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TIROS PHOTOGRAPHS AND MOSAIC SEQUENCES
OF TROPICAL CYCLONES IN THE WESTERN PACIFIC DURING 1962

I, INTRODUCTION

Of the 24 major Western Pacific typhoons of the 1962 season the TIROS
meteorological satellite obtained good views of at least 18, The storms
were viewed during various stages of development, and frequently on con-
secutive days, Some of the mosaics constructed for these storms have been
published [l1, 2, 3]. but for the most part only incomplete series demonstrating
significant characteristics have been shown. The other views, of course,
are also extremely interesting containing not only views of tropical systems
but those of higher latitudes as well, This report contains an extensive
and nearly complete series of the TIROS views of the major tropical cyclones
of the Western Pacific during 1962.1 The report is intended to be more than a
catalogue of the various views obtained, The relationship of the appearance
of the cyclone to flow patterns suggested by cirrus striations and the di-
rection of shear of cumulonimbus anvils, for example, is discussed. The
question of development and changes in appearance with changes in intensity
are also described., For this type of documentation data derived through
the efforts of the Joint Typhoon Warning Center at Guam and summarized in
the Annual Typhoon Report, 1962 [6] , have proven especially valuable and
these are frequently referred to, At the same time it was not fully possible
to document all of the interpretive aspects involved in these discussions
though many analyses and time-sections are attached. Further, more definitive
documentation of most of these aspects has been given in the references listed.
The following definitions of the various stages of typhoon development adopted
from Dunn and Miller [4] are used in this report:

Tropical disturbance - Rotary circulation slight or absent at the
surface but possibly better-developed aloft, There are no closed
isobars and no strong winds, This type of disturbance is common
throughout the tropics.

Tropical depression - One or more closed surface isobars, Wind force
equal or less than 33 knots,

1 TIROS views of un-named storms or weaker disturbances are not included in
this collection except in association with a named storm. Some of the views
of decaying storms or storms which have become extra-tropical in association
with frontal zones have not been included, And, finally, further investigation
may reveal formative stages of the storms considered, which were viewed by
TIROS, but were not recognized as a formative stage by the author - and these
are not included,

2 From this source the best estimate of maximum sustained surface wind speed
is given whenever available, This estimate is generally a smoothed value de-
rived through post-analysis which attempts to correlate and make consistent
all sources of maximum wind speed data obtained from a particular storm at a
given time.



Tropical storm - Closed surface isobars, wind force 34-63
knots,

Typhoon - Wind force 64 knots or more,

The storms are presented chronologically commencing with Typhoon Iris
on May 27, 1962 and ending with Typhoon Karen on November 14, 1962.3 1In
this brief period TIROS V and TIROS VI obtained this fascinating series of
pictures which are unequaled to this date in terms of completeness and
quality of view, It is anticipated that this collection will have great
value for comparison with views of other storms obtained in years to come,
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3 Please note that when more than one typhoon is visible in a given section
this same mosaic is duplicated for ease of discussion in the appropriate
section dealing with the other storm, (See Table of Contents)
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IV, LIST OF FIGURES
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FIGURE 1, A TIROS IV mosaic of Typhoon Iris on May 27, 1962, Maximum
sustained surface winds were near 65 kt . (smoothed) and decreasing,

ok JOANK k%

FIGURE 2, A TIROS V mosaic of Tropical Storm Joan on July 8, 1962, The
center of circulation lies on the western edge of the storm, This asymmetry
of the center of circulation with respect to the major cloud shield is

typical of storms in the formative or less intense phase, Joan formed on

the 6th of July, attained tropical storm intensity on the 7th, and was
‘reported to have had maximum sustained surface winds of near 60 kt, (smoothed)
at the time of this TIROS view, These winds are unusually strong for a

storm with such pronounced asymmetry [2] . "

%%% (0 PE Lxk*

FIGURE 3. A TIROS V mosaic of Typhoon Opel, on August &4, 1962, Maximum
winds were 110 kt. (smoothed). The well defined eye interior to the major
cloud shield, as in this example, appears to be almost always indicative of
an intense typhoon, The outflow aloft is well revealed in the cirrus stria-
tions which suggest northerly flow over the storm's eastern quadrants,

Jkk PATSY*ok

FIGURE 4, A TIROS V mosaic of a formative stage of Typhoon Patsy on August
4, 1962, Patsy had been tracked as an easterly wave into the area shown in the
TIROS view by the Joint Typhoon Warning Center.%  Their postanalysis of this
storm [6, p. 111] indicates that the initial impetus which caused further
development was the result of a "surge from westerlies into easterlies and
MPT (Mid-Pacific Trough) at the 200 mb level'". The TIROS pictures of Opel
(Figure 3) suggesting northerly upper-level flow in the cirrus striations on
the eastern side of this storm suggest that this may have been the direction
from which the surge came in a manner also observed in the development of a
vortex .trailing Hurricane Carla, 1961 [1, p. 54] and in the development of
Typhoon Vera, described later in this series.

FIGURE 5. A TIROS V mosaic of a formative stage of Typhoon Patsy on August
5, 1962. The upper-level flow, from Typhoon Opel to the area of Patsy is
evident in this sequence of pictures through the marked striations in the
cirrus cloudiness and can also be deduced from the direction of shear of the
visible cumulonimbus anvils. Patsy at this time formed a closed surface
vortex and was listed as tropical depression number 51 by the Joint Typhoon
Warning Center.

4
Analyses utilized by the Joint Typhoon Warning Center were prepared by
members of the U. S. Fleet Weather Central, U.S. Navy.



FIGURE 6. A TIROS V mosaic of Patsy as a tropical depression on August 6,
1962, Easterly wave, numbered 52 by the Joint Typhoon Warning Center is
visible far to the east trailing Patsy, Patsy intensified to 40 knots by 2250
GMT on this day. No further TIROS views were obtained of this storm.

*%ARUTH***

FIGURE 7. A TIROS V mosaic of an early stage of Typhoon Ruth, on August 13,
1962, The vortex near 25°N, 161°E.was also of tropical depression intensity,

FIGURE 8, The Joint Typhoon Warning Center's 2000-ft. streamline analysis
for August 13, 1962, This analysis reveals that Ruth had a well defined
low level circulation at the time of the TIROS V photos of Figure 7,

FIGURE 9. The Joint Typhoon Warning Center's 200-mb. analysis for August 13,
1962, This analysis reveals a diffluent zone above the formative stage of
Ruth. That this pattern was favorable for intensification is shown in Figure 10,

FIGURE 10. A TIROS V mosaic of Tropical Storm Ruth, on August 14, 1962.
Maximum winds were near 60 kt . Note the enhancement of convection in the
convergent band along 12°N.,latitude. A tropical depression is visible near
25°N, 158°E.

