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Objective

- Quantify the physical parameters that drive the first-order
transient response of a given AOGCM.

Plan

1) 2-box Energy Balance Model (EBM)
1) 2-box EBM with efficacy factor of deep ocean heat uptake

[11) Conclusion and perspective



2-box EBM (version with e=1)
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2-box EBM (version with e=1)

(Held et al, 2010)

T: change in mean surface air temperature
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2-box EBM (version with e=1)

(Held et al, 2010)
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2-box EBM (version with e=1)

(Held et al, 2010)

N
1 T: change in mean surface air temperature
T T,: change in deep ocean temperature
Atmosphere _______ Change of heat content o
upper ocean, lands of upper ocean Radiative
§ Imbalance
lH
T Deep ocean
Deep ocean 0 ) heat uptake

Change of heat
content of deep ocean

with:
N =F—AT
H=y-(T-T,)

5 parameters: F,, o, A, C, Cy, v




2-box EBM (version with e=1)
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Electrical analogy
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(Held et al, 2010)

T: change in mean surface air temperature
T,: change in deep ocean temperature

Change of heat content

of upper ocean Radiative

imbalance

Deep ocean
heat uptake

Change of heat
content of deep ocean

with:
N =F—AT
H=y-(T-T,)

5 parameters: F,, o, A, C, Cy, v




Parameter calibration, method
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Parameter calibration, method

Analytical solution F F_ .. F_ ..
: T=— ——ae ——age
(step forcing case) A A A
Calibration of F, &, C, C,, v from AB4CO2 only
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Linear fit (Gregory et al, 2004)
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Parameter calibration, method

Analytical solution F F_ .. F_ ..
: T=— ——ae ——age
(step forcing case) A A A
Calibration of F, &, C, C,, v from AB4CO2 only
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T (K)

T (K)

T (K)

CMIP5 AOGCMs global temperature, results

(Geoffroy et al 2012a, submitted)
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N=f(T): limitations of the linear hypothesis.

_ Fig. 2 of Gregory et al (2004)
Change In T n 4:-:'(30; anlnuall mtlaan; (el:-:pelrimeltnt =I1S} I .
o x + 4xC0O; decadal means (experiment 45)
TOA net flux [
&

x 4xC0.: decadal means (experiment 4R)

+ 2%C0;z annual means
(Wm32)
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N=F-AT
Limited validity

Bias in F and T, bias in other parameters



2-box EBM with
efficacy of deep ocean heat uptake €

(Winton et al., 2010).
(Held et al, 2010)



Underlying assumptions

- fei‘;:f‘rt]'s‘;e 3 « forcings » = Decomposition of the radiative response in
x 3 radiative responses:
Layer 1 C cil_-:: F — ﬂTeq =0
H _C ar _ AT, =0 Assumption of additivity
dt
Layer 2 (deep ocean) —H _ZDTD =0 T:Teq+TU+TD




Underlying assumptions

- fef;‘;':rt]'s‘;e 3 « forcings » = Decomposition of the radiative response in
x 3 radiative responses:
Layer 1 C d_T F— ﬂTeq =0
dt
H _C ar _ AT, =0 Assumption of additivity
dt
Layer 2 (deep ocean) —H D =0 T:Teq+TU+TD

\

- the pattern of the temperature response associated with deep ocean heat uptake is different
from the equilibrium pattern

- the strength of the feedbacks varies geographically

L

T associated with a different feedback parameter }LD — & + A

(Winton et al., 2010). _
Efficacy (Hansen et al, 2005)




Underlying assumptions

- Radiative | |3 « forcings » - Decomposition of the radiative response in
A.p~ 3 radiative responses:
Layer 1 C d_T F— ﬂTeq =0
dt dT _ .
H —~C——AT, =0 Assumption of additivity
dt
Layer 2 (deep ocean) —H _iTD =0 T:Teq+TU+TD
g
T 1
Cd—= F-AT-(¢-1)H -H
at N ’ 2-box EBM
with ¢
C dTO - H (Held et al, 2010)

dt




Underlying assumptions

- fef;d':rt]'s‘;e 3 « forcings » = Decomposition of the radiative response in
A.p~ 3 radiative responses:
Layer 1 C d_T F— ﬂTeq =0
dt dT _ o
H —C e AT, =0 Assumption of additivity
t
Layer 2 (deep ocean) —H - %TD =0 T:Teq+TU+TD
_ T 1
N=F-AT Cd—:F—/IT—(g—l)H—H
f e N ’ 2-box EBM
Time-dependant: N with ¢
H C % - H (Held et al, 2010)
A =A—-(e-1) T dt




