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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 formally under the operational
command of the Commanding Officer, Joint Typhoon Warning Center.

The original JTWC was established on 1 May 1959 by the 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 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 technique development that members of JTWC were involved.

For the first time since 2004, above average tropical cyclone activity was observed in the western North
Pacific Ocean, with only 33 TCs observed compared to the long term average of 31. There were five cyclones
that reached super typhoon intensity, with Super Typhoon 31W (Haiyan) being one of the strongest cyclones
on record for the western North Pacific basin. Major DoD installations experienced minimal impacts, with only
one typhoon (23W) and one depression (13W) passing just north of Okinawa. Guam experienced a direct hit
by Tropical Storm 25W (Wipha) while it was a tropical depression. Department of Defense bases in South
Korea were not impacted and mainland Japan was impacted by two tropical storms, 15W and 16W.

The Southern Hemisphere activity remained below the long term average of 28, with 16 cyclones in the
south Indian Ocean / western Australia region and 8 in the south Pacific / eastern Australia region. The
Northern Indian Ocean experienced slightly above normal activity with 6 cyclones, with one in the Arabian Sea
and five in the Bay of Bengal. The most significant cyclone in the north Indian Ocean was Tropical Cyclone
20B (Phalin), which reached a peak intensity of 140 knots.

Weather satellite data remained the mainstay of the TC reconnaissance mission to support the JTWC.
Satellite analysts exploited a wide variety of conventional and microwave satellite data to produce over 9,280
position and intensity estimates (fixes), primarily using the USAF Mark IVB and the USN FMQ-17 satellite
direct readout systems. Geo-located microwave satellite imagery overlays available via the Automated Tropical
Cyclone Forecast (ATCF) system from Fleet Numerical Meteorology and Oceanography Center and the Naval
Research Lab Monterey were also used by JTWC to make TC fixes thus providing additional data for TC
location and intensity.

JTWC also continues to utilize radar derived TC position information from numerous U.S.
owned/operated weather radars as well as from international sources. However, budget challenges have
delayed the replacement of the WSR-88D Doppler Weather Radar at Kadena AB.

JTWC continued to collaborate with TC forecast support and research organizations such as the Fleet
Numerical Meteorology and Oceanography Center (FNMOC), Naval Research Laboratory, Monterey
(NRLMRY), Naval Post Graduate School, the Office of Naval Research, Air Force Weather Agency (AFWA),
and NOAA Line Offices for continued development of TC reconnaissance tools, numerical models and forecast
aids.
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The Techniques Development (TECHDEV) remained the voice of JTWC to the research and
development community. They worked with researchers from the University of Hawaii, University of Arizona,
Naval Post Graduate School and other agencies on a variety of promising projects. In collaboration with other
Typhoon Duty Officers , TECHDEYV developed a cyclone phase checklist to help forecasters assess whether a
cyclone is tropical, subtropical or extratropical. This process and checklist was presented at the 2013 AMS
Conference on Hurricanes and Tropical Meteorology in San Diego, CA.

Behind all these efforts are the dedicated team of men and women, military and civilian at JTWC.
Special thanks to the entire JTWC N6 Department for their 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; ONR for continuing
to provide funding to basic and applied research in tropical cyclones in a very challenging fiscal environment,
NRLMRY for its dedicated TC research, including providing real-time access to cutting edge satellite imagery
on their Tropical Cyclone Page and improvements to the COAMPS-TC model; the National Oceanic and
Atmospheric Administration National Environmental Satellite, Data, and Information Service for satellite
reconnaissance support; Dr. John Knaff, Mr. Jeff Hawkins, Dr. Mark DeMaria, Mr. Chris Velden and Mr. Derrick
Herndon 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 2013
season. JTWC issued warnings on 33 cyclones. Table 1-2 shows the monthly distribution of TC
activity summarized for 1959 - 2013 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 2013 western North Pacific Ocean TC tracks and intensities.




