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Background	
  

• 	
  Comparisons	
  of	
  composites	
  of	
  airborne	
  Doppler	
  radial	
  passes	
  in	
  
mul1ple	
  cases	
  show	
  sta1s1cally	
  significant	
  differences	
  in	
  inner-­‐
core	
  structure	
  of	
  TCs	
  that	
  are	
  intensifying	
  compared	
  with	
  those	
  
that	
  are	
  remaining	
  steady-­‐state	
  (Rogers	
  et	
  al.,	
  MWR,	
  2013,	
  in	
  
press)	
  

• 	
  Intensifying	
  (IN)	
  –	
  40	
  radial	
  passes	
  in	
  8	
  different	
  TCs	
  
• 	
  Steady-­‐state	
  (SS)	
  –	
  53	
  radial	
  passes	
  in	
  6	
  different	
  TCs	
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Symmetric	
  vortex	
  structure	
  and	
  TC	
  intensifica1on	
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Axisymmetric	
  tangen1al	
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  (m/s)	
   Axisymmetric	
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  (x	
  10-­‐4/s)	
  

• 	
  Tangen1al	
  wind	
  
decreases	
  more	
  
rapidly	
  with	
  radius	
  
outside	
  RMW	
  for	
  IN	
  
cases	
  	
  
• 	
  IN	
  cases	
  have	
  a	
  
ring-­‐like	
  vor1city	
  
structure	
  inside	
  
RMW	
  
• 	
  IN	
  cases	
  have	
  
weaker	
  vor1city	
  
outside	
  RMW	
  
	
  



IN	
   SS	
  

Shear-­‐rela1ve	
  1lt	
  (km)	
  between	
  2	
  and	
  7-­‐km	
  al1tude	
  

Asymmetric	
  vortex	
  structure	
  and	
  TC	
  intensifica1on	
  

• 	
  negligible	
  difference	
  in	
  1lt	
  magnitude	
  between	
  IN	
  and	
  SS	
  cases	
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Convec1ve	
  bursts	
  and	
  TC	
  intensifica1on	
  
Number	
  and	
  shear-­‐rela1ve	
  loca1on	
  

of	
  convec1ve	
  bursts	
  
Radial	
  distribu1on	
  of	
  convec1ve	
  bursts	
  (%)	
  and	
  

axisymmetric	
  vor1city	
  (shaded,	
  x	
  10-­‐4	
  s-­‐1)	
  

• 	
  Bursts	
  defined	
  as	
  top	
  
1%	
  of	
  ver1cal	
  velocity	
  
distribu1on	
  at	
  8	
  km	
  
al1tude	
  (i.e.,	
  5.5	
  m/s)	
  
• 	
  IN	
  cases	
  have	
  more	
  
bursts,	
  more	
  of	
  them	
  
inside	
  RMW	
  compared	
  
with	
  SS	
  cases	
  
	
  



• Composites	
  consist	
  of	
  snapshots	
  –	
  Do	
  these	
  structures	
  
appear	
  in	
  individual	
  case	
  studies,	
  with	
  observa1ons	
  
collected	
  serially?	
  

• 	
  Does	
  HWRF	
  capture	
  inner-­‐core	
  structures	
  associated	
  
with	
  intensifica1on?	
  	
  	
  

• 	
  Can	
  HWRF	
  dis1nguish	
  between	
  IN	
  and	
  SS	
  cases	
  based	
  on	
  
inner-­‐core	
  structure?	
  

Ques1ons	
  to	
  consider	
  



Case	
  study:	
  Earl	
  2010	
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Do	
  structures	
  associated	
  with	
  IN	
  appear	
  in	
  individual	
  case	
  studies? 
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Normalized radius Normalized radius 

• 	
  Decrease	
  of	
  tangen1al	
  
wind	
  with	
  radius	
  
outside	
  RMW	
  
• 	
  Ring-­‐like	
  structure	
  
inside	
  RMW	
  
• 	
  Weaker	
  vor1city	
  
outside	
  RMW	
  

	
  

22:47Z	
  Aug	
  29	
   12:25Z	
  Aug	
  30	
  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0.5 1 1.5 2 
0 

2.5 3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0.5 1 1.5 2 
0 

2.5 3 

Normalized radius Normalized radius 

Tangen1al	
  
wind	
  (m	
  s-­‐1)	
  

Ver1cal	
  vor1city	
  
(x	
  10-­‐4	
  s-­‐1)	
  

Third	
  flight	
   Fourth	
  flight	
  
he

ig
ht
	
  (k

m
)	
  

he
ig
ht
	
  (k

m
)	
  

he
ig
ht
	
  (k

m
)	
  

he
ig
ht
	
  (k

m
)	
  

Do	
  structures	
  associated	
  with	
  IN	
  appear	
  in	
  individual	
  case	
  studies? 



