3. Summary of Western North Pacific and North Indian Ocean Tropical Cyclones

3.1  Western North Pacific Ocean Tropical Cyclones

    The year of 1997 was an El Niño year, and by some measures (e.g., the magnitude of the warming of the Sea Surface Temperature (SST) in the eastern equatorial Pacific), the El Niño episode of 1997 was one of the strongest in recorded history (Climate Prediction Center (CPC) 1997). El Niño had a large influence on the distribution of western North Pacific (WNP) TCs during 1997.  The signature characteristics of the distribution, character and behavior of the tropical cyclones (TCs) of the WNP during 1997 (some known to be related to El Niño) include: 

    (1)  a very high number of super typhoons;

    (2)  an early start of WNP TC activity with a higher than average number during the early season (01 January to 15 July);

    (3)  a tendency -- especially during the first half of the year -- for the TC tracks to be north oriented;

    (4)  a substantial eastward displacement of the mean genesis location for all TCs and for many of the individual TCs;

    (5)  the formation, east of the international dateline, of two TCs which moved into the WNP and became super typhoons -- Oliwa (02C) and Paka (05C) (these are Hawaiian names given to them by the Central Pacific Hurricane Center (CPHC));

    (6) the landfall of only one TC in the Philippines;

    (7)  the formation in the monsoon trough of all but one of the TCs -- (Scott (07W) formed in direct association with a cyclonic circulation (cell) in the tropical upper tropospheric trough (TUTT)); and,

    (8)  the simultaneous existence in the Philippine Sea of 2 super typhoons -- Ivan (28W) and Joan (29W) -- each possessing an extreme intensity of 160 kt (82 m/sec).

Some of these unusual characteristics of the distribution and behavior of the TCs in the western North Pacific during 1997 are likely related to the large-scale atmospheric and oceanic circulation anomalies associated with 1997's strong El Niño/Southern Oscillation (ENSO) event.  Of the items in this list, (2), (4) and (7) are typical features of El Niño years.

    The annual number of significant TCs in the WNP during 1997 (Table 3-1) was almost normal: 33 versus the climatological average of 32 (Table 3-2).  The year of 1997 included 11 super typhoons, 12 lesser typhoons, 8 tropical storms and 2 tropical depressions.  The calendar-year total of 31 TCs (of at least tropical storm intensity) was one higher than the climatological average (Figure 3-1).  The calendar-year total of 23 typhoons was five above the long-term average, and is the highest annual number of typhoons recorded in the WNP basin since 1971 when there were 24. The 11 super typhoons is an unprecedented value. Since 1970, as best-track wind and intensities became ever more constrained to conform to standardized TC wind-pressure relationships (e.g., Atkinson and Holiday 1977), the highest annual number of super typhoons is 7. (Figure 3-2). The high number of super typhoons in the WNP was one of the most significant highlights of 1997. The annual number of super typhoons may be weakly related to El Niño:  the El Niño years of 1972, 76, 82, 87, 91, 93 and 94 had 2, 5, 5, 7, 7, 3, and 6 super typhoons respectively (for an average of 5.0); and, the La Niña years of 1973, 83, 88, 89, 95, and 96 had 3, 4, 3, 7, 5 and 6 super typhoons respectively (for an average of 4.7).  A suggested physical mechanism for the increase in super typhoons during El Niño years is the longer over-water, low-latitude trajectories of the TCs which, because of El Niño, form well to the east of normal.  The annual number of super typhoons during 1997 is unprecedented, and its association with one of the strongest recorded El Niño events may be more than just a coincidence.

    During the Boreal Spring of 1997, El Niño (i.e., very warm SST in the central and eastern equatorial Pacific) developed rapidly, coupled with a drop in the magnitude of the Southern Oscillation Index (Figure 3-3). Unusually persistent low-level westerly wind flow became established at low latitutudes in the WNP.  This westerly wind flow was also displaced eastward from its normal domain (Figure 3-4).  The set-up of low-level, low-latitude westerly wind flow early in the year led to the establishment of a near-equatorial trough across Micronesia from the western Caroline Islands eastward into the Marshall Islands.  This trough supported the development of several TCs early season.  According to Lander (1994), the only statistic of numbers of TCs in the WNP which is significantly correlated with any ENSO index is an increase in the number of cyclones from 01 January to 15 July.

  Table 3-1      WESTERN NORTH PACIFIC SIGNIFICANT TROPICAL CYCLONES FOR 1997

                                           NUMBER     ESTIMATED MAXIMUM

                                           WARNING       INTENSITY        ESTIMATED

   TROPICAL CYCLONE   PERIOD OF WARNING    ISSUED        KT (M/SEC)       MSLP (MB)