Table 1-1

WESTERN NORTH PACIFIC SIGNIFICANT TROPICAL CYCLONES FOR

2013
(01 JAN 2013 - 31 DEC 2013)
WARNINGS EST MAX SFC
TC MNAME* PERIOD** ISSUED WINDS KTS
MW Sonamu | 03 Jan/ 12002 | 08 Jan [ 18002 22 40
02w Shanshan | 19 Feb /00007 | 21 Feb / 00002 10 25
03w Yagi 8 Jun /12002 |12 Jun/ 12002 17 55
04w Leepi 17 Jun /18007 | 20 Jun [ 18002 13 35
0awW Bebinca | 20 Jun/ 12002 | 23 Jun /06002 12 35
oW Rumbia 28 Jun /0000Z | 02 Jul/ 00002 17 70
orw Soulik 07 Jul /18007 | 13 Jul [ 12007 24 125
08w Cimaron 15 Jul / 18007 | 18 Jul / 12002 12 40
0awW Jebi 31 Jul /00002 | 03 Aug / 068002 14 60
10W Mangkhut | 05 Aug /18002 | 07 Aug / 18002 9 45
11W Utor 08 Aug/ 18002 | 14 Aug / 12007 24 130
12W Trami 17 Aug / 0000Z | 21 Aug / 18002 20 75
13W 2 17 Aug / 0000Z | 17 Aug / 18002 4 30
14W Kong-Rey | 26 Aug/ 0000Z | 31 Aug / 0000Z 21 50
15W Toraji 01 Sep /12002 |04 Sep / 0000Z 11 50
16W Man-Yi 12 Sep /18002 | 16 Sep / 06002 15 60
17TW Usagi 16 Sep /18002 | 22 Sep / 12002 24 135
18W - 18 Sep / 0600Z | 18 Sep / 18002 3 25
19W Pabuk 21 Sep / 0000Z [26 Sep / 0600Z 22 a0
20W Wutip 26 Sep / 1800Z [30 Sep / 1200Z 16 100
21W Sepat 30 Sep/ 0000Z | 02 QOct 7 0000Z 9 40
22W Fitow 30 Sep /068002 | 06 Oct /18002 27 a0
23W Danas 03 Qct M200Z | 08 Oct 12002 21 120
24W Mari 08 Oct /18002 | 15 Qct/ 00002 26 100
25W Wipha 10 Oct /12007 | 15 Oct [ 18002 22 120
26W Francisco | 16 Oct/ 0000Z | 25 Qct/ 18007 40 140
2TW - 18 Oct / 06007 | 20 Oct / 0600Z 5 30
28W Lekima 20 Oct 12007 | 26 Oct / 06002 24 140
290W Krosa 29 Qct/ 0000Z | 04 Nov / 00002 25 105
30W - 03 Now / 06007 |06 Nov / 06002 17 35
31W Haiyan 03 Nov / 0600Z | 11 Nov/ 00002 32 170
32W Podul 14 Nov / 12007 | 15 Nowv / 00007 3 30
33w - 3 Dec /12007 | 4 Dec 00002 3 30

* As designated by the responsible RSMC

** Dates are based on the issuance of JTWC warnings on system.
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a tropical cyclone was warned on prior to the last two days of a month, it
2) If a tropical cyclone began on the last day of the month and ended on the first day of the next month, that system was attributed to the first month. However if a tropical cyclone began on the last

day of the month and continued into the next month for only two days it was atiributed to the second month.




