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Introduction

The AO is the first mode of atmospheric variability in the N. Hemisphere.
Based on CMIP3, IPCC-AR4 reported a tendency towards positive AO in
future projections (see [1]). Recent studies suggest that CMIP5 projections
might disagree (see [2]). Here we investigate the origins of such a
discrepancy, based on 13 models participating to both CMIP3 and 5.

AO in CMIP3 & CMIPS5 projections

EOF1 CMIP3 EOF1 CMIP5 PC1 CMIP3 (SRES [A2) & CMIP5 (RCP 6.0/8.5)

5 - SA1B R60 === SA2 == R85
| 1 I 1 LT

1900 1930 2000 2030 2100

e el 7500d (m) e
| |

-50 40 -30 -20 -10 10 20 30 40 &0

Fig 1. a AO pattern CMIP3 PSL (ensemble-mean EOF1 ONDJFM 1950-1999). b Same for
CMIPS. ¢ Corresponding DJFM AO index in CMIP3 and CMIP5. Lines: ensemble mean.
Boxplot: spread. d-f Same as a-c for detrended Z500 (i.e. uniform thermal expansion removed).
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» The CMIP5-3 difference projects onto ) S Y - %@ @" -
the negative phase of the AO (Fig 1). A T R

» A feature common to most of the 13

models used here (Fig 2). FUT-PRE changes in DJFM AO index

» The difference is rather baroclinic (FUT-PRE: 2070/99-1970/99).

(barotropic) in early (late) winter (Fig 3).

Fig 2. CMIP5 (R85) vs. CMIP3 (SA2)

Fig 3. a CMIP5-3 difference in FUT-PRE changes in PSL in DJ. b Same for FM. ¢ Bimonthly

FUT-PRE changes in AO index. d-f Same as a-c for detrended Z500.
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The role of the Arctic sea ice

Remaining ASI area in %

SON

Surface warming: CMIP5-3

DJ 3D warming: CMIP5-3

120 SA1B R60

100 vv-,,...,. .

Qo
()

(o))
()

20

|
= SA2 = R85

| . a — b

100 ' ' \_|
150 —j

200 —

250 —
300 —

Height (km)

400 —

Contours Geopotentlal Height
500 —
700 —

— 16

— 12

— 8

— 4
1000 = | T

30N 60N 90N
[dco FROM -5 TO 65 BY 5]

TA (K)

| ! |
1900 1950 2000

] ] ' :
2050 2100 0o 1 15 2 25 3 4 5 05 1 15 2 25 3 4 5

Fig 4. Remaining ASI area (in %) for Fig 5. CMIP5-3 (R85-SA2) difference in FUT-PRE
SON in CMIP3 and CMIP5 projections. changes in a TAS and b zonally-averaged TA
Lines: ensemble mean. Boxplot: spread. (colors) and ZG (contours) for DJ.

A faster decline in CMIPS and a stronger impact on the early-winter AO.

» Stronger Arctic amplification (Fig 5) due to faster sea ice loss (Fig 4).
Timing and vertical profile consistent with [3].

» Stronger negative AO response for similar sea-ice conditions (Fig 6),
possibly linked to a northward shift of the polar vortex (Fig 7, see [4]).

Fig 6. a FUT-PRE individual 15 ' ! ' N
changes in AO index (DJ) vs.

remaining ASI area in SON.
b PDF of AO index (DJ)

conditionnally to

ASI in SON (by 20%-ranges).

Fig 7. Zonally-averaged UA
(in m/s) in CMIP3 and CMIP5
historical simulations (DJ).

-
o
|
]
—
o

|
N
13

AO change vs. remaining ASI

5
a
o
S 0.5 192
0 : :
N ; I
I £ 0.0f: ~-—0.0
remaining §°7 8-
o 5 :
0.5 . 4-0.5
@© : :
K :
o ;
10rg © o + +-1.0
; o
: SA1B — GSA2
: R60 —— R85 : : : : :
—1.50] | 1 | e Y U T U T T T U T U T M W U S T A sl £
0 20 40 60 80 0 40 80 0 40 80 0 40 80 0 40 80
Remaining ASIA for SON Remaining ASIA for SON by ranges from 0-20% to >100%
CMIP3 HIST CMIP5 HIST 5-3 HIST
- . 10 /I . . 1 . .
30 30 - '
T'E‘ — ’6 20 — E 50 =- —
g gE gE ] g
2 £ 2 1w s £ £ 100 =
@ S 3 D 3 =)
o 23" £ 8 T £
& 5 e T 20
300 ) -
400
500
o0
850 B50 .
000 1000
30N GON 90N 30N BON Q0N 30N BON 90N

-50 -40 -30 -20 -10 10 20 30 40 50 -50 -40 -30 -20 -10 10 20 30 40 50 5 4 -3 -2 1 1 2 3 4 5

What about changes from SRES to RCPs?

We find similar features in
idealized 1pctCO2 experiments.

» Only 7 models...

. but a similar negative AO signature in the

CMIP5-3 difference.
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The influence of the tropical Pacific
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A stronger Nino-like response influencing the late-winter AO
through a positive PNA.

» A barotropic response towards PNA+ in CMIP5 (Fig8)...

. linked to a stronger Nino-like response in the tropics (Fig 9, see [5]).

Fig 9. FUT-PRE changes in FM for a PR and b UA200 in CMIP3 (SA2) & CMIP5 (R85).
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Fig 10. Same as Figs 1f, 4 and 9a for 1pctCO2 experiments: AO index (DJFM), remaining ASI (SON) and CMIP5-3 FUT-PRE PR (FM).
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Conclusions

CMIP3 and CMIPS differ in their projected changes of the winter AO. The
difference projects onto negative AO, with a baroclinic (barotropic) profile in
early (late) winter associated with CMIP5-3 differences in the Arctic sea ice
decline (tropical Pacific response). Idealized 1pctCO2 experiments suggest that
such discrepancies are linked to changes in GCMs, rather than in scenarios.
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