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Cover:  Image depicts a rare four-storm situation in March 2015, where JTWC was issuing warnings 
on Typhoon Bavi (03W) in the western North Pacific, and Tropical Cyclones Pam (17P), Nathan 
(18P), and Olwyn (19S),  
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Executive Summary 
 

 The Annual Tropical Cyclone Report (ATCR) is prepared by the staff of the Joint 
Typhoon Warning Center (JTWC), a jointly manned United States Air Force/Navy organization 
under the operational command of the Commanding Officer, Joint Typhoon Warning Center. 
 
 The JTWC was established on 1 May 1959 when the Joint Chiefs of Staff directed 
Commander-in- Chief, US Pacific Command (USCINCPAC) to provide a single tropical cyclone 
warning center for the western North Pacific region.  USCINCPAC delegated the tropical 
cyclone forecast and warning mission to Commander, Pacific Fleet.  A subsequent 
USCINCPAC directive further tasked Commander, Pacific Air Force to provide for tropical 
cyclone (TC) reconnaissance support to the JTWC. Currently, JTWC operations are guided by 
USPACOM Instruction 0539.1 and Pacific Air Forces Instruction 15-101.  
  
 This edition of the ATCR documents the 2015 TC season and details operationally or 
meteorologically significant cyclones noted within the JTWC Area of Responsibility. Details are 
provided to describe either significant challenges and/or shortfalls in the TC warning system and 
to serve as a focal point for future research and development efforts.  Also included are tropical 
cyclone reconnaissance statistics and a summary of tropical cyclone research or tactics, 
techniques and procedure (TTP) development in which members of JTWC were involved. 
 
 The major event in the tropics during 2015 was a strong El Nino, with sea surface 
temperature anomalies reaching +3 degrees Celsius above normal in December with the 3-
month running mean anomaly remaining above +2 degrees Celsius from September 2015 to 
March 2016.  The western North Pacific Ocean returned to near normal tropical cyclone activity, 
with 29 TCs forming in basin, compared to the long term average of 31. Two additional TCs 
formed in the Central North Pacific and subsequently crossed into the basin. Additionally, 9 of 
the 29 cyclones attained super typhoon intensity.  As expected, long-lived El Nino conditions 
shifted the mean TC genesis region eastward, causing major DoD installations to experience 
significant cyclone impacts.  Okinawa was impacted by 3 typhoons, Guam and the 
Commonwealth of the Northern Mariana Islands experienced impacts from 7 cyclones and 
mainland Japan had 3 cyclones make landfall. 
 
 Southern Hemisphere activity remained below the long term average of 28, with 16 
cyclones in the south Indian Ocean / western Australia region and 9 in the south Pacific / 
eastern Australia region.  Tropical Cyclone Olwyn (19S) made a direct impact on the USAF 
solar observatory at Learmonth Australia.  Tropical Cyclone Pam (17P) reached a peak intensity 
of 150 knots as it tracked through the island nation of Vanuatu, resulting in catastrophic 
damage.  The north Indian Ocean experienced normal activity of five cyclones, with 4 in the 
Arabian Sea and 1 in the Bay of Bengal. The most significant cyclones in the north Indian 
Ocean were Tropical Cyclone 04A (Chapala) and 05A (Megh) in the Arabian Sea, reaching 
peak intensities of 130 knots and 110 knots, respectively.  Both cyclones followed nearly the 
same westerly track, passing near or over Socotra before making landfall in central Yemen. 
 
 Meteorological satellite data remained the mainstay of the TC reconnaissance mission in 
the support of the JTWC. Satellite analysts administratively assigned to the 17th Operational 
Weather Squadron, exploited a wide variety of conventional and microwave satellite data to 
produce 12,208 position and intensity estimates (fixes), primarily using the USAF Mark IVB and 
the USN FMQ-17 direct readout systems. Geo-located satellite imagery overlays available via 



 
3 

 

the Automated Tropical Cyclone Forecast (ATCF) system from Fleet Numerical Meteorology 
and Oceanography Center and the Naval Research Laboratory-Monterey, were also used by 
JTWC to make TC fixes.  This year, JTWC satellite analysts expanded the use of active and 
passive scatterometer data and began adding 35 knot wind structure information (radii) by 
quadrant to the position and maximum observed wind speed entries.  This effort will assist in 
creating a more accurate initial state of tropical cyclones for use in numerical model initialization 
and wind radii forecasting. 
 
The eastward shift in the mean genesis formation region led to numerous long-lived tropical 
cyclones.  As a result, JTWC issued a likely record-breaking 1,193 tropical cyclone warnings 
throughout its area of responsibility.  Additionally, forecast operations experienced two 
unprecedented periods of four concurrent tropical cyclones.  Despite these challenges, JTWC 
western North Pacific mean forecast errors set new records for all lead times, with day 3 and 
day 5 errors below 100 nm and 200 nm, respectively, for the first time ever. Behind all these 
efforts and accomplishments are the dedicated team of men and women, military and civilian at 
JTWC. Special thanks to the entire JTWC N6 Department for their continued outstanding IT 
support and the administrative and budget staff who worked tirelessly to ensure JTWC had the 
necessary resources to get the mission done in extremely volatile financial times.  
 
 A Special thanks also to: FNMOC for their operational data and modeling support; the 
NRLMRY and ONR for their dedicated TC research; the National Oceanic and Atmospheric 
Administration (NOAA) National Environmental Satellite, Data, and Information Service 
(NESDIS) for satellite reconnaissance support; Dr. John Knaff,  Dr. Mark DeMaria, and Mr. 
Chris Velden for their continuing efforts to exploit remote sensing technologies in new and 
innovative ways; Mr. Charles R. “Buck” Sampson, Ms. Ann Schrader, and Mr. Mike Frost for 
their outstanding support and continued development of the ATCF system. 
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Chapter 1 Western North Pacific Ocean Tropical Cyclones 
 

Section 1  Informational Tables 
 
 Table 1-1 is a summary of TC activity in the western North Pacific Ocean during 
the 2015 season.  JTWC issued warnings on 29 cyclones (31 including 01C and 03C).   
Table 1-2 shows the monthly distribution of TC activity summarized for 1959 - 2015 and 
Table 1-3 shows the monthly average occurrence of TC’s separated into: (1) typhoons 
and (2) tropical storms and typhoons.  Table 1-4 summarizes Tropical Cyclone 
Formation Alerts issued.  The annual number of TC’s of tropical storm strength or higher 
appears in Figure 1-1, while the number of TC’s of super typhoon intensity appears in 
Figure 1-2.  Figure 1-3 illustrates a monthly average number of cyclones based on 
intensity categories.  Figures 1-4 and 1-5 depict the 2015 western North Pacific Ocean 
TC tracks and intensities. NOTE: Tropical cyclone 26W was determined to be a sub-
tropical system during post analysis. 
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Figure 1-1. Annual number of western North Pacific TCs greater than 34 knots intensity. 

 
 
 

 
Figure 1-2. Annual number of western North Pacific TCs greater than 129 knots intensity. 
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Figure 1-3. Average number of western North Pacific TCs (all intensities) by month 1959-2015. 
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Figure 1-4. Western North Pacific Tropical Cyclones 01W – 29W, 01C and 03C. 
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Section 2  Cyclone Summaries 
 

This section presents a synopsis of each cyclone that occurred during 2015 in 
the western North Pacific Ocean.  Each cyclone is presented, with the number and 
basin identifier used by JTWC, along with the name assigned by Regional Specialized 
Meteorological Center (RSMC) Tokyo. 

   
Dates are also listed when JTWC first designated various stages of pre-warning 

development: LOW, MEDIUM, and HIGH (concurrent with TCFA). These classifications 
are defined as follows: 

 
“Low” formation potential describes an area that is being monitored for development, 
but is unlikely to develop within the next 24 hours. 
“Medium” formation potential describes an area that is being monitored for 
development and has an elevated potential to develop, but development will likely 
occur beyond 24 hours. 
“High” formation potential describes an area that is being monitored for development 
and is either expected to develop within 24 hours or development has already 
started, but warning criteria have not yet been met. All areas designated as “High” 
are accompanied by a Tropical Cyclone Formation Alert (TCFA). 
 

Initial and final JTWC warning dates are also presented with the number of 
warnings issued by JTWC.  Landfall over major landmasses with approximate locations 
is presented as well.    

 
The JTWC post-event reanalysis best track is also provided for each cyclone.  

Data included on the best track are position and intensity noted with cyclone symbols 
and color coded track.   Best track position labels include the date-time, track speed in 
knots, and maximum wind speed in knots.  A graph of best track intensity and fix 
intensity versus time is presented.  The fix plots on this graph are color coded by fixing 
agency. 

