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SEASONAL HURRICANE FORECASTS INITIALIZED
IN BOREAL MID-SPRING TO EARLY-SUMMER ARE:
FEASIBLE, POTENTIALLY SKILLFUL AND MADE

» Statistical prediction schemes
(e.g., Gray, Klotzbach and Gray,
Elsner et al)
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NOAA PRISS RELEASE

NOAA: 2009 Atlantic Hurricane Season Outlook Update
Issued: 6 August 2009
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GOAL:

USE UNDERSTANDING AND TOOLS

DEVELOPE

D FOR EXPLORING TRSIETSINIS

CLIMATE CHANGE AND HURRICANES TO PUSH
WINDOW OF NORTH ATLANTIC SEASONAL

HURRICAN
SKILL AN

- FORECASTS TO WINTER, WITH

D QUANTIFIED UNCERTAINTY




GFDL C-X HIRAM GCMS

Family of global atmospheric models designed for better-representing
tropical cyclone frequency. C90 - 1°, C180=1/2° C360=1/4°, C720=1/8°, C2000=5km
Ref. Zhao et al (2009, J. Climate; 2010, MWR)

Adapted from AM2 with: North Atlantic Tropical Storms*
*lasting 2 days or more
* Deep convection scheme adapted L —=— B
from Bretherton, McCaa and 20: — Model I
Grenier (MWR, 2004) | Model range

* Cubed sphere dynamical core

Storms per Year

» Changes to parameterizations of
cloud microphysics

r=0.77 -

e (90 Atm. resolution of |°x1°

1 | I I I I | 1 1
1982 1986 1990 1994 1998 2002

Wednesday, October 6, 2010



HIRAM C|80 AGCM FORCEDWITH SSTS
RECOVERS NA HURRICANE COUNTS
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Zhao et al. (2009, ). Climate), Zhao et al. (2010, MWR, Sub.)
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WWITH PERSISTED JUNE SST ANOMALIES (RETROSPECTIVE JULY FCST.),
HIRAM C 180 AGCM RECOVERS NA HURRICANE COUNTS
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Can we extend lead by forecasting SST
Zhao et al. (2010, MWR, Sub.)
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@@ ST EF RUNNING T
FORECASTS WITH H

HOUSANDS OF RETROSPECTIVE
IRAM-C |80 IS PROHIBITIVE.

NEED TO BUILD A STATISTICAL EMULATOR OFTHE AGCM.

SO: WHAT IS A GOOD PREDICTOR OF HURRICANE FREQUENCY?
CATCH: IT SHOULD BE PREDICTABLE ITSELF.

HIRAM

SENSIT
ANALYSES OF

-C 180 (AND OTHER

VITY OF
L ONG-T

 ARGE-SCAL

“REDICIROIRS:

—I-RES GCMS),

- CONDITIONS,

“RM OBRSERVATIONS SUGGEST TWO

ATLANTIC SST AND GLOBAL=-TROPICAL SST
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HIRAM C|80 AGCM FORCEDWITH SSTS
RECOVERS NA HURRICANE COUNTS
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Zhao et al. (2009, ). Climate), Zhao et al. (2010, MWR, Sub.)
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HIRAM C 180 (AND OBSERVATIONS + CONTROLSTO LARGE-SCALE)
SUGGEST RELATIVE SSTA AS A PREDICTOR

North Atlantic
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Zhao et al. (2009, ). Climate), Zhao et al. (2010, MWR, Sub.)
&
Latif et al (2007, GRL),Vecchi and Soden (2007, Nature), Knutson et al (2008, Nature Geoscl.),
Swanson (2008, G3),Vecchi et al (2008, Science), Villarini et al (2010, MWR; in press)
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SEASONAL HURRICANE FREQUENCY FORECAST SCHEME

» Build a statistical emulator of HIRAM-C 180, two predictors:
* SSTMPR (SST anomaly 80°W-20°W, 10°N-25°N)
* SSTTroP (SST anomaly 30°5-30°N)

» Use S-| forecast models to predict two indices

« Convolve PDF of SST forecasts with PDF from statistical
model.
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BUILD A STATISTICAL EMULATOR OF C | 80-HIRAM USING
ASO ATLANTIC MDRAND TROPICAL-MEAN SSTA (POISSON)

