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ABSTRACT

A series of TIROS I pictures of the South Pacific tropical storm
of 10 April 1960, rectified with great accuracy, was used to study the
fine structure of the storm. Three orientations of clouds-in-line were .
examined in an attempt to find their causes . The first orientation represents the direction of the low level winds along which small cumuli
align as a cloud street. The second corresponds to the so-called hurricane rainband and probably represents a streak line when large convective towers originate at a fixed source on the earth. The plumes of
cirrus froni high convective towers appear as the third orientation .
A theoretical study leading to the determination of cloud height from
shadow on the ocean surface was also made. It was found that it is
feasible to identify shadows if clouds are located over an area of ocean
sunglint.

1.

Introduction
Since TIROS cloud pictures became available to meteorologists , numerous

tropical storms and hurricanes have been detected and followed . The usefulness
of TIROS pictures is not limited only to storm identification but extends to include
important information regarding the internal structure of storms in various stages
of development.
A pioneering work on a stage of Hurricane Anna , when it developed from a
group of cumulonimbi into an organized circulation, was done by Fritz (19'62,).. He
revealed that such a change took place within about a 24-hour period between two
daytime orbital passes over the area of the storm .
Despite the fact that satellite pictures repre sent the orientation of the anvil
clouds to a significant degree, it is not always possible to dete rmine from the
pictures the direction of the cloud movement.

A recent study by Frank (1963),

showed a very quick change in the cold core of an Atlantic tropical storm into a
warm core characterized by a distinct outflow pattern which was detected by s atellite pictures and confirmed by data from nearby radiosonde stations. In this par ticular study of a South Pacific storm an attempt was made to explore the internal
storm structure by analyzing a series of TIROS pictures with extreme care and
accuracy.

l
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One rather important but more or less neglected aspect which could be used
in an examination of convective dlouds over the ocean is the study of the optical
characteristics of the sunglint. Unless the ocean surface reflects the sunlight as
a perfect convex mirror, the random reflection from the ocean waves produces a
faint area of reflected light near the theoretical sunglint point. Glaser (1961) emphasized the importance of a complete investigation of these sunglints, the optical characteristics of which are closely related to the roughness of the ocean surface.
For the purpose of investigating the tropical storms, the sunglints will thus
give us information about the sea-surface conditions associated with a storm. Also,
they provide an excellent background on which tall clouds cast their shadows. These
shadows are visible in many TIROS pictures if one knows how and where to look for
them. Among other subjects, the use of sunglints will also be discussed in this
paper.

2.

Picture Rectification and Cloud Distribution
A South Pacific storm of 10 April 1960 , photographed by TIROS I on Orbit 125,

R/0 128, was selected for the study. In fact, . the positions of the subsatellite points
(TSP) and the spin-axis points (TSA) at the exposure times were such that a large
portion of the storm was photographed from favorable angles of view.
Eight pictures out of thirty usable frames were analysed by Ushijima

1

with

the use of so-called Fujita Method (1963a). Some frames show no apparent horizon
due to the low satellite nadir angle. Figure 1 represents an example of the geographic grids drawn onto Frame No. 2 exposed at 03h 08m 28s GMT or about 3 PM
local time. The eye of the storm appears to the left of the picture at
172. lE.

30~

7S and

Due to the dry air advection into the northern sector of the storm, it is

unlikely that a complete eye wall was in existence at the exposure time of this picture.

1. Pictures with longitude- and latitude-grids at one-degree inte rvals appear on
pp. 22 - 25 in this report.
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Fig. I. TIROS I, Orbit 125 R/ 0 128, Frame 2T photographed at 030828
GMT, IO April 1960. The subsatellite point (TSP) at the exposure time was located at 25. 9S and 177. 2E .; azimuth of the primary line was 189 deg.
The cloud patterns on the gridded pictures were then transferred onto a
map covering the areas of the storm.including its northern sector which extends
to the southern edge of the intertropic convergence zone (Fig. 2).
The synoptic data at 0000 GMT, IO April 1960, were obtained from the
2
Daily Weather Bulletins of the New Zealand Meteorological Service. The cloud
types reported in the Bulletins are plotted in Fig. 3 using letters such as Cu, Cb,
Ci, etc. Aircraft reports taken from the same bulletin are also represented by
international cloud symbols with the heights of either cloud tops or bases given
in 100-ft units; the cloud· top height appears above the cloud symbol or the base
height, below.
2. Daily Weather Bulletins, Issued by the Director, Meteorological Service,
Wellington, New Zealand.
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Fig. 2. Cloud pattern of
the tropical storm of 10
April 1960. The numbers
at the. picture boundaries
denote the frame numbers
of the picture series from
T IROS I, Orbit 125 R/O
128 . These tape mode pic tures were taken at 30second intervals. All
frames used in constructing this composite cloud
map were exposed between
0303 and 0309 GMT .