 
In addition, if this document is viewed as a pdf, each map has been hyperlinked 

to the appropriate keyhole markup language (kmz) file that will allow the reader to 
access and view the best-track data interactively on their computer using Google Earth 
software. Simply hold the control button and click the map image. The link will open, 
allowing the reader to download and open the file. 
Users may also retrieve kmz files for the entire season from: 
https://metoc.ndbc.noaa.gov/ProductFeeds-portlet/img/jtwc/best_tracks/2015/2015s-
bwp/WP_besttracks_2015-2015.kmz 

https://metoc.ndbc.noaa.gov/ProductFeeds-portlet/img/jtwc/best_tracks/2015/2015s-bwp/WP_besttracks_2015-2015.kmz
https://metoc.ndbc.noaa.gov/ProductFeeds-portlet/img/jtwc/best_tracks/2015/2015s-bwp/WP_besttracks_2015-2015.kmz
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01W TYPHOON MEKKHALA 
ISSUED LOW:   None 
ISSUED MED:   11 JAN / 1100Z  
FIRST TCFA:   12 JAN / 2330Z  
FIRST WARNING:   13 JAN / 1800Z 
LAST WARNING:   18 JAN / 1800Z 
MAX INTENSITY:   70  
WARNINGS:    22 
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02W SUPER TYPHOON HIGOS 
ISSUED LOW:   05 FEB / 0000Z 
ISSUED MED:   05 FEB / 0600Z  
FIRST TCFA:   06 FEB / 2230Z  
FIRST WARNING:   07 FEB / 0600Z 
LAST WARNING:   11 FEB / 1200Z 
MAX INTENSITY:   130  
WARNINGS:    18 
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03W TROPICAL STORM BAVI 
ISSUED LOW:   08 MAR / 2330Z 
ISSUED MED:   10 MAR / 0600Z  
FIRST TCFA:   11 MAR / 0500Z  
FIRST WARNING:   11 MAR / 1200Z 
LAST WARNING:   18 MAR / 0000Z 
MAX INTENSITY:   50  
WARNINGS:    27 
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04W SUPER TYPHOON MAYSAK 
ISSUED LOW:   24 MAR / 0230Z 
ISSUED MED:   25 MAR / 1100Z  
FIRST TCFA:   26 MAR / 1030Z  
FIRST WARNING:   27 MAR / 0000Z 
LAST WARNING:   05 APR / 1800Z 
MAX INTENSITY:   150  
WARNINGS:    40 
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05W TROPICAL STORM HAISHEN 
ISSUED LOW:   31 MAR / 0600Z 
ISSUED MED:   01 APR / 2330Z  
FIRST TCFA:   02 APR / 0530Z  
FIRST WARNING:   03 APR / 0000Z 
LAST WARNING:   06 APR / 1200Z 
MAX INTENSITY:   45  
WARNINGS:    15 
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06W SUPER TYPHOON NOUL 
ISSUED LOW:   30 APR / 1400Z 
ISSUED MED:   01 MAY / 1900Z  
FIRST TCFA:   02 MAY / 0830Z  
FIRST WARNING:   03 MAY / 0000Z 
LAST WARNING:   12 MAY / 0600Z 
MAX INTENSITY:   140  
WARNINGS:    38 
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07W SUPER TYPHOON DOLPHIN 
ISSUED LOW:   05 MAY / 0000Z 
ISSUED MED:   05 MAY / 1430Z  
FIRST TCFA:   06 MAY 0930Z  
FIRST WARNING:   06 MAY / 1800Z 
LAST WARNING:   19 MAY / 1200Z 
MAX INTENSITY:   140  
WARNINGS:    52 
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08W TROPICAL STORM KUJIRA 
ISSUED LOW:   18 JUN / 2000Z 
ISSUED MED:   19 JUN / 0600Z  
FIRST TCFA:   20 JUN / 0300Z  
FIRST WARNING:   20 JUN / 1200Z 
LAST WARNING:   24 JUN / 0000Z 
MAX INTENSITY:   50  
WARNINGS:    15 
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09W TYPHOON CHAN-HOM 
ISSUED LOW:   25 JUN / 1330Z 
ISSUED MED:   26 JUN / 2130Z  
FIRST TCFA:   29 JUN / 2230Z  
FIRST WARNING:   30 JUN / 1200Z 
LAST WARNING:   12 JUL / 1800Z 
MAX INTENSITY:   120  
WARNINGS:    50 
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10W TYPHOON LINFA 
ISSUED LOW:   01 JUL / 0600Z 
ISSUED MED:   None  
FIRST TCFA:   01 JUL / 1730Z  
FIRST WARNING:   02 JUL / 0000Z 
LAST WARNING:   09 JUL / 1800Z 
MAX INTENSITY:   75  
WARNINGS:    32 
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11W SUPER TYPHOON NANGKA 
ISSUED LOW:   01 JUL / 0600Z 
ISSUED MED:   02 JUL / 2300Z  
FIRST TCFA:   03 JUL / 0530Z  
FIRST WARNING:   03 JUL / 1200Z 
LAST WARNING:   18 JUL / 0000Z 
MAX INTENSITY:   135  
WARNINGS:    59 
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01C HURRICANE HALOLA 
ISSUED LOW:   None 
ISSUED MED:   None  
FIRST TCFA:   08 JUL / 1730Z  
FIRST WARNING:   13 JUL / 0000Z 
LAST WARNING:   26 JUL / 1200Z 
MAX INTENSITY:   85  
WARNINGS:    * 66 (54 PGTW) 
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12W TROPICAL STORM TWELVE 
ISSUED LOW:   None 
ISSUED MED:   None  
FIRST TCFA:   23 JUL / 0130Z  
FIRST WARNING:   23 JUL / 0600Z 
LAST WARNING:   25 JUL / 0600Z 
MAX INTENSITY:   35  
WARNINGS:    9 
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13W SUPER TYPHOON SOUDELOR 
ISSUED LOW:   28 JUL / 2230Z 
ISSUED MED:   29 JUL / 0600Z  
FIRST TCFA:   29 JUL / 1430Z  
FIRST WARNING:   30 JUL / 0600Z 
LAST WARNING:   08 AUG / 1800Z 
MAX INTENSITY:   155  
WARNINGS:    39 
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14W TROPICAL DEPRESSION FOURTEEN 
ISSUED LOW:   None 
ISSUED MED:   01 AUG / 0600Z  
FIRST TCFA:   01 AUG / 1930Z  
FIRST WARNING:   02 AUG / 0600Z 
LAST WARNING:   04 AUG / 1200Z 
MAX INTENSITY:   30  
WARNINGS:    10 
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15W TROPICAL STORM MOLAVE 
ISSUED LOW:   05 AUG / 1500Z 
ISSUED MED:   05 AUG / 2230Z  
FIRST TCFA:   06 AUG / 0530Z  
FIRST WARNING:   07 AUG / 0000Z 
LAST WARNING:   13 AUG / 1800Z 
MAX INTENSITY:   45  
WARNINGS:    22 
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16W TYPHOON GONI 
ISSUED LOW:   11 AUG / 2030Z 
ISSUED MED:   13 AUG / 0200Z  
FIRST TCFA:   13 AUG / 1730Z  
FIRST WARNING:   14 AUG / 0000Z 
LAST WARNING:   25 AUG / 1200Z 
MAX INTENSITY:   120  
WARNINGS:    47 
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17W SUPER TYPHOON ATSANI 
ISSUED LOW:   12 AUG / 0600Z 
ISSUED MED:   13 AUG / 0600Z  
FIRST TCFA:   13 AUG / 1930Z  
FIRST WARNING:   14 AUG / 0600Z 
LAST WARNING:   25 AUG / 0000Z 
MAX INTENSITY:   140  
WARNINGS:    44 
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03C HURRICANE KILO 
ISSUED LOW:   None 
ISSUED MED:   None 
FIRST TCFA:   20 AUG / 1730Z  
FIRST WARNING:   01 SEP / 0600Z 
LAST WARNING:   11 SEP / 0000Z 
MAX INTENSITY:   120  
WARNINGS:    * 86 (40 PGTW) 
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18W TROPICAL STORM ETAU 
ISSUED LOW:   05 SEP / 0600Z 
ISSUED MED:   None  
FIRST TCFA:   06 SEP / 0500Z  
FIRST WARNING:   06 SEP / 1800Z 
LAST WARNING:   09 SEP / 0600Z 
MAX INTENSITY:   60  
WARNINGS:    11 
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19W TROPICAL STORM VAMCO 
ISSUED LOW:   11 SEP / 0300Z 
ISSUED MED:   13 SEP / 0600Z  
FIRST TCFA:   13 SEP / 1000Z  
FIRST WARNING:   13 SEP / 1200Z 
LAST WARNING:   14 SEP / 1200Z 
MAX INTENSITY:   35  
WARNINGS:    5 
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20W TYPHOON KROVANH 
ISSUED LOW:   13 SEP / 1600Z 
ISSUED MED:   None  
FIRST TCFA:   13 SEP / 1930Z  
FIRST WARNING:   14 SEP / 1800Z 
LAST WARNING:   20 SEP / 1200Z 
MAX INTENSITY:   100  
WARNINGS:    24 
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21W SUPER TYPHOON DUJUAN 
ISSUED LOW:   17 SEP / 0600Z 
ISSUED MED:   19 SEP / 1630Z  
FIRST TCFA:   20 SEP / 0300Z  
FIRST WARNING:   21 SEP / 1800Z 
LAST WARNING:   29 SEP / 0000Z 
MAX INTENSITY:   130  
WARNINGS:    30 
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22W TYPHOON MUJIGAE 
ISSUED LOW:   None 
ISSUED MED:   30 SEP / 0030Z  
FIRST TCFA:   30 SEP / 0530Z  
FIRST WARNING:   01 OCT / 0000Z 
LAST WARNING:   04 OCT / 1200Z 
MAX INTENSITY:   115  
WARNINGS:    15 
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23W TYPHOON CHOI-WAN 
ISSUED LOW:   29 SEP / 0600Z 
ISSUED MED:   30 SEP / 0030Z  
FIRST TCFA:   02 OCT / 0830Z  
FIRST WARNING:   02 OCT / 1200Z 
LAST WARNING:   07 OCT / 1800Z 
MAX INTENSITY:   70  
WARNINGS:    22 
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24W SUPER TYPHOON KOPPU 
ISSUED LOW:   11 OCT / 0600Z 
ISSUED MED:   11 OCT / 1830Z  
FIRST TCFA:   12 OCT / 0800Z  
FIRST WARNING:   13 OCT / 0000Z 
LAST WARNING:   21 OCT / 0000Z 
MAX INTENSITY:   130  
WARNINGS:    33 
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25W TYPHOON CHAMPI 
ISSUED LOW:   12 OCT / 1430Z 
ISSUED MED:   12 OCT / 2130Z  
FIRST TCFA:   13 OCT / 0230Z  
FIRST WARNING:   13 OCT / 0600Z 
LAST WARNING:   24 OCT / 1800Z 
MAX INTENSITY:   125  
WARNINGS:    47 
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26W SUBTROPICAL DEPRESSION TWENTYSIX* 
ISSUED LOW:   20 OCT / 0600Z 
ISSUED MED:   20 OCT / 1630Z  
FIRST TCFA:   20 OCT / 2230Z  
FIRST WARNING:   22 OCT / 0000Z 
LAST WARNING:   22 OCT / 1800Z 
MAX INTENSITY:   35  
WARNINGS:    4 