Training of Hurricane Frequency Statistical Model Fit on HIRAM C180 Experiment Years
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Vecchi et al. (2010, MWR submitted)
see Villarini et al (2010, MWR In press) for methodology
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FIT OF HIRAM-C | 80 EMULATORTO ORS. PERFORMS WELL

Application of Hurricane Frequency Statistical Model to Observed SST Indices
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HIRAM-C |80 with full SST gives r=0.78, RMSE=1.9 |
Cannot justify addrtional predictors at this time

Vecchi et al. (2010, MWR submitted)
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SST INDEX RELEVANT TO HURRICANES COMPLEX,
MORETHAN ENSO AND ATLANTIC SST

MDR-average SST Anomaly
Tropical-mean SST Anomaly [

“Hurricane Relevant”SST Anomaly [
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1985 1990 1995 2000 2005 1985 1990

1995 2000 2005

SS TMpr and SSTrrop share a recent trend, but amplitude differs.
SS T1rop more than ENSQO, trend, warm mid-2000’s, etc.
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EXPLORE TWO SYSTEMSTO FORECASTTHE SST INDICES

» GFDL-CM2.1 Experimental Forecast System:

* Ensemble Kalman Filter inrtialization of GFDL-CM2.1 - Zhang et al
(2007), Delworth et al (2006)

* | 2-month retrospective and forward forecasts

» Basis of GFDLs efforts to understand decadal predictability
* NCEP-CFS Operational S-| Forecast System:

» GFS atmosphere and MOM3 ocean, Initialized to NCEP (atm/land)
and GODAS (ocn) - Saha et al (2006)

* Nine-month retrospective and actual forecasts

» Used operationally at NCEP
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APPLY STATISTICAL HURRICANE FREQUENCY MODELTO CM2. |
RETROSPECTIVE FORECASTS OF JANUARY SST

Monthly forecasts 30-member lagged ensemble forecasts
20 o BT T R NS Dl SR NEEN BN B N B BN | I I N N SR N R RS e R W on Ta e 20
(a) January Forecast: (b) January Forecast:
- CM2.1:r=0.66, rmse=2.28 — = CM2.1:r=0.57,rmse=2.47 . »

Annual Atlantic Hurricane Count
Annual Atlantic Hurricane Count
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1982 1986 1990 1994 1998 2002 2006 2010 1982 1986 1990 1994 1998 2002 2006 2010

Observed e NOAA-GFDL-CM2.1 dynamical forecast 50% confidence range
+ Individual ensemble e NOAA-NCEP-CFS dynamical forecast 75% confidence range
member mean. ~ Two-model average forecast 90% confidence range

p(C=k) = | “p(C=k | relSSTA=x) - p(relSSTA = x) dx

p(relSSTA=x) from CM2.| ensemble
Vecchi et al. (2010, MWR submitted)
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HYBRID (STATISTICAL-DYNAMICAL) FORECAST SYSTEM EXHIBITS
POTENTIAL FOR MULTI-SEASON LEAD FORECASTS

(a) Retrospective Correlation Monthly Ensemble Atlantic Hurricane Forecasts (b) Retrospective Correlation Lagged Ensemble Atlantic Hurricane Forecasts
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= = Perfect ASO SSTA

Vecchi et al. (2010, MWR submitted)
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HURRICANE FORECASTS INITIALIZED MARCH 2010
SYSTEM ANTICIPATES ACTIVE 2010

Expected Number of Hurricanes Probability Above Long-Term Average

Mean Count (hurr) p(count>6) 9

10.0 0.8

T W 0.6
5.0 0.4
2.5 0.2

0 0

¥ Forecast system 1982-2009 « Forecast system 1995-2009

Experimental forecasts suggests 2010 season
ikely to be above average In hurricane frequency

Vecchi et al (2010, MWR submitted)
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HURRICANE FORECASTS INITIALIZED MARCH 2010
SYSTEM ANTICIPATES ACTIVE 2010

Probability Extremely Active Probability Extremely Inactive o
p(count>10) % ¥ p(counts3) N
0.4 0.225 w—— &
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W Forecast system 1982-2009 Forecast system 1995-2009

Experimental forecasts for 2010 season
large Increase In probability of an extremely active year

Vecchi et al (2010, MWR submitted)
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SUMMARY

+ Used understanding built assessing AGVWW/hurricane connection to build S-|
hurricane frequency forecast system

« SST contains a great deal of the information about seasonal Atlantic hurricane
activity:

* Iwo indices (SSTmpr and SST1rop) IN ASO contain most

* Existing S-| forecast systems can predict these SST indices with skill from as

early as November of the previous year, consistently predicting active 2010
since Nov. 2009.