   01W TS HANNAH       19 JAN - 24 JAN       17           50  (26)          987

   02W STY ISA         11 APR - 23 APR       47          145  (75)          892

   03W TS JIMMY        22 APR - 25 APR       15           55  (28)          984

   04W TS KELLY        07 MAY - 10 MAY       14           45  (23)          991

   05W TS LEVI         25 MAY - 30 MAY       19           45  (23)          991

   06W TY MARIE        26 MAY - 02 JUN       27           90  (46)          954

   07W STY NESTOR      06 JUN - 15 JUN       37          140  (72)          898

   08W TY OPAL         15 JUN - 21 JUN       26           90  (46)          954

   09W TY PETER        23 JUN - 29 JUN       24           65  (33)          976

   10W STY ROSIE       18 JUL - 28 JUL       38          140  (72)          898

   11W TS SCOTT*       24-25 JUL/27-02 AUG   30           55  (28)          984

   12W TY TINA         29 JUL - 09 AUG       44           90  (46)          954

   13W TY VICTOR       30 JUL - 03 AUG       15           65  (33)          976

   14W STY WINNIE      08 AUG - 19 AUG       44          140  (72)          898

   15W TY YULE         16 AUG - 23 AUG       27           65  (33)          976

   16W TD              18 AUG - 19 AUG        5           30  (15)         1000

   17W TY ZITA         21 AUG - 23 AUG       10           75  (39)          967

   18W TY AMBER        21 AUG - 30 AUG       36          110  (57)          933

   19W STY BING        27 AUG - 05 SEP       36          135  (69)          904

   20W TS CASS         28 AUG - 30 AUG       11           45  (23)          991

   02C STY OLIWA#      02 SEP - 17 SEP       53(6)       140  (72)          898

   21W TY DAVID        11 SEP - 20 SEP       35           95  (49)          949

   22W TY FRITZ        20 SEP - 25 SEP       21           75  (39)          968

   23W TS ELLA         21 SEP - 25 SEP       14           40  (21)          994

   24W STY GINGER      22 SEP - 30 SEP       31          145  (75)          892

   25W TS HANK         03 OCT - 04 OCT        7           40  (21)          994

   26W TD              04 OCT - 07 OCT       10           30  (15)         1000

   27W STY IVAN        13 OCT - 24 OCT       46          160  (82)          872

   28W STY JOAN        13 OCT - 24 OCT       44          160  (82)          872

   29W STY KEITH       27 OCT - 08 NOV       48          155  (80)          878

   30W TY LINDA        31 OCT - 09 NOV       35           65  (33)          976

   31W TY MORT         10 NOV - 16 NOV       23           65  (33)          976

   05C STY PAKA#        02 DEC - 21 DEC       61(17)      160  (82)          901**

                            JTWC TOTAL     950

                          #NPMOC TOTAL     (23)

                           GRAND TOTAL     973

    * REGENERATED

   ** ATLANTIC INTENSITY - MSLP RELATIONSHIP USED

    # WARNINGS ISSUED BY NPMOC

      Table 3-2      DISTRIBUTION OF WESTERN NORTH PACIFIC TROPICAL CYCLONES FOR 1959 - 1997

       YEAR  JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC     TOTALS    

  1959    0     1     1     1     0     1     3     8     9     3     2     2        31

         000   010   010   100   000   001   111   512   423   210   200   200    17  7  7

  1960    1     0     1     1     1     3     3     9     5     4     1     1        30

         001   000   001   100   010   210   210   810   041   400   100   100    19  8  3

  1961    1     1     1     1     4     6     5     7     6     7     2     1        42

         010   010   100   010   211   114   320   313   510   322   101   100    20 11 11

  1962    0     1     0     1     3     0     8     8     7     5     4     2        39

         000   010   000   100   201   000   512   701   313   311   301   020    24  6  9

  1963    0     0     1     1     0     4     5     4     4     6     0     3        28

         000   000   001   100   000   310   311   301   220   510   000   210    19  6  3

  1964    0     0     0     0     3     2     8     8     8     7     6     2        44

         000   000   000   000   201   200   611   350   521   331   420   101    26 13  5

  1965    2     2     1     1     2     4     6     7     9     3     2     1        40

         110   020   010   100   101   310   411   322   531   201   110   010    21 13  6

  1966    0     0     0     1     2     1     4     9    10     4     5     2        38

         000   000   000   100   200   100   310   531   532   112   122   101    20 10  8

  1967    1     0     2     1     1     1     8    10     8     4     4     1        41

         010   000   110   100   010   100   332   343   530   211   400   010    20 15  6

  1968    0     1     0     1     0     4     3     8     4     6     4     0        31

         000   001   000   100   000   202   120   341   400   510   400   000    20  7  4

  1969    1     0     1     1     0     0     3     3     6     5     2     1        23

         100   000   010   100   000   000   210   210   204   410   110   010    13  6  4

  1970    0     1     0     0     0     2     3     7     4     6     4     0        27

         000   100   000   000   000   110   021   421   220   321   130   000    12 12  3

  1971    1     0     1     2     5     2     8     5     7     4     2     0        37

         010   000   010   200   230   200   620   311   511   310   110   000    24 11  2

  1972    1     0     1     0     0     4     5     5     6     5     2     3        32

         100   000   001   000   000   220   410   320   411   410   200   210    22  8  2

  1973    0     0     0     0     0     0     7     6     3     4     3     0        23

         000   000   000   000   000   000   430   231   201   400   030   000    12  9  2

  1974    1     0     1     1     1     4     5     7     5     4     4     2        35 

         010   000   010   010   100   121   230   232   320   400   220   020    15 17  3

  1975    1     0     0     1     0     0     1     6     5     6     3     2        25

         100   000   000   001   000   000   010   411   410   321   210   002    14  6  5

  1976    1     1     0     2     2     2     4     4     5     0     2     2        25

         100   010   000   110   200   200   220   130   410   000   110   020    14 11  0

  1977    0     0     1     0     1     1     4     2     5     4     2     1        21

         000   000   010   000   001   010   301   020   230   310   200   100    11  8  2

  1978    1     0     0     1     0     3     4     8     4     7     4     0        32

         010   000   000   100   000   030   310   341   310   412   121   000    15 13  4

  1979    1     0     1     1     2     0     5     4     6     3     2     3        28

         100   000   100   100   011   000   221   202   330   210   110   111    14  9  5

  1980    0     0     1     1     4     1     5     3     7     4     1     1        28

         000   000   001   010   220   010   311   201   511   220   100   010    15  9  4

  1981    0     0     1     1     1     2     5     8     4     2     3     2        29

         000   000   100   010   010   200   230   251   400   110   210   200    16 12  1

  1982    0     0     3     0     1     3     4     5     6     4     1     1        28

         000   000   210   000   100   120   220   500   321   301   100   100    19  7  2

  1983    0     0     0     0     0     1     3     6     3     5     5     2        25

         000   000   000   000   000   010   300   231   111   320   320   020    12 11  2

  1984    0     0     0     0     0     2     5     7     4     8     3     1        30

         000   000   000   000   000   020   410   232   130   521   300   100    16 11  3

  1985    2     0     0     0     1     3     1     7     5     5     1     2        27