 
 
 

 
 
 

 
* Post-analysis determined 26W to be a sub-tropical depression 
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27W TYPHOON IN-FA 
ISSUED LOW:   14 NOV / 0600Z 
ISSUED MED:   16 NOV / 0600Z  
FIRST TCFA:   16 NOV / 0800Z  
FIRST WARNING:   17 NOV / 0000Z 
LAST WARNING:   26 NOV / 0000Z 
MAX INTENSITY:   120  
WARNINGS:    37 
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28W TYPHOON MELOR 
ISSUED LOW:   10 DEC / 0600Z 
ISSUED MED:   10 DEC / 2200Z  
FIRST TCFA:   11 DEC / 0530Z  
FIRST WARNING:   11 DEC / 1200Z 
LAST WARNING:   17 DEC / 0000Z 
MAX INTENSITY:   125  
WARNINGS:    0 

 
 
 

 
 
 

 
 
 
 
 



 
47 

 

29W TROPICAL DEPRESSION TWENTYNINE 
ISSUED LOW:   13 DEC / 1830Z 
ISSUED MED:   14 DEC / 0030Z  
FIRST TCFA:   15 DEC / 1730Z  
FIRST WARNING:   16 DEC / 1800Z 
LAST WARNING:   18 DEC / 0000Z 
MAX INTENSITY:   25  
WARNINGS:    6 
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Section 3 Detailed Cyclone Reviews 
 

Typhoon 09W (Chan-Hom) 
 
Typhoon 09W (CHAN-HOM) – Binary interaction case study 
 
I. Overview 

 
Typhoon (TY) 09W (Chan-Hom) developed during an active phase of the Madden-
Julian Oscillation (MJO), just south of Kosrae, Federated States of Micronesia, on 27 
June 2015. The system initially tracked poleward under the influence of a subtropical 
ridge to the east prior to transitioning to a westward trajectory under the influence of a 
second subtropical ridge to the north. The cyclone began to intensify, reaching tropical 
storm intensity while closing in on the Marianas Islands. On 02 July, prior to reaching 
the Marianas Island chain, the low-level circulation center (LLCC) and the associated 
convection decoupled and the system weakened as the LLCC shifted poleward and 
eastward. Figure 1-5 depicts the JTWC and JMA preliminary track analyses, both of 
which show the abrupt change in motion just east of the Marianas Islands. The satellite 
fix history and best track intensity analyses for TY 09W (Figure 1-6) depict two separate 
intensity peaks occurring during the storm’s lifespan. On 03 July, vertical structure 
improved and TY 09W resumed a northwestward trajectory. The typhoon began to 
intensify at a nearly climatological rate, followed by a period of rapid intensification from 
09 to 10 July.  TY 09W reached a peak intensity of 120 knots just west of Okinawa, 
Japan, on 10 July at 00Z. As the typhoon approached the eastern coast of China near 
Shanghai, it rounded the southwestern periphery of the subtropical ridge and 
accelerated north-northeastward.  The system made landfall in North Korea before 
dissipating.  

 
Figure 1-5. Best track (JTWC left and JMA right) for TY 09W (Chan-Hom). 
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Figure 1-6. Fix history vs best track intensity graphic for TY 09W showing two intensity peaks bracketing 

a period of weakening that occurred between 02 and 03 July. 
 
II. Initial development 
 
TY 09W’s incipient vortex was enhanced by a strong westerly surge analyzed to the 
south of the disturbance. The system quickly consolidated under favorable 
environmental conditions, and a Tropical Cyclone Formation Alert was issued on 29 
June at 2200Z. The circulation continued to intensify as it tracked northward towards 
Ujelang, and met the warning threshold intensity of 25 knots on 30 June at 1200Z. 
Figures 1-7 and 1-8 illustrate the system’s development in scatterometer and 
microwave imagery. These images suggest that the low-level circulation spun up with 
relatively limited associated deep convection, which was primarily confined to the 
northern and western peripheries. TY 09W continued to steadily intensify through 02 
July, when a noteworthy period of weakening was observed. 
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Figure 1-7. Scatterometer progression of TY 09W from approximate initial invest time (left), to Tropical 
Cyclone Formation Alert time (middle), to first warning time (right) (data source: NOAA NESDIS STAR). 

 

 
Figure 1-8. SSMIS microwave progression of TY 09W from approximate initial invest time (left), to 
Tropical Cyclone Formation Alert time (middle), to first warning time (right) (data source: FNMOC). 

 
III. Intermediate weakening phase (02 through 03 July) 
 
TY 09W weakened slightly between 18Z on 02 July and 12Z on 03 July as convection 
decoupled from the LLCC and the storm track shifted abruptly poleward and eastward. 
Scatterometer and visible satellite data depict changes in the storm and environmental 
structure observed during this period.  Figure 1-9 shows two scatterometer passes from 
03 July. The image on the left shows a defined LLCC with stronger winds along the 
southern periphery. The latter pass on the right misses the center, but it does show 
significant troughing extending to the west with a strong 30- to 40-knot westerly surge 
along the southern periphery of the trough. Storm-centered Himawari-8 visible imagery 
from 03 July (Figure 1-10) clearly depicts a convectively-decoupled system with a fully-
exposed LLCC. 
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Decoupling of deep convection from TY 09W’s low-level circulation and subsequent 
weakening observed during the 02 through 03 July time period, may be attributable to 
two factors. The first factor is the observed interaction between TY 09W and a 
disturbance (Invest 94W) located to the west of the typhoon (southwest of Guam). 
Invest 94W approached TY 09W as it tracked eastward along a strong low to mid-level 
westerly wind surge. During real-time analysis, this disturbance was thought to have 
fully dissipated as it encountered the much stronger typhoon, but post-storm analysis 
indicates that the circulation remained somewhat intact as it interacted and eventually 
merged with TY 09W.  This complex interaction may have altered the vertical alignment 
and storm-relative vertical wind shear and divergence patterns over TY 09W. The 
second potential contributing factor to the observed weakening period was the presence 
of a Tropical Upper Tropospheric Trough (TUTT) cell just north of TY 09W, which likely 
increased subsidence and vertical wind shear over the cyclone. The following sections 
detail the observed interactions between TY 09W and the TUTT cell to the north.  
 