FIGURE 1l. The Joint Typhoon Warning Center's 2000-ft. streamline analysis for
August 14, 1962. Note the convergence asymptotes to the south of Ruth
corresponding to the area of enhanced convection in Figure 10,

FIGURE 12. The Joint Typhoon Warning Centers 200-mb. analysis for August 14,
1962, The anticyclone aloft over the storm is well revealed by this analysis.
Black arrows indicate wind direction suggested by the cirrus striations in
Figure 10. The agreement of these indications with the 200-mb. streamlines

is quite good.

FIGURE 13. A TIROS V mosaic of Typhoon Ruth, on August 15, 1962. Maximum
winds were near 80 kt, (smoothed). A pronounced clear zone (annular zone of
subsidence) is visible along the northern rim of the cloud shield. Note the
extensive trailing convective cloudiness to the south. Remains of the
tropical depression to the north are visible along latitude 26°N.

FIGURE 14, An individual frame from the orbit of Figure 13 showing some of
the details of the internal banding of Ruth. The center of circulation is
highly asymmetrical with respect to the cloud shield and is located to the
left of the center fiducial mark in the photograph. This asymmetry appears
to be a continuation of the similar asymmetrical distribution apparent on

the preceding day in Figure 10. The expanding cloud shield extending far

to the northeast of the center of circulation suggests a rapidly intensifying
condition which has also been noted in other storms. Maximum sustained winds
increased from near 80 kt., at the time of this picture to 140 kt, before

24 hours had elapsed.



FIGURE 15. A TIROS V mosaic showing a peripheral view of Typhoon Ruth, on
August 16, 1962, The symmetrical appearance of the cloud shield of Ruth
even in this high nadir angle view suggests that it was an intense storm.
Maximum sustained winds computed by the Joint Typhoon Warning Center (JTWC)
were 150 knots (smoothed),

FIGURE 16. An individual frame from the orbit of Figure 15 showing the edge
of Typhoon Ruth in relation to the flow at 200 mb . It can be seen that a
relatively open channel extends from NE to SW under the shear line at 200 mb

separating northeasterly flow over Japan from the southwesterly outflow of
Typhoon Ruth,

FIGURE 17. A TIROS V mosaic of Typhoon Ruth on August 18, 1962. Maximum
sustained winds were near 95 knots (smoothed)., Note the symmetry of the eye
with respect to the major cloud shield. This appears to be characteristic
of the more intense storm in a more or less steady state condition.

FIGURE 18. An individual frame from the orbit of Figure 17 showing more
clearly the concentric eye of the storm.

FIGURE 19. A TIROS V mosaic of the southern edge of Typhoon Ruth on August 19,
1962, Maximum sustained winds were near 90 kt, (smoothed). Note the excellent
agreement of the 200-mb.wind at Iwo Jima (indicated on the nephanalysis) to

the northeasterly flow suggested by the cirrus striations over the same area
(near 25°N, 141°E).

FIGURE 20. A TIROS V mosaic of the western edge of Typhoon Ruth on
August 19, 1962.

FIGURE 21. A TIROS V mosaic of Typhoon Ruth on August 20, 1962. The eye is
apparent near the center of the cloud shield. Maximum sustained winds were
near 85 kt. (smoothed). Cumulonimbus clouds between latitudes 5-20°N, are
sheared to the west-southwest by east-northeasterly upper level winds.

FIGURE 22. A TIROS V mosaic of Typhoon Ruth on August 21, 1962. The eye 1is
apparent near the center of the cloud shield. Maximum sustained winds were
near 75 kt. (smoothed). The frontal zone appears intense in the TIROS
pictures but was not indicated on the Honolulu surface analysis.

FIGURE 23. A TIROS V mosaic of Typhoon Ruth on August 22, 1962, This mosaic
shows Ruth inter-acting with the polar front which was markedly visible in
Figure 22.

FIGURE 24. A TIROS V mosaic of Ruth on August 23, 1962, as it merged with
the polar front.
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FIGURE 25. A TIROS V mosaic of Sarah on August 14, 1962, 24 hours prior to
initial reconnaissance. The pronounced low level banding defining a center
of circulation obscured by a relatively small upper cloud shield is character-
istic of a tropical cyclone which is approaching tropical storm intensity [2].

FIGURE 26. A TIROS V mosaic of Typhoon Sarah on August 16, 1962. Maximum
surface winds were near 70 kt (smoothed). Note the cirrus cloudiness

radiating out over the annular zone of subsidence on the north side of the
storm, merging with an outer convective band or pre-hurricane squall line.

FIGURE 27. A TIROS V mosaic of Typhoon Sarah on August 19, 1962. Maximum
sustained winds were near 70 kt (smoothed). Note the apparent subsident
effect sharply inhibiting convective cloudiness over Korea and Kyushu, Japan.
Cumulonimbus activity was pronounced along the coast of China, apparently a
result of the frictional convergence of the storm circulation over the land
area,

FIGURE 28. A TIROS V mosaic of Sarah on August 21, 1962 with maximum sustained
winds near 50 knots (smoothed). The northern edge of Sarah was pressed

against the island of Kyushu, Japan at this time and terrain effects resulted
in the '"clear" notch cutting into the northern rim of the cloud shield [3].

The frontal zone appears intense in the TIROS pictures but was not indicated

on the Honolulu surface analysis.

FIGURE 29, This figure shows an enlarged view of Sarah from the orbit of
Figure 28, The center of circulation and possible eye appears to be located
in the middle of the southern half of the storm.

FIGURE 30. A TIROS V mosaic of Sarah in the decaying stage over the islands
of Japan on August 22, 1962, Note the flatter and less reflective appearance
of the cloud shield of Sarah in this view as opposed to that of Figures 28
and 29, This appears to be indicative of a decrease in the depth of cirrus
cloudiness over the storm and relates well to the similar lessening of storm
intensity noted during this same period.

FIGURE 31. A final TIROS V view of Sarah on August 23, 1962, as the storm
was all but obliterated,

kA THE LMAR &

FIGURE 32. A TIROS V mosaic showing an early stage of Thelma on August 19,
1962, The position of Thelma with respect to Vera should be noted for com-
parison with the next figure,

FIGURE 33, A TIROS V mosaic of Thelma on August 20, 1962, 24 hours prior to
initial reconnaissance, The cloud shield over the center of circulation
suggests that it was approaching tropical storm intensity [2] . Note the
squall line formation in the storms southwestern quadrant,



FIGURE 34. A TIROS V mosaic of Thelma approaching typhoon intensity on

August 21, 1962, A pre-hurricane squall line is well developed along the western
side of the storm. The storm was moving toward the northwest at the time of

the TIROS pictures,

FIGURE 35. A TIROS V mosaic of Thelma on August 22, 1962, Maximum sustained
surface winds decreased to near 50 kt (smoothed).