         020   000   000   000   100   201   100   520   320   410   010   110    17  9  1

  1986    0     1     0     1     2     2     2     5     2     5     4     3        27

         000   100   000   100   110   110   200   410   200   320   220   210    19  8  0

  1987    1     0     0     1     0     2     4     4     7     2     3     1        25

         100   000   000   010   000   110   400   310   511   200   120   100    18  6  1

  1988    1     0     0     0     1     3     2     5     8     4     2     1        27

         100   000   000   000   100   111   110   230   260   400   200   010    14 12  1

  1989    1     0     0     1     2     2     6     8     4     6     3     2        35

         010   000   000   100   200   110   231   332   220   600   300   101    21 10  4

  1990    1     0     0     1     2     4     4     5     5     5     4     1        31

         100   000   000   010   110   211   220   500   410   230   310   100    21  9  1

  1991    0     0     2     1     1     1     4     8     6     3     6     0        32

         000   000   110   010   100   100   400   332   420   300   330   000    20 10  2

  (TABLE CONTINUED ON TOP OF NEXT PAGE)

  Table 3-2
(CONTINUED FROM PREVIOUS PAGE)

  YEAR  JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC     TOTALS
  1992    1     1     0     0     0     3     4     8     5     6     5     0        33

         100   010   000   000   000   210   220   440   410   510   311   000    21 11  1

  1993    0     0     2     2     1     2     5     8     5     6     4     3        38

         000   000   011   002   010   101   320   611   410   321   112   300    21  9  8

  1994    1     0     1     0     2     2     9     9     8     7     0     2        41

         001   000   100   000   101   020   342   630   440   511   000   110    21 15  5

  1995    1     0     0     0     1     2     3     7     7     8     2     3        34

         001   000   000   000   010   020   210   421   412   512   020   012    15 11  8

  1996    0     1     0     2     2     0     7    10     7     5     6     3        43

         000   001   000   011   110   000   610   433   610   212   132   111    21 12 10

  1997    1     0     0     2     3     3     4     8     4     6     1     1        33

         010   000   000   110   120   300   310   611   310   411   100   100    23  8  2    

  (1959-1996)

  MEAN   0.6   0.3   0.6   0.8   1.3   2.1   4.6   6.5   5.8   4.8   3.0   1.5      31.9

       CASES   22    11    23    29    48    79   175   248   219   182   113    57      1206
The criteria used in TABLE 3-2 are as follows:
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1) If a tropical cyclone was first warned on during the last two days of a particular month and continued into the next month for longer than two days, then that system was attributed to the second month. 

2) If a tropical cyclone was warned on prior to the last two days of a month, it was attributed to the first month, regardless of how long the system lasted.

 3) 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, then it was attributed to the second month.
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Figure 3-1 Tropical cyclones of tropical storm or greater intensity in the western North Pacific (1960-1997).
Figure 3-2 Number of western North Pacific super typhoons (1960-1997).

The annual mean genesis location of  TCs which form in the WNP is related to the status of ENSO:  it tends to be east of normal during El Niño years and west of normal during those years characterized by large-scale climatic anomalies opposite to those of El Niño, years known as La Niña or ENSO cold phase.  Consistent with the TC distribution typically associated with El Niño (or an ENSO warm phase), the annual mean genesis location for all TCs during 1997 was substantially east of normal (Figure 3-5a).  This was a pronounced change from the TC distributions during 1995 and 1996 (both weak La Niña years) when this statistic was west of normal.  A breakdown of the genesis locations of the individual WNP TCs of 1997 (Figure 3-5b) shows that most formed east of 140E. Eleven formed east of 160E, while only two -- two below normal -- formed in the South China Sea.  Through the period of 1960 to 1991, the five years with the highest annual average of the Southern Oscillation Index (SOI) (i.e., 1988, 1975, 1974, 1973, and 1971) had an average of 2.4 TCs east of 160E, and the five years with the lowest annual average SOI (i.e., 1991, 1987, 1982, 1977, and 1972) had an average of 7.4 TCs east of 160E. (Note: all El Niño years have below normal values of the SOI.) During 1996, only one TC formed within the region designated as the "El Niño" box on Figure 3-5b, while 10 TCs formed there during 1997 (including those TCs that originated east of the International Date Line). 
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Figure 3-3 Anomalies from the monthly mean for eastern equatorial Pacific Ocean sea-surface temperature (hatched) in degrees Celsius and the Southern Oscillation Index (SOI) (shaded) for the period 1996 through 1997. (Adapted from Climate Prediction Center, 1997).

The annual number of TCs which form in this "El Niño" box has been shown by Lander (1994) to be dramatically affected by El Niño:  far more TCs form within it during EL Niño years than during normal and La Niña years.  Only one TC during 1997 -- Scott (07W) -- formed north of 20N in direct association with a TUTT cell.  All other TCs of 1997 formed at low latitudes in the monsoon trough.  There was a tendency during 1997 for low-level monsoon winds to persist at low latitudes and for the axis of the monsoon trough to remain near 10N across Micronesia (Figure 3-6).

     Low-level westerly wind anomalies persisted throughout Micronesia with the largest westerly wind anomalies located at low latitudes near and to the east of the international dateline. Corresponding anomalies in the upper troposphere consisted of easterly wind anomalies over most of the low latitudes of the WNP.  These large-scale atmospheric flow-pattern anomalies of 1997 were nearly everywhere the reverse of those that persisted for most of 1995 and 1996.  The atmospheric flow anomalies of 1997 over the WNP are typical of those expected during an El Niño year.