TYPHOONS (1945 - 1958)
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC |TOTALS
MEAN 0.4 01 0.3 0.4 07 1.1 2 29 3.2 2.4 2 09 16.4
CASES 5 1 4 5 10 15 28 41 45 34 28 12 228
TYPHOONS (1959 - 2013)
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC |TOTALS
MEAN 0.2 01 0.2 0.4 07 121 25 35 33 29 15 06 17.0
CASES 11 3 10 25} 41 59 137 190 180 162 83 35 934
TROPICAL STORMS AND TYPHOONS (1945 - 1958)
JAN FEB MAR APR MAY JUN JUL AUG SEE OCT NOV DEC |TOTALS
MEAN 0.4 02 05 05 08 16 29 4 4.2 33 2.7 1.2 223
CASES [5] e 7 8 11 22 44 60 64 49 41 18 332
TROPICAL STORMS AND TYPHOONS (1959 - 2013)
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC |TOTALS
MEAN 05 02 04 06 1.2 1.8 39 55 4.9 4.0 25 1.2 26.7
CASES 26 12 24 34 G4 98 212 305 272 22 136 67 1471
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TROPICAL TOTAL PROBABILITY [ PROBABILITY
YEAR INITIAL CYCLONES TROPICAL OF TCFA OF TCFA
TCFAS WITH CYCLONES WITHOUT BEFORE
TCFAS WARNING* WARNING
1976 34 25 25 26% 100%
1977 26 20 21 23% 95%
1978 32 27 32 16% 84%
1979 27 23 28 15% 82%
1980 37 28 28 24% 100%
1981 29 28 29 3% 97%
1982 36 26 28 28% 93%
1983 31 25 25 19% 100%
1984 37 30 30 19% 100%
1985 39 26 27 33% 96%
1986 38 27 27 29% 100%
1987 31 24 25 23% 96%
1988 33 26 27 21% 96%
1989 51 32 35 37% 91%
1990 33 30 31 9% 97%
1991 37 29 31 22% 94%
1992 36 32 32 11% 100%
1993 50 35 38 30% 92%
1994 50 40 40 20% 100%
1995 54 33 35 39% 94%
1996 41 39 43 5% 91%
1997 36 30 33 17% 91%
1998 38 18 27 53% 687%
1999 39 29 33 26% 88%
2000 40 31 34 23% 91%
2001 34 28 33 18% 85%
2002 39 31 33 21% 94%
2003 31 27 27 13% 100%
2004 35 32 32 9% 100%
2005 26 25 25 4% 100%
2006 23 22 26 4% 85%
2007 27 26 27 4% 98%
2008 23 23 28 0% 82%
2009 26 22 28 15% 79%
2010 24 18 19 25% 95%
2011 32 26 2 19% 96%
2012 31 26 27 16% 96%
2013 36 31 33 14% 94%
MEAN 35 28 30 21% 93%
CASES 1322 1050 1129
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Annual Number of Tropical Cyclones greater than 34 kts
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Figure 1-1. Annual number of western North Pacific TCs greater than 34 knots intensity.
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Figure 1-2. Annual number of western North Pacific TCs greater than 129 knots intensity.




Mean Mumber per Manth

7.00

/N

) / \

5.00 / \

4.00 / \

2.00 /// \\\

) D// T~———

0.00

JAN FEB MAR APR MAY JUN JuUL AUG SEP ocT NCW DEC

m—TY AVG 0.20 0.05 018 0.42 075 1.07 2.49 3.45 3.27 245 151 064
—T5 AVG 027 0.27 016 0.20 042 071 136 2.09 1.67 1.07 096 058
—T 0 AVG 0.09 0.09 0.15 016 0.20 024 053 1.02 064 060 036 033
— A AVG 056 0.56 058 078 1.36 202 438 B6.56 558 462 2.84 155

Figure 1-3. Average number of western North Pacific TCs (all intensities) by month 1959-2013.

Pg. 14




e Lt TR BT g B
o k] 3
o1y H = : ~
Q e o \_/. 2 1 2\ = - 2' .
HEEERNE & o= Bl |y
e e Y s s T T Fot et PR T yss

Figure 1-4. Western North Pacific Tropical Cyclones 01W — 33W.

Section 2  Cyclone Summaries

This section presents a synopsis of each cyclone that occurred during 2013 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
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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:
http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best _tracks/2013/2013-kmzs/
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01W Tropical Storm Sonamu

ISSUED LOW: N/A
ISSUED MED: 02 Jan / 1300Z
FIRST TCFA: 02 Jan/ 2130z

FIRST WARNING: 03 Jan/1200Z
LAST WARNING: 08 Jan/1800Z MAX
INTENSITY: 40

WARNINGS: 22
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/wp012013.kmz
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/wp022013.kmz
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/wp032013.kmz

04W Tropical Storm Leepi
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/wp042013.kmz
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/wp052013.kmz
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/wp062013.kmz

07W Typhoon Soulik
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/wp072013.kmz

08W Tropical Storm Cimaron
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/wp082013.kmz
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/wp092013.kmz
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/wp102013.kmz
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/wp332013.kmz
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/cp012013.kmz
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http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best_tracks/2013/2013-kmzs/cp032013.kmz

Section 3 Detailed Cyclone Reviews

This section highlights operationally or meteorologically significant cyclones noted within the JTWC
AOR. Details are provided to describe operational impacts from tropical cyclones as well as
significant challenges and/or shortfalls in the TC warning system. These details are provided to serve
as input for future research and development efforts.