FIGURE 36, A TIROS V mosaic of Typhoon Thelma on August 23, 1962. The well
defined eye interior to the cloud shield suggests an intense mature storm,
This is verified by the Joint Typhoon Warning Center's estimate of maximum
winds near 105 knots (smoothed).

FIGURE 37. A TIROS V mosaic of Typhoon Thelma on August 24, 1962 with maximum
sustained winds near 90 knots (smoothed),

FIGURE 38, An individual frame from the orbit of Figure 37 showing details

of the structure of Typhoon Thelma. The spiral band structure is well revealed
in this photograph which also shows pronounced squall lines along the northern
edge of the cloud shield, Cirrus cloudiness radiating outward along the eastern
side of the storm appears closely aligned with the 200-mb. flow as indicated

by Iwo Jima's wind of 320 degrees at 30 knots for August 24 at 0000 GMT.

(See the nephanalysis, Figure 37).

Figure 39, A TIROS V mosaic of Typhoon Thelma on August 25, 1962 with maximum
sustained winds near 120 kt, (smoothed), The cloud patch in Thelma's south-

eastern quadrant should be compared with a similar development to the south
of Ruth in Figure 19.

FIGURE 40, A TIROS V view of Thelma on August 26, 1962. Maximum sustained
winds were near 60 kt. (smoothed).

FIGURE 41, A TIROS V view of the decaying stage of Thelma on August 27, 1962,
Maximum sustained winds were less than 35 kt. (smoothed).

FIGURE 42. A TIROS V mosaic of the eastern edge of Thelma on August 27, 1962,

FkkVER Aok

FIGURE 43: A TIROS V mosaic of the formative stage of Typhoon Vera on
August 19, 1962, Vera apparently formed under the diverging northerly 200-
mb, outflow of Typhoon Ruth (see Figure 44),



FIGURE 44. A 200-mb. streamline analysis showing the relationship of the cloud
masses of Vera and Thelma from the preceding figure, to the upper level flow
pattern for 0000 GMT on the same day. The cloud mass associated with Vera

is in a position postulated by Riehl as being ideal for intensification

(4, p. 333].

FIGURE 45. A TIROS V mosaic of the formative stage of Typhoon Vera on

August 20, 1962. Note the similarity of appearance of Vera on this day to

that of the preceding day in Figure 43. Vera at this time was just approaching
Iwo Jima (near 25°N, 141°E).

FIGURE 46. A time cross-section for Iwo Jima during the period August 19-23,
1962. Effects of the passage of Vera late on August 20, 1962 are well revealed
in this analysis. The falling 24-hour height changes prior to passage of the
disturbance followed by rising 24-hour height changes, as well as the wind
shifts especially pronounced from 700 to 500 mb., reflect this passage.

FIGURE 47. A TIROS V mosaic of the formative stage of Typhoon Vera on
August 22, 1962. Some low level banding effects are visible in the northern
quadrants of the disturbance.

-FIGURE 48. A TIROS V mosaic of Vera on August 23, 1962. Evidence of low
level banding - an important indicator of intensification, still seems quite
weak. Ship reports in the area were indicating very light winds.

FIGURE 49. A TIROS V mosaic of Vera on August 24, 1962. Vera at this time
deve loped moderate low level banding with its center of circulation‘in the
northern extremity of the disturbed area. Note the pronounced annular zone

of probable subsidence and the long outer convective band which delineates .
the limit of this zone. Nine hours after these pictures were taken reconnaiss-
ance reported '"feeder bands formed SW to NE'". The initial appearance of these
bands has been found to be a useful indicator of intensity. 1In the Pacific

it is felt that "when feeder bands first begin to appear on the radar scope,
the tropical system will develop to storm proportion or greater. This stage
is usually indicative of winds of 30 to 40 knots". (1964 Interdepartmental
Typhoon Meeting.) Vera was reported to have maximum winds.of 45 kt .by
August 25 at 0654 , slightly more than 24 hours after the view shown in this

figure.

FIGURE 50. An individual frame from the orbit of the preceding figure showing
details in the structure of Vera. The apparent center of circulation can be
seen in the northwest quadrant of the center fiducial mark.



FIGURE 51. A TIROS V mosaic of Vera as a tropical storm on August 25, 1962.
Maximum sustained winds were near 45 kt (smoothed). The small circulation
area of Vera suggested by the TIROS photos, was verified by surface analyses
(see Figure 53). In fact, Vera was undetected by conventional means until
August 25 according to the Joint Typhoon Warning Center 'even though the area
was more than adequately covered by surface ship observations'.

FIGURE 52. A TIROS V mosaic of Typhoon Vera on August 26, 1962. Vera
attained maximum intensity of approximately 75 knots on this day,.

FIGURE 53. A comparison of the circulation area of Typhoon Vera, August
1962 with that of Tropical Depression No, 90, December 1962 (from Annual
Typhoon Report, 1962). This figure shows that intense storms (high maximum
Sustained surface wind speeds) do not always have large circulation areas.
On the other hand, storms with large circulation areas do not always have
high surface winds, The pictures of Vera also suggest the possibility of a
close correspondence of the major overcast area of a tropical cyclone to
the circulation area. This is also suggested in Figure 22 showing Typhoons
Sarah and Ruth and the accompanying surface analysis,

FIGURE 54. A TIROS V mosaic showing the western edge of Vera on August 27,
1962, as maximum sustained winds decreased to near 60 kt. (smoothed),

*%kW AND Akxk

FIGURE 55, A TIROS V mosaic of a formative stage of Typhoon Wanda on August

24, 1962, Reconnaissance on this day placed a center near 7.2°N. and 153.5°E.with
maximum surface winds of only 10 kt, There was a pronounced anticyclone at

200 mb, over the disturbance at the time of the TIROS photos, This is also
Suggested by the direction of shear of the cumulonimbus anvils being toward

the east in the overcast patch near 5°N.

FIGURE 56. A TIROS V mosaic of a portion of Wanda on August 26, 1962.
Reconnaissance placed a center on this day near 10.8°N, 142.8°E. with maximum
surface winds near 15 kt. The center of circulation is not obvious on this
mosaic.

FIGURE 57. A TIROS V mosaic of Wanda on August 27, 1962. Maximum sustained
winds were estimated at 25 kt. The well marked bands leading to the

apparent center of circulation in the northeast and southwest quadrants; the
small cloud shield over the obscured center of circulation; and the pronounced
outflow suggested by the cirrus striations make this an 'ideal" example of a
tropical cyclone which is approaching or has just attained tropical storm
intensity [2]. Wanda was reported to have had surface winds of 40 kt. (smoothed)
less than 25 hours after these pictures were taken.
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FIGURE 58. The 200-mb. analysis prepared by the Joint Typhodh Warning Center
for 0000 GMT, August 27, 1962, The outline of Wanda as viewed by TIROS in
the preceding figure has been superimposed upon this analysis, It can be
seen that Wanda at this time had a well developed anticyclone aloft, The
black arrows on this - figure represent the suggested upper level flow der ived
from the TIROS photographs. These fit the JIWC's analysis quite well. The
shear line or col area at 200 mb. on the north side of the storm coincides
with a clear area near 18°N in the TIROS photos on the north side of the
northernmost spiral arm and suggests that this area may also have been one
of appreciable subsidence.