    Monsoon westerlies and the axis of the monsoon trough frequently stretched across all of Micronesia as far as the international dateline (and occasionally beyond) during most of 1997.  Despite the nearly continuous presence of the monsoon trough and abundant deep convection, the number of TCs (of at least tropical storm intensity) was near normal; and, compared with 1995 and 1996, the number of TCs which failed to mature and remained only at tropical depression intensity was much reduced.  The TCs of 1997 tended to emerge one-by-one from the eastern portion of the basin and then recurve or move north; each subsequent development at low latitude tended to occur after the prior TC had exited the tropics; and, the TCs emerging from the eastern end of the monsoon trough tended to be large, very intense and slow-moving. There were few cases of multiple TCs (i.e., the simultaneous occurrence of two or more) in the WNP during 1997.  The most noteworthy case of multiple TCs was the simultaneous formation and development in October of Ivan (28W) and Joan (29W).  These two TCs formed simultaneously along a segment of the monsoon trough axis, which stretched across the Marshall Islands and eastward beyond the international dateline.  Moving west-northwestward, these two TCs intensified and, while in the Philippine Sea, they simultaneously attained an extreme intensity of 160 kt (82 m/sec) -- the first time in the JTWC archives that two TCs of such extreme intensity co-existed in the WNP.  The westernmost of these TCs, Ivan (28W), was the first and only TC of 1997 to make landfall in the Philippine archipelago. It grazed the northern tip of Luzon before recurving behind Joan (29W).  The low number of landfalling TCs in the Philippines and along the coast of Asia (excluding Japan) may be partly related to El Niño (e.g., Dong 1988).  Despite the low number of TCs to make landfall in eastern Asia, two that did, Winnie (10W) and Linda (31W), were significant natural disasters which caused much loss of life and great destruction at their respective landfall sites in China andVietnam. Mainland Japan, the Ryukyu Islands, the Bonin Islands, and the Mariana Islands were each affected by several typhoons. The last TC of 1997 in the WNP, Paka (05C), affected the Marshall Islands and the island of Guam and Rota. 

     The tracks of the TCs, which formed in the WNP during 1997, indicate a below-normal number of TCs in the South China Sea, and a below-normal number of straight-moving tracks.  By contrast, there were a large number of TCs that moved northward, either on north-oriented tracks or conventional recurving tracks.  Of the 33 significant TCs in the WNP during 1997, 8 (24%) were straight moving, 15 (46%) were recurvers, 6 (18%) moved on north-oriented tracks, and 4 (12%) were designated as "other".

    In summary, a chronology of all the TC activity in the JTWC AOR during 1997 is provided in Figure 3-7.  Composite best tracks for the WNP TCs are provided for the periods: 01 January to 02 August (Figure 3-8a), 21 July to 22 September (Figure 3-8b), and 17 September to 22 December (Figure 3-8c).  Table 3-3 includes: a climatology of typhoons, and tropical storms/typhoons for the WNP for the period 1945-1997. 
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Figure 3-4 Comparison between climatological (black) and analyzed (shaded) mean monthly winds with a westerly component for the WNP in 1997. For June, July, and August the area of coverage is shifted northward to include the subtropics. For reference, the star indicates Guam's location.  The outline of Australia appears in the lower left of each panel except for June, July and August where the Korean peninsula and Japan appear in the upper left. The climatology is adapted from Sadler et al. (1987). The 1997 monthly mean winds were adapted from the CPC (1997).

3.1.1  Monthly Activity Summary
JANUARY

    Beginning during November of 1996, episodes of strong low-level monsoon westerlies began to occur in the low latitudes of the WNP.  Most of the WNP TCs of November and December 1996 were associated with these episodes of enhanced low-level westerly wind flow.  The simultaneous occurrence of TCs in the Southern Hemisphere -- some of them twins to the WNP TCs -- was a signature characteristic of the TC distribution as 1996 came to a close.  Although the monsoon trough of the southern hemisphere became the dominant site of TC development by January of 1997, there were some episodes of enhanced westerly wind flow along the equator associated with a concurrent establishment of a near-equatorial trough in the WNP.  

     During just such time of enhanced westerly flow along the equator, the tropical disturbance which became Hannah (01W) formed in the near-equatorial trough south of the Marshall Islands.  Moving on a long westward track for over two weeks, it reached a peak intensity of 50 kt (26m/s), and then dissipated in the Philippine Sea.  Many of TCs of 1997 (including Hannah) shared the unusual characteristic of forming well to the east of normal: a typical behavior of TC's during an El Niño year.  Although Tropical Storm Hannah was in most aspects relatively unremarkable, it was, in retrospect, an early manifestation of an unusual large-scale tropical circulation pattern which would see many of the TC's of 1997 form well east of normal in the Marshall Islands.   We now know that the weather events over the low latitudes of the western Pacific during the late 1996 and early 1997 may be looked upon as the antecedent (or onset) conditions leading to the development of strong El Niño conditions by April of 1997.   An eastward displacement of the mean genesis location of TCs in the WNP is a hallmark signature of El Niño.

FEBRUARY

    In keeping with February's climatology as the month of lowest TC frequency in the WNP, there were no significant TCs in the WNP basin during February.

MARCH

    There were no significant tropical cyclones in the WNP basin during March.

APRIL

    During most of April, a monsoon trough stretched across Micronesia and westerly low-level winds persisted at low latitudes.  During the final week of the month, sea-level pressure fell across the eastern Caroline Islands, abundant deep convection increased, and a monsoon depression developed.  This monsoon depression moved westward and became Super Typhoon Isa (02W) -- the first of 11 super typhoons, the most ever in a single year -- to occur in 1997.  Passing to the south of Guam on 16 April, Isa produced up to 10 inches (250 mm) of rain and wind gusts to near 60 kt (31 m/sec).  Moving into the Philippine Sea late in the month, the typhoon turned to the north, intensified to a super typhoon, and then recurved over water to the southeast of Japan.  

