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Questions
• How reliable are tropical cyclone detection and 

tracking codes we used?

• There are tropical cyclone best tracks archives for 
verification.  But do we have a reliable high 
resolution meteorological analysis to test the code?

• Is there a way to decide the optimal criteria and 
thresholds use in the code?  How the variation in 
these criteria and thresholds affect reliability?

• Can the same scheme (criteria and thresholds) 
applied to different model simulations?

• How the criteria and thresholds depend on data 
resolution? Is there a spatial scaling factor?



IMILAST
Intercomparison of Mid Latitude Storm Diagnostics

Neu et al., 2013, BAMS
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IMILAST
Intercomparison of Mid Latitude Storm Diagnostics

Ulbrich et al., 2013



Tropical cyclone in JRA25

Using the wind profile retrievals surrounding tropical 
cyclones (TCR) data results in a more realistic 
representation of the tropical cyclones compared to 
other reanalyses

Hatsushika et al. 2006



JRA-25 Overview
• Joint research project between JMA and CRIEPI
• Period: from Jan. 1979 to Dec. 2010 (use 1994 data)
• Global model resolution : T106L40 (data at 1.25° grid)
• Data assimilation : 3D-Var
• Assimilation system : JMA's operational system of April 

2004.
In addition, SSM/I PW, and TOVS radiance level 1c (SSU) and 1d 
(HIRS, MSU) were assimilated.

• JRA-25 was the first reanalysis to use the observational 
data outlined below

Wind profile retrievals surrounding tropical cyclones (TCR), SSM/I snow 
coverage, digitized Chinese snow depth data, reprocessed GMS-AMV

• JRA-25 original boundary/forcing data
Daily COBE SST and sea ice (Ishii 2005, IJC), daily 3D-ozone profile



IBTrACS

• Data version v3r4 (most recent)
• Focus on North Atlantic, East and West Pacific  
• Genesis of tracks start from the location when max wind larger 

than 35 knots (Tropical Storm and Cat 1-5 Hurricane)
• Use 1994 data for initial test
• Conversion of 10 min average wind to 1min (/0.88) over W Pacific



IBTrACS still have problems
start    35  1994     9    21    18    0.99    0.99
  164.80   14.80   20.47  998.00  1994     9    21    18
  164.20   15.70   20.47  998.00  1994     9    22     0
  164.10   16.70   20.47  998.00  1994     9    22     6
  164.00   17.80   23.40  996.00  1994     9    22    12
  163.70   19.00   23.40  994.00  1994     9    22    18
  163.10   20.70   29.25  985.00  1994     9    23     0
  162.70   22.20   38.02  970.00  1994     9    23     6
  162.30   23.30   40.95  965.00  1994     9    23    12
  161.80   24.30   40.95  965.00  1994     9    23    18
  161.10   25.10   40.95  965.00  1994     9    24     0
  160.40   25.70   40.95  965.00  1994     9    24     6
  159.50   26.40   40.95  965.00  1994     9    24    12
  158.00   27.30   40.95  965.00  1994     9    24    18
  155.40   28.20   35.10  975.00  1994     9    25     0
  153.00   28.20   32.17  980.00  1994     9    25     6
  151.50   28.00   29.25  985.00  1994     9    25    12
  150.60   27.50   26.32  990.00  1994     9    25    18
  150.70   27.80   23.40  992.00  1994     9    26     0
  151.20   29.20   20.47  994.00  1994     9    26     6
  150.60   31.30   20.47  994.00  1994     9    26    12
  149.70   32.60   20.47  996.00  1994     9    26    18
  149.20   33.60   20.47  996.00  1994     9    27     0
  149.50   34.30   23.40  996.00  1994     9    27     6
  150.70   35.60   23.40  996.00  1994     9    27    12
  151.50   36.40   20.47  996.00  1994     9    27    18
  153.10   37.60   20.47  996.00  1994     9    28     0
  155.00   38.30   20.47  998.00  1994     9    28     6
  157.10   39.00   20.47  998.00  1994     9    28    12
  158.00   39.00    0.00 1000.00  1994     9    28    18
  158.50   39.50    0.00 1004.00  1994     9    29     0
  162.00   40.00    0.00 1004.00  1994     9    29     6
  165.00   40.50    0.00 1004.00  1994     9    29    12
  168.00   40.50    0.00 1002.00  1994     9    29    18
  171.00   41.00    0.00 1000.00  1994     9    30     0
  178.50   41.00    0.00  992.00  1994     9    30     6

start    20  1994     9    21    18    0.99    0.99
  164.80   14.80   20.47  998.00  1994     9    21    18
  164.20   15.70   20.47  998.00  1994     9    22     0
  164.10   16.70   20.47  998.00  1994     9    22     6
  164.00   17.80   23.40  996.00  1994     9    22    12
  163.70   19.00   23.40  994.00  1994     9    22    18
  163.10   20.70   29.25  985.00  1994     9    23     0
  162.70   22.20   38.02  970.00  1994     9    23     6
  162.30   23.30   40.95  965.00  1994     9    23    12
  161.80   24.30   40.95  965.00  1994     9    23    18
  161.10   25.10   40.95  965.00  1994     9    24     0
  160.40   25.70   40.95  965.00  1994     9    24     6
  159.50   26.40   40.95  965.00  1994     9    24    12
  158.00   27.30   40.95  965.00  1994     9    24    18
  155.40   28.20   35.10  975.00  1994     9    25     0
  153.00   28.20   32.17  980.00  1994     9    25     6
  151.50   28.00   29.25  985.00  1994     9    25    12
  150.60   27.50   26.32  990.00  1994     9    25    18
  150.70   27.80   23.40  992.00  1994     9    26     0
  151.20   29.20   20.47  994.00  1994     9    26     6
  150.60   31.30   20.47  994.00  1994     9    26    12
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Tropical Storm Detection Scheme (Vitart	  et	  al.,	  1997,	  2003)