FIGURE 59. A TIROS V mosaic of Typhoon Wanda on August 29, 1962. The cirrus
striations from the cloud shield and cumulonimbus anvils depict the anticyclonic
turning of the wind above Wanda extremely well., High level easterly winds are
apparent from the TIR0OS photos from the southern edge of Wanda down almost to
the equator (see Figure 60).

FIGURE 60. Details of the preceding figure are shown in these two frames.
The lower left frame shows an outer convective band along the southwestern
edge of Wanda. Similar bands are commonly found delineating the edge of

the annular zone of subsidence [1]. The frame in the upper right gives
perhaps the best view of Wanda. This frame indicates that the center of
circulation lies within the overcast cloudy area of the southernmost overcast
cloud group,

FIGURE 61. A TIROS V mosaic of Typhoon Wanda on August 30, 1962 with maximum
sustained winds near 85 knots (smoothed). Note the odd shape near the center
of the storm suggesting a possible double eye. Double eyes have been observed
to occur within the lowest pressure area of a storm primarily in the less
intense phase. Concentric eyes, on the other hand are characteristic of the
more intense storm with maximum sustained winds of over 120 kt. ({5, p. 271].

FIGURE 62. A TIROS V mosaic of Wanda on August 31, 1962. Maximum sustained
winds were near 95 kt. (smoothed). These photos suggest northerly upper
level flow on the east side of Wanda and southerly upper level flow on the
west side of Amy with a col area or shear line between the two storms. This
deduction is verified by the 200-mb. analysis for August 37, 1962 (not showm).

FIGURE 63. A TIROS V mosaic of Typhoon Wanda on September 1, 1962 just prior
to striking Hong Kong with maximum sustained winds near 85 kt. (smoothed).

dedede AMY Kok

FIGURE 64. A TIROS V mosaic showing the eastern edge of the formative stage
of Typhoon Amy on August 27, 1962. The direction of shear of the cumulonimbus
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anvils associated with Amy is toward the southeast, This suggests that the
TIROS photo is of the northeastern quadrant of Amy where upper-level anti-
cyclonic winds from the northwest might be anticipated.

FIGURE 65. A TIROS V mosaic of a formative stage of Typhoon Amy on August 28,
1962. Maximum sustained surface winds were estimated at 30 kt. The upper
anticyclone over the storm is well revealed by the direction of shear of the
cumulonimbus anvils, which indicate westerly winds on the north side of the
storm and easterlies on the south side of the storm (see Figure 66).

FIGURE 66, A 200-mb. streamline analysis prepared by the Joint Typhoon Warning
Center coinciding closely in time to the TIROS pictures of the preceding
figure. This analysis verifies the upper anticyclonic conditions above Amy
suggested by the cirrus striations in the TIROS photos. Some of these have
been indicated by means of black arrows superimposed on the JTWC analysis.

FIGURE 67. A TIROS V mosaic of Amy on August 29, 1962 as a tropical storm
with maximum sustained winds of 55 kt. (smoothed). This view offers a very
interesting comparison to that of 24-hr. prior (Figure 65). The storm was
8till geparated into two distinctive cloudy areas - one to the north and the
other to the south. However, the northernmost cloudy area developed a dense
cirrus shield which obscured much of the lower level cloudiness, visible on
the preceding day. The expanding cirrus shield was clear evidence of further
intensification. Such evidence would be quite useful operationally - although
it was not employed for that purpose at the time the pictures were obtained.

FIGURE 68. A TIROS V mosaic of Typhoons Wanda and Amy on August 31, 1962,
Inter-relationships of upper level flow between two adjacent typhoons is well
shown in this example, The upper anticyclone over each of the typhoons is

shown by the direction of shear of the cumulonimbus anvils and cirrus striations.
These imply northerly flow on the east side of typhoon Wanda ( max. winds 95 kt.)
and southerly flow on the west side of typhoon Amy (max. winds 75 kt,). A col
area exists between the two storms.

FIGURE 69. A TIROS V mosaic of Typhoon Amy on August 31, 1962, Maximum winds
were near 110 kt. (smoothed). Marked squall lines are evident along the
northern quadrants of the storm. The storm was moving toward the west at

10 kt. at the time of these pictures. Some outer band debris appears to have
been "left behind" in the wake of the storm in the eastern quadrants as the
storm progressed toward the west.
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FIGURE 70. 1Individual frames of Typhoon Amy from the orbit of the preceding
figure. These pictures demonstrate, in an exceptionally fine manner, the
continuous nature of the high cirrus cloud shield through which much of the
underlying convective structure of the storm can still be seen,

FIGURE 71. A TIROS V mosaic of Typhoon Amy on September 1, 1962. The storm
reached maximum intensity at this time with winds of 140 kt. (smoothed). The
squall line area, visible between latitudes 15%20°N. and longitudes 140-145°E.
resembles very closely the formation shown in the eastern storm quadrants

on the preceding day (Figures 69 and 70). However, if it is the same formation
it has been further separated from the storm which continued its westward
movement at a speed approximately 12 kt. during the preceding 24-hour period.
Another possible explanation for this cloud band is that it was an ITC effect
on both days. The charts of the Joint Typhoon Warning Center indicate an

ITC in each instance leading up to the storm from the eastern quadrants and
out from the starm area in the western quadrants.

FIGURE 72. Individual frames from the orbit of the preceding figure. The
squall line formation as well as the very symmetrical appearance of the cloud
shield with respect to the eye is seen in these views of Typhoon Amy in its
most intense phase with maximum sustained surface winds of 140 kt. (smoothed).
Note the horizontal cloud alignment near the bottom edge of these pictures.
These lines coincide in direction with strong easterly flow indicated at this
time on maps at the 200-mb. level (analyses not shown).

FIGURE 73. Two selected frames from TIROS V, orbit 1081, at 2226 GMT on
September 2, 1962. These views show Typhoon Amy with maximum sustained surface
winds near 135 kt. (smoothed). The large symmetrical high cloud shield
surrounding the storm is also suggestive of a very intense circulation. The
brighter cloud band along 140°E.longitude approximates the location analysed

as the ITC by the Joint Typhoon Warning Center. Guam, located near 13.5°N,
145°EF, recorded passage of a small cyclonic circulation in its surface analysis,
at approximately the time of these pictures., Generation of trailing cyclonic
vortices following intense tropical cyclones appears to be a common occurrence
(see figures 4-6, 19, 39, 82, 92, and Reference 1, p. 54).