     As Isa was recurving, monsoon westerlies persisted in low levels of Micronesia, and extended to the international dateline.  Tropical Storm Jimmy (03W) formed a low latitude in a near-equatorial trough which extended across the southern Marshall Islands.  This small TC moved northwest and intensified, reaching a peak of 55 kt (28 m/sec) as it made a turn to the northeast.  It then encountered a shear line and dissipated over water during the final week of April.
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Figure 3-5a  Mean annual genesis locations for the period 1970-1997. 1997’s location is indicated by the arrow. The star lies at the intersection of the 28-year average latitude and longitude of genesis for statistical purposes, genesis is defined as the first 25 kt (13 m/sec) intensity on the best track.
Figure 3-5b  Point of formation of significant tropical cyclones in 1997 as indicated by the initial intensity of 25 kt (13 m/sec) on the best track. The symbols indicate: solid dots = 16 July to 15 October; and, X = 16 October to 31 December. 

[image: image7.jpg]40°N

7 N

oy B
AT V™ ”
3 g T

;

if"""ﬂ{“

R s
g
=

100°E






Figure 3-6  Schematic illustration of the low-level circulation pattern which dominated the WNP during August. Arrows indicate wind direction, dashed line indicates the axis of the monsoon trough, C indicates LLCCs, A= anticyclone center, G=Guam, and T=Tokyo. 

MAY

    As the month of May began, monsoon westerlies persisted across the low latitudes of the eastern half of Micronesia.  Tropical Storm Kelly (04W), like Jimmy (03W) two weeks earlier, formed at low latitude in the southern Marshall Islands.  It was a relatively weak TC, which moved slowly to the northwest, then after heeling over to a faster westward track, it dissipated over water.  During mid-May, the tropics of the WNP became inactive.

       The next episode of TC development commenced during the final week of May when two TCs -- Tropical Storm Levi (05W) and Typhoon Marie (06W) -- formed at opposite ends of the basin:  Levi in the South China Sea and Marie at low latitude near 160E. While still a depression, Levi moved eastward across Luzon where it caused severe flooding in Metro-Manila.  Ivan (27W) was the only mature system to hit the Philippines. After entering the Philippine Sea, it turned to the north, reached its maximum intensity of 45 kt (23 m/sec), and eventually recurved on 28 May, merging with the Mei-Yu front south of Japan.  Marie initially moved westward, then turned to the north and maintained a northward track for several days.  While intensification was initially slow, Marie eventually reached a maximum intensity of 90 kt (47 m/sec).  Shortly thereafter, Marie recurved and eventually became extratropical.

JUNE

     Levi and Marie were still active in early June as they accelerated into midlatitudes, became extratropical, and crossed the international dateline to become mid- latitude lows northwest of Hawaii. Low-latitude monsoon westerlies continued to persist across Micronesia during June, and three TCs -- Nestor (07W), Opal (08W) and Peter (09W) -- formed in the monsoon trough. Super Typhoon Nestor (07W) began as a monsoon depression in the Marshall Islands. It moved toward the west-northwest and slowly intensified. After becoming a tropical storm, it jogged to the north-northwest passing to the east and over the top of the Mariana Island chain. It became the second super typhoon of the season when located about 200 nm (370 km) northeast of Saipan (WMO 91232). Undergoing another synoptic-scale meander, it swung back to a northwesterly track before undergoing recurvature to the east of Japan.

     As Nestor (07W) recurved, another monsoon depression -- originating in the eastern Caroline Islands -- consolidated and became Typhoon Opal (08W). Opal moved on a north oriented track and began to rapidly intensify, but ran into westerly shear as it reached its maximum intensity of 90 kt (47 m/sec).   It then turned to the northeast and became the first TC of the season to hit Japan, making landfall in southern Honshu.  Opal then accelerated north of Tokyo, entered the Pacific Ocean, and became extratropical. 

    After Opal (08W) recurved, another monsoon depression, originating again in the eastern Caroline Islands, consolidated and became Typhoon Peter (09W). During the last week of June, Peter approached Luzon, but then turned north and became a minimal typhoon of 65 kt (34 m/sec) as it neared the Ryukyu Island Chain. After Peter reached 30N, it turned to the northeast, made landfall in Kyushu, and traversed nearly the entire length of Honshu. Exiting Honshu and moving over water, the TC reintensified to become a typhoon once again as it passed to the south of the Kamchatka peninsula.

JULY

During the first few days of July, Typhoon Peter (09W) moved eastward at high latitude and slowly weakened. It crossed the international dateline and became a weak extratropical low on 04 July.   During the first half of July there was a break in TC activity.

     There wasn't another named TC in the WNP basin until 19 July when Super Typhoon Rosie (10W) was upgraded from a tropical depression to a tropical storm. Rosie formed as a monsoon depression at low latitudes to the south of Guam. It moved on a north-oriented track and became the year's third super typhoon while it was moving toward the north approximately 600 nm (1110 km) east-northeast of Luzon. During the last week of July, Rosie made landfall on the south coast of Shikoku, and then passed across Honshu into the Sea of Japan where it stalled and weakened. The remnants of Rosie, drifted southeastward back across Honshu and dissipated over water southwest of Tokyo.  

     While most of the tropical cyclones had developed in the monsoon trough in the eastern and western parts of the basin, the birth of Tropical Storm Scott (11W) occurred north of 20N in direct association with a cyclonic circulation in the Tropical Upper Tropospheric Trough. As TD 11W, the system interacted with the outflow of Super Typhoon Rosie (10W), and was steered to the southeast for a few days.  It eventually turned to the northwest for 24 hours, then recurved and reached its maximum intensity of 55 kt (29 m/sec).  Scott spent its entire life over water.

     Like so many other 1997 tropical cyclones, the disturbance that became Typhoon Tina (12W) developed in the El Niño-induced monsoon trough in the eastern Caroline Islands.  Organization was very slow for over a week as the disturbance moved to the northwest.  On 29 July, the system became TD 12W and on 05 August it reached its 90 kt (47 m/sec) maximum intensity.  Tina then turned to the north, passed between Taiwan and Okinawa, made landfall in southern Korea, and dissipated in the Sea of Japan on 10 August.  

     As Tina was developing in the eastern part of the basin, the cloud system that became Typhoon Victor (13W) was consolidating together west of Luzon in the South China Sea.  The system moved on a northward track and intensified slowly against northerly upper-level shear.  It finally reached minimal typhoon intensity just prior to making landfall near Waglin Island, Hong Kong on 02 August.

