ 1000 simulated years in ~a few months
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What do we need to represent?
e 2. 0ceanic/sea ice feedbacks, surface +
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(Rahmstorf, Nature 2002)

‘morcelées par Vaction des courants.

B Salinity > 36 %
B Salinity < 34 %o
© Deep Water Formation




Earth System Models

THE CLIMATE SYSTEM

Space

-

Winds

Atmosphere
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Modelling palaeoclimates

Surface type,
altitude

Atmospheric
composition
CcO,, CH,, N,O, O,

Insolation
(Berger 1978)

Y
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Palaeoclimate Modelling Intercomparison Project (PMI

Mid Holocene, 6000 years ago
Change in insolation forcing

o \ \\\w ' \\\
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Last Glacial Maximu

21000 years ago

Changes in
ice-sheets
- GHG forcings
CO2 = 185ppm
- coastlines

°°°°°°°

several global circulation models
run with the same boundary conditions

compare
& understand
model results
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N\

compare model
results with data

Land/sea mask




Data bases for the LGM climate
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Surface marine data :

compilation from the
MARGO project (2009),
696 reconstructions

6071

Mean annual SST anomaly*
(LGM — present) -

Several proxies, unique |
calibration for each proxy
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Palaeoclimate Modelling Intercomparison Project (PMI

Mid Holocene, 6000 years ago Last Glacial Maximu
Change in insolation forcing 21000 years ago

:‘ \\ N \\\ Changes in

- ice-sheets

. k\ - GHG forcings: ; o
1" \(\\ CO2 = 185ppm ;

Latitudes

- COaStI I n eS fce Sheet-ﬂ)ﬂ 0 1000 2000 3000 (m

‘GO—é ; ;

JJAS prec:lpltatlon difference (MH Pl) Mean Annual Temperature difference
(LGM - PI)
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Sensitivity experiments

* Trying to understand the impact of each
new boundary condition

e 4 simulations:

. Present GHG
LGM ice-sheets

Pre-industrial

|

Present ice-sheets
LGM GHG

> Full LGM
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Results for the mean annual temperature
Preindustrial LGM GHG, Pl ice-sheets
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Global Coupled Models in brief

« ~ Weather prediction models run for a
long time, long enough to compute the
statistical characteristics defining climate

* Heavy to use: on super computers,
several real-time months to obtain 1000
years of simulations

» Use for palaeoclimate modelling of
restricted periods - « snapshots »

» A few studies with transient forcings
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Earth System Models
of Intermediate Complexity (EMICS)

- Time-consuming
Processes are

VEGETATION :
3 vegetation types

parameterised
e.g. mid-latitude |
Wy ik e ATMOSPHERE :
Weather SyStemS -,-'-'-'-':---- ey 2.5 D statistico-dynamical model,
"""" including hydrological cycle
Climber

Petoukhov et al 2000
(Postdam Institute for Climate Studies)
1000 years in 1 hour on a PC OCEAN :

3 2-D (latitude-depth) basins
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The CLIMBER EMIC

VEGETATION :
3 vegetation types

ATMOSPHERE :

—=== 2.5 D statistico-dynamical model,

including hydrological cycle

OCEAN :
3 2-D (latitude-depth) basins

Petoukhov et al 2000
Masa Kageyama — Chennai 2011

Simple representation of the
vegetation changes

Parameterisation of impacts
of fast atmosphere
processus (e.g. mid-latitude
weather systems)

- time step = 1 day

—> coarse spatial resolution

3 latitude-depth basins, oceanic
variability assumed to be
primarily linked to meridional
circulation changes



MIS3 example

Ganopolski and Rahmstorf 2001
(CLIMBER2)
- apply fresh water flux in North U0 tem eow 4k ko 7w sew
Atlantic to trigger abrupt events _
3
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Additional information a model can

bring
« 180 enabled
model »

fresh water forcing

surface waters

Roche et Paillard 2005
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Other EMICS: a diversity of models

« Zonal models: LLN (e.g. Gallée et al)
* « 2.5D »: CLIMBER

« 3D models with energy balance models
for the atmosphere: UVic

« 3D models with simplified dynamics for
the atmosphere: ECBILT-CLIO,
LOVECLIM
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Resolution of typical global climate
models

< =
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Getting regionaf
y ’:t}“!! .‘J
Atmospheric
W £ Dynamical
"i.' = Models
’
9.
X 2 4 N
ST ~Zoomed Models L~
Statistical || |-
Downscaling
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Streched grid global

LMDZ model

run at Indian Institut of Tropical Meterology
35 km resolution over India

Mean JJAS SLP and 85

e 3
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20°N

0 hPa winds

A e
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Statistical downscaling techniques

« Weather generators (e.g. Wilby 1998,
Wilks,1999)

» Transfer functions (e.g. Huth 2002,
Vrac 2007)

 Clustering (Zorita and von Storch
1998, Vrac and Naveau 2000 -
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(Vrac et al. 2007):
low resolution from climate model
- Air temperature at the surface,