 
Figure 1-9. Scatterometer imagery showing the LLCC of TY09W with troughing extending to the west 

and a strong 30-40 knot westerly wind surge to the south (data source: NOAA NESDIS STAR). 
 

 
Figure 1-10. Himawari-8 storm centered imagery showing a fully-exposed LLCC moving poleward and 

eastward. 
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Interaction with Invest 94W 
 
Time series of CIMSS 850MB relative vorticity (figure 1-11) and Himawari-8 satellite 
imagery (figure 1-12) depict the binary interaction between Invest 94W and Typhoon 
09W. These data show the two circulations approaching one another prior to Typhoon 
09W’s observed convective decoupling and poleward track shift. Both datasets confirm 
TY 09W as the primary circulation, with Invest 94W gradually merging in. The third 
Himawari-8 image in figure 1-12 (from 03 July) shows the partially-exposed low-level 
circulation of Typhoon 09W and associated deep convection, originating from both the 
original circulation and from former Invest 94W, positioned along the western and 
eastern peripheries.  The vorticity time series indicates reconsolidation of TY 09W as 
the system passed through and to the west of the Marianas Islands. 
 

 
Figure 1-11. CIMSS 850MB relative vorticity showing the binary interaction progression from 01 July 

through 06 July (data source: University of Wisconsin, CIMSS). 

 
Figure 1-12. Himawari-8 visible imagery showing the binary interaction progression from 30 June (left), to 

31 June (middle), to 03 July (right). 
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Interaction with TUTT 
 
As TY 09W interacted with Invest 94W, a TUTT cell and trailing upper-level trough 
developed between the two circulations.  A streamline analysis of CIMSS mid-upper 
layer, satellite-derived wind data (figure 1-13) shows the TUTT and associated 
convergent flow over the Typhoon. This trough may have developed, at least in part, 
from the interaction between the anticyclonic outflow regions above Invest 94W and TY 
09W or through induction by a more extensive TUTT to the north.  While a full 
accounting of the upper trough’s formation mechanism is beyond the scope of this 
review, it is an interesting topic for additional study.  The TUTT cell and trough appear 
to have induced subsidence aloft and northeasterly flow across TY 09W, which 
suppressed and sheared convection from the LLCC toward the southeast.  
 

 
Figure 1-13. CIMSS mid-upper layer winds with JTWC Satellite Operations streamline analysis for 18Z 
on 03 July.  This analysis shows a TUTT cell and trailing trough located poleward and across TY 09W, 

with convergence over the system (data source: University of Wisconsin, CIMSS). 
 

IV. Reconsolidation and Peak Intensity. 
 
Typhoon 09W reconsolidated and intensified from 04 July onward, after the noted 
interactions with Invest 94W and the upper-level trough were complete.  A Himawari-8 
visible image and a scatterometer pass from 05 July (figure 1-14) show a 
reconsolidated system with developing central convection and a tight LLCC.  The 
system regained typhoon status on 06 July. 
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Figure 1-14. Left: Himawari-8 visible image of Typhoon 09W as it reconsolidated just west of the 

Marianas Islands. Right: Scatterometer image of the LLCC of the reconsolidated storm (data source: 
NOAA NESDIS STAR). 

 
Following reconsolidation, Typhoon Chan-Hom resumed its northwestward track under 
the steering influence of the deep layered sub-tropical ridge to the north. The system 
continued to intensify, with a period of rapid intensification observed from 090600Z 
through 100000Z. The estimated intensity increased from 90 knots to a peak of 120 
knots. Figure 1-15 shows the system as it passed through the Ryukyu Island chain on 
091800Z at 115 knots.    
 

 
Figure 1-15. Left: AMSR-2 microwave image of Typhoon 09W passing through Ryukyu Islands at peak 
intensity (data source: NRL). Right: Scatterometer image from the same timeframe (data source: NOAA 

NESDIS STAR). 
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V. Dissipation 
 
As Typhoon Chan-Hom approached the eastern coast of China, near Shanghai, it 
reached the western extent of the steering sub-tropical ridge and turned poleward 
around the ridge axis. Deteriorating environmental conditions resulted in steady 
weakening as TY 09W recurved toward the Korean Peninsula. Microwave and 
scatterometer data (Figure 1-16) show deterioration and weakening of the low-level 
circulation prior to landfall and eventual dissipation over North Korea.  
 

   
Figure 1-16. Left: AMSR-2 microwave image of Typhoon 09W dissipating as it moves into North Korea 
(data source: NRL). Right: Scatterometer image from the same timeframe (data source: NOAA NESDIS 

STAR). 
 
VI. Conclusion 
 
Typhoon 09W presents an interesting case of binary interaction and small-scale, upper-
level flow features and their impacts on TC track and intensity.  Although the JTWC 
track and intensity forecasts “missed” the abrupt poleward turn and temporary 
weakening discussed in this review, mesoscale models, particularly HWRF, did provide 
more accurate predictions of the short term track and intensity changes observed during 
the merger period.  Given that the interactions driving these observed track and 
intensity changes were complex and occurred on a small spatial scale, it is promising to 
note the models’ ability to simulate these features, at least in part.  The complexity and 
scale of these interactions also highlight TY 09W as a useful case for future model 
development and verification studies. 
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Chapter 2 North Indian Ocean Tropical Cyclones 
 
 This chapter contains information on north Indian Ocean TC activity during 2015 
and the monthly distribution of TC activity summarized for 1975 - 2015. North Indian 
Ocean tropical cyclone best tracks appear following Table 2-2. 

Section 1  Informational Tables 
 
 Table 2-1 is a summary of TC activity in the north Indian Ocean during the 2015 
season. Five cyclones occurred in 2015, with two systems reaching an intensity greater 
than 64 knots.  Table 2-2 shows the monthly distribution of Tropical Cyclone activity for 
1975 - 2015. 
 

   
 
 

 
 
 
 
 
 
 

Figure 2-1.  North Indian Ocean Tropical Cyclones.  
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Section 2  Cyclone Summaries 
 

Each cyclone is presented, with the number and basin identifier assigned by 
JTWC, along with the RSMC assigned cyclone name. Dates are also listed when JTWC 
first designated Low and Medium1 stages of development: 

 
The first Tropical Cyclone Formation Alert (TCFA) and the initial and final 

warning dates are also presented with the number of warnings issued by JTWC.  
Landfall over major landmasses with approximate locations is presented as well.    
 
 The JTWC post-event reanalysis best track is also provided for each cyclone. 
Data included on the best track are position and intensity noted with cyclone symbols 
and color coded track. Best track position labels include the date-time, track speed in 
knots, and maximum wind speed in knots.  A graph of best track intensity versus time is 
presented. Fix plots on this graph are color coded by fixing agency. 
 

In addition, if this document is viewed as a pdf, each map has been hyperlinked 
to the appropriate keyhole markup language (kmz) file that will allow the reader to 
access and view the best-track data interactively on their computer using Google Earth 
software. Simply hold the control button and click the map image; the link will open 
allowing the reader to download and open the file. 
Users may also retrieve kmz files for the entire season from:  
https://metoc.ndbc.noaa.gov/ProductFeeds-portlet/img/jtwc/best_tracks/2015/2015s-
bio/IO_besttracks_2015-2015.kmz  