FIGURE 74. Two selected frames from TIROS V, orbit 1096 at 2326 GMT on
September 3, 1962. These views show Typhoon Amy with maximum sustained surface
winds near 130 kt. (smoothed). The eastern edge of the storm appears 'broken=
up'' - a probable lee effect of the island of Luzon located just to the south-
west of the storm. It is interesting that the reconnaissance estimate of
maximum winds showed a significant drop in speed to 70 kt. at this time in
contrast to the smoothed estimate on the post-analysis. The TIROS view would
tend to support the lower reconnaissance estimate.

FIGURE 75. A TIROS V mosaic of Typhoon Amy on September 4, 1962. Maximum
sustained winds were near 130 kt. (smoothed) as the storm interacted with a
frontal zone, the cloud band of which is visible extending northeastward from
Amy.
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FIGURE 76. Two individual frames from the orbit of the preceding figure.
These pictures show detailed views of the frontal band extending into the
northwestern quadrant of Amy in addition to an enlarged view of the storm
area. Note the squall line in the northeastern quadrant of Amy. The storm
was moving toward the northwest. This is a good example of why efforts to
relate direction of storm movement to the quadrant in which a squall line or
convective band is located have failed. These outer bands appear to be related
to subsiding effects at the rim of the major overcast cloud shield. The
subsiding effects apparently result in low level convergence visibly expressed
as convective bands parallel to the rim of the high cloud shield [1]. Such
bands appear to be continually regenerated as older bands, subject to steering
currents other than those of the main body of the storm, are "left behind" or
move outward on independent trajectories. Figures 69, 71, and 75 all support
this hypothesis.

FIGURE 77. A TIROS V mosaic of the western edge of Amy on September 5, 1962.
Maximum sustained surface winds were near 40 kt. (smoothed). Most of the
visible cloudy area associated with Amy in this mosaic was over land. The
reduction in the depth of the overlying cirrus shield is apparent in the
coarser appearance of the cloudiness. (Compare with Figure 70 for example).

FIGURE 78, Individual frames of Amy from the orbit of the preceding figure.
Note the long shadow produced by dense cirrus associated with a jet stream
from the southeast. Transverse banding of the cirrus is well shown in the
photograph on the upper right of this figure (see a similar effect at the
edge of another typhoon in Figure 108).

%%k CARLAK**

Figure 79. Individual frames from TIROS V, orbit 1288 R/0O 1286 showing a
formative stage of Typhoon Carla as a tropical depression at 0557 GMT on
September 17, 1962.

kD TNAH***

FIGURE 80, A picture of Dinah as a tropical storm with maximum winds near

55 kt. (smoothed). This picture was taken by TIROS VI on orbit 173 R/0 172

at 2338 GMT, September 29, 1962, The pronounced outflow effects, visible

in the cirrus striations and cumulonimbus anvils, coupled with the extensive
large diameter cirrus shield also visible, suggest an intense storm. Northerly
winds aloft implied by the cirrus striations relate well to the 200-mb. analysis
for 0000 GMT, September 30, 1962 (not shown),

kkk EMMA hkk

FIGURE 81. A TIROS VI photograph of a formative stage of Typhoon Emma on
September 27, 1962 at 2352 GMT. The picture was obtained on orbit 144 R/O
140. Cloudiness over the disturbed area is associated with an easterly
wave which had been tracked to this location by the Joint Typhoon Warning
Center, Westerly winds aloft are implied by the cirrus striations over the
northern portion of the disturbance.
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FIGURE 82, A TIROS VI mosaic showing the eastern edge of Typhoon Emma on
October 3, 1962, Maximum sustained winds were near 110 kt (smoothed).
Cirriform cloudiness extends southeastward from the high cloud shield of
Emma in response to the upper anticyclonic flow over the storm and forms

an interconnecting link with Freda (see discussion of Typhoon Freda, Figures
83-90).

**AFREDA% %%

FIGURE 83. An individual frame of the formative stage of Typhoon Freda on
September 26, 1962. This picture was taken by TIROS V on orbit 1415 R/0O
1412 at 0055 GMT. The storm was analysed as a junction vortex on the ITC
by the Joint Typhoon Warning Center at the time of the TIROS photos. The
sharp indentation along the depression's southern boundary stretching from
SW to NE along latitude 5° N.suggests the subsident peripheral condition
frequently found in developing tropical cyclones.

FIGURE 84, An individual frame showing the extreme northeastern quadrant of
Freda in its formative stage. The picture was taken by TIROS VI on orbit
158 R/0 152 on September 28, 1962 at 2255 GMT. Good evidence for strong
upper level westerlies is provided by the evidence from the cirrus cloudi-
ness, Neither Freda nor the small low level vortex shown in this picture
were readily apparent from the map analyses over this area.

FIGURE 85. A TIROS VI mosaic of Freda as a tropical depression on September
30, 1962, The center of circulation of the storm was in the extreme western
quadrant, Reconnaisssance indicated no cloud center. This view of Freda
exemplifies the "Comma Configuration" typical of tropical depressions with a
maximum central isotach of less than 20 kt. [2] . Reconnaissance crews re-
ported maximum surface winds of 15 kt. approximately 8 hours after these
TIROS photos, Tralling cloudiness from Emma is visible between latitudes
15-20°N, on the west side of this mosaic.

FIGURE 86. Two TIROS VI views of a formative stage of Typhoon Freda on
October 1, 1962 at 2142 GMT. The pictures were taken on orbit 201 R/0 197,

FIGURE 87. A TIROS V mosaic of a formative stage of Typhoon Freda on
October 2, 1962, Freda at this time developed marked low level cloud banding
defining a center of circulation very near the edge of major overcast cloudi-
ness in the northwest quadrant of the storm, The obscuration of the center
of circulation by an upper cloud shield indicates that Freda had intensi-
from previous views, If one compares Figure 85 with Figure 87 this change is
immediately apparent, Freda in the latter mosaic would be classified as a
"Tropical Depression II" type cyclone with maximum central isotach near 30

kt [2] . This classification is partially substantiated by a ship report
near the center, slightly more than an hour after the TIROS pictures, re-
porting 30 kt. The Joint Typhoon Warning Center estimated maximum sustained
surface winds of 40 kt. (smoothed) commencing on October 3, at 0600 GMT
Another notable characteristic of this mosaic is the visible chain of con-
vective cloudiness extending northwestward from Freda to the area of Typhoon



- 15 -

Emma. A fainter connecting band of cirriform cloudiness is visible to the

north of this band, apparently derived from the outflow of Typhoon Emma
(see also Figure 82),

FIGURE 88. A TIROS VI mosaic of Typhoon Freda on October 3, 1962, with
maximum sustained surface winds near 70 kt. (smoothed). Figures 85, 87 and

88 present an unusually fine series showing the development of an individual
typhoon from a tropical depression (Figure 85) to a near tropical storm

(Figure 87) and finally to a full typhoon (Figure 88). The importance of this
series is that it demonstrates, in an unusually fine example, that the center
of circulation of a tropical cyclone progressively tends to a more symmetrical
position with respect to the major overcast cloud shield as the maximum surface
wind speeds increase in value., Relative movement of the center of circulation
with respect to the cloud shield is from the west to the east.