Typhoon 22W (FITOW)
. Overview

Typhoon (TY) 22W (FITOW) formed in the east Philippine Sea in late September 2013. The
cyclone steadily intensified while tracking poleward toward the East China Sea under the steering
influence of a subtropical ridge to the east. TY 22W presented major track forecasting challenges
early in its lifecycle. A large degree of track forecast uncertainty arose as dynamic models struggled
to accurately represent the passage of a fast-moving, deep mid-latitude shortwave trough to the
northwest of the cyclone. Evolution of the mid-latitude flow pattern induced initial weakening of the
subtropical steering ridge and a consequent poleward flow pattern between 09/30/06Z and
10/04/00Z. Later, as the aforementioned deep mid-latitude shortwave trough translated quickly
northeastward, allowing a building subtropical ridge over the East China Sea and Japan to steer TY
22W west-northwestward.

TY 22W highlighted the following forecasting challenges:

e Properly attributing a large spread in model track forecasts to a track bifurcation scenario
rather than simply to “high uncertainty” within a single forecast track scenario

e Accurately quantifying the probability that a tropical cyclone will follow a particular track in a
bifurcation scenario

e Selecting the correct track forecast direction/speed in a bifurcation scenario

e Optimally communicating track forecast uncertainty to customers in bifurcation scenarios

The following sections of this case study address the preceding points by highlighting consensus
track model forecast performance, available probabilistic guidance including single model ensemble
forecasts, and methods applied to identify and communicate track forecast uncertainty for TY 22W. A
discussion of procedures that may have improved forecasts and communication of forecast
uncertainty in this case, applicable to analogous future cases, follows this analysis.

Il. Consensus forecast model performance

The 2013 JTWC track consensus consisted of global and mesoscale deterministic forecast
models and single-model ensemble mean track and intensity forecasts. Consensus model guidance
early in the cyclone’s lifecycle failed to converge on either a continuous poleward track toward the
base of the passing mid-latitude trough or on the west-northwestward track that was eventually
observed. Consequently, this large spread in model solutions and abrupt shifts in individual model

Pg.52




guidance from run to run indicated a possible track forecast bifurcation. The JTWC multi-model
consensus (CONW), a simple arithmetic average of member model track forecasts, “split” the two
primary model clusters at several forecast times. As a result, CONW track forecasts were
unrepresentative of the likely track of TY 22W. Several of the early JTWC forecasts favored the
incorrect poleward track grouping. Since CONW split the two track guidance clusters and JTWC
chose the poleward cluster, CONW average forecast track errors were lower relative to JTWC (Table
1). The UKMET (EGRI) and NAVGEM (NVGI) models, for which a greater proportion of forecasts
correctly predicted a west-northwestward track forecast scenario, had the lowest average extended
forecast track errors (FTE) for TY 22W.

e

RN @
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Figure 1-5: All JTWC track forecasts for TY 22W.

SN
n Dt
Figure 1-6: All CONW track forecasts for TY 22W.

Initial JTWC forecast tracks for TY 22W favored a slow poleward track followed by a subtle
turn northwestward, but shifted to a faster poleward track into the Yellow Sea at 10/01/06Z (Figure 1-
5). After 10/01/18Z, the JTWC forecast track gradually walked westward, lagging coincident
westward shifts in CONW (Figure 1-6), toward central eastern China.