                                                 
 

https://metoc.ndbc.noaa.gov/ProductFeeds-portlet/img/jtwc/best_tracks/2015/2015s-bio/IO_besttracks_2015-2015.kmz
https://metoc.ndbc.noaa.gov/ProductFeeds-portlet/img/jtwc/best_tracks/2015/2015s-bio/IO_besttracks_2015-2015.kmz
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01A TROPICAL CYCLONE ASHOBAA 
ISSUED LOW:   03 JUN / 1800Z 
ISSUED MED:   05 JUN / 0630Z  
FIRST TCFA:   06 JUN / 1100Z  
FIRST WARNING:   07 JUN / 0600Z 
LAST WARNING:   11 JUN / 1800Z 
MAX INTENSITY:   55  
WARNINGS:    19 
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02B TROPICAL CYCLONE KOMEN 
ISSUED LOW:   None 
ISSUED MED:   27 JUL / 0000Z  
FIRST TCFA:   28 JUL / 1930Z  
FIRST WARNING:   29 JUL / 0000Z 
LAST WARNING:   30 JUL / 0600Z 
MAX INTENSITY:   45  
WARNINGS:    6 
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03A TROPICAL CYCLONE THREE 
ISSUED LOW:   07 OCT / 0530Z 
ISSUED MED:   07 OCT / 1800Z  
FIRST TCFA:   07 OCT / 2200Z  
FIRST WARNING:   09 OCT / 1800Z 
LAST WARNING:   11 OCT / 0600Z 
MAX INTENSITY:   35  
WARNINGS:    7 
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04A TROPICAL CYCLONE CHAPALA 
ISSUED LOW:   25 OCT / 1100Z 
ISSUED MED:   26 OCT / 1100Z  
FIRST TCFA:   28 OCT / 0700Z  
FIRST WARNING:   28 OCT / 1800Z 
LAST WARNING:   03 NOV / 1800Z 
MAX INTENSITY:   130  
WARNINGS:    25 
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05A TROPICAL CYCLONE MEGH 
ISSUED LOW:   03 NOV / 1800Z 
ISSUED MED:   04 NOV / 1000Z  
FIRST TCFA:   05 NOV / 0230Z  
FIRST WARNING:   05 NOV / 0600Z 
LAST WARNING:   10 NOV / 0000Z 
MAX INTENSITY:   110  
WARNINGS:    20 
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Chapter 3 South Pacific and South Indian Ocean Tropical Cyclones 
 
This chapter contains information on South Pacific and South Indian Ocean TC activity 
that occurred during the 2015 tropical cyclone season (1 July 2014 – 30 June 2015) and 
the monthly distribution of TC activity summarized for 1975 - 2015.   

Section 1  Informational Tables 
Table 3-1 is a summary of TC activity in the Southern Hemisphere during the 2015 

season.    
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Table 3-2 provides the monthly distribution of Tropical Cyclone activity summarized for 
1975 - 2015. 
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Figure 3-1.  Southern Hemisphere Tropical Cyclones. 
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Section 2  Cyclone Summaries 
 

Each cyclone is presented, with the number and basin identifier assigned by 
JTWC, along with the RSMC assigned cyclone name. Dates are also listed when JTWC 
first designated various stages of development. 

 
The first Tropical Cyclone Formation Alert (TCFA) and the initial and final 

warning dates are also presented with the number of warnings issued by JTWC.  
Landfall over major landmasses with approximate locations is presented as well.    

 
Data included on the best track are position and intensity noted with cyclone 

symbols and color coded track. Best track position labels include the date-time, track 
speed in knots, and maximum wind speed in knots. A graph of best track intensity 
versus time is presented. Fix plots on this graph are color coded by fixing agency. 
 

In addition, if this document is viewed as a pdf, each map has been hyperlinked 
to the appropriate keyhole markup language (kmz) file that will allow the reader to 
access and view the best-track data interactively on their computer using Google Earth 
software. Simply hold the control button and click the map image; the link will open 
allowing the reader to download and open the file. 
Users may also retrieve kmz files for the entire season from:  
https://metoc.ndbc.noaa.gov/ProductFeeds-portlet/img/jtwc/best_tracks/2015/2015s-
bsh/SH_besttracks_2015-2015.kmz  

https://metoc.ndbc.noaa.gov/ProductFeeds-portlet/img/jtwc/best_tracks/2015/2015s-bsh/SH_besttracks_2015-2015.kmz
https://metoc.ndbc.noaa.gov/ProductFeeds-portlet/img/jtwc/best_tracks/2015/2015s-bsh/SH_besttracks_2015-2015.kmz
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01S TROPICAL CYCLONE ADJALI 
ISSUED LOW:   None 
ISSUED MED:   14 NOV / 0700Z  
FIRST TCFA:   16 NOV / 1330Z  
FIRST WARNING:   16 NOV / 1800Z 
LAST WARNING:   19 NOV / 1800Z 
MAX INTENSITY:   70  
WARNINGS:    7 
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02S TROPICAL CYCLONE TWO 
ISSUED LOW:   22 NOV / 1800Z 
ISSUED MED:   25 NOV / 0630Z  
FIRST TCFA:   27 NOV / 0730Z  
FIRST WARNING:   28 NOV / 1200Z 
LAST WARNING:   29 NOV / 1200Z 
MAX INTENSITY:   35  
WARNINGS:    3 
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03S TROPICAL CYCLONE BAKUNG 
ISSUED LOW:   None 
ISSUED MED:   10 NOV / 0730Z  
FIRST TCFA:   11 DEC / 0230Z  
FIRST WARNING:   11 DEC / 1800Z 
LAST WARNING:   13 DEC / 0600Z 
MAX INTENSITY:   40  
WARNINGS:    4 
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04S TROPICAL CYCLONE KATE 
ISSUED LOW:   23 DEC / 0600Z 
ISSUED MED:   23 DEC / 1200Z  
FIRST TCFA:   23 DEC / 2100Z  
FIRST WARNING:   25 DEC / 0000Z 
LAST WARNING:   31 DEC / 1200Z 
MAX INTENSITY:   105  
WARNINGS:    15 
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05S TROPICAL CYCLONE BANSI 
ISSUED LOW:   10 JAN / 0230Z 
ISSUED MED:   10 JAN / 1800Z  
FIRST TCFA:   11 JAN / 0200Z  
FIRST WARNING:   11 JAN / 0600Z 
LAST WARNING:   18 JAN / 1800Z 
MAX INTENSITY:   140  
WARNINGS:    16 
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06S TROPICAL CYCLONE CHEDZA 
ISSUED LOW:   12 JAN / 1800Z 
ISSUED MED:   15 JAN / 1000Z  
FIRST TCFA:   15 JAN / 1630Z  
FIRST WARNING:   16 JAN / 0000Z 
LAST WARNING:   18 JAN / 0000Z 
MAX INTENSITY:   50  
WARNINGS:    5 
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07P TROPICAL CYCLONE NIKO 
ISSUED LOW:   None 
ISSUED MED:   20 JAN / 1230Z  
FIRST TCFA:   20 JAN / 1530Z  
FIRST WARNING:   20 JAN / 1800Z 
LAST WARNING:   24 JAN / 0600Z 
MAX INTENSITY:   55  
WARNINGS:    8 
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08S TROPICAL CYCLONE DIAMONDRA 
ISSUED LOW:   25 JAN / 1800Z 
ISSUED MED:   26 JAN / 0000Z  
FIRST TCFA:   26 JAN / 1300Z  
FIRST WARNING:   26 JAN / 1800Z 
LAST WARNING:   29 JAN / 0600Z 
MAX INTENSITY:   45  
WARNINGS:    6 
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09S TROPICAL CYCLONE EUNICE 
ISSUED LOW:   25 JAN / 1800Z 
ISSUED MED:   26 JAN / 1330Z  
FIRST TCFA:   27 JAN / 0930Z  
FIRST WARNING:   27 JAN / 1800Z 
LAST WARNING:   02 FEB / 1200Z 
MAX INTENSITY:   140  
WARNINGS:    13 
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10P TROPICAL CYCLONE OLA 
ISSUED LOW:   29 JAN / 0600Z 
ISSUED MED:   29 JAN / 2100Z  
FIRST TCFA:   30 JAN / 1030Z  
FIRST WARNING:   30 JAN / 1800Z 
LAST WARNING:   03 FEB / 0600Z 
MAX INTENSITY:   85  
WARNINGS:    8 
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11S TROPICAL CYCLONE FUNDI 
ISSUED LOW:   05 FEB / 1800Z 
ISSUED MED:   06 FEB / 0100Z  
FIRST TCFA:   06 FEB / 0900Z  
FIRST WARNING:   06 FEB / 1800Z 
LAST WARNING:   08 FEB / 1800Z 
MAX INTENSITY:   55  
WARNINGS:    5 
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12P TROPICAL CYCLONE LAM 
ISSUED LOW:   12 FEB / 2000Z 
ISSUED MED:   None  
FIRST TCFA:   16 FEB / 0600Z  
FIRST WARNING:   16 FEB / 1800Z 
LAST WARNING:   19 FEB / 1800Z 
MAX INTENSITY:   100  
WARNINGS:    7 
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13P TROPICAL CYCLONE MARCIA 
ISSUED LOW:   16 FEB / 0600Z 
ISSUED MED:   16 FEB / 2130Z  
FIRST TCFA:   17 FEB / 0530Z  
FIRST WARNING:   18 FEB / 0000Z 
LAST WARNING:   20 FEB / 0600Z 
MAX INTENSITY:   125  
WARNINGS:    6 
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14S TROPICAL CYCLONE GLENDA 
ISSUED LOW:   15 FEB / 1800Z 
ISSUED MED:   22 FEB / 0630Z  
FIRST TCFA:   22 FEB / 1400Z  
FIRST WARNING:   24 FEB / 0600Z 
LAST WARNING:   28 FEB / 0600Z 
MAX INTENSITY:   55  
WARNINGS:    9 
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15S TROPICAL CYCLONE FIFTEEN 
ISSUED LOW:   04 MAR / 1430Z 
ISSUED MED:   04 MAR / 1800Z  
FIRST TCFA:   04 MAR / 2200Z  
FIRST WARNING:   05 MAR / 1200Z 
LAST WARNING:   07 MAR / 0600Z 
MAX INTENSITY:   35  
WARNINGS:    5 
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16S TROPICAL CYCLONE HALIBA 
ISSUED LOW:   05 MAR / 1800Z 
ISSUED MED:   07 MAR / 2230Z  
FIRST TCFA:   08 MAR / 0230Z  
FIRST WARNING:   08 MAR / 1800Z 
LAST WARNING:   10 MAR / 0600Z 
MAX INTENSITY:   40  
WARNINGS:    4 
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17P TROPICAL CYCLONE PAM 
ISSUED LOW:   06 MAR / 0600Z 
ISSUED MED:   06 MAR / 2130Z  
FIRST TCFA:   08 MAR / 2300Z  
FIRST WARNING:   09 MAR / 0600Z 
LAST WARNING:   15 MAR / 1200Z 
MAX INTENSITY:   150  
WARNINGS:    22 