Ci
Tc

15

Fig. 3. Cloud types as
observed at 00 GMT, 10
April 1960: Cu (cumulus),
Tc (Towering cumulus), Cb
(cumulo nimbus), Sc (stratocumulus), Ac (Altocumulus),
Fs (fracto-stratus), Ci
(cirrus), Cs (Cirro- stratus).
Included al so in the figure
are the aircraft reports
taken between 00 and 05 GMT.
They are shown in interna tional cloud symbols with
the heights of cloud top or
base in 100-ft units .
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It will be noted that the northern tip of New Zealand, which would have been
observed from the satellite if it had been clear, is under a thick alto- stratus deck
with a base at 25, 000 ft. The alto- stratus deck is linked with alto-cumulus and,
finally, with cirro- stratus over Central North Island. If we follow the gross pattern
of this heavy cloud deck toward the northeast, north and northwest, it will lea'1 us ·to
the region of the intertropic oonvergence.. According to an aircraft report ·south of
Fiji Island, the band consisted of cumulonimbi reaching 38, 000 ft, towering cumulus,
and alto-stratus with their tops at about the 500-mb levels.
An extremely wide band of cloud, such as has been discussed here, is frequent3
ly seen with post mature cyclones. The North Atlantic storm of 29 May 1963 is a

good example in which an unusually well defined spiral pattern has been photographed.
Numerous other cases reveBtl that a thick cloud mass near the storm center may be
traced to an area which could be considered as the source.
The island of New Caledonia appeared to be covered by cumuli to towering
cumuli at 00 GMT((.JL.i local time) and by towering cumuli and cumulonimbi six
hours later, according to the synoptic reports.. At the time of the satellite pictures, the island was entirely covered with moderate convective activities which
resulted in a dissipation of small clouds over the o.c ean surrounding the island.
The situation is very similar to that of Malkus' study (1955), in which she discov-

nM, , through aerial photogrammetry, a clear ring surrounding the island of
Puerto Rico. An examination of Fig. 2 thus reveals that small cumulus and towering cumulus convection develops on the leeward side of New Caledonia and the disturbance drifts out from this formation area toward the tropical storm center. It
can be seen that the New Hebrides Islands also act as the source of another cloud
band stringing into the storm system.
If the source of a cloud band is fixed more or less to the surface of the earth,
the cloud band under discussion follows the line connecting the end points of the
trajectories of the convective disturbances which have been emerging from the
source continuously until the satellite picture was exposed. It must be noted that
this line is different from the stream line or the trajectory passing through the
source at the picture time; instead, it corresponds to the "streak line".
3. Picture of the Month, 1963. Monthly Weather Review, Vol. 91, p 374.
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3.

Synoptic Situations
The surface synoptic chart for 00 GMT, about 3 hours before the satellite pic-

tures , is shown in Fig. 4. The pressure center of the sea-level isobars is designated by the double circles. There was a ship in the vicinity of this pressure center;
it reported the weather at frequent intervals, thus making it possible to plot the data
on relative coordinates with respect to the storm center. The estimated pressure
profile indicates that the pressure field near the center was relatively flat suggesting that the storm's center was filled up resulting in the central pressure of about
997

mq.

The ring of the maximum winds around the center was characterized by

its diameter of 800 km and speed of about 15 m/ sec in tangential velocity.
This would result in the figures ,

r

=

4

X

107

· m2 sec- I

and

where

r

denotes the circulation along the ring of the maximum wind and

s'

the mean vorticity inside the ring.
The circulation center of the clouds obtained from the satellite picture was
located about 200 km to the we st of the sea-level pressure center. The storm was
occluded in a stage of transition from a tropical- to a middle - latitude frontal cyclone.
The 700-mb chart for 00 GMT presented in Fig. 5 reveals that the 700-mb
height center , designated in the figure by "L", was located half way between the
centers of cloud circulation and the sea-level pressure.

