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Prediction/Predictability
Continuum

Blurring of the Distinction Between Short Term
Prediction and Long Term Climate Projection

(Some) Common Processes and Mechanisms

Interactions Across Time and Space Scales
Fundamental to Environmental Prediction

Need for Initialized Predictions Across Space and
Time Scales
— Climate Change Commitment

Benefits: Improved Predictions, Collaborations,
Shared Knowledge, Infrastructure, Capabilities



2050 and beyond
EMISSION SCENARIOS

2050 and beyond
EMISSION SCENARIOS
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Seamlessness

Unified Modeling:

— Processes Oriented View

— Ex: Air-Quality, Hydrology ...
* Clearly Linked to Multi-Scale Modeling

Multi-Scale Modeling:

— Both Space and Time

— Ex: Clouds System Resolving — MJO
» Clearly Linked to Unified Modeling

Economies and Costs

Focusing on the “Seams”

— THORPEX - Sub-Seasonal - Seasonal
— CHFP - Decadal - Climate Change



Prediction/Predictability Across
Time-Scales

Initialized(O-L-A) Hindcasts/Forecasts
from Days-to-Decades

— Sub-Seasonal (Open Seam!)

— Seasonal-to-Interannual Forecast Quality
Decadal Predictability

— Mechanisms, Limits

— Annual Means, Decadal Means?
Decadal Prediction

— Real Hindcasts/Predictions: Quality
— Annual Means, Decadal Means?

Prediction and Predictability Need to be
Linked



Prediction/Predictability Across
Time-Scales

Initialized(O-L-A) Hindcasts/Forecasts
from Days-to-Decades

— Seasonal-to-Interannual Forecast Quality

Decadal Predictability

— Mechanisms, Limits

— Annual Means, Decadal Means?
Decadal Prediction

— Real Hindcasts/Predictions: Quality
— Annual Means, Decadal Means?

Prediction and Predictability Need to be
Linked
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Predictability/Prediction

from Days-to-Decades

CCSM 3.5 and CCSM 3.0 (T85, 1x1)
Hindcast/Forecast each January 1980,
1985, 1990, 1995, 2000, 2005

— Additional Cases: 1960, 1965, 1970, 1975, Argo
Era

3-Member ensembles (expanding to 10)

Initialized Ocean-Land-Atmosphere
— ERA40, GFDL Ocean Data Assimilation

* |nitialization Shock

Systematic Error Estimate from Hindcast
Mean



CCSM3 O 3 Ensembles NINO3. 4 Time Series
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SSTA Anomaly Corr. (0 Month Lead)
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SSTA Anomaly Corr. (12 Month Lead)
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BON 1 60N

45N { g8 45N,

30N 1 30N 1

15N 4 , 15N -

EQ EQ

155 - 155

3051 9.6 305 1

4550w o gt - & > 455

60S — . : — 60S —— —

60E 120E 180 1200 GOW 0 60E 120E 180

BON
45N 4,
30N -
15N {

EQ1
1551
308+
455 -
60S

60E 120E 180 1200 GOW 0

0.4 0.6 0.8 0.9




SSTA Anomaly Corr. (60 Month Lead)
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Correlation

NINO34
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Prediction/Predictability Across
Time-Scales

* Initialized(O-L-A) Hindcasts/Forecasts
from Days-to-Decades

— Sub-Seasonal (Open Seam!)
— Seasonal-to-Interannual Forecast Quality

— Mechanisms, Limits
— Annual Means, Decadal Means?
 Decadal Prediction

— Real Hindcasts/Predictions: Quality
— Annual Means, Decadal Means?