 
 
 

 
 
 

 
 
 



 
85 

 

18P TROPICAL CYCLONE NATHAN 
ISSUED LOW:   None 
ISSUED MED:   09 MAR / 2200Z  
FIRST TCFA:   10 MAR / 0300Z  
FIRST WARNING:   10 MAR / 1800Z 
LAST WARNING:   24 MAR / 0600Z 
MAX INTENSITY:   100  
WARNINGS:    28 
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19S TROPICAL CYCLONE OLWYN 
ISSUED LOW:   None 
ISSUED MED:   10 MAR / 0530Z  
FIRST TCFA:   10 MAR / 2300Z  
FIRST WARNING:   11 MAR / 0600Z 
LAST WARNING:   13 MAR / 1200Z 
MAX INTENSITY:   90  
WARNINGS:    9 
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20P TROPICAL CYCLONE REUBEN 
ISSUED LOW:   20 MAR / 0600Z 
ISSUED MED:   20 MAR / 2200Z  
FIRST TCFA:   21 MAR / 0130Z  
FIRST WARNING:   21 MAR / 1200Z 
LAST WARNING:   23 MAR / 0000Z 
MAX INTENSITY:   45  
WARNINGS:    4 
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21S TROPICAL CYCLONE IKOLA 
ISSUED LOW:   04 APR / 1800Z 
ISSUED MED:   05 APR / 1800Z  
FIRST TCFA:   None  
FIRST WARNING:   06 APR / 1800Z 
LAST WARNING:   08 APR / 0600Z 
MAX INTENSITY:   115  
WARNINGS:    6 
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22S TROPICAL CYCLONE JOALANE 
ISSUED LOW:   02 APR / 1800Z 
ISSUED MED:   05 APR / 1800Z  
FIRST TCFA:   05 APR / 2100Z  
FIRST WARNING:   06 APR / 0000Z 
LAST WARNING:   12 APR / 0600Z 
MAX INTENSITY:   90  
WARNINGS:    14 
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23P TROPICAL CYCLONE SOLO 
ISSUED LOW:   None 
ISSUED MED:   None  
FIRST TCFA:   09 APR / 1930Z  
FIRST WARNING:   10 APR / 0000Z 
LAST WARNING:   12 APR / 0000Z 
MAX INTENSITY:   55  
WARNINGS:    5 
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24S TROPICAL CYCLONE QUANG 
ISSUED LOW:   27 APR / 0930Z 
ISSUED MED:   27 APR / 1800Z  
FIRST TCFA:   28 APR / 0900Z  
FIRST WARNING:   28 APR / 1800Z 
LAST WARNING:   01 MAY / 1200Z 
MAX INTENSITY:   120  
WARNINGS:    10 
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25P TROPICAL CYCLONE RAQUEL 
ISSUED LOW:   28 JUN / 0600Z 
ISSUED MED:   28 JUN / 1700Z  
FIRST TCFA:   30 JUN / 0200Z  
FIRST WARNING:   30 JUN / 1200Z 
LAST WARNING:   04 JUL / 0000Z 
MAX INTENSITY:   45  
WARNINGS:    11 
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Chapter 4 Tropical Cyclone Fix Data  

Section 1            Background 
  

Meteorological satellite data continued to be the mainstay for the TC reconnaissance mission 
at JTWC. JTWC satellite analysts produced 12,208 position and intensity estimates. A total of 7852 of 
those 12,208 fixes were made using microwave imagery, amounting to just over 64 percent of the 
total number of fixes. The USAF primary weather satellite direct readout system, Mark IVB, and the 
USN FMQ-17 continued to be invaluable tools supporting the TC reconnaissance mission. Section 2 
tables depict fixes produced by JTWC satellite analysts, stratified by basin and storm number. 
Following the final numbered storm for each section, is a value representing the number of fixes for 
invests considered as Did Not Develop (DND) areas. DNDs are areas that were fixed on but did not 
reach warning criteria. The total count of DND fixes was 1801 for all basins, which account for 
approximately 15% of all fixes in 2015 (Note: An increase of 6% from 2014). 
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Section 2            Fix summary by basin 

 
  



 
95 
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Chapter 5 Technical Development Summary 

Section 1: Operational Priorities 

The top operational priority of the Joint Typhoon Warning Center remains the sustained 
development and support of The Automated Tropical Cyclone Forecast System (ATCF).  ATCF is the 
DOD’s primary toolkit for analyzing and forecasting tropical cyclones (TCs), and is the principal 
software platform through which emerging research transitions into JTWC operations.  Without ATCF, 
JTWC could not generate TC formation alerts or warnings.  The systems tracks all TC activity and 
invest areas, automatically processes objective forecasting aids, produces TC formation alert, 
warning text and graphical products, and provides core capabilities for analyzing TCs and their 
environment.  Additionally, ATCF provides JTWC Contingency of Operations Plan (COOP) backup 
capabilities to Fleet Weather Center (FWC)-Norfolk and analytic support to FWC-San Diego for tasks 
such as setting TCCOR, forecasting on-station wind speed, designating Optimum Track Ship Routing 
(OTSR) “MODSTORM” locations, and preparing diverts and advisories.  JTWC upgraded to the latest 
version of ATCF (v5.7) in June 2015.  This upgrade incorporated new data displays such as 
composite microwave imagery overlays and radar, and a host of other improvements to the efficiency 
of data entry, processing, and filtering.  The v5.8 release scheduled for July, 2016 incorporates 
numerous new guidance products and visualizations to improve JTWC’s analysis, forecast, and use 
of TC structure information, as discussed in Section 2.  

JTWC has also prioritized integrating a state-of-the-art platform to facilitate visualization and 
evaluation of meteorological data.  In 2015, the Commander, US Navy Meteorology Oceanography 
Command authorized acquisition of the National Weather Service (NWS) Advanced Weather 
Interactive Processing System (AWIPS-II) as the Navy’s next-generation weather display and 
analysis system for JTWC, FWC-Norfolk and FWC-San Diego. JTWC technical services staff is 
facilitating incorporation of the AWIPS-II system into operations by developing standard operating 
procedures and site-specific applications.  An initial operating capability (IOC) is scheduled in 2017.  
Although AWIPS II promises a generational leap in data synthesis capabilities, it cannot currently 
replicate ATCF functionality.   

Section 2: Research and Development Priorities 

The top 6 JTWC needs for R&D, as outlined in the 2015 annual report of the Office of the 
Federal Coordinator for Meteorological Services and Supporting Research – Tropical Cyclone 
Working Group are: 

1. Deterministic and probabilistic forecast guidance for tropical cyclone intensity change, 
particularly the onset, duration, and magnitude of rapid intensification events and eyewall 
replacement cycles, as well as over-water rapid weakening events 

2. Techniques to improve the utility and exploitation of microwave satellite, ocean surface vector 
winds (OSVW), and radar data for fixing tropical cyclones (e.g. develop a "Dvorak-like 
"technique using microwave imagery), or for diagnosing RI, ETT, ERC, etc. 

