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  Joaquin	
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  the	
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•  Synop-c	
  track	
  influences	
  
–  Upstream	
  deep-­‐layer	
  trough	
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  the	
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  US	
  
–  Poleward	
  deep-­‐layer	
  ridge	
  	
  	
  	
  	
  	
  	
  	
  	
  

over	
  northwest	
  Atlan-c	
  
–  PV	
  streamer	
  northeast	
  of	
  Joaquin	
  

•  Track	
  Results	
  
–  Track	
  forecast	
  by	
  the	
  NHC	
  took	
  

Joaquin	
  inland	
  
•  1800	
  UTC	
  30	
  September	
  2015	
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  spread	
  in	
  numerical	
  guidance	
  
–  Track	
  verified	
  well	
  right	
  of	
  NHC	
  

forecast	
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Objec-ves	
  
1)  Inves-gate	
  the	
  role	
  that	
  relevant	
  synop-c	
  features	
  

play	
  on	
  TC	
  Joaquin’s	
  steering	
  
–  Dataset:	
  0.5o	
  Climate	
  Forecast	
  System	
  Reanalysis	
  (CFSR)	
  v2	
  

2)	
  Inves-gate	
  the	
  forecast	
  evolu-on	
  of	
  TC	
  Joaquin’s	
  
	
  steering	
  	
  

–  Dataset:	
  0.5o	
  ECMWF	
  Ensemble	
  Predic-on	
  System	
  	
  
–  Ini-alized	
  0000	
  UTC	
  30	
  September	
  2015	
  
–  Data	
  from	
  THORPEX	
  Interac-ve	
  Grand	
  Global	
  Ensemble	
  (TIGGE)	
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Piecewise	
  Vor-city	
  Inversion	
  
850	
  –	
  250-­‐hPa	
  flow	
  inverted	
  (captures	
  steering	
  level	
  for	
  TC	
  Joaquin)	
  	
  

Used	
  to	
  quan-fy	
  what	
  impact	
  different	
  synop-c	
  features	
  have	
  on	
  
TC	
  Joaquin	
  track	
  

Inverted	
  vor-city	
  and	
  divergence	
  used	
  to	
  obtain	
  
nondivergent	
  and	
  irrota-onal	
  winds	
  

•  CFSRv2	
  heading	
  implied	
  by	
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  mean	
  flow:	
  

	
  
	
  
•  Actual	
  best	
  track	
  heading:	
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•  Assump-on:	
  Steering	
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  with	
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  governs	
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  mo-on	
  
of	
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  4.0o	
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  does	
  CFSR	
  capture	
  steering	
  of	
  Joaquin	
  best?	
  	
  

•  Adapted	
  from	
  Galarneau	
  and	
  Davis	
  (2013)	
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  flow	
  inverted	
  (captures	
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CFSR	
  Heading	
  Error	
  
CFSR	
  heading850	
  –	
  250-­‐hPa	
  –	
  Best	
  Track	
  heading	
  =	
  CFSR	
  heading	
  error	
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  period	
  early	
  in	
  track	
  evolu-on	
  
with	
  rela-vely	
  low	
  heading	
  error	
  



•  Pick	
  period	
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  track	
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  low	
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  heading850	
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  heading	
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Piecewise	
  Vor-city	
  Inversion	
  

Inverted	
  vor-city	
  and	
  divergence	
  used	
  to	
  obtain	
  
nondivergent	
  and	
  irrota-onal	
  winds	
  

Used	
  to	
  quan-fy	
  what	
  impact	
  different	
  synop-c	
  features	
  have	
  on	
  
TC	
  Joaquin	
  track	
  

•  Use	
  PV	
  anomalies	
  (+/-­‐	
  PVU)	
  to	
  
diagnosis	
  upper-­‐tropospheric	
  
features	
  related	
  to	
  steering	
  of	
  
Joaquin	
  	
  

•  Adapted	
  from	
  Galarneau	
  and	
  Davis	
  (2013)	
  

[PVU]	
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•  Assump-on:	
  Steering	
  associated	
  with	
  
deep-­‐layer	
  winds	
  governs	
  the	
  mo-on	
  
of	
  TC	
  Joaquin	
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  vor-city	
  and	
  divergence	
  used	
  to	
  obtain	
  
nondivergent	
  and	
  irrota-onal	
  winds	
  

Used	
  to	
  quan-fy	
  what	
  impact	
  different	
  synop-c	
  features	
  have	
  on	
  
TC	
  Joaquin	
  track	
  

•  Adapted	
  from	
  Galarneau	
  and	
  Davis	
  (2013)	
  

Posi-ve	
  PV	
  Anomalies	
  
(isolates	
  upstream	
  trough	
  
and	
  PV	
  streamer)	
  	
  

Test	
  1:	
  
[PVU]	
  

•  Use	
  PV	
  anomalies	
  (+/-­‐	
  PVU)	
  to	
  
diagnosis	
  upper-­‐tropospheric	
  
features	
  related	
  to	
  steering	
  of	
  
Joaquin	
  	
  