FIGURE 89. 1Individual frames from the orbit of Figure 88. The cirrus cloudiness
extending southeastward in the outflow of Typhoon Emma is well seen in this
Figure, and may be associated with an upper level jet from the noxrth [1].

The eye of Typhoon Freda is also more clearly visible. A tropical depression
southwest of Typhoon Freda is visible in the frame at lower left.

FIGURE 90. Selected frames from TIROS VI orbit 273 R/O 269 on October 6, 1962
at 2013 GMT. These views show Freda as a mature typhoon with maximum sustained
surface winds near 90 kt. (smoothed).

Jed kG TLD Ak

FIGURE 91, Two selected views of Typhoon Gilda on October 28, 1962 at 0620
GMT, These pictures were taken by TIROS VI on orbit 582 R/0 581. Gilda had
maximum winds of 105 kt. (smoothed) at the time of these pictures and was
moving toward the northeast at 12 kt;

Sk TVYHkk

FIGURE 92, 1Individual frames from TIROS VI, orbit 596 R/O 595 on October 29,
1962, at 0522 GMT. The elongated cloud mass in the central portion of the
frames is in the area reported to be occupied by Typhoon Ivy. According to
the Joint Typhoon Warning Center, Ivy, centered near latitude 20°N, longitude
138°E, possessed winds of 70 kt, at the time of these pictures., This does
not relate at all well to the TIROS views which in this case do not even
suggest a vortex at that location. The very edge of Typhoon Gilda, with
winds of 90 kt , is recognizable as a vortex even in these high nadir angle
views, appearing at the edge of the TIROS photo to the far northwest. Ivy
was reported to have dissipated 12 hours after these pictures, being absorbed
by Typhoon Gilda. The short history of Ivy, its rapid decrease in intensity
over the open ocean, and the lack of correspondence between the TIROS pictures
and the reported intensity, suggest that the storm may have been weaker than
the initial and near final reconnaissance estimate. The question as to the
final disposition of this storm also appears to be open to discussion (see
Figures 93-95).
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FIGURE 93. A TIROS VI mosaic showing the possible remains of Typhoon Ivy on
October 30, 1962 (see Figure 94).

FIGURE 94. Individual frames from the orbit of the preceding figure. These
views show a cloud mass centered near latitude 10°N, longitude 150°E.which
looks suspiciously like the final view of Typhoon Ivy in Figure 92. They

are separated by 10 degrees of longitude and 24 hours of time. The trailing
edge of Typhoon Gilda which was centered near latitude 29°N longitude 141°E

at the time of these pictures is also suggested in these photos as it was in
Figure 92. 1If the cloud mass which looks similar to Ivy in this figure is
indeed the remains of that storm an easterly trajectory of approximately

600 miles taking it over the island of Guam (approx. 13 5°N, 145°E) would

have been necessary. A time cross-section for this station is shown in the
next figure.

FIGURE 95.° A time cross-section for Guam during the period October 28, 1962
till November 2, 1962. An intense upper level disturbance apparently passed
the station from west to east during the 29th and 30th of October in agreement
with the requirement for the cloud mass centered near latitude 10°N, longitude
140°E, on October 29, 1962 (Figure 92) to pass this station in order to achieve
a position near latitude 10°N, longitude 150°E, on October 30, 1962 (Figure 94).
Note the strong northwesterly upper~level flow over Guam on the 28th and 29th
of October. These winds reflecting the outflow of Typhoon Gilda would favor a
rapid eastward or southeastward movement of an upper-level disturbance embedded
in this flow. Jok JEANK#*

FIGURE 96. A TIROS VI mosaic of a formative stage of Typhoon Jean on
November 1, 1962. The position of the cloud mass centered near 5°N,and 140°E,
on this mosaic coincides with the position of a tropical depression which

had formed from an easterly wave that had been tracked into this area by the
Joint Typhoon Warning Center. The effects of this wave passing Guam on
October 31, 1962 can be seen in Figure 95.

FIGURE 97. A time cross-section for the island of Yap (near 9.5°N, 138°E)
during the period October 30, 1962 through November 4, 1962. This time-
section reveals some interesting characteristics regarding the structure of
Jean. Evidence from this analysis indicates passage of the low level
circulation of Jean at approximately 1200 GMT on November 3, 1962. However,
the extreme western edge of the cloud shield of Jean passed Yap much earlier,
between 1200 GMT, on October 31, and 1200 GMT, on November 1, 1962. Evidence
of this passage on the time- section is shown by the wind Shlfts between

200 and 110 mb, during this period. The TIROS view in Figure 96 on

November 1, at 0400 GMT indicates that Yap, at the time of orbit 638, was
located at the very edge of the major overcast cloud shield associated with
Jean., Backing of the winds at 200 mb. from southeast (2 Nov 1200 GMT) to
northeast (4 Nov 1200 GMT) during the period of the passage of Jean also
indicates that the storm in this early formative stage was capped by an
anticyclone. The pattern of an upper level shear line preceding storm center
passage by 2-3 days is a common occurrence also noted in the mature storm [1].
The anticyclone aloft, positioned over a lower level incipient disturbance

is known to be a favorable pattern for intensification.
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FIGURE 98, A TIROS V mosaic of a formative stage of Typhoon Jean on

November 2, 1962, The center of low level circulation is apparent in this
mosaic near the center of the hook-shaped cloud formation in the northeasten
portion of the disturbed area. The estimated position is near latitude

19°N, longitude 143°E. A northerly movement of the depression is thus
indicated from its previous position in Figure 96. This center had not yet
passed Yap (near 9.5°N, 138°E) as is also apparent from the time cross-sectior
for this station (Figure 97).

FIGURE 99. A TIROS VI mosaic showing the western side of the disturbed area
of Jean on November 3, 1962.

FIGURE 100. A TIROS V mosaic showing the eastern side of the disturbed
area of Jean on November 3, 1962,

FIGURE 101. A TIROS V mosaic showing the extreme eastern side of the
disturbed area of Jean on November 4, 1962. The cumulonimbus cloud masses
aligned in an east-west band along latitude 10°N.reveal shear patterns in
the cirrus striations indicating northwesterly upper=~level flow. This can
be verified by comparing the 200-mb. streamline analysis over this area for
0000 GMT, November 4, 1962, with the TIROS photo (analysis not shown).