Parameter calibration

6 parameters: F, A, ¢, C, C,, vy

Iterative method
N =F-AT —(¢-1H

Multiple regression = F, ~o,, A and €

Initial value of H: solutions of the EBM with e=1
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(Geoffroy et al 2012b, submitted)

_MIROC

T (K)

- N-T evolution well represented for all AOGCMs -> Better estimation of ECS, F, v...
- On average, Tegxco? fof 0.5 K (max: ~2K), Fy.co / of 0.6 Wm2 (max: ~ 2 Wm2)



Decomposition of N

N'=F' AT - (4 - iD)%H

GFDL MOHC

Difference with the linear fit:

| GFDL | MOHC
FIW (\Wm-2) | -0.68 | 0.05
; FSW (Wm2)l+1.21 | 0.78

T (K) T (K)




Decomposition of N

Ni:F‘—/I‘T—(ﬂi—/’L‘D)%H

i =[LW.SW].
GFDL MOHC
10 ' ' ] 10F ' ' '

f.‘; . Difference with the linear fit:
% | GFDL | MOHC
z : FLW (Wm2) | -0.68 | 0.05

5 - FSW (Wm2)l+1.21 | 0.78
Z i

0 D 4 6 0 2 4 6 8
T (K) T (K)

PRP in transition (Colman and Mc Avaney, 2011)
- PRP over the first 15 years and the last 10 years of CNRM-CM5 AB4CQO?2

+ linear fit (¢ close to 1 for CNRM-CMD5) of each partial radiative flux:

Equal.
coz T W &, C 03 Sum N=T)
F (W m?) 2.6 073 | 035 [ 015 | 064 | D44 74 74
G, 0.04 385 | 21l 0.45 017 [ 000 [ -1.08 -1.10

Contribution of each component to F and 4

The N=f(T) fit method can be extended to each component of a N decomposition
such as LW/SW, cloudy/clear sky fluxes and partial radiative fluxes (PRP, kernel).



Contributors to the spread of the multimodel T response

Ojective: use the EBM framework to quantify the contribution of each parameter (F,-q,, A, €, C|
C,, v) to the spread of the CMIP5 AOGCMs temperature response (1% CO2 yr! experiment)
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Contributors to the spread of the multimodel T response

Ojective: use the EBM framework to quantify the contribution of each parameter (F,-q,, A, €, C|
C,, v) to the spread of the CMIP5 AOGCMs temperature response (1% CO2 yr! experiment)

Method: analysis of variance.
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Contributors to the spread of the multimodel T response

Ojective: use the EBM framework to quantify the contribution of each parameter (F,-q,, A, €, C|
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Contributors to the spread of the multimodel T response

Ojective: use the EBM framework to quantify the contribution of each parameter (F,-q,, A, €, C|
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Method: analysis of variance.
f(Fz:coziljigk’Cl’Ccr)n’VH) = fo + f1(|:4icoz)+ fz(ij)"' f3(‘9k)+ 1:4(CI)+ f(Co )+ fo (") +1

Results Variance=f(t)
g 15 70 yr (2xC02)
g 10 e
5 05 S E
0.0 e
0 0 Time (yr) o
100 % —1» Contribution to the spread=f(t) _
< wr Y 3
2 60F I L B N
£ 40\‘“«——____ Facoz
| A S
0EL— —
0 0 Time (yr) '
10 % T T
SRS 3
§ of P : 3
8 o~ 20—
5o Time (yr 100

Geoffroy et al (2012c, to be submitted)

Contribution to the TCR spread
BE8Y Radiative parameters:
F: 27 % 92% of the spread |
€ 10%

v 4% ECS

C,: 0.8 % A 87 %
C:0.1% F:12 %
Inter: 2.8% Inter: 1 %



Présentateur
Commentaires de présentation
From this formulation we estimate th contribution 
Decomposition as the sum of a mean value, 6 functions of one singe parameter and an interaction term.