3. Accurate deterministic and probabilistic guidance to improve TC track forecast skill, particularly 
with respect to identification and reduction of large error outliers, (e.g., accelerating recurvers 
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and stalling storms) and large direction errors (e.g., loops), and on specific forecast problems, 
including interactions between upper-level troughs and tropical cyclones, track forecasts 
near/over land--especially elevated terrain, and extratropical transition.   

4. Enhancements to the operational environment that increase forecaster efficiency by expediting 
analysis, forecast, coordination, and/or communication activities.  In particular, transitioning of 
successful guidance products to integrated operational forecast systems such as the ATCF or 
AWIPS. 

5. Probabilistic guidance for the timing of TC genesis as well as forecast track, intensity and 
structure of pre-genesis tropical disturbances. Guidance should be given for both the short-
range (0-48hours) and the medium-range (48-120 hours), and exhibit a high probability of 
detection and a low false alarm rate. 

6. Techniques to diagnose and predict the formation of TCs via transition of non-classical 
disturbances, e.g. monsoon depressions, subtropicals, hybrids, etc., and to forecast track, 
intensity, and structure prior to TC transition. 

Section 3: Technical Development Projects 
 

JTWC personnel have collaborated on numerous efforts to evaluate promising R&D efforts and 
to transfer mature projects into operations. 

 
1. TC Wind Structure 

 
a. TC wind structure post-analysis QA/QC 

 
JTWC limits quality control of final best data to position and intensity due to finite manpower 

resources and the lack of an “off-season” during which to perform the post-analysis.  The absence of 
quality-controlled TC structure data (i.e., radius of 34-, 50-, and 64-knot winds) for the R&D 
community has restricted JTWC’s capability to create new products that could improve analyses and 
forecasts of these important parameters. In 2015, NRL Monterrey funded an initial effort to post-
analyze TC wind structure in the western North Pacific basin for 2014 and 2015.  The fruits of this 
effort include the development of new techniques, highlighted below, which are designed to improve 
the accuracy of JTWC wind structure and to automate the lengthy process of recording these data.  
JTWC is seeking funding to continue post analysis of wind structure in the future and to extend this 
work to other basins. 

 
b. Forecast Wind Radii Consensus (RVCN) 

 
Sampson and Knaff (2015) evaluated the feasibility of applying a consensus of numerical 

model forecast output to predict tropical cyclone gale-force wind radii.  The consensus technique, 
RVCN, is comprised of interpolated wind radii forecasts from four dynamical models: GFS, GFDL, 
HWRF, and ECMWF. Sampson and Knaff (2015) showed the wind radii consensus to be more skillful 
than individual members and more accurate than, and on-par with, the DRCL (climatology and 
persistence) method in the Atlantic and eastern North Pacific basins, respectively.   

 
The RVCN method was incorporated into JTWC’s ATCF system for evaluation in the western 

North Pacific, Indian Ocean, and southern hemisphere in 2015.  Verification of the technique’s 
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accuracy in these basins is pending, but anecdotal evidence suggests that RVCN provides 
reasonable tropical cyclone wind field forecasts in these new basins as well. Evaluation will continue 
in 2016. 

 
RVCN 
AHNI 
GHTI 
HHFI 
EMXI 

Table 5-1. Primary objective aids comprising the experimental JTWC tropical cyclone wind radii (RVCN) consensus (as of 
Spring 2016). 

 
c. Wind Radii Analysis Consensus (RCON)  
 
Analyzed TC structure parameters (e.g. R34, R50, and R64) are critical numerical weather 

prediction inputs, and form the basis for subsequent forecast wind radii values used to generate the 
forecast error swath graphic as well as TCCOR setting guidance.  Due to infrequent and/or 
incomplete scatterometer overpasses and the lack of in-situ observational data throughout the JTWC 
AOR, TC structure analysis has a high degree of uncertainty, with a well-known small bias for large 
TCs and frequent step function-like growth in the non-quality controlled best tracks.  Sampson et al 
(manuscript in development) developed a consensus of equally weighted R34 estimates (AMSU, 
Dvorak wind radii (Knaff et al, 2016), 6-hour NWP forecasts, and agency scatterometry radii fixes).  
Preliminary evaluations indicate that the consensus verifies well against independent 2014 best-track 
values, while greatly reducing small bias and smoothing the growth curve.  JTWC will begin real-time 
evaluation of the RCON in 2016. 

 
d. Dynamically sized swath of potential gale force winds based on GPCE 

 
TC forecast wind radii are used to compute the swath of potential 34 knot winds.  Strahl et al 

(2016) discuss an ongoing effort to evaluate an ATCF v5.7 option that scales the swath by the ratio of 
Goerss Predicted Consensus Error (GPCE) to GPCE Climatology.  Preliminary findings indicate the 
JTWC swath size is reduced in high certainty scenarios, as expected, thereby increasing potential 
operation area.  However, in cases of extreme uncertainty, typically during recurvature, the swath 
size can become unrealistically large.  JTWC is seeking funding to update the along-across track 
version of GPCE, i.e., GPCE-AX, which could alleviate this issue and render the dynamically sized 
swath feasible for future operational implementation.  

 
2. Tropical cyclone intensity change 

 
a. Intensity Consensus (S5YY & S5XX) 

 
The S5YY intensity consensus was unchanged in 2015, while STIPS forecast members 

generated from the discontinued Weber and AFWA WRF model forecasts were removed from the 
S5XX consensus.  Current members of each consensus technique are listed in table 5-2. 

 
S5YY 

Western North Pacific 
intensity consensus 

S5XX 
Indian Ocean / Southern Hemisphere 

intensity consensus 
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DSHN (SHIPS) 
DSHA (SHIPS) 

GFNI 
COTI 
CHII 
HWFI 
RI30 

AVS5 (STIPS) 
JGS5 (STIPS) 
NVS5 (STIPS) 
UKS5 (STIPS) 

GFNI 
COTI 
CHII 

Table 5-2. Primary objective aids comprising the operational JTWC tropical cyclone intensity (S5YY and S5XX) 
consensuses (as of Spring 2015). 

 
b.  Weighted Analog Intensity Technique – extension to 7 days 

 
JTWC continued to evaluate 5-day intensity and intensity spread forecasts from the Weighted 

Analog Intensity Technique throughout 2015.  Additionally, the technique’s developers, Dr. Hsiao-
Chung Tsai and Dr. Russell Elsberry, expanded the model to predict tropical cyclone intensity and 
intensity spread out to 7 days (Tsai and Elsberry 2015).  Operational evaluation of the expanded 7-
day analog technique, the first intensity forecast-specific prediction technique available for the 6 and 
7-day forecast period, is planned for calendar year 2016. 

 
3.  Application of environmental satellite data 

 
a. Evaluation of automated intensity fix estimates 

 
JTWC Satellite Operations and Technical Services personnel completed a statistical analysis 

of subjective Dvorak intensity estimates generated by meteorological agencies and automated 
tropical cyclone intensity estimates provided by the National Environmental Satellite, Data, and 
Information Service (NESDIS), the Cooperative Institute for Meteorological Satellite Studies (CIMSS), 
and the Cooperative Institute for Research in the Atmosphere (CIRA). The study specifically focused 
on the subjective Dvorak, AMSU (Demuth et al. 2004; Herndon and Velden 2004), Advanced Dvorak 
(Olander and Velden 2007), and satellite consensus (Velden et al. 2006) techniques.  Results and 
recommendations for real-time data application were provided to JTWC forecasters.  Of particular 
note, automated satellite consensus (SATCON) estimates were confirmed to be approximately as 
accurate and reliable as heavily-referenced Dvorak intensity estimates.  SATCON estimates are 
weighted averages of individual CIMSS AMSU, SSMIS, and ADT estimates.  Based on the noted 
favorable performance, forecasters were advised to increase consideration of SATCON estimates as 
skillful independent data during the tropical cyclone intensity analysis process.   SATCON data will 
also continue to be included on fix history decision support plots provided to JTWC’s DoD customers 
and researchers for cyclones in tropical cyclone formation alert and warning status (figure 5-1).  
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Figure 5-1. Sample fix history decision support graphic for TC 09W (2015).  These graphics illustrate the best track 

intensity analysis along with the individual intensity estimates that are typically considered to be the primary basis for the 
analysis, currently agency subjective Dvorak (DVTS) and satellite consensus (SATC) estimates. 

 
b. Himawari data integration 

 
The Japan Meteorological Agency replaced MTSAT with Himawari as its primary operational 

geostationary meteorological satellite on 07 July 2015.  Data from the new satellite are available to 
JTWC through the Mark-IVB and FMQ-17 satellite data processing systems and the Automated 
Tropical Cyclone Forecast system (ATCF).  Satellite Analysts apply Himawari-8 imagery to generate 
Dvorak position and intensity fixes for tropical cyclones that occur in the western Pacific Ocean, north 
and south of the equator.  Imagery from the Himawari-8 satellite are available at more frequent 
intervals (every ten minutes) than MTSAT imagery, which allows Satellite Analysts to closely track the 
evolution of transient atmospheric phenomena and to formulate intensity estimates from imagery 
recorded nearer to synoptic times.  The JTWC Satellite Operations team is eager to apply additional 
features of the Himawari-8 dataset, including a broader spectrum of channels, to tropical cyclone 
analysis in the years ahead. 