AUGUST

     August was an extremely busy with a total of ten TCs spending some part of their life in the month.  As Tina (12W) and Victor (13W) were maturing in the western portion of the WNP basin, yet another monsoon depression was developing in association with El Nino-induced westerlies in the Marshall Islands.  The new monsoon depression soon reached tropical storm intensity, and then intensified into Super Typhoon Winnie (14W), the fourth of the eleven super typhoons.  Winnie was unique in that as it moved toward Okinawa, a large rain band completely encircled the eye wall cloud, producing an outer eye wall cloud with a diameter of nearly 200 nm (370 km), one of the largest ever observed.  Doppler radar at Kadena AB (Okinawa) clocked winds of 100 kt (52 m/sec) in the outer eye wall cloud.  Winnie later made landfall south of Shanghai, China and dissipated rapidly.  Torrential rains associated with Winnie caused considerable death and destruction in China.  

     As Winnie was forming its unusual concentric eye wall clouds, Typhoon Yule (15W) and Tropical Depression 16 (TD 16W) were organizing in the prolific monsoon trough that extended from east of the international dateline westward to the Caroline Islands.  The disturbance that became Yule began at the extremely low latitude of 03N, while the system that became 16W started east of the Date Line.  The two systems engaged in a direct interaction, with Yule moving to the north-northeast and TD16W moving to the west.  The two systems eventually merged with Yule becoming the dominant circulation.  Yule briefly attained typhoon intensity, and after a long north-oriented track, it became an intense tropical-extratropical hybrid system with typhoon-force winds. The weakened system finally recurved at almost 50N. 

     Typhoon Zita (17W) was one of the three TCs to reach typhoon intensity in the South China Sea, and one of four TCs to develop in the monsoon trough in a 8-day period.  It developed in the monsoon trough about 300 nm (560 km) to the west of Luzon and moved in a northward direction.  The system rapidly moved into easterly steering flow and turned to the west.  Despite its proximity to the China mainland, it intensified significantly, reaching a maximum intensity of 75 kt (39 m/sec) over the Luichow Peninsula.  Zita maintained this strength across the Gulf of Tonkin, and made landfall in Vietnam on the morning of 23 August. 

     The pre-Typhoon Amber (18W) disturbance developed southwest of Guam and took a slow westward, then northwestward track toward Taiwan.  Amber intensified slightly faster than the normal Dvorak one T-number per day, and had reached 100 kt (52 m/sec) on the morning of 25 August.  At this time, Tropical Storm Cass (20W) began to form southwest of Amber in the South China Sea, about 160 nm (296 km) south of Hong Kong.  Shear from the outflow from Typhoon Amber inhibited Cass' intensification.  On 28 August, the two TCs underwent a binary interaction, which accelerated Amber toward Taiwan and caused Cass to move slowly to the east.  After some vacillation in intensity, Amber reached its peak of 110 kt (57 m/sec) just prior to hitting Taiwan on 29 August.  Amber weakened over the mountainous island, and later made landfall on mainland China.  Tropical Storm Cass (20W) was very short-lived, spending only 2.5 days in warning.  Once Amber move over Taiwan, Cass moved to the north and intensified to its peak of 45 kt (23 m/sec).  Cass made landfall in mainland China, 150 nm (278 km) west of Taiwan, and later dissipated over the mountains of southern China.  

    While Amber (18W) was developing southwest of Guam, the disturbance destined to become Super Typhoon Bing (19W) was developing near the eastern extent of the monsoon trough in the Marshall Islands.  The system was upgraded to TD 19W on 27 August and tracked westward at 13-15 kt (24-28 km/hr) toward the Mariana Islands.  On the afternoon of 29 August, Tropical Storm Bing passed through the channel that separates Guam and Rota with 40-kt (21-m/sec) sustained winds.  After passing Guam, Bing began to rapidly intensify, and 54 hours later, it reached its peak intensity of 135 kt (70 m/sec), becoming the fifth super typhoon of the season.  Near 143E, Bing slowed its forward motion and turned to the north.  Shortly thereafter, it accelerated to a speed of 11-13 kt (20-24 km/hr), maintaining northward motion for three days, until it recurved to the northeast about 300 nm (555 km) south of eastern Japan.  Bing's forward speed accelerated to 30 kt (56 km/hr) as it transitioned into a 55-kt (29 m/sec) extratropical cyclone on 05 September.

SEPTEMBER 
     September was also a busy month with five TCs.  At the end of August, a tropical disturbance formed to the southwest of Hawaii in the monsoon trough displaced far to the east as a result of the intense El Niño event. The disturbance would eventually become Super Typhoon Oliwa (02C) (a Hawaiian name -- pronounced "Oh'-lee-vah") after it crossed the international dateline. Oliwa reached tropical storm intensity in the Central North Pacific and proceeded on a westward track, crossing the dateline on 04 September.  In the WNP, Oliwa intensified slowly to typhoon intensity, then explosively deepened, with its winds increasing from 75 kt (39 m/sec) to its peak of 140 kt (72 m/sec) in only 24 hours. Super Typhoon Oliwa (02C) continued it's west-northwest motion, slowly weakening. At mid-month, it recurved northeast of the Ryukyu Islands and made landfall in southern Kyushu with an intensity of 70 kt (36 m/sec), causing some deaths and considerable destruction.  Oliwa dissipated in the Sea of Japan.  

    The disturbance that became Typhoon David (21W), initially developed east of the dateline in the active monsoon trough.  TD 21W moved to the northwest, intensifying at a normal one T-number/day rate.  The system was large, and the northward component was attributed to the "Beta effect" of its large size.  David attained its maximum intensity of 95 kt (49 m/sec) on the morning of 15 September.  Typhoon David recurved, passed south of Japan, and became extratropical on 21 September en route to the Gulf of Alaska.  