* Prediction and Predictability Need to be
Linked



Quasi-Periodic MOC: Any Relation to SST?
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If there is a deterministic mechanism that produces the
IPO pattern, it may be possible to predict if initialized
properly in a coupled climate model

Hadisst ' EOf 2

IPO from
observations
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PDO Index Regression: Heat
Content And SST Along EQ

O = N W & o J 3 0 O

Lag-Lead (years)
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PDO Index = SST Averaged from 170E-130W and 5S-5N
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Estimated PDO
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North Pacific Index Idealized Prediction Experiments

0s

“Observations”

f -
/‘ ~ . )
\‘\‘_.‘ ’ ’ ‘.\ - ‘I’.
03 S ‘ / ™
) K .
\‘,-'I / - .\ -v,\\‘
0z , Vd - = o
,'" v -
’.' / ’ /_ = / 'y
|
01 "D L _ / > \ ‘.,’
; s udl A e
7~ y; ;= oS- ]
r'—’,. 2 \/\" I N ,-Cf'- yf‘ ~
7 — — y T -
7,/ ~ “" i s \\ B ’:.'<- -
;/ T — o
o N ;(] v_v',/u" '
5\ ‘ q"v\-‘ " '
° . ]‘l\ v /17 '
-0 . \L A;—,’ ,_/?_A_A_: ﬁli
X 2 Ensemble
. N Y f
Y fo s H H
a3 W WV Predictions
~04 T - - - - -
12 24 ¥ 4 60 n B 6 108 12

Lead Time (months)

04

(.35

03

02

s

0l

0.06

-015

-02

-115

-0.3

?ﬁ ot “ H ”n
Y7 s
7\ Observations
N St
R . -
- ]
A
» A 'F\ ~ /{
- ! /
\‘ \ - /
\\'r \ f ; N/
WM s Faln
VOR N A TR /oo
Vs ~\ AV ~ A | A
. ﬁ* 5 \ H ff ’ \ | )’ .\
AR U S AN A'A e 3 X
N J \‘{_.'\',‘ T
\ \» \ :‘ \\ ‘_\-
1Y s\ 1T \
\ /
]\\’;\-, 'I]\ : ") .\l.&\ “ l'l
S\ \ . / y N f
\ \ Vo
.I\ ' LT \.‘ s‘ I'I
Ensemble " O\ S \ .
o 7N
Predictions 3 \ Nl 7
AN =N
. \\ . /
-
vt
12 24 i P 50 7 # P 108

Lead Time (months)

120



Prediction/Predictability Across
Time-Scales

* Initialized(O-L-A) Hindcasts/Forecasts
from Days-to-Decades

— Sub-Seasonal (Open Seam!)

— Seasonal-to-Interannual Forecast Quality
 Decadal Predictability

— Mechanisms, Limits

— Annual Means, Decadal Means?

— Real Hindcasts/Predictions: Quality
— Annual Means, Decadal Means?

* Prediction and Predictability Need to be
Linked



Improved skill is found in hindcasts of global mean surface temperature, P
explained mainly by ENSO in first year, and by better predictions of upper
ocean heat content at longer lead times —
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Skill at longer lead times due to bias removal =Z==
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Correlation
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Prediction/Predictability Across
Time-Scales

* Initialized(O-L-A) Hindcasts/Forecasts
from Days-to-Decades

— Sub-Seasonal (Open Seam!)

— Seasonal-to-Interannual Forecast Quality
 Decadal Predictability

— Mechanisms, Limits

— Annual Means, Decadal Means?
 Decadal Prediction

— Real Hindcasts/Predictions: Quality
— Annual Means, Decadal Means?
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Hindcast Annual
Mean SSTA
Correlation
Coefficient
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Challenges and Opportunities

Identifying Sources and Limits of Predictability and
Prediction Skill

— Regional Predictability
— “Higher Moments”

Initializing the Total Climate System
— Observing Systems
Climate Drift/Model Errors

Earth System Interactions

Weather and Climate Link
Unified/Multi-Scale Modeling

Separating Forced vs. Natural Variability

— Unpredictable Events (volcanoes)

— Estimating the Climate Change Commitment
Model Requirements

— Resolution, Complexity, Ensemble Sizes
Institutional and Infrastructure Issues

— Computational Requirements

— Data Requirements
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North/South Atlantic Meridional Stream Function
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a) Observed (413 war.)

The 1st EOF mode of SSTA

) GFDL (42% wvar.)
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Contemporaneous Latent Heat Flux - SST Correlation
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Noise Forced Control
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