•	  Local	  rela6ve	  vor6city	  maximum	  at	  850hPa	  >	  6.0x10⁻5	  s⁻¹.
	  	  	  	  crit_vort = 6.0E-5

•	  The	  closet	  local	  minimum	  sea	  level	  pressure	  is	  detected	  and	  defines
	  	  	  	  the	  center	  of	  the	  storm.	  
	  	  	  	  Must	  exist	  within	  a	  	  ∼1.4°	  radius	  of	  the	  vor6city	  maximum.
	  	  	  	  It’s	  also	  for	  warm	  core	  1st	  and	  2nd	  center.	  
	  	  	  	  crit_dist = 2.0	  	  = ∼1.4x1.4  (avoid minus distance for center to center)

•	  The	  minimum	  sea	  level	  pressure	  must	  increase	  by	  4hPa	  in
	  	  	  	  all	  direc6ons	  from	  storm	  center	  within	  4°	  radius.
	  	  	  	  crit_psl = 200.0    dist_psl = 3.0

•	  The	  closest	  local	  maximum	  in	  temperature	  averaged	  between	  200hPa
	  	  	  	  and	  500hPa	  is	  defined	  as	  the	  1st	  center	  of	  the	  warm	  core.	  
	  	  	  The	  temperature	  must	  decrease	  by	  at	  least	  0.2	  K	  in	  all	  direc6ons	  from	  
	  	  	  	  the	  warm	  core	  1st	  center	  within	  	  3°radius.	  
   crit_twc = 0.2   dist_twc = 3.0

•	  The	  closest	  local	  maximum	  in	  thickness	  averaged	  between	  200hPa
	  	  	  	  and	  1000hPa	  is	  defined	  as	  the	  2nd	  center	  of	  the	  warm	  core.
	  	  	  	  The	  thickness	  must	  decrease	  by	  at	  least	  500	  m	  in	  all	  direc6ons	  from	  
	  	  	  	  the	  warm	  core	  2nd	  center	  within	  	  3°radius.
   crit_thick = 100.0   dist_twc = 3.0
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Tropical Storm Tracking Scheme  (Vitart	  et	  al.,	  1997,	  2003)

•	  For	  a	  given	  storm,	  we	  examine	  whether	  there	  are	  storms	  that	  appear
	  	  	  	  on	  the	  following	  6me	  step	  (6hr)	  at	  a	  distance	  of	  less	  than	  400	  km.	  
	  	  	  	  If	  there	  is	  no	  such	  storm,	  then	  the	  trajectory	  is	  stopped.
	  	  	  	  rcrit = 400.0 

•	  It	  must	  sa6sfy	  a	  maximum	  10m	  wind	  velocity	  >	  10	  m/s	  and	  warm	  core	  
	  	  	  	  at	  the	  same	  6me	  for	  4	  6mes	  during	  total	  life	  6me.	  
	  	  	  	  (not	  necessarily	  consecu6ve)
   wcrit = 10.0   nwcrit = 4.0

•	  The	  genesis	  point	  must	  sa6sfy	  maximum	  10m	  wind	  velocity	  >	  10	  m/s
	  	  	  	  



Sa)sfy	  warm	  core,	  thickness,	  and	  wind	  speed	  criteria

False	  in	  either	  one	  of	  the	  above	  criteria



Hit	  Rate

Cat	  0-‐5
WP	  (32) False	  Alarm

	  	  	  	  	  	  Rate

Strict

Strict

Strict



Cat	  1-‐5
WP	  (20)

Hit	  Rate

False	  Alarm
	  	  	  	  	  	  Rate



W10	  	  	  W15	  	  	  IBT	  	  	  longest	  Track

W10	  Track
W15	  Track
IBT	  	  	  	  Track

WP



W10	  	  Genesis	  Loca6on

W15	  	  Genesis	  Loca6on

IBT	  	  Genesis	  Loca6on



R400	  	  vs	  	  R200	  	  Track	  Impact

R400	  Track
Part1	  R200	  Track

NA

Part2	  R200	  Track
Part3	  R200	  Track



Hit	  Rate

Cat	  1-‐5
WP	  (20)

False	  Alarm
	  	  	  	  	  	  Rate



V06	  	  	  V25	  	  	  IBT	  	  	  shortest	  Track

V06	  Track
V25	  Track
IBT	  	  	  	  Track

WP



D20	  	  	  D10	  	  	  IBT	  	  	  Track	  Impact

D20	  Track
D10	  Track
IBT	  	  	  	  Track

WP



Summary and Discussion

• We need very high resolution reanalysis data without false 
alarm to:
- test the reliability of TC detection and tracking scheme
- compare the different schemes
- rescale the data and study the spatial scale dependence of 

criteria and thresholds used in the scheme

• Probably still need to tune the criteria and thresholds when 
the scheme is applied to different models (even at the same 
resolution). How to determine optimal criteria and 
thresholds? 

• Not only TC number affected by the criteria and thresholds.

• Should we only target stronger TC (> Cat1) that has less 
ambiguity?

•……...