- Specific humidity

high resolution geographical
information

- Diffusive continentality,

- Advective continentality,

- Local-scale topograph

Local-scale
temperature & [
precipitation

L S TN U T

2

Downscaled
temperatures
&
precipitation
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Take home message

* many climate models, including different
processes, at different resolution, to
tackle questions about climate changes
on time scales from 100 to several

100000 years

» downscaling is possible but need global
results first!

 each model has its limitations, multi-
model studies best (but take more time!)
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Introduction to
palaeoclimate

modelling
Part Il : modelling

.~ \stage 3 — type abrupt
i variability

Masa Kageyama
Laboratoire des Sciences

du Climat et de 'Environnement
Gif-sur-Yvette, France

with contributions from
Charline Marzin, Pascale Braconnot, Didier Swingedouw, Juliette Mignot
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Glacial climate
Instabilities aroun
globe
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Objectives

* Finding mechanisms for climatic
teleconnections during glacial abrupt
events:

— Can we model them ?
— If yes, can we understand them ?

* Focus of this talk:
— North Atlantic/Europe
— ITCZ shifts

— Indian monsoon variations

Masa Kageyama — Chennai 2011



Modelling the climatic impacts of a Heinrich event

Assume that these impacts are related to near
collapse of Atlantic Meridional Overturning
Circulation

- Study

teleconnections for

such a collapse,

triggered by a

fresh water flux

Imposed Iin the

North Atlantic

= Surface B Salinity > 36 %
w— Deep Salinity < 34 %o

9 Extend resu ItS to (Rahmstorf, Nature 2002) — Bottom © Deep Water Formation

resumption of

MasaéMQa(:’ Chennai 2011



Previous studies. 1. GCMs

2000

DEPTH (m)

4000

DEPTH (m)

LATITUDE
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90N

S. MANABE AND R. J. STOUFFER

60E 120€

180

FIG. 22. Difference in surface air temperature (degrees Celsius)
between experiments I and IL.



Previous studies. 2. EMICS

Ganopolski and Rahmstorf 2001 015 {a
— 0.12 4
(CLIMBER2) & 000/
. E0.0S-
- apply fresh water flux in North 5 0%
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Many studies since, with different
models and different types of models

_____________________________________________________________________________________________________

Contents lists available at ScienceDirect

Quaternary Science Reviews

journal homepage: www.elsevier.com/locate/quascirev T |

. Modelling glacial climatic millennial-scale variability related to changes in the
. Atlantic meridional overturning circulation: a review

i Masa Kageyama®*, André Paul ®, Didier M. Roche €, Cédric J. Van Meerbeeck ©

2 models: UVic and LOVECLIM

« Comparing climate response to FW forcing
for different boundary conditions
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The IPSL_CM4 model

LMDz.3.3
AGCM
96x72x19

onsis

ORCA2.0-LIM2
OGCM+sea-ice, ~2°
31 vertical levels

Marti et al, 2010
Masa Kageyama — Chennai 2011



Modelling the reference state : the LGM
climate

o
o
\,P e Ice-sheets

6 “ . .\ q_.-'_ : = ‘\\
‘ =/ T N
\¢ - SR F2g PN /Peltier ICE-5G
N o
)

= -1
p |‘§' .5 Greenhouse gases
R - CO2: 185 ppm etc..

Insolation 7 <§}
cf. http://pmip2.Isce.ipsl.fr

Paleoclimate Modelling
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The reference LGM climate: run LGMc

Mean annual temperature (°C) Mean annual precipitation (mm/d)
(@anomaly % PI) (anomaly % PI)

—-500 1

—~1000 -

—~1500 -

< 2000 -

%—2500 1

©O-3000

AMOC (Sv) ..,
—4000

~4500 —
-20-10 0 10 20 30 40 50 60 70

latitude
. EIEEmEE |

-4 -2 0 2 4 6 8 10 12 14 16 1t
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Hosing experiment: LGMh

+0.1 Sv in the North Atlantic and the Arctic for 420 years,

Starting at year 150 of reference run LGMc

20
= ‘ N | 4yl .! iy
8 15 gl ‘1‘}#" \‘W‘,'*1’\»‘,“},56"1‘1,‘\«. Jﬁ\'”"}\,',f"i"r‘;'*‘""m'**‘.”"+‘xu.*‘“~‘“'“ﬁ““ LVVJ'NI"‘}‘\ M.',WJ'I}*\L;‘M“ it
ol ™ LGMc,15Sv
8 W‘%
€ 5| MMW
0 “*Wf*'%‘w\w’,tw LGMh, 2-3 S
0 200 400 600 800 1000
time (years)
M
Collapse in
~250 years
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Mixed layer
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Climatic impacts

