From GHG emissions to Radiative Forcing:

attribution following the causal-chain

<
\
k
)
L

LSCE

Thomas Gasser

Acknowledgements:
Philippe Ciais (LSCE), Maxime Tortora (CIRED, ENS)

@ SOFIE Workshop 02/10/2012 - Jussiey




/Long-Lived GreenHouse Gases

Anthropogenic

Natural

Radiative forcing of climate between 175

LLGHG

Climate efficacy

Spatial scale

p ]
! 1.0 s Global | High
. | caption)
Long-lived < I
greenhouse gases |
| ~10 =
1.0=-1.
L | 0-12 100 yrs Global High
: mocaroons
Ozone Stratospheric Tropospheric | 0.5-2.0 | Veeks 1o | Continental |, ,
: - 100 yrs to global
: (<0.05) ‘
Stratospheric water ! |
-~ 1
vapour from CH, : : 1.0 0 years Global Low
| |
albed Black carbon — 10 - Localto | Med
Surface 0 Lan.d o on snow 100 yrs | continental |- Low
[
|
i Continental | Med
ft 5 .
( Efrectonect : =42 o to global |- Low
Total n
Aemso'iCloud albedo , | 1.0-20| Hours- | Continental | |
effect I I sl Days to global !
| 1
; : | |
Linear contrails | (0.01) | ~ 0.6 Hours | Continental | Low
| |
1 1
Solar irradiance : : o7-10]| 19 Global | Low
| | 100 yrs
l A A l A
(W m=2) 2 -1 0 1 Timescale Scientific

understanding

[Forster et al., AR4, 2007]

/




The Causal-Chain

* GHG Causality
e lllustrations
 Attribution

 Linearization

@ SOFIE Workshop 02/10/2012 - Jussieu /




/1. The Causal-Chain

1.1. GHG Causality

GHG ‘usual’ causal-chain

Qo RE T

Emissions Concentration Radiative Forcing Temperature

Mathematical formulations t

* From emissions to concentration: Q(t) = j E(t')—S(t")dt

0
t

. j E(t) — S(Q())de’
U]

= j E(t")—S(E(O, .., t")dt’
Q) =f(E(O, ..,t")

* From concentration to radiative forcing:  RF(t) = ¢(Q(t))
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/1. The Causal-Chain

1.2. lllustrations

* fin simplest models: Impulse Response Functions
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* ¢ by IPCC: fit on 3D radiative models

RF(t) x (Q(t) — Q) for ‘low’ concentrations (SF6, CFCs, HFCs)
RF(t) (*JQ(f) — JQ;J) for ‘moderate’ concentrations (CH4, N20)

6 RE(t) < In (QXQ.;.) for ‘high’ concentrations (CO2)
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1.3. Attribution (of Q)
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Considering regional emissions: E.;(t) = z_Ei(tj N I
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We have: Q. (t) = f(Eau(0,...,1)) 5.

Region 4

But we want @,(¢) and then RF; (t). .
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/1. The Causal-Chain

1.4. Linearization (1)

We define attribution coefficients:

Normalized Residual method:
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Normalized Marginal method:
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/1. The Causal-Chain

1.4. Linearization (2)

Normalized Residual method: Normalized Marginal method:
* For China vs. Rest of the World, * It is necessary to define a

it requires only 3 simulations. derivative of a model!

* If we know a model is ‘almost’ * We can either approximate by:

linear, we can skip one simulation... £ (Eatt(0t))~F (Ea (0,.5)—aEy(0,..) oF

@E; (0,..L) a—0 9ElE ;(0,...t)
* NR is the ‘second best” method
according to UNFCCC. The first one * or create some sort of ‘adjoint’
is NM. model with formal derivative forms

included deep within the code.

* To be used with complex models * To be used with simple models
(e.g. aerosols / atm. chemistry) (e.g. LLGHG)

° [Trudinger
K etal, 20@
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/2. Preliminary Results
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2.2. CO2 budget
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2.3. CO2 attribution (1)

Zatm

Budget equation: dc?ﬁ = E(t) — Socean(t) — Siana(t)

W|th Socean (t) — fﬂ (COZ (t) Tn(t): N(t): )
Sland (t) — fl (COZ (t)i Tﬂ(t): N(t):

—

Shall we (can we) account
for ‘secondary drivers’?