    While David (21W) was recurving southeast of Japan, the disturbance that became Super Typhoon Ginger (24W), was consolidating near the international dateline as one of 10 TCs which formed east of 160E and south of 20N -- within the El Niño box (See Figure 3-3a).  Ginger moved on a north-oriented track in the eastern portion of the WNP basin.  Ginger underwent a 24-hour period of explosive deepening, and as it neared its peak intensity of 145 kt (75 m/sec), the typhoon possessed an extensive system of primary and peripheral rain bands.  When Ginger reached 30N, it accelerated within the mid-latitude westerlies where it transitioned into a vigorous extratropical low.  

    Typhoon Fritz (22W) was first seen as an area of enhanced convection in the South China Sea.  As the system moved away from the coast of Vietnam, it slowly intensified.  After a few days of eastward movement, Fritz turned back to the west toward Vietnam and continued to intensify.  It reached its peak intensity of 75 kt (39 m/sec), which it maintained until it made landfall in Vietnam on 25 September.  The system dissipated over land, but torrential rains triggered landslides that took the lives of many gold prospectors. 

     Tropical Storm Ella (23W) developed as a very small circulation east of the dateline.  By 21 September, convection had become well-organized, abeit small (30 nm (56 km), over the system center.  Ella sped to the west-northwest at 18-25 kt (33-46 km/hr), reached its maximum intensity of 40 kt (21 m/sec) on 22 September, recurved and dissipated on 24 September near 40N 170E.

OCTOBER 

Tropical Storm Hank (25W) was the shortest-lived tropical cyclone of the season, with warnings issued for only 36 hours.  The disturbance that became Hank, was first observed on 27 September in the South China Sea, but the first warning was not issued until 03 September.  The system moved erratically, and upper-level wind shear prevented it from intensifying beyond 40 kt (21 m/sec).  Hank made landfall in northern Vietnam on 05 September  and dissipated soon thereafter.  

     As Hank was developing in the South China Sea, Tropical Depression 26W (TD 26W) formed southeast of Guam.  The disturbance initially moved northward, then healed over to the west and passed north of Guam on 03 October, where it attained its maximum intensity of 30 kt (16 m/sec).  TD 26W maintained this intensity for three more days, but strong westerly upper level shear never allowed it to intensify.  As an exposed low level circulation, TD 26W merged with a frontal boundary over the Philippine Sea. 

     Super Typhoon Ivan (27W) and Super Typhoon Joan (28W) were two of three TCs in the WNP during 1997 to attain an extreme intensity of 160 kt (82 m/sec), and were the 8th and 9th of 1997's unprecedented number of 11 super typhoons.  An equatorial westerly wind burst associated with the El Niño preceeded the formation of Ivan, Joan and a Southern Hemisphere twin -- Tropical Cyclone Lusi (02P).  After developing, Ivan moved to the west-northwest and eventually passed 55 nm (102 km) south of Guam.  From 150600Z to 171800Z, Ivan intensified from 65 kt (34 m/sec) to 160 kt (83 m/sec).  The typhoon continued its westward movement, becoming the first and only named TC in 1997 to hit the Philippines.  Ivan recurved in the Luzon Strait, and after weakening, became extratropical  south of Japan.  Joan developed just east of Ivan, and took a similar track to the west, but passed 155 nm (287 km) north of Guam.  Joan explosively deepened, intensifying from 70 kt (36 m/sec) to 160 kt (83 m/sec) in 36 hours -- a deepening rate of 2.8 mb per hour.  Joan remained at or above the super typhoon threshold (130 kt, 68 m/sec) for 4.5 days -- a record.  Joan and Ivan were the two most intense TCs ever seen to exist simultaneously.  Joan slowly weakened, finally recurved, and while traveling eastward along 30N, became an intense extratropical cyclone.

     As Ivan and Joan began to recurve, yet another disturbance was developing in the El Niño-induced monsoon trough in the eastern Caroline and Marshall Islands. This disturbance would become the tenth of eleven 1997 super typhoons -- Super Typhoon Keith (29W).  After several days of westward movement and difficulty in organizing, the system finally consolidated and began to intensify at a normal rate of one Dvorak "T-number" per day.  Once it reached 105 kt  (55 m/sec), the typhoon began to rapidly intensify, peaking at 155 kt (81 m/sec) in just 24 hours.  The small eye and narrow wall cloud of Keith passed between the islands of Saipan and Rota in the Mariana Islands, and no island endured the full force of the typhoon.  Keith remained a super typhoon for 3.5 days as it moved to the northwest at the end of the month.  On 04 November, Super Typhoon Keith's (29W) forward motion slowed, and the typhoon began to weaken and recurve.  A few days later, a weakened Keith was speeding at 45 kt (83 km/hr) to the east-northeast and becoming extratropical.

NOVEMBER

     The disturbance that became Typhoon Linda (30W), developed near the end of October near 10N about 200 nm (370 km) east of the Philippines.  The system moved westward and reached tropical storm intensity within 24 hours of moving into the South China Sea.  The system continued to intensify as it approached the Ca Mau province of Vietnam on 02 November, and reached typhoon intensity in the Gulf of Thailand.  The typhoon weakened while crossing the Malay Peninsula, but reintensified in the Bay of Bengal.  Linda was the first TC since Typhoon Forrest (30W) in 1992 to successfully make this low latitude trek.  After attaining typhoon intensity in the Bay of Bengal on 06 November, Linda ran into progressively more severe wind shear, and four days later, it dissipated over the Bay.  Linda caused considerable damage and loss of life in Vietnam.

     Typhoon Mort (31W) was the last TC of November and the last 1997 TC to form west of the international dateline.  Mort began in a weak monsoon trough south of Guam.  The system moved to the west and reached it maximum intensity of 65 kt (34 m/sec) in the Philippine Sea on 12 November. Mort peaked at 55 kt (29 m/sec), before it again ran into strong shear, which pushed the convection to the south at the low-level circulation center.  On 16 November, Mort made landfall on the east coast of Luzon as a tropical depression.

