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IntroductionIntroduction
high storm winds: breaking waves → spray & wave drag

→ surface flux → storm development → waves

Storm translation: impacts spatial distribution of waves

fast : high wave region ~ determined by Cg & storm speed
slow: high wave region ~ determined by distance from 

storm center.

Case studies:  2 winter meteorological Case studies:  2 winter meteorological ““bombsbombs””
1) Superbomb of 2000 
2) Bomb of 2002



Sea spray

•• Total fluxesTotal fluxes

sp,LLT,L QHH +=

sp,SsT,s QHH +=

Total fluxes

DEL

turbulent 
fluxes

spray fluxes

Andreas’s conceptual scheme of 
processes in DEL

spT Γ+Γ=Γ

2
zlDa UCρ=Γ

( )zlozlEvaL qqUCLH −ρ=

( )zlozlHpaas UCcH θ−θρ=



•• Andreas and DeCosmo (2001), Andreas (2003, 2006)Andreas and DeCosmo (2001), Andreas (2003, 2006)

Sea spray



•• higher wind speed higher wind speed larger  spray fluxeslarger  spray fluxes

spLQ ,

LH

spSQ ,

sH

Sea spray



56-63 kts

• Charnock (1955) 
zo = αcu*

2 /g         
αc ~ 0.011 - 0.0185

⇒old waves …

Drennan (2006)  update

Wave roughness

• Smith et al. (1992) HEXOS  
zo = 0.48 u*

2 /g  (Cp/u*)-1

• if Cp/u* > 26 use Charnock
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Coupled modelCoupled model
Canadian Atmospheric model MC2:

• surface fluxes Monin-Obukhov similarity
• 0.25º resolution, 30 vertical layers,  600s time step

• spectrum: 25 frequency + 24 directional bands
• projection: longitude-latitude on 0.25°× 0.25° grid

MC2

WW3

U10
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Sea Spray zo = 0.48 u*2 /g  (Cp/u*)-1
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tracksMC2-uncoupled and MC2-spray or waves

Superbomb

Jan. 20 - 22, 2000Jan. 12 - 14, 2002

Bomb 



/NCEP

QSCAT/NCEP

MC2-uncoupled and MC2-spray or waves

Bomb Superbomb

Maximum 10 m winds 



Bomb

Superbomb

Flux difference center

Storm center
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MC2-spray minus MC2 MC2-waves minus MC2

Outermost ∆SLP = -1mb 
∆SLP = - 1mb  

Outermost ∆SLP = + 1mb 
∆SLP = + 1mb

Jan. 02 Bomb 

MC2-uncoupled and MC2-spray or waves

+5m/s -5m/s



Superbomb

Outermost ∆SLP = -1mb 
∆SLP =-2mb  

Outermost ∆SLP = + 1mb 
∆SLP = + 1mb

MC2-uncoupled and MC2-spray or waves

MC2-waves minus MC2MC2-spray minus MC2

+10m/s -5m/s
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a) MC2-only b) MC2-WW3

c) MC2-Spray d) Full coupled

Winds

Superbomb swath maps of U10 (m/s) @ 3 m/s intervals: +6 hourly storm track 

MC2-only MC2-WW3

Full-coupledMC2-spray
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a) MC2-only b) MC2-WW3

c) MC2-Spray d) Full coupled

Waves

Swath maps of SWH (m) with the passage of Superbomb at 1 m intervals.

MC2-only MC2-WW3

Full-coupledMC2-spray



Bomb Differences

MC2-only MC2-WW3 minus MC2

Full-coupled minus MC2MC2-spray minus MC2

Waves (contour), Winds vector →, speed (shading)

+2m

-2m

±2m



Superbomb Differences

MC2-spray minus MC2 Full-coupled minus MC2

Waves (contour), Winds vector →, speed (shading)

MC2-only MC2-WW3 minus MC2
-2m

+4m ±2m



Influence of spray and wave dragInfluence of spray and wave drag

SuperBomb

Bomb



Conclusions

1) Sea spray impacts:  intensify storm 
- can increase winds 
- importance in severe storms ? 

2) Wave drag impacts: de-intensity storm 
- decreases winds 
- important in young seas, growing waves

3) Storm structure 
- track and radius of max. winds
- warm SSTs
- propagation speed 
- regions of high winds 