Attribution with OSCAR:

* a regionalized box model, which land module is calibrated on ORCHIDEE, with
a bookkeeping land-use model, with coupled climate responses functions

e where: Sncean(t) — }?;(COZ (t); To(t))
Stana(t) = E(COZ (t); T° (t))
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2.3. CO2 attribution (2)

w/ T° feedback w/o T° feedback
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2.4. Details of regional budgets

Cross-Attribution Table, cumulated from 1700 to 2005 (in GtC):

@™ = .

Cremoval (ye Sl 8| 2 |£8|as| o = |d e L.
Z 2|k 2| § |Fe|2E| P = |3 Z2|2 | E

tO 9 = o = = == < = & 03 -, & O =

< | ¥ < = ‘ vl o
over , s < Z
N. America 5.9 25 5.0 0.5 0.8 3.1 -19 25 08 | 02
., | S:&C. America 2156 | 68 | -129 | -13 23 82 49 6.5 23 | 07
2 | Europe 0.7 023 06 0.1 0.1 -0.3 0.2 03 0.1 0.0
=
& | N. Africa & M.-East | -02 0.1 02 0.0 0.0 0.1 0.1 0.1 0.0 0.0
é Trop. Aftrica 023 6.9 3.1 5.7 0.6 -1.0 36 22 29 | -03
% FSU 59 2.4 5.0 04 0.8 3.1 -1.9 2.4 08 | -02
;t: China 1.7 0.7 15 0.1 02 0.9 0.6 0.7 02 | -01
= | S.&S.E. Asia 43 1.8 36 0.3 0.6 22 -14 1.8 06 | 02
Pacific Dvp. 1.8 0.8 15 02 0.3 -1.0 0.6 0.8 03 | -01
EE 3

Oceans 419 | <173 | 357 | 34 50 | 221 | <145 | <174 | 59 | -1.7

@ [Gasser et al., in prep.] /
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2.5. CH4 budget
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2.6. CH4 attribution (1)

CH4 gem

dt — E(t) — Son (t) — Sstrato (t) — Ssoils (t)

Budget equation:

With: S, (t) = fon(CH4 ()] 03P (1), T°(t)
Sstrato (t) — fst(CH4(t))
Ssoits(t) = fs1(CH4(D)) ‘Secondary drivers’...

e

(Quick) attribution based on MAGICC:
* a global box model

* simple global atmospheric chemistry equilibrium equations, based on
OxComp model intercomparison (O3P are NOx, VOC, CO)

o
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2.6. CH4 attribution (2)
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2.7. N20 budget
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2.8. N20 attribution

204tm

. dN
Budget equation: —; — B~ Sstrato ()

With: Sstrato (t) = fst(Nzo(t))

~——— ‘Secondary’ drivers?

(Quick) illustration with an IRF (t=114yr):
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2.9. RF attribution

For CO2, CH4 and N20O: | B CO2Rest WCH4Rest @N20 Rest
S re—p—— ) B CO2 China B CH4 China B N20 China
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/A. Linearization Methods

A.1. Attribution coefficients

ALL SOURCE over

SOURCE ALL Delta (ALL-

SOURCES CHINA ONLY but CHINA Zhina-All but

China)

cLopar, RFW) RFIC) 5003 RFIW-C)=p17 0

CHINA .29 .18 (62%)

Direct method: ¢(C) = RF(C)

. _ RF(C)
§7(C) = RF(C)+RF(W—C)

Residual method: ¢(¢) = RF(W) — RF(W — ()

f”(ﬂ') _ RF(W)—RF(W-C)

2RF(W)—RF(W—C)—RF(C)

—_—

7 /
.06 Q.

= Advised by UNFCCC

"
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A.2. Direct vs. Residual methods

ALL SOURCE over

SOURCE ALL

SOURCES CHINA ONLY but CHINA

Delta (ALL-
Zhina-All but
China)

cLopar, RFW) RFIC) 5003 RFIW-C)=p17 0g
v
CHINA .29 .18 (62%) .06 Q.
(W/m2) World China Rest
o Global -0.12 -0.04 -0.08
S China -0.29 -0.22 (75%) -0.07
E Global -0.12 0.00 0.12
@ g China -0.29 -0.20 (68%) -0.09