23:28	
  UTC	
  28	
  Aug	
  

Vortex	
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  burst	
  distribu1on	
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Streamlines	
  and	
  wind	
  speed	
  (shaded,	
  m/s)	
  at	
  2	
  km	
  (black)	
  and	
  8	
  km	
  (white)	
  
Convec1ve	
  burst	
  loca1ons	
  (top	
  1%	
  of	
  w	
  distribu1on	
  at	
  8	
  km)	
  denoted	
  by	
  black	
  dots	
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• 	
  Significant	
  displacement	
  of	
  vortex	
  during	
  first	
  flight	
  
• 	
  Vortex	
  nearly	
  aligned	
  by	
  second	
  flight	
  (~12	
  h	
  later),	
  afer	
  RI	
  onset	
  
• 	
  Many	
  bursts	
  located	
  inside	
  RMW	
  for	
  most	
  flights,	
  generally	
  downshear	
  and	
  
downshear	
  lef	
  
	
  

Do	
  structures	
  associated	
  with	
  IN	
  appear	
  in	
  individual	
  case	
  studies? 
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Number	
  and	
  radial	
  distribu1on	
  of	
  convec1ve	
  bursts	
  for	
  Earl	
  and	
  Ophelia	
  

Burst	
  counts:	
  
Earl	
  –	
  193	
  
Ophelia	
  –	
  102	
  

Burst	
  counts:	
  
Earl	
  –	
  193	
  
Ophelia	
  –	
  102	
  

• 	
  	
  80%	
  of	
  convec1ve	
  bursts	
  are	
  
at	
  or	
  inside	
  RMW	
  for	
  Earl	
  (IN)	
  
	
  
• 	
  30%	
  of	
  convec1ve	
  bursts	
  are	
  at	
  
or	
  inside	
  RMW	
  for	
  Ophelia	
  (SS)	
  
	
  

Do	
  structures	
  associated	
  with	
  IN	
  appear	
  in	
  individual	
  case	
  studies? 



Earl	
  2010:	
  HWRF	
  3-­‐km	
  baseline	
  run	
  
Model	
  ini1alized	
  at	
  18	
  UTC	
  August	
  26	
  (2618	
  run)	
  

Track	
   Intensity	
  

Does	
  HWRF	
  capture	
  inner-­‐core	
  structures	
  associated	
  with	
  IN?	
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Axisymmetric	
  structure	
  –	
  tangen1al	
  wind	
  (m	
  s-­‐1)	
  
Doppler	
   HWRF	
  

• 	
  Similar	
  magnitudes	
  of	
  peak	
  tangen1al	
  wind	
  
• 	
  Similar	
  radial	
  profiles	
  of	
  tangen1al	
  wind	
  outside	
  RMW	
  	
  
	
  

Does	
  HWRF	
  capture	
  inner-­‐core	
  structures	
  associated	
  with	
  IN?	
   



22:47Z	
  Aug	
  29	
  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0.5 1 1.5 2 
0 

2.5 3 

Normalized radius 

he
ig
ht
	
  (k

m
)	
  

RMW=49	
  km	
  

12:25Z	
  Aug	
  30	
  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0.5 1 1.5 2 
0 

2.5 3 

Normalized radius 

he
ig
ht
	
  (k

m
)	
  

RMW=35	
  km	
  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0.5 1 1.5 2 
0 

2.5 3 

Normalized radius 

he
ig
ht
	
  (k

m
)	
  

00Z	
  Aug	
  30	
  RMW=45	
  km	
  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0 

he
ig
ht
	
  (k

m
)	
  

0.5 1 1.5 2 2.5 3 

Normalized radius 

12Z	
  Aug	
  30	
  RMW=42	
  km	
  

Axisymmetric	
  structure	
  -­‐	
  Ver1cal	
  vor1city	
  (x	
  10-­‐4	
  s-­‐1)	
  
	
  Doppler	
   HWRF	
  

• 	
  Weaker	
  magnitudes	
  of	
  vor1city	
  inside	
  RMW	
  (resolu1on	
  limita1on?)	
  
• 	
  Sugges1on	
  of	
  vor1city	
  ring	
  in	
  HWRF	
  at	
  12Z	
  
• 	
  Similar	
  decrease	
  in	
  vor1city	
  outside	
  RMW	
  
	
  

Does	
  HWRF	
  capture	
  inner-­‐core	
  structures	
  associated	
  with	
  IN?	
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• 	
  con1nue	
  analysis	
  of	
  Earl	
  aircraf	
  observa1ons,	
  HWRF	
  simula1ons	
  
• 	
  symmetric	
  and	
  asymmetric	
  structure	
  
• 	
  convec1ve	
  sta1s1cs	
  	
  
• 	
  thermodynamic	
  proper1es	
  
	
  

• 	
  can	
  we	
  explain	
  reason	
  for	
  transience	
  of	
  convec1ve	
  bursts	
  for	
  
2612	
  run	
  vs.	
  2618	
  run?	
  	
  

• 	
  environmental,	
  vortex	
  structure?	
  
• 	
  predictability	
  limit	
  due	
  to	
  stochas1c	
  nature	
  of	
  moist	
  
convec1on?	
  
	
  

• 	
  expand	
  HWRF	
  analysis	
  to	
  mul1ple	
  cases	
  for	
  composi1ng	
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