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Climate factors influencing Atlantic hurricane activity
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* If slow variability in Atlantic TC activity is

driven by North Atlantic SST

And

* [f North Atlantic SST can be predicted at

multi-annual timescale (5 yrs)

—> (Reliable) Multi-annual forecasts of Atlantic

TC activity should be possible
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Climate prediction

Progression from initial-value problems with weather forecasting
at one end and multi-decadal to century projections as a forced
boundary condition problem at the other, with climate prediction
(sub-seasonal, seasonal and decadal) in the middle. Prediction
involves initialization and systematic comparison with a
simultaneous reference.

Subseasonal to
seasonal forecasts Decadal forecasts

Weather (2 weeks-18 (18 months-30 Climate-change
forecasts months) years) projections
“

Time

Boundary-condition driven

Initial-value driven

Adapted from Meehl et al. (2009)
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- observed initial I
conditions | o
———— - > initialized runs
Atm - Ocn —Ice I

| Near-term climate predictions make use
; of information related to anthropogenic

oreenhoUse 2ases | climate change, natural forcings and
g 8 I natural variability.

(GHG) |

- volcanic aerosols o
» non-initialized runs

- S0, (CMIP5 historical)

- solar activity
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The climate prediction drift issue

Observed world

—— Retrospective prediction ( hindcast ) affected by a strong
drift, need for a-posteriori bias correction

(ainjesadwa] "xa)
S|qelEeA pajolpald
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Biased model world _
» Time
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The climate prediction drlft Issue

Observed world

—— Retrospective prediction ( hindcast ) affected by a strong
drift, need for a-posteriori bias correction

(ainjesadwa] "xa)
S|qelEeA pajolpald
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Biased model world

> Time

Retrospective prediction with anomaly initialization
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Ensemble initialized near-term predictions

O

1 experiment of 10 O
members: ~120Tb
| | | | | | .,

Nov 2000 Nov 2001 Nov 2002 Nov 2003 Nov 2004 Nov 2005 Nov 2006
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Ensemble climate forecast systems

Assume a multi-model ensemble system with coupled initialized GCMs

Model 2

Model 4

K models x M ensemble members

M*K-member ensemble

WY

Nov 60

Forecast time =
0 years

|
Nov 2005
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MME temperature MSSS: year 2-9 Difference ACC (Initialized — Non Initializeq, yr 2f5)
Initialized — Non-Initialized 1
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Ratio of the root mean square error (RMSE) of the initialised and
uninitialised predictions for the near-surface temperature from the
multi-model CMIPS experiment (1960-2005) for forecast years 2-5.
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From CSU
Seasonal forecasts:

60°N

early mean of SST
(Sea Surface Temperature)

Index =

45°N Standardized SSTA

Standardized SLPA

Yearly mean of SLP

30°N (Sea Level Pressure)

15°N

pr. N A [C/\ A N K
P, WV Y
V VAN

| v (SSTA)-(SLPA)

AN i

1880 1882 1804 1816 1928 1940 1852 1864 1976 1988 2000
| Year

100°W 80°W 60°W 40°W 20°W 0°  from Klotzbach and Gray
(2008)

00




7

7
¥ MINISTERIO Z4 RPIZ O
"2 DE ECONOMIA SPECS '

Y COMPETITIVIDAD ConnectingScince s Rerrnce

N = Seasonal-to-decadal climate Prediction for the
improvement of European Climate Services

1C3]

®- Climate Forecasting Unit

15
HURDAT?2

T 10 _ _
3 Correction by Vecchi
3 and Knutson (2011)
c
®
O |
E 5
S

0,880 1900 1920 1940 1960 1980 2000

25

29 4 -

A
/\VA\/\ A J W V\ I&v
= K \Uﬂ ssTayeLPA | / \ A

-1.5 V
V \/ from Klotzbach and Gray

2
=25 T T T T T T T T T ~—

1880 1882 1804 1816 1828 1840 1852 1864 1976 1888 2000 (2008)
Year




15

10
|

-5

-10

Hurricane 5-yr mean anomaly
0 5
=

-15

L L L L L L L L L
1961 1967 1973 1979 1985 1991 1997 2003 2009

Years

TC metrics are:
‘Number of hurricanes
*Number of major
hurricanes

‘Number of hurricane
days

*Number of major
hurricane days
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AMO index
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GCMs Initialized Non-Initialized

GFDL CM2.1 10 10

HadCM3 10 10

MIROCS5 6 3

MPI-ESM-LR 5 3
CMIPS5

SPECS (Seasonal-to-decadal climate Prediction for the improvement of European Climate Services)

Start dates: yearly, 1961 to 2010
5-year mean predictions (1961-1966 to 2010-2014)

Model selected based on
1) skill over designated area,
2) start dates available every year
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SST — Initialized Forecasts SST — Non-Initialized Forecasts

: 2 - .
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Detrended SST — Initialized Forecasts _ Detrended SST — Non-Initialized Forecasts
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310E 350E

— Anomaly Correlation Coefficient
(ACC)-Year 1-5
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ACC, 5-year mean MME detrended SST - Initialized Forecasts
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ACC MME - MSLP (year 1-5)

Initialized Forecasts Non-Initialized Forecasts
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MSLP —Initialized Forecasts
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ACC, 5-year mean MSLP - Initialized Forecasts

=
..... ]
z z | <25 T I R R
i == i
= Z 5 & ot e e e e e e e e e e e e e e e e
z |
8 e T I B I IR - _
z . - R . . -
5 = 1 A
2] L D 00000 . lllllll
= =4 T
| Z |
S Q1> o ot sle s 0w a0 v x . .
R R TR -
I L
= |
o o I \ \

‘29‘0E 310E Year 1_5 330E 350E 290E 310E Year 2_6 330E 350E

z
z

8 V\\h T
z Z z \* =
[«} — — =
TR =
Z e - ... *8 > o0 o0 ooo0 oo o c
< T o= < T~
z - -
o Z_|
T &
z | . . . -
& b‘-_v’ﬂ A 0 8—:59__

by - R Y T
o ot

Zng 31|0E Year 3_7 SSbE 35|0E 290E 310E Year 4_8 330E 350

06 0.8 1

1
a0
|
O.
@
1
O
)]
|
b
=
1
(=2
mn
o—

o
n
o
B




C3l

®- Climate Forecasting Unit

¥ MINISTERIO
DE ECONOMIA
Y COMPETITIVIDAD

=2

77

7 ics RPI20

. - g Science and (Re)lnsurance
Seasonal-to-decadal climate Prediction for the

improvement of European Climate Services

5-year mean standardized SLPA

5-year mean standardized SSTA
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RMSSS =1 - RMSE / RMSE
1: perfect prediction
0: no improvement over climatological forecast
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5-year mean index
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How does this skill translate
into forecasting cyclone
activity?
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Can we predict the shift between active and inactive phases?
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Still good correlation, but no predictive power
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Summary

* |nitialized GCMs do seem capable of predicting
CSU index, which is linked to Atlantic TC activity,
at multi-annual timescale (5yrs)

 Skill doesn’t come only from persistence, i.e. we
have some skill at predicting shift between active
and quiet phases

» Perspective: plan to extend period of study using
decadal forecasts spanning the entire 20%
century




More info: -

Caron, L.-P.,, L. Hermanson, and F. J. Doblas-Reyes (2015)
Multiannual forecasts of Atlantic U.S. tropical cyclone wind damage
potential, Geophys. Res. Lett.,42, 2417-2425.
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