24 36 48 72 96 120
JTWC 41 52 69 92 (96) 185 (142) | 392 (234)
CONW 35 44 58 58 (90) 121 (137) | 260 (214)
AVNI 53 77 104 173 (99) | 367 (137) | 670 (235)
EGRI 51 53 66 114 (126) | 171 (212) | 233 (327)
ECMI 26 41 61 117 (117) | 286 (187) | 567 (290)
GFNI 67 90 136 216 (179) | 227 (232) | 294 (256)
NVGI 50 61 82 110 (118) | 143 (176) | 213 (214)
HWFI 50 65 91 128 (103) | 194 (149) | 350 (208)
CTCI 78 114 167 235 (192) | 414 (295) | 804 (522)
JGSI 53 70 90 140 N/A N/A

# CASES |9 9 8 6 (76) 4 (48) 4 (29)

Table 1-5: Average FTE (nautical miles) for JTWC subjective track forecasts, the 2013 track consensus (CONW), and
deterministic models included in CONW (homogeneous comparison) for TY 22W and all 2013 NWPAC cases for forecast
taus 72 to 120 in parentheses.

Somewhat surprisingly, although GFS maintained the best average FTE of any individual
CONW deterministic model over the 2013 NWPAC season, as shown in red in Table 1-5, GFS (AVNI)
performed relatively poorly for TY 22W, with the largest Tau 72, Tau 96 and Tau 120 FTE of the
deterministic subset, 173 nm, 367 nm and 670 nm, respectively. In contrast and highlighted in green,
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NAVGEM (NVGI) performed quite well in the extended Taus (119 nm, 143 nm, and 213 nm at Taus
72, 96, and 120, respectively). Figures 1-7 and 1-8 highlight the major differences between track
forecasts from the two models during the 10/1/12Z to 10/02/18Z period, just as DoD assets in
Okinawa were determining appropriate resource protection actions in preparation for potential
impacts from the cyclone. A head-to-head comparison of GFS and NAVGEM forecasts for TY 22W,
including an overview of synoptic features related to the noted differences, is provided in the following
section of this report.
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Figure 1-8: Uninterpolated NAVGEM (NVGM)
track forecasts for TY 22W (6-hourly from 10/1/127
to 10/2/18Z).

Figure 1-7: Uninterpolated GFS (AVNO) track
forecasts for TY 22W (6-hourly from 10/1/127
to 10/2/18Z).

Inspection of CONW ensemble model mean forecast statistics reveals similar relationships to
those noted for the deterministic model subset. The Japanese Typhoon Ensemble Prediction System
(TEPS) ensemble mean tracker (JENI), highlighted in green in Table 1-6, provided accurate guidance
and verified well (particularly at tau 120) against JTWC and CONW for this system, even though
JTWC and CONW outperformed JENI for the 2013 season. In contrast, the GEFS ensemble mean
forecast tracker (AEMI), highlighted in red, performed quite poorly compared to JTWC official
forecasts and CONW tracks for TY 22W despite “competitive performance” for the season as a
whole. Strong performance of the Japanese ensemble and poor performance of the GFS Ensemble
Forecast System (GEFS) ensemble mean (AEMI) are consistent with the relative performance of their
parent deterministic models (JGSM and GFS, respectively) in this case. Thus, a mean of single-
model ensemble solutions did not offer a better alternative to the deterministic forecasts for this case.
However, probabilistic guidance derived from individual ensemble members signaled the potential for
track bifurcation and associated probabilities for each track scenario. A discussion of probabilistic
guidance for TY 22W is provided in Section IV of this report.

24 36 48 72 96 120
JTWC 32 43 59 90 (99) 190 (142) | 398 (218)
CONW 26 35 51 65 (96) 145 (138) | 356 (219)
JENI 53 87 120 155 (167) | 129 (214) | 104 (236)
AEMI 37 54 77 135 (114) | 305 (160) | 705 (233)
#CASES | 19 17 15 11 (189) |7 (114) 3 (61)

Table 1-6: Average FTE (nautical miles) for JTWC subjective track forecasts, the 2013 track consensus (CONW), and
single-model ensemble means included in CONW (homogeneous comparison) for TY 22W and all 2013 NWPAC cases
for forecast taus 72 to 120 in parentheses.