•  Assump-on:	
  Steering	
  associated	
  with	
  
deep-­‐layer	
  winds	
  governs	
  the	
  mo-on	
  
of	
  TC	
  Joaquin	
  

•  Remove	
  TC	
  Joaquin	
  vortex	
  	
  
•  rJoaquin≤	
  4.0o	
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Piecewise	
  Vor-city	
  Inversion	
  

Inverted	
  vor-city	
  and	
  divergence	
  used	
  to	
  obtain	
  
nondivergent	
  and	
  irrota-onal	
  winds	
  

Used	
  to	
  quan-fy	
  what	
  impact	
  different	
  synop-c	
  features	
  have	
  on	
  
TC	
  Joaquin	
  track	
  

•  Adapted	
  from	
  Galarneau	
  and	
  Davis	
  (2013)	
  

Nega-ve	
  PV	
  Anomalies	
  
(isolates	
  ridging)	
  	
   [PVU]	
  

Test	
  2:	
  

•  Use	
  PV	
  anomalies	
  (+/-­‐	
  PVU)	
  to	
  
diagnosis	
  upper-­‐tropospheric	
  
features	
  related	
  to	
  steering	
  of	
  
Joaquin	
  	
  

•  Assump-on:	
  Steering	
  associated	
  with	
  
deep-­‐layer	
  winds	
  governs	
  the	
  mo-on	
  
of	
  TC	
  Joaquin	
  

•  Remove	
  TC	
  Joaquin	
  vortex	
  	
  
•  rJoaquin≤	
  4.0o	
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•  Removal	
  of	
  TC	
  
Joaquin	
  vortex	
  	
  

•  rJoaquin≤	
  4.0o	
  

Observa-ons	
  
•  CFSRv2	
  heading	
  

61o	
  at	
  3.6	
  m	
  s-­‐1	
  
•  Actual	
  TC	
  mo-on:	
  	
  
	
  	
  	
  	
  	
  	
  213o	
  at	
  3.1	
  m	
  s-­‐1	
  

Test	
  1	
  

850	
  –	
  250-­‐hPa	
  flow	
  inverted	
  (captures	
  steering	
  level	
  for	
  TC	
  Joaquin)	
  	
  

Steering	
  Flow	
  

[PVU]	
  

Posi-ve	
  PV	
  Anomalies	
  
(isolates	
  upstream	
  trough	
  
and	
  PV	
  streamer)	
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•  Removal	
  of	
  TC	
  
Joaquin	
  vortex	
  	
  

•  rJoaquin≤	
  4.0o	
  

Observa-ons	
  
•  CFSRv2	
  heading	
  

240o	
  at	
  10.2	
  m	
  s-­‐1	
  
•  Actual	
  TC	
  mo-on:	
  	
  
	
  	
  	
  	
  	
  	
  213o	
  at	
  3.1	
  m	
  s-­‐1	
  

Test	
  2	
  

850	
  –	
  250-­‐hPa	
  flow	
  inverted	
  (captures	
  steering	
  level	
  for	
  TC	
  Joaquin)	
  	
  

[PVU]	
  

Steering	
  Flow	
  

Nega-ve	
  PV	
  Anomalies	
  
(isolates	
  ridging)	
  	
  

1800 UTC 30 Sep 2015 



•  Removal	
  of	
  TC	
  
Joaquin	
  vortex	
  	
  

•  rJoaquin≤	
  4.0o	
  

Observa-ons	
  
•  CFSRv2	
  heading	
  

240o	
  at	
  10.2	
  m	
  s-­‐1	
  
•  Actual	
  TC	
  mo-on:	
  	
  
	
  	
  	
  	
  	
  	
  213o	
  at	
  3.1	
  m	
  s-­‐1	
  

Test	
  2	
  

850	
  –	
  250-­‐hPa	
  flow	
  inverted	
  (captures	
  steering	
  level	
  for	
  TC	
  Joaquin)	
  	
  

[PVU]	
  

Steering	
  Flow	
  

Nega-ve	
  PV	
  Anomalies	
  
(isolates	
  ridging)	
  	
  

Are	
  differences	
  in	
  the	
  southwestward	
  mo-on	
  of	
  
Joaquin	
  related	
  to	
  differences	
  in	
  steering?	
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Conclusions	
  
•  Steering of Joaquin at 0000 UTC 1 October from CFSR: 

•  Southwest motion of Joaquin driven primarily by deep-layer ridge 
•  Partially offset from PV streamer and upstream trough 
•  Joaquin embedded in region of relatively light flow (COL) 

•  Differences in Joaquin’s steering from 0000 UTC 30 
September ECMWF EPS 

•  Compared 10 leftmost members versus 10 rightmost members  
•  Stronger northerly meridional steering flow pushes Joaquin 

southward in right tracking members 
•  Track differences first 24-36 hours place Joaquin on opposite 

sides of COL, leading to track divergence 
 

•  Future Work 
•  Investigate steering differences by synoptic feature 
•  Investigate dynamical reasons for steering perturbations between 

left and right tracking members 
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  250-­‐hPa	
  flow	
  inverted	
  (captures	
  steering	
  level	
  for	
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