* "Perfect” retrospective skill from CFS on short leads

« Room for improvement long-range (>6 month) hurricane outlooks from
improved SST forecasts.

* How far back can we push 1t? Was 1982-2009 exceptionally predictable? Can
we predict other quantities (efforts at Cat3-5, Cat4-5 and landfall)
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APPLY STATISTICAL HURRICANE FREQUENCY MODELTO

CM2.1 AND CFS RETROSPECTIVE FORECASTS OF MARCH SST

Monthly forecasts

30-member lagged ensemble forecasts
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CM2.1:r=0.49, rmse=2.63 . —
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(d) March Forecast: . ;
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p(C=k) = | “p(C=k | relSSTA=x) - p(relSSTA = x) dx

pilEclbolla =< irom C M2 and CrSienschizie
Vecchi et al. (2010, MWR submitted)
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HURRICANE FORECASTS INITIALIZED MARCH 2010
SYSTEM INDICATES ACTIVE 2010

geant - Medion
?h(;llf)’ (hurricanes) p(count>6)  p(count>10)  p(count=’)
823??0?9 6.21 5 0.46 0.07 0.21
Simple Ens, | %8 : 080 039 0.03
GLZI;;e-dC Ednzs;.] 8.2/ 8 0.64 0.24 0.09
Sﬁf,{;%ﬁﬁ 7.64 7 0.61 0.19 0.04
Fazgfd'%i § 8.24 8 0.65 0.25 0.03
Smple Ens, | 84 8 0.68 027 0.07
fa‘;‘;e'g‘l’:dlf; 8.23 8 0.75 0.25 0.08

Vecchi et al (2010, MWR submitted)
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Build statistical model of basin-wide tropical storms using
Atlantic and Tropical-mean SST as covariates

A=(SST,, SST, )

20 - {

Atlantic SST Increases frequency.

=
(&)
|

N
o
|

ropical-mean SST reduces frequency.

Count (uncorrected)

()
|

Factors in fit (w/standard error)

o Uncorrected | Corrected
I ; ; Intercept 2.03 (0.03) | 2.11 (0.03)
2.03 (0.03) | 2.10 (0.03)

A SST 44 1.13 (0.20) | 1.05 (0.15)
8 1.05 (0,150 SIE028(ORES
S SST 7 rop .98 (0230 22N
g -0.91 (0.20) | -1.05 (0.19)

()]
|

Villarini,Vecchi and Smith (2010, MWR, in press)
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Atlantic Tropical Cyclone Power Dissipation Index Anomalies: Observed and Based on Sea Surface Temperature
Anomalies relative to 1981-2000 average: 2.13x10"' m’s”’
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Atlantic Tropical Cyclone Power Dissipation Index Anomalies: Observed and Based on Sea Surface Temperature

Anomalies relative to 1981-2000 average: 2.13x10"' m’s”’
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PROCESSES CONTROLLING TROPICAL ATLANTIC VARIABILITY ARE
SEASONALLY DEPENDENT

Late fall (Precondition) IEarly winter
]

Climatological atmospheric cooling contribution

[
’ is weaker because of thicker MLD
/ : / Positive SSTA
Weaker dome et
(Deeper mixed-layer)‘-{— ~ ~
, TR / /
/' e 4

/
Spring (Developing phase) B summer (Decay phase)
Weaker latent heat loss Stronger wind stress curl |Positive SSTA
* Stronger L :.- - : 2
Weaker trade wind__= positive SSTA 5 T R (T e £
P tasd L = - 'D Ehtrainnl‘le AV _ =
- - - - = | T Stronger domef—
hward migration of IT ‘ &5
: Stronger | |-
— Ekman upwel Q/
WES positive feedback Negative feedback

Doi et al. (2010, J. Climate)
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HURRICANE-RELEVANT LARGE-SCALE CONDITIONS
CO-VARY CONSTRUCTIVELY WITH RELATIVE-SST

Interannual Correlation of Large-Scale Conditions to Relative-SST (Aug-Oct - CM2.1 1860 Control)
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