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Model Representation of Walker Circulation

Trends
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Lagl Autocorrelation

0.5

0.4

0.3

0.2

0.1

0.0

-0.3

>3° i i
. B -
| et L E
~045720 60 80 100 120 140

.....................................

IR TI

i1 e

TR
BT Mrgeis b

s . ed® i

s s o 383
ety e o

B '

. . . ‘
| 1 1 | |

Standard Deviation

6 8 10 1
Standard Deviation 13yra

14 16 18 20

1 OBS

2 ACCESS1-0

3 ACCESS1.3

4 bcc-csml-1-m
5 bcc-csml-1

6 BNU-ESM

7 CanESM2

8 CCSM4

9 CESM1-BGC

10 CESM1-CAMS
11 CMCC-CESM
12 CMCC-CMS
13 CNRM-CM5

14 CSIRO-Mk3-6-0
15 EC-EARTH

16 FIO-ESM

17 GFDL-ESM2G
18 GFDL-ESM2M
19 GISS-E2-H

20 GISS-E2-R

21 HadGEM2-A0
22 HadGEM2-CC
23 HadGEM2-ES
24 inmcm4

25 IPSL-CM5A-LR
26 IPSL-CM5A-MR
27 IPSL-CM5B-LR
28 MIROC-ESM-CHEM
29 MIROC-ESM
30 MIROCS

31 MPI-ESM-LR
32 MPI-ESM-MR
33 MRI-CGCM3
34 NorESM1-M
35 NorESM1-ME
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Mean State Impact
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AWarm AtlanticA Stronger Trades (McGregor et al 2014)
AStronger Trades, Stronger Cold Tongue (Li et al 2015)

AStronger Cold Tongug Changes iENSQLevine et al
2017, 2018)



Seasonality of ENSO
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Relationship ENSO Annual Cycle and ENSO

Variance
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AStronger annual cycle, weaker ENSO variance

AEI Nino events are still strongly noise forced, so a
strong event can happen at any time



Changes in ENSO Growth Rate

ChangenFeedbacksfom AM O regressbn@1lyears)
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A Large seasonal changes in Damping from mean current, small in annual mean

A Annualcycle of growth rate and annual mean change fit what is expected from the
conceptual model
A Increased annual mean, decreased anruyale

A Changes in both boreal spring and fall



Coupled Model

ALimited observational record

A1-2 cycles
A20CR reanalysis/ERSST

ACoarse resolution CM2M
AAtm. 3.5 x 3 with 24 levels

AOcean 3 degree (0.6 in tropics),
levels in upper 50 m

A Control simulation of 270 years
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Model AMV

AControl simulation does not have
Control AMO

| | sufficientmultidecadalvariability in
80 2 .
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60 | ACommon error among climate

20! 10 models Frankignoukt al 2017)
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Fraction of oy

MultidecadaMalker Circulation in Control

Walker Circulation Std. Dev.
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AFraction of annual mean
variability expressed at all
multidecadaltime periods
significantly less In
simulation than reanalysis

| ALength ofmultidecadal

period Is more important in
the model than in the
reanalysis



Correlation

Walker Circulation in Control Simulation

Vi/alker Circulatipn Autocorrela}tion

~ —~BOCR AlLikeKociubaand Power,
modelled ENSO is too
periodic

AClear minimum (r=
RO 0.35) and secondary

\"\/ \ maximum (r=0.2)

—0.,5

0) 50 100
Lag (months)



Changes in ENSO Growth Rate

ChangenFeedbacksfom AM O regressbn@1lyears)
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AEither overall weakening on ENSO amplitude or stronger
damping during boreal spring
A Depends on phase of AMO
ABOTH should make ENSO less regular



Coupled Model Experiment
ACoarse resolution CM2M q|

4

AAtm. 3.5 x 3 with 24 levels

AOcean 3 degree (0.6 in tropics), *"
levels in upper 50 m

AAMO-forced experiments
AAMO SSTs plus model seasone £

cycle
A50-year AMO
ADifferent Experiments
A Whole AMO N
A Full SST amplitude | | | 01
A Half SST amplitude 0w wn o 20w

A Quarter SST amplitude
A Sub Polar (4G0N box)
A Tropical (630N box)



AAddingAMO increases tropical Pacifiwltidecadalvariabilityat all
timescales

AThetropical Atlantic forces larger changes than the esttapical Atlantic

AStill timescale matters (red noise versus periodic Atlavitittidecadal
Variability)