FIGURE 102. A TIROS VI mosaic of Jean 24 hours prior to reaching tropical
storm intensity. Jean at this time was inter-acting with a frontal band
extending northeastward from Jean's northwest quadrant. The cirrus outflow
pattern in this mosaic is striking and has been noted in other storms during
periods of rapid intensification. A comparison of this figure with the earliex
view obtained on the 2 .d of November in Figure 98 will result in the conclusion
that, aside from the small cloud shield over the central area and enhanced
cirrus outflow in the later view, the storms are practically identical in
appearance! This conservation of general appearance was maintained despite

the passage of 3 days in time and a movement of over 700 miles in distance.

FIGURE 103. This figure shows enlarged views of the storm's central area
revealing the enhanced cirrus outflow. This outflow pattern should be
compared with Figure 104, a 200-mb.streamline analysis which shows excellent
agreement with the TIROS indications of upper level outflow.

FIGURE 104, A 200-mb, streamline analysis prepared by the author for 0000
GMT on November 5, 1962, The cloudy area associated with Jean in Figure 103
has been superimposed on this analysis, Black arrows indicate the direction
of upper level flow deduced from the cirrus striations over the area of Jean
in Figure 103,

FIGURE 105, A TIROS V view of the formative stage of typhoon Jean approximate-
ly one hour after the TIROS VI view of the same area shown in Figure 103,
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FIGURE 106. A TIROS V mosaic showing Jean on November 6, 1962. Maximum
sustained winds at this time had increased to mear 50 kt. (smoothed). From
the nephanalysis it can be seen that the main body of the storm was moving
over the Philippines and this fact undoubtedly accounts for the winds being
limited to these lower intensities. The fact that Jean had intensified from
much weaker values only after interacting with the frontal zone visible on
this mosaic is an observation of some importance. As discussed in the
Annual Typhoon Report, 1962 [6, pp 36-40], "For development (of a typhoon)

to take place, there must be a pre- existlng surface perturbation and a large
increase of divergence aloft to provide the "kick'" to start the heat engine'.
Jean had been tracked as a low level perturbation and Figure 105 indicates
that upper level divergence was well developed, thus fulfilling these first
two criteria. The report continues, 'The apparent complement to these two
criteria is the need for the energy level of the easterlies to be increased
above normal. This additional energy is usually derived from the westerlies."
Jean apparently is an excellent example of the low level, polar trough and
easterly wave interaction which results in intensification of many tropical
cyclones. This type of interaction was originally described by Riehl [5, p 227].
An examination of the surface and upper~level charts reveals that the "trough"
associated with the frontal band in Figure 105 was not characterized by a
marked change in wind direction at lower levels. The band visible in the
TIROS photos represents the trailing edge of a front which was much more
pronounced to the northeast. Strong, generally easterly or northeasterly
winds prevailed on both sides of the band as a result of the combined effect
of the tropical depression to the south and the encroaching anticyclone
behind the front. This physical arrangement of the two pressure systems
apparently permitted the "energy transfer', discussed in the Typoon Report,
from the westerlies on the north side of the anticyclone, to the easterlies
of the tropical depression, We may conclude according to the preceding
argument, that the TIROS photos of Figure 105 combined with the conventional
data available, might have been very effectively combined to produce a forecast
calling for the intensification which did indeed occur.

FIGURE 107. A TIROS V mosaic of Typhoon Jean on November 8, 1962 with
maximum sustained surface winds mear 90 kt. (smoothed). The storm was moving
toward the WNW at approximately 10 kt, Easterly flow aloft is suggested by
the shear of anvil tops from cumulonimbus clouds between the equator and 10°N,

latitude.

FIGURE 108. Selected frames from TIROS VI, orbit 756 R/O 756 on November 9,
1962 at 0447 GMT. These views show Typhoon Jean with maximum sustained
surface winds near 90 kt. (smoothed). The eye of the storm can still be
discerned in spite of the high nadir angle view. To the north of Jean a
jet stream cirrus band is evident over the Chinese mainland. The shadow of
this band on the ground is also clearly evident as it was in the remarkably
similar view of a Jet stream associated with Typhdon Amy (Figure 78).

FIGURE 109, Two TIROS V views of Typhoon Jean showing areas not visible in

the TIROS VI view of Figure 108. Pictures were taken on orbit 2045 R/0 2044,
§o¥?¥b§r %°N1962 at 2403 GMT. What appears to be thée ITC is visible along
atitude



- 19 -

FIGURE 110. A TIROS VI view of the remains of Typhoon Jean on November 13,
1962 at 0235 GMT. The picture was taken on orbit 813 R/0 813. The lack of
an upper cloud shield is evidence of the decreased intensity. Surface ship
reports indicated maximum winds of 20 to 25 kt near the storm center. An
anticyclone was still evident at upper levels on conventional analyses and
is also supported by the cirrus striations in the TIROS photo which indicate
southerly flow on the west side of the vortex.

FIGURE 111. A TIROS VI picture from orbit 856 R/0 856 of the remains of
Jean on November 16, 1962 at 0120 GMT. The depression stagnated over the
China Sea and in thls view, 3 days after the view in Figure 109, still shows
a well developed low level circulation with increased convective activity.

FIGURE 112. Two selected TIROS V views from orbit 2166 R/0 2158 of the
remains of Jean on November 17, 1962 at 0120 GMT. Jean at this time shows
obvious signs of re~intensification. Numerous ship reports show a well
developed low level circulation with speeds of 20-30 kt.

Figure 113. Two final TIROS VI views of Tropical Depression Jean on November
18, 1962 at 0103 GMT. Pictures were taken on orbit 893 R/0 885. The mainland
of Indo-China is visible near longitude 110°E.

*k kK AREN**%

FIGURE 114, An early view of a formative stage of Typhoon Karen taken by
TIROS V on November 5, 1962, Karen is visible on the western horizon near
5°N, longitude 115°E, just north of what appears to be the ITC. The vortex,
in this high nadir angle view, appears quite symmetrical. This is unusual
for formative storms unless they are: (1) either very weak with no closed
surface circulation; or (2) have already attained near tropical storm
intensity with maximum winds approaching 35 kt. [2]. This latter possibility
seems the most reasonable when one considers the view of Karen on the
following day (Figure 115).

FIGURE 115. A TIROS V mosaic of Karen on November 6, 1962, Without the
benefit of the TIROS information the Joint Typhoon Warning Center in a post-
typhoon summary reported that "On the 6th Nov., the Truk-Ponape area was
suspect, ....'". Had this picture been received at the readout stations during
the summer of 1964 it would have prompted an advisory to the hurricane and
typhoon forecast centers that a tropical cyclone possessing the attributes

of a tropical storm had been detected by the TIROS satellite. Karen, at the
time of these pictures, shows pronounced low level banding, definite
indications of anticyclonic outflow, and its center is obscured by a cloud
shield of 3 to 5 degrees in diameter. These indications are typical of a
tropical storm with maximum surface winds approaching at least 40 kt. [2].