 DECEMBER

      No TCs originated in the WNP during December 1997, and were it not for the entry of Super Typhoon Paka (05C) into the basin from the central North Pacific, it is probable that there would have been no TCs in the WNP during December. 

        Trade winds dominated the tropics of the WNP for most of December.  Anomalous easterly wind flow became established at low latitudes, except at eastern longitudes near the international dateline where El Niño-related low-level westerly wind flow persisted.  The majority of monsoon-related deep convection had moved to the east of the international dateline, and twin near equatorial troughs extended along 8N and 5S from near 160E to the south of Hawaii at about 160W.  A tropical storm -- Paka (05C) -- which had formed south of Hawaii during late November, moved steadily westward during December.  It crossed the International Date Line on 07 December, and became a typhoon in the Marshall Islands.  Continuing on a west-northwestward track, it intensified into a super typhoon and passed over Guam on 16 December, where the 600 million dollar level of destruction resulted in a Presidential declaration of Guam as a disaster area.  Reliable measurements of wind gusts on Guam were as high as 149 kt (77 m/sec) and storm total rainfall amounts in excess of 15 inches (635 mm) occurred.  Paka continued to move west-northwestward into the Philippine Sea where it eventually dissipated over water after reaching an extreme estimated intensity of 160 kt (82 m/sec).

       With the dissipation of Paka, the "year of the super typhoon" in the western North Pacific came to a close.  At the end of December, high pressure, persistent easterly winds, and reduced amounts of deep convection prevailed in the tropics of the basin.  ENSO-related drought conditions worsened to record proportions in Micronesia, and TC activity shifted into the Southern Hemisphere with a classical El Niño

shift to the east.  

     During 1997 for the western North Pacific, JTWC issued 950 warnings.  Super Typhoons Paka (05C) and Oliwa (02C) were the longest lived TCs of the year, requiring 78 and 59 warnings respectively, even after moving from their genesis regions in the central North Pacific across the international dateline into the JTWC area of responsibility.

            Table 3-3  WESTERN NORTH PACIFIC TROPICAL CYCLONES

            TYPHOONS (1945-1959)

                      JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC TOTALS

            MEAN      0.3  0.1  0.3  0.4  0.7    1  2.9  3.1  3.3  2.4    2  0.9   16.4

            CASES       5    1    4    6   10   15   29   46   49   36   30   14    245

            TYPHOONS (1960-1997)

                      JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC TOTALS

            MEAN      0.3  0.1  0.2  0.4  0.7  1.1  2.8  3.5  3.4  3.3  1.7  0.7     18

            CASES      10    2    8   16   27   41  107  132  129  124   63   26    685

            TROPICAL STORMS AND TYPHOONS (1945-1959)

                      JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC TOTALS

            MEAN      0.4  0.1  0.5  0.5  0.8  1.6  2.9    4  4.2  3.3  2.7  1.2   22.2

            CASES       6    2    7    8   11   22   44   60   64   49   41   18    332

            TROPICAL STORMS AND TYPHOONS (1960-1997)

                      JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC TOTALS

            MEAN      0.5  0.2  0.4  0.7  1.2  1.8  4.3  5.7  5.1  4.3  2.7  1.2   28.1

            CASES      20    9   17   25   44   70  163  215  193  164  101   47   1068

TABLE 3-4 TROPICAL CYCLONE FORMATION ALERTS FOR THE WESTERN NORTH PACIFIC OCEAN FOR 1976-1997






YEAR
INITIAL TCFAS
TROPICAL CYCLONES WITH TCFAS
TOTAL TROPICAL CYCLONES
PROBABILITY OF TCFA WITHOUT WARNING*
PROBABILITY OF TCFA BEFORE 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%
96%

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
20%
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%

(1976-1997)






MEAN:
37
29
30
22%
97%

TOTALS:
818
635
670










* Percentage of initial TCFA's not followed by warnings.






[image: image8.jpg]—SSNM 0IW TS HANNAH S o
oW STY I g
O3W TS JIMM’ ot
AV TSKELLY [N 17 pismama
gz& ng\;,i : @ EXTRATROPICAL
. . S
08W TY OPAL e
09W TY PETER. e
TSIy KOsl
11W TS SCOTT 3
S Nime -
1cioR o
LW STV WINNIE
TSWTY VULE 13
1 TD*
3 T -
IWSTY BIXG
200 TS CASS o
3¢ $1Y OLe
ST DAVD
TR
W TS EL *
051 GNGER 8
IS ANK 3
W T =
STV
TV ioAN
STV i
STy LN
31W TY MORT i
[TasvaTy
N Teomn | ]
Teom N
TeaA
TC04A 2

Jaary Ry Mach  Apil  Mwy o Je Bl Augist Sepember October  November




Figure 3-7 Chronology of western North Pacific and North Indian Ocean tropical cyclones for 1997.

TABLE 3-5 NORTH INDIAN OCEAN SIGNIFICANT TROPICAL CYCLONES FOR 1997





TROPICAL CYCLONE
PERIOD OF WARNING
NUMBERS OF WARNINGS ISSUED
ESTIMATED MAX INTENSITY
EST MSLP (MB)




KT (M/SEC)


01B
14 MAY - 20 MAY
22
115 (59)
927

02B
24 SEP - 27 SEP
10
65 (33)
976

03A
08 NOV - 09 NOV
7
35 (18)
997

04A
10 NOV - 14 NOV
17
55 (28)
984

TOTAL

56
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 Figure 3-8a Composite best tracks for the western North Pacific Ocean tropical cyclones for the period 01
 January to 02 August 1997
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Figure 3-8b Composite best tracks for the western North Pacific Ocean tropical cyclones for the period 21 July to 22 September 1997
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Figure 3-8c Composite best tracks for the western North Pacific Ocean tropical cyclones for the period 17 September to 22 December 1997
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TABLE 3-2 LEGEND


Total for the month/year





Typhoons                





Tropical Storms





Tropical Depressions
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