LGMh — LGMc mean annual temperature

| | | | | | | | | |

North Atlantic cooling

» South Atlantic warming

Indian monsoon
weakening

ITCZ southward shift
on the Atlantic

Masa Kageyama — Chennai 2011 Kageyama et al, CP, 2009



timing of climate changes

year after which 50% of the response is reached for at least 50 years

T 1 !
S S mm

7v Vl‘-‘i.r‘;—llk:i‘ﬂ ‘ v =5 |‘ I’H—.F

years

120 150 180 210 70 300 330 360

0 120 240 360

mean annual temperature

(= L L

O G NN
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N O rth Atl a nti C: | 1. sIhaIIowilng aroulnd Irmi]nger Sela

2000

timing of shallowing v~ i

Of eaCh CO nveCtion 0 50 100 150 200 250 300 350 400

2. shallowing off Norway

site NN
1000 B
. . O 1 1 | 1 +
timing of temperature response 0 50 100 150 200 250 300 350 400
T T——— : : :~ : 3. shallowing in Labrador Sea
” pe 4000

O 1 1 ) (-

0 50 100 150 20 250 300 350 400
time (years)

[N — R
&0

0 0 20 120 150 180 210 240 270 300 330 360

Kageyama et al, CP, 2009
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Atlantic tropical response: ITCZ shift

atm. meridional streamfunction

LGMh — LQMC mean annual prec:llpltatlon Contoqrs: ‘LGMb,‘shqding: L‘GM‘h ) !.GI_\/I(;

90 1 - 1 1 ' 1 1 1 1 - 1 A
705 =2 : ' Z ' + |18
501 | 4 |
— 20000 - -\
30 L | /'/ \' iy
107 — 02 o | 1 \ ‘,;:‘; i
Q. 40000 - ey e |
A0 02 = LI
el ||
; © 60000 -
el 14 O N "
701 -1.8 ) ‘ 1‘
90 T T T T T T T T T T T 80000 ~ ‘ |
-180 150 120 90 -60 -30 0 30 60 90 120 150 180 | \‘ ‘;f‘ ] ,
T
100000 == x :
Heat transport 80°S 40°S 80°N
%80 gverage over last 50 years of " : T
9 y anomaly in the 17°N heat transport
0.40 - =
0.40 - ] L
0.20 -
. | atmosphere
= 0.00 0.00
2 —0.20 =
—0.40 | i
—0.40 7 ocean B
| ~0.60 A L
—0.80 T T T T T T T T
80°S ° ° ° ° 50 150 250 350

Year



Indian monsoon diagnostic:

* Upper troposphere temperature gradient (ATT)

\>~\\ northern box (30-110°E, 10-35°N)
southern box (30-110°E, 15°S-10°N)

4
3- -
--1970-80 | |
1- J—— 1950-60 Goswami and Xavier 2005,
Goswami et al 2006)
o+— —
-2- . . v v . k)
- MAY JUN JUL AUG SEP oCT

Masa Kageyama — Chennai 2011



Indian monsoon

90

0R

'gG T I T T T T T T
-180  -150 120 -90 60 -30 0 30 60

90 120 150 180

1st hypothesis:
(in Kageyama et al, CP, 2009)

North Atlantic cooling

-
A
a
/- .
r
. A
T T T T T T T I

LGMh LGMc mean annual preC|p|tat|on

18
14

0.6
0.2
0.2
-06

-14
-1.8

-> Siberian cooling of upper
tropospheric temperature
- Indian monsoon decrease

- Test with AGCM
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(K) tmm/day)

Upper tropospheric temperature
,, (between 600 and 200 hPa)

50 150 250 350

Anomalies (LGMh — LGMc)

in ATT between a northern (30—
100°E, 10-35°N) and a southern
box (30—100°E, 15°S—10°N)
and in precipitation over India



Impact of SST changes in different
regions Ty

Tests with Atmospheric GCM
- LGMcF: forced by SSTs from LGMc
- LGMhF: forced by SSTs from LGMh

- LGMhNA: forced by SSTs from LGMh
over the North Atlantic only:

- Impact of North Atlantic cooling

- LGMhTA: forced by SSTs from LGMh
over the tropical Atlantic only:

- Impact of SST dipole anomaly

- LGMhNTAC: Complementary of the 2
experiments above:

- Impact of Indian and Pacific Ocean
SST changes

Strongest reduction of TT for LGMhTA

Masa Kageyama — Chennai 2011



Impactonwinds an= ., ...

precipitation

North Atlantic only

Tropical Atlantic only

Everywhere except
North and tropical
Atlantic
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Pathway?-

40°N

200hPa geopotential, winds LGMhNA—LGMcF
SNBSS

0 e
R

North Atlantic only

Tropical Atlantic only™

20°N

Everywhere except
North and tropical
Atlantic
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Strong
southward shift
of the jet stream



More experiments

NADW export at 30S (Sv)

250 : :
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Does our mechanism work for other transitions?

t2m_ANN_NTropAtl vs oceanic_transport
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Summary

Atmospheric northward
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Atlantic northward
energy transport N

Tropical Atlantic dipole :
Cooling in the North,
Warming in the South

ITCZ
southward
shift

North Atlantic cooling
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Southward shift of
northern subtropical
jet-stream

Upper tropospheric temperature
over Siberia/Tibetan plateau N
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Limitation:
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