The first tropical cyclone warning was issued concerning Karen on the following
day (November 7, 1962) at 1800 GMT when Karen was reported to be a tropical
storm with maximum winds of 40 kt . The inset picture of Figure 115 shows
that the ITC band south of Karen extended far to the east. Another ITC band
is apparent at approximately 10°N.and also extends far to the east as can be
seen from pictures obtained on a TIROS VI orbit (Figure 116).
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FIGURE 116, A TIROS VI mosaic taken on November 6, 1962 showing the con-
tinuation of ITC bands east from the area of tropical cyclone Karen, Karen
was located at the time of this mosaic near 5°N, 161°E, (See Figure 115),

FIGURE 117. A TIROS VI mosaic of Karen on November 7, 1962, Karen was
reported to have winds of 40 kt, by 1800 GMT on this day,

FIGURE 118. A TIROS VI mosaic of Typhoon Karen on November 9, 1962. Maximum
sustained surface winds had at this time increased to 155 kt, (smoothed).
This increase in intensity is quite obvious in the TIROS pictures if one
compares the view in Figure 117 with Figure 118, The latter view shows much
more pronounced outflow which is revealed by the cirrus striations, and
spiral banding present forms smoother, more continuous lines. The rectified
size of the overcast cloud shield also shows a significant increase in areal
extent,

FIGURE 119, A TIROS VI mosaic of Typhoon Karen with maximum surface winds
near 150 kt. (smoothed), The eye of the storm is visible in the lower left
hand corner of the separate frame, It should be noted that the curvature of
this mosaic gives the impression that cloudiness of the storm on the north
side extends more in an east-west than a north-south direction as is shown
in the nephanalysis, Xaren, at this time, began to move more rapidly in

a westerly direction having previously moved slowly toward the north-north-
east, The small vortex near 31°N, 17°E.was analyzed as a developing wave

on a frontal band which extended toward the NE and SW of the vortex center,

FIGURE 120, A TIROS V mosaic of Typhoon Karen slightly more than one hour
after the view shown in Figure 119, This mosaic shows a cloudy area due west
of Karen separated from the storm by a more open zone. Guam located near
13.5°N, 145°E.was under the cloudy area at the time of these pictures. Time
cross-section analyses of Guam during this period are quite interesting
(Figures 121 and 122).

FIGURE 121, A time cross-section for Guam during the period of the approach
of Typhoon Karen to this station from 6-11 November 1962, The eye of Typhoon
Karen crossed Guam on the 1lth of November near 1200 GMT. Sustained winds

of 150 kt. with gusts to 180 kt. were estimated as Karen crossed the island.
This time-section shows some of the characteristics of Karen which have also
been found to typify other mature storms [1]. An upper-shear line apparently
passed Guam near 45,000 ft. during the 7th of November. This was the first
indication of outflow from the storm area. ¥Karen moved generally northward
at a distance of approximately 500 miles east of Guam during the period

7-9 November. Late on the 9th of November, Karen turned sharply westward and
moved directly toward Guam increasing its speed from 7 kt. to about 19 kt. as
it struck the island. A trough line is apparent below the outer edge of the
outflow of the storm as can be seen on the time-section. The axis of this
trough passed Guam during the 8th of November. Wind shifts were especially
pronounced near the 400-mb. level, changing from northeast on November 7th
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at 1200 GMT to southeast 24 hr. later. As Karen moved northward during the
9th of November Guam remained under the influence of southeasterly flow at

the 400 and 500-mb. levels in the eastern portion of this trough. The view

of Karen at 0146 GMT on November 10, 1962 shows Guam to be just emerging

from the cloudy area which was apparently associated with this trough.
Rainfall amounts as indicated on the time-section show that over 1 3/4" of
rain fell on Guam from 1200 GMT, November 9th until 1200 GMT on November 10th.
As Guam emerged from the trough area and the major edge of the cloud shield
of Karen approached the station during the 10th of November the atmosphere
through a deep layer became very dry and warm. Height rises at upper
elevations in coincidence with steadily falling surface pressure after 1200 GMT
on November 10th indicate the probability of fairly intense subsidence at

the edge of storm cloudiness (see Figure 122).

FIGURE 122. A time cross-section for Guam during the period 6-11 November 1962.
Isopleths of relative humidity have been labeled for the values 25, 50 and

75%. It can be seen that maximum relative humidity early on the 10th of
November associated with the trough (Figure 121) was replaced by a pronounced
minimum by 1200 GMT on the 10th of November. This was in turn followed by a
sharp increase as the edge of the overcast cloud shield of Karen moved over

the station. The minimum moisture indication on the 10th of November coincides
with pronounced warning throughout the middle and upper troposphere. Values

of warming (24-hr, changes) in excess of 1 deg.C.have been indicated by
stippling. The other lined areas on the chart indicate areas of cooling
(24~hr. changes). The 24-hr. changes of temperature and height have been
plotted and analyzed in the central portion of the 24-hr. time period to more
adequately indicate the instantaneous change tendency. Of major importance,
note that the edge of the dry zone and the beginning of the moist area by

0000 GMT on the 11lth of November coincides with the passage of the major
overcast cloud shield of Karen over Guam and that this passage also delineates
the edge of maximum sustained surface wind speeds of 20 kt or greater (see
Figure 123). To summarize the time-section indications:

1. The first indication of Karens circulation at Guam was the arrival
of an upper shear-line associated with the outflow of the storm.

2. A trough or squall area preceded arrival of a pronounced area of
subsidence. Atmospheric cooling was associated with passage of the
trough. Warming with very dry conditions attended the zone of subsidence.

3. The edge of the major overcast cloud shield of Karen coincided with the
commencement of maximum surface winds of 20 kt, or greater.

Similar conditions have been found to appear quite commonly in other mature
storms [1].

FIGURE 123. A TIROS VI mosaic of Typhoon Karen on November 11, 1962. Maximum
sustained surface wind speeds were approximately 150 kt, (smoothed). Guam
(near 13.5°N, 145°E) at the time of these pictures, had just passed under the
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first major spiral band of the storm. The eye of Karen passed over Guam
approximately 11 hours after this TIROS VI observation. This view shows
that circulation effects of Karen extended from at least 20°N, to 7°S,- a
distance of over 1500 n.mi.

FIGURE 124. A TIROS VI mosaic of Typhoon Karen on November 13, 1962,

FIGURE 125, A TIROS VI mosaic of Typhoon Karen on November 14, 1962.
Maximum sustained surface winds were near 140 kt (smoothed). Karen at this
time was inter-acting with a frontal zone extending northeastward from the
northern edge of the storm. The eye of Karen on the original film strip
shows a ''doughnut' shape, typical of the concentric eye and of a very
intense storm.
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