 
4. Improved and extended tropical cyclone forecast track guidance 

 
a. CONW 

 
The track consensus remained unchanged in 2015, with the members listed in table 5-3. 
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CONW Model Type 
NVGI 
EGRI 
JGSI 
GFNI 
AVNI 
ECMI 
COTI 
JENI 

HWFI* 
AEMI 

Global 
Global 
Global 

Mesoscale 
Global 
Global 

Mesoscale 
Ensemble 
Mesoscale 
Ensemble 

Table 5-3. Primary objective aids comprising the operational JTWC tropical cyclone track (CONW) consensus (as of 
Spring 2016). 

 
In addition to the official consensus, JTWC reviews other model guidance, including the GFDL 

Ensemble, ECMWF-EPS,  ACCESS-TC, TWRF, CMC, ARPEGE,  MEPS, and the NRL Monterrey 
experimental COAMPS-TC (using GFS initial and boundary conditions). The UK Met Office global 
ensemble, MOGREPS, and the Air Force Global Air-Land Weather Exploitation Model (GALWEM) 
will be available to typhoon duty officers beginning in 2016. 

 
* NCEP operationalized HWRF in all JTWC basins beginning in 2015. 
 

b. Acquisition and evaluation of ECMWF ensemble 
 

JTWC began processing the ECMWF ensemble mean vortex tracker for operational 
application during calendar year 2015.  A post-season statistical evaluation indicated that average 
track forecast accuracy for the ensemble mean was on-par with the multi-model consensus average 
through the 120 hour forecast time and slightly more accurate than the consensus average at 144 
and 168 hours.  These results support incorporation of the ECMWF ensemble into the suite of 
prospective 7-day forecasting aids as well the CONW.  

 
c. Evaluation of seven-day forecasting capability 

 
JTWC continues to evaluate the feasibility of six- and seven-day TC track and intensity 

forecasting within the agency’s primary forecast basins.  An analysis of western North Pacific and 
southern hemisphere tropical cyclone multi-model consensus (CONW) track forecast errors over the 
past three seasons (figure 5-2) indicates generally consistent model performance through tau 144 (six 
days).  The mean tau 144 forecast error of 266 nm is approximately equivalent to the mean tau 120 
forecast error observed just a few years ago, suggesting that steady improvements in numerical 
forecast models have extended the period throughout which accurate TC track forecasting is 
possible.  On the other hand, mean forecast error jumps to 367 nm at tau 168 and varies more 
significantly from year-to-year and basin-to-basin.  More work is necessary to determine if model 
upgrades and incorporation of the ECMWF ensemble mean forecast track into operations, discussed 
earlier in this report, will reduce variability at the tau 168 in the years ahead.  It is not yet possible to 
asses intensity forecast skill at 6 and 7 days due a lack of intensity forecast guidance, although a 
preliminary evaluation should be possible later this year as the 7-day Weighted Analog Intensity 
(WANI) technique is implemented on an experimental basis. 
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Figure 5-2. Mean CONW western North Pacific (WP) and southern hemisphere (SH) TC track forecast errors in nautical 

miles for the extended forecast period (96 to 168 hours) during the past three seasons. 
 

5. Enhancements to the operational environment 
 

a. Geospatial data display tool 
 

JTWC Technical Services incorporated model analysis fields into a geospatial data interface 
developed with the Google Maps Javascript API.  The interface enables expedient visual inspection 
of both hand-analyzed and model-analyzed surface and upper-tropospheric flow patterns.  Additional 
datasets such as model forecast fields will be incorporated into the interface during the upcoming 
calendar year. 

Section 4: Other Scientific Collaborations 
 

1. Joint Hurricane Testbed 
 
JTWC is collaborating with principal investigators of two 2015-2017 JHT funded projects 
 

a. Passive Microwave Data Exploitation via the NRL Tropical Cyclone Webpage (R. 
Bankert, J. Cossuth, and K. Richardson (NRL-MRY)) 
 

The goal of this project is to improve the utility of the NRL TC webpage used by JTWC, NHC, 
CPHC, and other global TC forecast agencies and researchers, via the following efforts: 

 
• Enhance the near-realtime 37 and 85/89/91 GHz H/V/PCT/color imagery products for all 
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• Populate an archive of historical passive microwave data since 1987. A standardized 
database of both digital data and image products will be generated and made available 
to the TC community to compliment the near-realtime data. 

• A study and application of a more sophisticated parallax correction scheme will be 
created to provide increased confidence in the initialization of the TC center. 

• Revised color tables will be revised to improve visualization of TCs. 
 

b. Improvement and Implementation of the Probability-based Microwave Ring Rapid 
Intensification Index for NHC/JTWC Forecast Basins (H. Jiang (FIU) and K. Musgrave 
(CSU/CIRA)) 

 
The goals of this project include adding two additional 37 GHz predictors to the probability-

based RI index, as well as implementing and tuning this product to all JTWC forecast basins 
 

2. Hurricane Forecast Improvement Project (HFIP) 
 

JTWC has significantly benefited from work performed under the auspices of the HFIP, 
particularly with respect to the significant improvements in data assimilation, numerical TC track and 
intensity forecasting, rapid intensification prediction, ensemble modeling, and tropical cyclogenesis 
forecasting.  JTWC maintains ongoing collaborative efforts with HFIP modeling teams from 
COAMPS-TC, HWRF, and GFDL.   

Section 5: Scientific and technical exchanges 
 

Participating in national and international-level meetings and conducting technical exchanges 
with members of the scientific community are essential to the success of JTWC’s strategic 
development efforts. A summary of JTWC’s 2015 conference attendance and technical exchange 
meetings follows. 
 

• Interdepartmental Hurricane Conference (Mar 2015).  
• Naval Research Laboratory 6.2/6.4 Program Review (Mar 2015). 
• Technical Exchange with NRL-MRY and Japan Meteorological Agency (Apr 2015)  
• ESCAP/WMO Typhoon Committee 10th Integrated Workshop (Oct 2015).  
• NCEP Production Suite Review (Dec 2015).  
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Chapter 6 Summary of Forecast Verification 
 
 Verification of warning position and intensities at 24-, 48-, and 72-, 96-, 120-hour forecast 
periods are made against the final best track. The (scalar) track forecast, along-track and cross track 
errors (illustrated in Figure 6-1) were calculated for each verifying JTWC forecast. These data are 
included in this chapter. This section summarizes verification data for the 2015 season, and contrasts 
it with annual verification statistics from previous years.   
 

 
Figure 6-1. Definition of cross-track error (XTE), along track error (ATE), and forecast track error (FTE).  In this example, 
the forecast position is ahead of and to the right of the verifying best track position.  Therefore, the XTE is positive (to the 

right of track) and the ATE is positive (ahead of the best track).  Adapted from Tsui and Miller, 1988. 
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Section 1 Annual Forecast Verification
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Figure 6-2. Graph of JTWC forecast errors and five year running mean errors for the western North Pacific at 24, 48, and 

72 hours. 
 

 
Figure 6-3. Graph of JTWC forecast errors and five year running mean errors for the western North Pacific at 96 and 120 

hours. 
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Figure 6-4. Graph of JTWC forecast errors and five year running mean errors for the north Indian Ocean at 24, 48, 72, 96, 

and 120 hours. (Note: No 96 HR, 120 HR data for 2012) 
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Figure 6-5. Graph of JTWC forecast errors for the Southern Hemisphere at 24, 48, 72, 96, and 120 hours. 
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Figure 6-6. Graph of JTWC intensity forecast errors for the western North Pacific at 24, 48, 72, 96, and 120 hours. 

  



 
113 

 

 
Figure 6-7. Graph of JTWC intensity forecast errors for the North Indian Ocean at 24, 48, 72, 96, and 120 hours. (Note: 

No 96 HR, 120 HR data for 2012) 
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Figure 6-8. Graph of JTWC intensity forecast errors for the Southern Hemisphere at 24, 48, 72, 96, and 120 hours. 
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