Conclusion and perspectives

- Analytical solution of the 2-box EBM -> Physically-based method for calibration

- Good representation of the temperature response for AB4CO2 and 1% CO, yr.

- Efficacy of deep ocean heat uptake allows to take in account the time-evolution of the feedback strength
in transient regime due to the impact of the deep ocean heat uptake on the temperature pattern and the spatial
heterogeneity of the strength of the feedbacks.

—> Good representation of the evolution of the radiative flux imbalance as a function of the
temperature response for all AOGCMs.

- Determination of an AOGCM first-order parameters (link with other properties e.g. MLD?)

- This framework combined with an an analysis of variance method has been used to quantify the
contribution of the parameters to the spread of CMIP5 AOGCM response (1% CO2 yr? runs). The
radiative parameters are the main contributors to the spread: equilibrium feedback parameter (55%),
forcing (27 %), efficacy of deep ocean heat uptake (10%o).

- The calibration method can be extended to partial radiative flux (PRP or kernels method) and then
compute the contribution of each component (temperature, water vapor, surface albedo, clouds) to the fast
adjustment of the radiative forcing, to the equilibrium feedback parameter and to the deep ocean heat uptake
feedback parameter.

- Geoffroy O., D. Saint-Martin, D. J. L. Olivie, A. Voldoire, G. Bellon, S. Tytéca: « Transient climate response in a two-box energy-balance
model. Part I: analytical solution and parameter calibration using CMIP5 AOGCM experiments », submitted to Journal of Climate.

- Geoffroy O., D. Saint-Martin, G. Bellon, A. Voldoire, D. J. L. Olivie, S. Tytéca: « Transient climate response in a two-box energy-balance
model. Part I1: representation of the efficacy of deep-ocean heat uptake and validation for CMIP5 AOGCMs», submitted to Journal of Climate.
- Geoffroy O., D. Saint-Martin, A. Ribes: «Contribution of global thermal properties intermodel differences to the spread of CMIP5 AOGCMs
transient response», to be submitted to GRL.



Parameters, T,,and time scales

2-box EBM with ¢ free parameter

-?'_m'u_. A I'm'u_. . Lf'“ 7 Ty T.

Model (W m~—) (Wm™ K1) () (Wym™= K (Wym™=EKY (Wm K™Y () ()

BCC (pocosui-i) 74 1.28 1.27 5.8 84 56 (.59 1.1 152
CCCMA (canksnz) 8.2 106 1.28 .8 8.0 77 0.54 4.5 139
CNRM (onpy-oust) 7.1 1.12 0.92 6.4 5.3 95 0.51 5.2 266
CSIRO (csiro-MEs-640) 7.0 0.68 1.52 10.2 8.5 76 0.71 1.2 316
GFDL {crpi-eswa) 7.1 138 1.21 5.1 5.8 112 (.85 3.6 233
INM (1vncng) 6.0 1.56 (.83 3.9 8.0 271 0.67 4.0 e
[PSL (wsL-cusA-LR) 6.7 0.79 1.14 .0 &1 100} 057 3.0 327
MIROC {mirocs) 5.9 1.58 1.19 3.0 8.7 158 0.73 3.6 J58
MOHC (HadGEM2-ES) 6.8 (.61 1.54 11.1 7.0 08 0.49 5.4 457
MPIM (MPIESM-LE) 9.4 1.21 1.42 7.5 8.5 T8 0.62 4.0 220
MRI (mricaoms) 7.1 1.31 1.25 5.4 9.3 68 0.59 1.4 181
_NOC (NorESMLM) 7.4 1.15 L.57 6.5 0.7 121 (.76 4.1 328
Multimodel mean 74 1.14 1.29 7.0 5.5 109 0.64 1.4 300
_Standard deviation 1.0 (.32 (.27 2.1 0.6 o) 011 0.7 113




