Decadal predictability of tropical Indo-Pacific Ocean
temperature trends due to anthropogenic forcing
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Outline

1) CCSM3 Large Ensemble (40 members, 60 years, A1B)
1) Unfiltered trend patterns

2) Defining natural variability (ENSO)
3) Isolating a predictable signal

2) Application to CCSM4 RCP8.5 (5 members, 2005-2100)
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50-year Tropical Indo-Pacific 10m Temperature
Trends from 8 A1B CCSM3 Ens
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Motivation

For decadal climate forecasts to be
useful they must provide verifiable
regional skill on 10-30 year time scales

Since on these time scales natural
variability and the response to external
forcing are of the same order a strategy
is needed to...

@ Assess the skill of decadal
forecasts in a way that will provide
insight into the contributions (and
potential interactions) of forced
and natural variability

€ Compare this skill across models
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CCSM3 A1B Ocean Temperature Trend

a) 10 meters
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Assumptions of Analysis

1) Skill on decadal time scales comes
from the forced response of the
climate system to steadily increasing
greenhouse gases

2) Skill on decadal time scales is limited
by natural variability much of which
acts as climate noise
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CCSM3 A1B Ocean Temperature Trend

a) 10 meters
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Details of Analysis

With a Focus on----

Wintertime (DJF) variability

Using---

1) CCSM3 A1B Large Ensemble
--40 60-year integrations
--same Jan 1, 2000 ocean state
--A1B+Commitment runs

Ocean temperature down to 30om

In the ---

Tropical Indo-Pacific Basin
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CCSM3 A1B Ocean Temperature Trend

a) 10 meters

60E 90E 120E  150E 180 150W  120W  90W
b) Zonal Cross-section at Equator

T T T T T T )
60E 120E 180 120W
c) Meridional Cross-section at 150°W

N REAN REEE RRRR ARRE K

-0.036 -0.024  -0.012 0 0.012 0.024 0.036
°Clyear

Projection on 40 Ensemble Members
a0 -]
] ' o ___,\,“\,ju—’“""’“’

w 203 : R A LEEEL
S| e NN T T
204 A L EEE EEEEEERPPEE
-40—= .«>,f_~x-=’__'__‘_‘:’ ____________________________________________________

|




e s A1B Ocean Temperature Trend
Is the A1B Trend El Nino-like? 4 1omers_(domain mean removed)
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Is the A1B Trend El Nifio-like? A1B Ocean Temperature Trend

a) 10 meters (domaln mean removed)
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A1B Ocean Temperature Trend
(domaln mean removed)

Is the A1B Trend El Nino-like?

a) 10 meters
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A1B Ocean Temperature Trend
(domain mean removed)

Is the Trend Predictable on
Decadal Time scales?

a) 10 meters
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CCSM3 ENSO Structure a) 10 meters __

Natural patterns of variability isolated
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CCSM13 ENSO Structure a) 10 meters
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CCSM12 A1B “Non-ENSO” Trend

Straightforward strategy to remove
the contribution of natural variability
(ENSO) to the A1B Trend:

Remove the projection of the
dominant 3DEOFs from the control
run from each A1B ensemble
member
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CCSM3 A1B “Non-ENSO” Trend 1 10 10TAIN Mean removed
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Perfect Model Skill of Trend Patterns
o

Amplitude of Total trend _
pattern is predictable after 23 S
years o™
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pattern is not predictable in 027
these 50-year simulations
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AmphtUde of Nqn-ENSO Average anomaly correlation (p(T)) between
trend pattern is PredlCtable individual ensemble members and ensemble
after 10 years mean as a function of forecast lead (T)

p(T) =S(T) / (1+S(1) )2
S= ensemble mean / ensemble spread



Comparison of A1B vs. RCP Simulations
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CCSM4 RCP8.5 sm 50-Year Trends
2005-2054

2050-2099

Ensemble Member 1 Ensemble Member 1

20N 1

20S

60E _ 90E 120E 150E 1 60E , 90F, 120E
Ensemble (i\/lember 2 Ensemble ﬁlem%er 2

150E 180 150W 120W 90W

==y

20N 1

20S

60E  90E 120E 150E 180 150W 120W 90W 60E 90E 120E 150E 180 150W 120W 90W
Ensemble Member 3 , , , , Ensemble Member 3
[Per—— - \}:.‘\_,
20N 1 AN = =
0 AN 4 £ Q ]
s M O U
60E = 90E. 120E 150E 180 150W 120W 90W 60E  90E 120E 150E 180 150W 120W 90W
EnsembleE/lem%eM . . . . Ensembleﬁlemglem . .
SO :
20N 4 R S
3 [ *’m >
o N : '
SN T =
ﬁ@bﬂ\ SN

150W 120W 90W 60E 90E 120E 150E 180 150W

I — "

I ———
0.008 0.016 0.024 0.032 0.04 0.048 -/

9 LIV 5 age, Lolorado

o™

60E  90E 120E 150E 180

0




Evolution of Optimal Singular Vector

CCSM4 PICNTRL SODA 1958-2007

Forecast +0 months
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CCSM4 RCP8.5 Projection on PICNTRL EOFS

Projection on RCP8.5
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CCSM4 RCPS8.5 S/N-MAX-3DEOQF at smeters

Using Unfiltered Data = 54,39,
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CCSM4 RCPS8.5 S/N-MAX-3DEOQF at smeters
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Trend Patterns at smeters
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Non-ENSO Ensemble Mean 3D-EOF1 at 5-10 meters

CCSM3 A1B Non-ENSO Pattern 21.69%
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Thank you for your attention!

Questions?
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CCSMa RCP8.5 Skill of Trend Patterns

Expected Skill of 3D-EOF1 Patterns

2020 2040 2060 2080 2100
- L
o — — 1.0
— Non-ENSO -
® - 0.8
9 -
S - 0.6
© B
> — 0.4
(qv] i
& — 0.2
8 -
S 0.0
2020 2040 2060 2080 2100

year

2011 CESM Workshop, Breckenridge, Colorado