lll. Deterministic forecast guidance: Diagnosis of GFS and NAVGEM steering patterns
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It is often difficult to identify the root causes of poor model track forecast performance, but it is
nonetheless an imperative effort for cases like TY 22W. TY 07W (2008) formed in the same area as
TY 22W (2013) and exhibited similar large model forecast errors. As noted by the JTWC Director,
Robert Falvey, in his 2009 Tropical Cyclone Conference 2008 Year in Review presentation, “10% of
the JTWC 120 hour track error was due to 07W” (Falvey 2009). Both systems occurred in a region of
US military interests and resulted in significant asset protection efforts that cost DoD multi-millions of
dollars as well as the tremendous costs to civilians. These systems have a major impact on
operations, and comprise a significant percentage of seasonal forecast track error. Here, we attempt
to highlight key differences in the forecast fields between two deterministic models associated with
very different forecast tracks and associated forecast track performance for TY 22W. Further
numerical investigation is required to verify and explain the trends diagnosed here.

An in-depth review of NAVGEM and GFS model fields for the 10/01/12Z to 10/02/18Z period
identified major differences in the 500 mb height fields over Eastern China and the East China Sea
associated with very different GFS and NAVGEM track forecasts introduced in the previous section of
this report. A detailed explanation of the 10/01/12Z model run highlights these differences, and is
generally representative of the trend noted in the following model runs through 10/02/18Z. The
10/01/12Z model run, at forecast tau 48, GFS depicts both a deeper, sharper trough (outlined by the
5820m height line in Figures 1-9 and 1-10) over the East China Sea and a wider closed height line
around TY 22W than NAVGEM. GFS also predicts an area of cold air advection (CAA) associated
with the approaching mid-latitude shortwave trough, while NAVGEM depicts only weak or neutral
temperature advection to support the shortwave trough. The deepening trough evident in the GFS
model forecasts develops as a strong mid-latitude low that propagates northeastward as a mid-
latitude ridge builds into Eastern Asia. Given that these factors would otherwise favor eastward
translation of the shortwave trough and ridge building to the north of TY 22W, it appears that the
noted height falls in GFS-modeled trough may be related to the relatively large forecasted size of the
TY 22W, as approximated by the 5880m height line at 500 mb.

Figure-: GFS 500mb p05|s from the Figure 1-10: NAVGEM 500mbrognosis from the
10/01/127 forecast (Tau 48). 10/01/127 forecast (Tau 48).

This apparent interaction between a deeper modeled trough and larger tropical cyclone
circulation in the GFS model resulted in the 10/01/12Z forecast prediction of a merging of TY 22W
with the shortwave trough’s 5820m height field by forecast Tau 72, and a subsequent poleward track
(Figure 1-11). In contrast, NAVGEM maintains separation between the shortwave trough and the
typhoon circulation, as indicated by the closed, symmetric 5820m height contour around 22W in
Figure 1-12. NAVGEM appears to build the ridge into western Japan, evident as a westward
extension of the 5820m height contour associated with the subtropical ridge to the east and an area

Pg.55




of warm air advection (WAA) present north of the system. Interestingly, GFS also forecasts WAA and
a building ridge over western Japan. However, GFS forecasts an area of CAA to the northwest, which

would support simultaneous deepening of the shortwave trough.

Figure rgsfrom the Figure 1-12: NAVGEM mprognis from the
10/01/12Z forecast (Tau 72). 10/01/12Z forecast (Tau 72).

By forecast Tau 96, both models build the subtropical ridge to the north and east of TY 22W,
but the western edge of the ridge extends farther westward across Japan in the NAVGEM forecasts
and the tropical cyclone remains embedded within the 5820m height line in the GFS forecast (Figures
1-13 and 1-14). Consequently, TY 22W is predicted to continue poleward in the GFS forecast, while
turning northwestward in the NAVGEM forecast.

Figure 1-13: GFS 500mb rgnsis from the
10/01/12Z forecast (Tau 96). 10/01/12Z forecast (Tau 96).

At Tau 120, GFS continues to shift the steering ridge and tropical cyclone poleward, with a

very slight north-northwestward track deflection. Major differences in the 500mb height field are

noticeable to the northwest of TY 22W.

Pg. 56




Figure 1-1 the Figure : ' prognosi from the
10/01/12Z forecast (Tau 120). 10/01/12Z forecast (Tau 120).