Radiative parameters and T,

w?:'h.l'{}_l )'- Il‘h.‘l'{}_l
Model (W m—2) (Wm K1) (1K)
BCC (BCC-CSMI-T) 6.7 .21 5.6
CCCMA (CanESM2) 7.4 L.03 74
2 box EBM CNEM (CNRM-CM5.1) T3 1.11 6.5
e=1 {::SIH(J' (CSIRO-Mled-6-0) 5.1 (.61 2.4
GEFDL ( GFDL-ESM2M) .6 1.34 4.9
INNM {INMCA4) 6.2 1.51 1.1
[PSL (IPSL-CM5A-LR) 6.4 (.79 &1
MIROC (MIROCSH) 5.5 1.58 54
MOHC (HadGEM2-ES) 5.9 (.65 9.1
MPIM (MPLESM-LE}) 8.2 1.14 T3
MBI (MRICGCMS) 6.6 1.26 5.2
NCC (NorESM1-M) 6.2 1.11 H.6
Multimodel mean 6.8 1.11 6.5
Standard deviation 1.0 0.31 1.6
-?'—1».{'%}_. A £ I:h.{'%}_.
Model (W m=) (Wm= K= (K)
BCC (Boc-osui-) T4 1.28 1.27 h.&
CCCMA (canEsMmz) 8.2 IR0 1.28 7.8
CNRM {cnrm-cus.1) 7.1 1.12 (.92 6.4
2 box EBM CSIRO (osiRo-MEs-60) 7.0 0.68 1.82 10.2
GFDL {cFoL-esya) 7.1 L35 1.21 5.1
& free INM (ivnecnid 6.0 1.56 (.83 3.9
parameter IPSL (IPSL-CM5A-LR) 6.7 0.79 1.14 85
MIROC {mnrocs) B0 1.58 1.1% 5.6
MOHC (HadGEM2-ES) 6.8 .61 1.54 111
MPIM {mPl-ESM-LR) 0.4 1.21 1.42 T.5
MRI (mricaoms 7.1 1.51 1.25 5.4
NOC (NorESnLM) T4 1.15 L.57 6.5
Multimodel mean T4 1.14 1.29 7.4
Standard deviation 1.0 .32 0.27 2.1




Thermal Inertia parameters and time scales

( o ¥ Ty Ta

Model (Wym K™Y (Wym™ K™ (WKl iy iy

BOC (pooaosai-1) 7.0 O 0.67 4.0 126

CCOCMA (canksmz) 7.3 Tl 0.59 4.5 193

CNEM (onpM-cM5.1) 5.4 99 (.50 5.2 289

2 box EBM CSIRO (CSIRO-Mk-6-0) 6.0 69 0.88 3.9 200
e=1 GFDL (crpL-Esyz) 5.1 105 0.90 5.6 197
INM mnscnad) 5.6 al7 (.65 4.0 698

IPSL (ipsL-cusa-LE) 7.7 a5 0.59 5.5 286G

MIROC jmiroos) 5.3 145 0.76 3.0 IR

MOHC (HadGEM2-ES) 6.5 52 (.55 5.3 280

MPIM (mP1-ESM-LR) 7.3 Tl 0.72 3.9 164

MBI ivMr1-ccoms) 5.5 4 (.66 4.3 L5

NCOC (NorESMLM) 8.0 105 (.88 4.4 218

Multimodel mean T.T 106 0.70 4.3 20T

- without INM 7.4 BT 0.70 4.3 217

Standard deviation 0.8 71l 0.13 0.7 150

- without INM 0.8 2 0.14 0.7 60

C Cy " T T,

Model (Wym K™Y (Wym™ K™Y (Wm K™ iyl i)
BOC (pocosu-1) 54 5 (.50 4.1 152
COOMA (canEsMz) 5.0 Fird (.54 4.5 139
CNEM (onpM-cM5.1) 8.3 05 .51 5.2 266
2 box EBM CSIRO) (oSIRO-Mk3-6-0) 8.5 Th .71 4.2 316
GFDL jorpL-EsmweM) B8 112 .55 3.6 233
e free INM jimnscnia) 8.5 271 0.67 4.0 546
parameter IPSL (IPSL-CM3A-LR) 8.1 100 0.57 55 327
MIROC (vmroes) 8.7 158 0.73 3.6 Ja8
MOHC (HadoEM2-ES) 7.5 0% 0.49 5.4 457
MPIM (mPI-ESM-LE) 8.0 T8 0.62 4.0 220
MRI ivri-ccoma) 9.3 68 (.50 1.4 181
NCOC (NorESM1-M) 0.7 121 0.76 1.1 328
Multimodel mean .0 100 .64 4.4 S
Standard deviation 0.6 a8 .11 0.7 113




