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Kirtman & Power, 2013: Near-term Climate Change:
Projections and Predictability. IPCC 5" Assessment Report,
Chapter 11.
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Climate vs. Climate
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DP: initialized decadal prediction ensemble time
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Kirtman & Power, 2013: Near-term Climate Change: Branstator & Teng, 2010: Two limits of initial-value

Projections and Predictability. IPCC 5t Assessment decadal predictability in a CGCM, J Climate, 23, 6292—
Report, Chapter 11. 6311.



Introduction

Climate vs. Climate

Global mean temperature

Temperature anomaly (°C)

some field

2000 2010

Year Volcanic forcing

DP: initialized decadal prediction ensemble time

Ul: "uninitialized” 20t century ensemble

: Earth system response (mean & spread) to =>» “historical/projection runs”
external forcings.

: Earth system response to external forcings AND =» "hindcast/forecast runs”
internal processes associated with initialization.
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Climate vs. Climate

Global mean temperature

Temperature anomaly (°C)

some field

2000 2010

Year

Volcanic forcing

time

Both ensembles ( and DP) are needed to fully understand the mechanisms underpinning

Earth system prediction. E.g., To what extent does initialization improve near-term regional
climate outlooks?

Larger ensembles yield better resolved climate PDFs for probabilistic skill assessment.
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DP Skill Assessment

- DP hindcast ensemble mean (H) ® drift-adjusted predicted anomalies (LY 5-7)
- “observations” (O) @ corresponding O anomalies

anomaly

Cov(OH)

~ Var(O)Var(H)

MSE=1% (H,-0,)

Goddard et al., 2013, Clim Dyn, doi: 10.1007/s00382-012-1481-2 —
J:

Boer et al., 2013, Clim Dyn, doi: 10.1007/s00382-013-1705-0
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Kay et al., 2015: The Community Earth System Model (CESM) Large Ensemble
Project: A Community Resource for Studying Climate Change in the Presence of

Internal Climate Variability, BAMS, doi:10.1175/BAMS-D-13-00255.1.

Comparing CESM-DPLE to CESM-LE isolates
the impact of initialization on hindcast skill.



p~

CESM Decadal Predictior

Experiment Name CESM-DPLE

Model

-atm : ", 30
-och POP ° 60
-ice 4 (1°

-Ind /i

Uninitialized Ensemble (Ul) 40-membe 0 . . . .
ble (Kay et al., 20 Includes historical volcanic aerosol forcing,
following standard protocol (this allows for more
FOrcing .'.'_ o N powerful test of the effects of initialization when

Initialization comparing to the Ul ensemble).
-method elo
-atm

-ocn OR prced

-ice OR orced FO Global mean temperature

-Ind

Ensembles
-ensemble size 40
-start dates 3 J 0 954-2(

-ensemble generation ound-off pe bation of a

~
&)
<
=
«
E
<]
=
@
g
3
2
©
°
)
o
5
'_

-simulation length 0

1970 1980 1990 2000 2010
Year




dal Prediction Large Ensemble
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dal Prediction Large Ensemble
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CAMS5 (FV 1°, 30Ivl)
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Yeager et al., 2018: Predicting near-term changes in the Earth System: A large ensemble of initialized
decadal prediction simulations using the Community Earth System Model, Bull Amer Meteor Soc, in
press, doi:10.1175/BAMS-D-17-0098.1.
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(OBS = UKMO EN4)

ACC, T295, OBS=EN4.2.1, Season=ANNUAL, (LY 1-5: 1957.5-2014.5)

=>» Anomaly correlation
coefficient (ACC)
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(Yeager et al. 2018)

» Skillful prediction of NATL SST associated with skillful prediction of upper ocean heat content
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» Skillful prediction of NATL SST associated with skillful prediction of upper ocean heat content



IVI-DPLE: Annual T295/SST Skill (detrended)

ACC(DP,0BS)

(OBS = Met Office EN4 &
HadISST)

(detrended 3-year means)




CESMI-DPLE: Annual T295/IFRAC

JFM Ice Fraction:

ACC(DP,CORE)

High “potential predictability”
(verified against CORE rather
than observed data)

(detrended 3-year means)




eat Transport into the Arctic

276m-average Ocean Temperature (°C)
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Predicting Winter Sea lce Trends

30-year trends
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Yeager, Karspeck, and Danabasoglu, 2015: Predicted slowdown in the rate of
Atlantic sea ice loss, Geophys Res Lett, doi: 10.1002/2015GL065364.




Predicting Winter Sea lce Trends

10-year trends
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Predicting Winter Sea lce Trends

10-year trends

a. OBS, ice 2003-2013 b. CORE, ice 2003-2013
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10-year trends
(x-axis = start year of trend)

e Skillful retrospective prediction
of observed decadal trends in
Arctic winter sea ice extent.

Significant skill enhancement
associated with initialization.

Prediction of recent slowdown
and suggestion of extended
future hiatus in the rate of
Atlantic winter sea ice loss.
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https://youtu.be/hc91.k3d6WSg

The CESM Decadal Prediction Large Ensemble:
Forecasting decadal trends in the
North Atlantic and Arctic



https://youtu.be/hc9Lk3d6WSg

summary

* New 40-member decadal prediction simulation set (CESM-DPLE) available for analysis:
http://www.cesm.ucar.edu/projects/community-projects/DPLE/
(the initialized complement to the CESM-LE of Kay et al. 2015)

 CESM-DPLE shows good promise for investigations of Arctic decadal predictability
associated with high, long-lasting skill at predicting upper ocean heat content in the
subpolar Atlantic Ocean, Nordic & Barents Seas.

* Initialization results in much improved ability to forecast the magnitude and location of
multi-year Arctic sea ice change, particularly in Atlantic sector in winter. Focusing on the
(decadal) rate of change helps to:

1. highlight skill improvement over Ul in the context of strong externally-forced trends

2. isolate predictable (low-frequency, ocean-driven) variability from unpredictable
(high-frequency, wind-driven) variability

3. distinguish initialized skill from that due to simple persistence

* Initialized prediction suggests that we are unlikely to see a return of the extreme rates of
winter sea ice loss witnessed in the late 1990s anytime soon. Coming years will provide
crucial tests of current DP forecasts.



a Annual NADW formation,
Winter NAO
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Changes in surface formation of NADW linked to winter
NAO are reflected in decadal density anomalies in the
Labrador Sea (in OBS and CORE). These p’ are crucial
aspects of DP initial conditions (but are not well-predicted).
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* However, the DP simulations show excellent skill at
predicting the propagation of p’ into the Grand Banks
region.
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* This explains the high skill at predicting decadal
modulations in the strength of the buoyancy-driven gyre
with associated decadal heat transport changes across
50°N...

*  Future SPG cooling linked to cumulative deficit of NADW
since ~1996 (Robson et al. 2014; Hermanson et al. 2014;
McCarthy et al. 2015; Yeager et al. 2015)

Yeager and Robson, 2017: Recent Progress in Understanding and
Predicting Atlantic Decadal Climate Variability, Curr Clim Change Rep,
doi: 10.1007/s40641-017-0064-z.
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Extra Slides
CORE-forced POP-CICE (Mean State)

JFM sea ice fraction: JAS sea ice fraction: JFM sea ice thickness:

JFM (1979-2013) JAS (1979-2013)

c. PIOMAS, JFM ice thickness

CORE-II

d. CORE, JFM ice thickness




JAS (1979-2013)
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