Post analysis reveals several features in the GFS model forecast that hint at potential errors in
the predicted poleward track scenario:

e Deepening of a subtropical shortwave trough while a strong mid-latitude ridge builds to the
north is unlikely, especially if it occurs in relatively close proximity to a tropical cyclone, since
this deepening may be driven in part by excessive interaction between the shortwave trough
and the cyclone.

e Excessive mid-latitude cyclogenesis appears to be more pronounced in the GFS model and
may be, in this case, related to the large cyclone size depicted in the model fields.

Identifying these potential model errors in real-time is particularly difficult. In this case, it would have
been nearly impossible to “rule out” the poleward track scenario even if these error mechanisms had
been identified. Probabilistic guidance identified a poleward track scenario as significantly more likely
than a west-northwestward track, as discussed in the following section.

IV. Probabilistic track forecast guidance

Probabilistic forecast track guidance indicated a track forecast bifurcation early in TY 22W's life
cycle. This guidance generally favored a poleward track with a significant (~30%) probability of an
alternative, westward to west-northwestward track. Experimental strike probability graphics based
on consensus model guidance illustrate this trend (Figure 1-17). Forecast graphics for 10/01/12Z and
10/01/18Z show two distinct track possibilities (poleward and west-northwestward) with the
consensus track average (CONW) “splitting” the two track scenarios along a track not physically
represented by any deterministic model solutions. At 10/02/00Z, the distinction between track
scenarios is less obvious, but by the following forecast time (10/02/062), the guidance has effectively
shifted to favor a west-northwestward track.

Pg. 57




Objective aids and CONW aid-based strike probabilities for TS 22W for 2013100112 Objective aids and CONW aid-based strike probabilities for TS 22W for 2013100118
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Figure 1;17: Experimehfal cbnsehsus Vrﬁodel-based strike p-robab.i[ity gr.a;phic‘f;)r thé=10/01/122 h(:top left),
10/01/18Z (top right), 10/02/00Z (middle left), 10/02/06Z (middle right), 10/02/12Z (bottom left), and
10/02/18Z (bottom right) (cumulative probabilities to tau 120).

Probabilistic track forecast guidance derived from single-model ensembles provided a

consistent representation of the bifurcation scenario for TY 22W. For example, ECMWF ensemble
“track cluster” products, developed at the Naval Postgraduate School (Dr. Russ Elsberry, Dr. Hsiao-
Chung Tsai and Ms. Mary Jordan), showed discrete cluster mean forecast tracks associated with the
potential poleward and west-northwestward track scenarios. These products group each track
forecast from the ECMWF's 51-member ensemble (available through the TIGGE data outlet) into 1 of
6 discrete “track clusters” derived from ECMWF ensemble five-day forecast tracks from the August
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2008 to September 2012 period. Each cluster represents a distinct environmental steering scenario
and is assigned a probability that the cyclone will follow the path represented by each cluster during
the forecast period, based on the percentage of ensemble members (X out of 51 total members) that
fall within each cluster (Tsai and Elsberry 2013, Hsiao-Chung Tsai personal communication).

Track clusters indicated a potential track bifurcation on 10/1/12Z (Figure 1-18). 19.6% of
ensemble track forecasts fell within a west-northwestward track cluster (Cluster 1) at 10/1/12Z,
increasing to 29.4% of ensemble members by 10/2/00Z (Figure 1-19). Although poleward track
scenario “membership” was significantly higher than west-northwestward cluster membership at
78.4% to 62.7%, the decreasing number of members in the poleward group suggested an
increasingly likely west-northwestward alternate track scenario. By 10/2/12Z (Figure 1-20), track
membership for either a west-northwestward or westward track (Cluster 3) increased to a cumulative
37.2% (Figure 1-21). Figure 1-22 summarizes the changes in the poleward and westward cluster
membership over this period, highlighting a steady decrease in members favoring the poleward
scenario and coincident increase in members favoring a westward scenario during this period. These
signals, in conjunction with consensus model guidance, suggested a shift from the poleward to west-
northwestward track scenario, and may have supported more optimal adjustment to the JTWC
forecast track and improved communication of forecast uncertainty to customers. This topic is
discussed further in the following section.

EC(TIGGE):2013100112; Storm: 2 EC