Analytical solution (temperature response T)
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Parameter calibration, method

Analytical solution _ E
(step forcing case) )

_t/r F il
_ t/zy __ase t/zg (1)
A

F
—a.e
A

Calibration of F,-,, A, C, CO, y from AB4C0O2

> Linear fit N=f(T) (Grégory et al, 2004): ——— F, A

> @l )= elogta) L0 2, .
- Analytical relationshipq arta=1 — &
> () =n=—vF—s . Mean of the —— ¢,
og(——ae ") /a) first 10 yr
> Analytical relationships ¢ = - la » C Cy=A(ria;+7a,)-C —> CO
T:+T: y= S

(r, +71 _C+C0) — 7
f s )




Parameter calibration, method

6 parameters: F, A, €, C, Cy, v

(dT
CE—F—AT@—TO) ey
Cfg g Co=2Co
dt

.

Multiple regression

N=F-AT-(-DH  poeslls F, ), 1
N/ T

AOGCM
FAC Coy. e AOGCM temperature

L response fit
C,Co,v




Comparison of parameters EBM -1 vs EBM-¢
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Correlations ?

TasrLE 3. Intermodel correlations between the equilibrium temperature at 4xCOy Theeo,

and the physical parameters F, A, =, ~, O, € of the EBM-= for the 12 CAMIPS AOGCMs.

Tl};c i F A £ "} Ch .

Tiuxco, 1 0.02  -0.86 0.64 -035 -045 -0.51

F 1 (1.23 (.18 (.06 025 012

1 -0.55 0 042 (.46 0.47

£ 1 0.14 -0.45 009

Y 1 ().29 0.62

Cy 1 (.06
' 1

- No corrélation between A and y.
Agreement with Gregory and Foster (2002).

Not with Raper et al. (2002)

- light corrélation ¢ - ECS.
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- different evolution after ~ 300 yr


Présentateur
Commentaires de présentation
CSIRO : australie
MIROC: Japon
INM: Russie
BCC: Chine


Decomposition of N

N' = F'— AT — (4 - iD)%H

Multimodel: i =[LW,SW]. GFDL
10— T ]

|E 5 . |E :

% : = :

: O 13 O

Z ! Z. i

5 ~F 1 5 7}

2-—1 T LW ] Z—‘ L

-10F SW . )

0 2 4 6 0 2 4 6 8
T (K) T (K)
_-;._'—.'.I'. _-rﬁl'. __'.I.'.Il. __'.I.‘~I'. -l'l:ll'_n“' '.II‘I-J'.
Mo | W m) (Wm ™y (Wm 2K ) (Wi K9 (W K Y)W 2K

BCC 64 1.0 169 .42 1.68 .68
COCMA .2 a0 1.42 -0.37 1.38 057
CNRM 5.1 2.1 1.62 -0.50 1.67 0,46
{CSIRO 7.4 -0.4 1.97 -1.99 1.81 -1.43
(F DL 5.4 1.7 1.37 0.01 1.68 -0.54
IS i.& 07 212 -0.55 265 076
IPSL 3.4 3.3 1.92 -1.13 1.80 -1.20
MIROL .0 a0 1.93 -0.35 1.70 037
MOHC .2 0.6 1.56 -0.96 1.55 -1.16
MPIN 7.0 2.5 167 -0.46 50 .65
MRI 6.6 0.5 224 -0.93 2.16 -1.11
NOC 6.3 1.1 .82 067 1.67 0,093
Mean fi.1 1.5 1.78 -63 1.78 -1 82
STDYV 1.1 1.2 027 0.37 0.34 034
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1-box EBM

océan peu profond

N=Fyg+ -AT Energie accumulée
—H

(+cont|ne|’]ts Désequilibre Energie accumulée dans I’océan
. _ +atmosphere) diatif N fond
Atmosphére, continents radiatl profon

Océan peu profond @ @ avec H=xr-T
l H (Gregory and Mitchell, 1997)

océan profond
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