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•  W.!Pacific:!!Nakazawa!(1988);!Liebmann!et!al!(1994);!Wang!&!Zhou!(2008)!

•  E.!North!Pacific:!Molinari!et!al.!(1997);!Maloney!&!Harmann!(2000)!

•  Gulf!of!Mexico:!Maloney!&!Hartmann!(2000);!Mo!(2002)!

•  S.!Indian!Ocean:!Bessafi!&!Wheeler!(2006);!Ho!et!al!(2006)!

•  N.!Indian!Ocean:!Kukuchi!!&!Wang!(2010)!

•  Australian!region:!Hall!et!al!(2001)!

Modula'on)of)TCs)by)the)ISV)

Maloney!and!Hartmann!(2000)!

Enhanced MJO Suppressed MJO 

What about Forecasting? 



Variances)of)20E100)day)filtered)rainfall)(NovEApr)!

Unit:![100!mm2/day2]!
Contours:!60,!80!

Simula'ons)of)the)ISV)in)Climate)Models 

Kim!et!al.,!2009!

In Addition, 
Resolution 
Typically 

Large for TCs 



•  Leroy!et!al!(2004)!
•  Frank!and!Roundy!(2006)!
•  Leroy!and!Wheeler!(2008)!
•  Roundy!(2008)!!
•  Roundy!and!Schreck!(2009)!

Sta's'cal)Intraseasonal)TCEAc'vity)Forecast)

Performance!of!these!intraseasonal!forecast!are!
largely!dependent!on!the!forecast!skill!of!the!MJO!



MJO Modeling and Forecasts from ECMWF 

Promising)gains)from)con'nued)model)improvements)
Resolu'on,*Data*Assimila'on,*Model*Physics*(Tomkins*et*al.*2007;*Bechtold*et*al*2008)**–*M.*Miller.*

OLR; 15-day Lead Time; 10N-10S; TOGA COARE 

Courtesy  
F. Vitart 
ECMWF 



Vitart!et!al.,!2010!

MJO)Skills)in))ECMWF)IFS)(CY32R3))Hindcast)
(a))Bivariate)Correla'on)Skill)
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Climatological)TC)Density)(*1000))in)ECMWFEIFS)
(JunENov,)1989E2008))

Vitart)2009)

Observa'ons) ECEIFS)



MJO!modulafon!of!TC!Density!in!ECMWFgIFS!

Vitart!et!al.,!2009!
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GFDL)new)High)Resolu'on)Atmospheric)Model)(HiRAM2.1))

•  New!cubedEsphere)dynamic)core!
•  Horizontal!resolufon:!50km!(C180)!
•  Verfcal!resolufon:!32)levels!
•  A)moist)convec'on)scheme)based!on!shallow!cumulus!

parameterizafon!(Bretherton!et.al!2004)!
•  A!simple!sta's'cal)cloud)frac'on)scheme.!

2.)ISV)and)TC)ac'vity)in)GFDL)High)Resolu'on)
Atmospheric)Model)

Captures TC activityand E.Pac ISV very well. 



HiRAM2.1)captures)geographical)distribu'on)of))hurricane)tracks)(1981E2005))

Observa'on)

HiRAM2.1)

Zhao!et!al.!(2009)!



North Atlantic 

East Pacific 

West Pacific 

corr=0.83 

corr=0.62 

corr=0.52 

Red:))observa'ons)
Blue:)HiRAM)ensemble)mean)
Shading:)model)spread;)N=4)

HiRAM2.1)captures)both)the)interEannual)variability)and)decadal)trend)over)the)N.)
Atlan'c,)the)E.)and)W.)Pacific)

Model)'meEseries)are)
normalized)to)observed)'meE
mean)

Zhao!et!al.!(2009)!



Standard)Devia'on)of)Bandpass)Filtered)Rainfall)

10E90)day)filtered)

mm!dayg1!

Northern)Summer)(MayEOct) 



Dominant)ISV)modes))
over)the)Eastern)Pacific)

Jiang!and!Waliser!2008,!2009!
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Pajern)correla'ons)of)the)two)dominant)ISV)modes)
between)observa'ons)and)GCM)simula'ons)

Jiang)et)al)(2011a))40Eday)mode)

QBM)



40Eday)ISV)mode)over)the)EPAC)simulated)by)HiRAM)

Shading:!Rainfall!
Vectors:!!850mb!wind!

Jiang!et!al.!(2011a)!
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ISV)and)TC)genesis)(1998E2008):)OBS)

Shading:)rainfall)anomalies)

Jiang!et!al.!(2011b)!



ISV)and)TC)genesis)(1998E2008):)HiRAM)

Shading:!rainfall!anomalies!

Jiang!et!al.!(2011b)!
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Modula'on)of)TC)movement)by)the)ISV)(1998E2008))

OBS) GFDL/HiRAM)

Shading:)rainfall)anomalies)(mm/day))
Jiang!et!al.!(2011b)!
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Contribu'ng)factors)of)total)GPI�)

ISV)Phases)

Jiang!et!al.!(2011b)!
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•  The!newly!developed!GFDL!HiRAM!GCM!is!able!to!well!represent!
the!observed!modulafons!of!TC!acfvity!over!the!EPAC!by!largeg
scale!ISV.!

•  A!budget!analysis!of!the!observed!GPI!anomalies!during!the!ISV!
life!cycle!suggests!that,!relafve!roles!of!lowerglevel!cyclonic!
vorfcity,!enhanced!midglevel!relafve!humidity,!and!reduced!
verfcal!wind!shear!in!modulafng!TC!formafon!over!the!EPAC!are!
dependent!on!ISV!phase!and!locafon.!All!of!these!factors!can!
contribute!to!acfve!TC!genesis!over!the!EPAC!during!parfcular!ISV!
phases.!

•  The!results!presented!in!this!study!suggest!great!potenfal!of!
intraseasonal!TC!forecasts!based!on!highgresolufon!dynamical!
models!with!improved!physics.!

•  Future!Plan!ggg!Use!HiRAM!to!explore!potenfal!predicfon!skill!and!
esfmate!predictability!of!TCgAcfvity!on!IS!fme!scales.!

3.)Summary)