The cloud circulation

center, in fact, coincided with the circulation center at about 500 mb . The thickness contours between the 1000- and 700-mb surfaces clearly indicate the existence of a tight thickness gradient to the southwest of the sea -level pressure center.
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Fig. 4. Surface Chart
for 00 GMT, 10 April
1960 . The amounts of
es~
clouds are indicated by
~( ,
painted (low clouds) and
~
84
./r------LI vertically hatched (mideo@
dle and high clouds) areas
within the station circles.
Long wind barbs and flags
represent 5- and 25- kt
winds, respectively. The
numbers at the station
circles are the air temperatures in degrees
Fahrenheit.

is

Fig. 5. 700-mb chart
for 00 GMT, 10 April
1960. Height contours
at 100-ft intervals in solid lines and the thickness
contours between the
1000- and 700-mb layers
in dashed lines. One long
wind barb denotes 10 kts.
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4.

Mesoscale Features of Rainbands
When the gridded picture of the storm in Fig. 1 is examined carefully,

it will be found that the orientations of small and large clouds are quite different.

Even though the images of these clouds in a TIROS picture do not

give the vertical extent of the tower, Malkus' (1960) study on the relation between tower diameters and maximum heights penetrated permits us to make
estimates of the cloud tops with reasonable accuracy.

If we take the area

bounded by 268, 28S, l 77E and l 78E, the row of small clouds with diameters
of one or two miles are oriented in the directions of 332 to 152 deg.

The pic-

ture indicates that the cloud environment is clear, suggesting that Malkus' environment of 70 percent relative humidity would be applicable.

The cloud tops

of these small clouds would, therefore, be up to about 25, 000 feet.
On the other hand, the large diameter or high top towers within the above

mentioned box are in a line oriented 357 to 177 deg.

Most of these large clouds

are more than five miles in horizontal diameter or at least 50, 000 ft in vertical
dimension.
165
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175

180

\
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Fig. 6. 300-mb
chart for 00 GMT, 10
April 1960. Winds are
shown in standard symbols, and thickness between 700- and 300-mb
surfaces is contoured
at 100-ft intervals with
dashed lines.
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Under the assumption that the convective towers move with approximately
700-mb winds and the anvil clouds plume away from the tower tops with the 200to 300-mb winds, thickness charts between 700- and 300-mb surfaces were constructed in Fig. 6. These thickness contours represent the direction of the geostrophic
wind shear or that of the anvil plum extending from the large convective tower tops.
An attempt was made to transcribe the thickness contour lines onto the photo-

graph for Fig. 1 (See Fig. 7). The directions of anvil plumes as indicated by
short arrows in the picture fit extremely well with that of the geostrophic wind
shear between the 700- and 300-mb surfaces. A change in orientation of the plume
is evident in the lower right portion of the photograph.

Fig. 7. Thickness contours between 700- and 300-mb surfaces are drawn
onto the same photograph as shown in Fig. 1. Short arrows represent the directions of plumes drifting away from the top of high convective towers. The long
curved lines with arrow give the direction of small convective clouds in lines.
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The direction of the s mall cumuli or towering cumuli shown by the curved
heavy lines with arrowhead are very close to that of the 700-mb contour lines. This
result. seems to fit with the parallelism between the line orientation of rows and that
of the winds studied by Plank (1960) over the Florida peninsula.
The third orientation of clouds, which has already been mentioned, is that of
large cumulonimbus towers which are seen near the center of the picture. In view
of the existence of the plumes and the height-diameter relationship by Malkus , we
may reasonably assume that the large cumulonimbi under discussion would appear
as a spiral rainband similar to that studied by Simpson (1954). His researches as
well as others carried out at the University of Miami by Senn and Hiser..4 revealed
that the spiral rainbands intersect the low level isobars at the closing angl es of
about 20 deg, thus forming logarithmic spirals .
As a result of the careful examination of Fig. 7, the existence bf three orientations of clouds have been found:
(A) CLOUD STREET: a row of small cumulus or towering
cumulus clouds which lines up in the direction of low
level winds.
(B) RAIN BAND: a line of large cumulonimbi which inter sects
the low-level isobar s at the clo sing angles ranging between
10 and 30 deg.
(C) ANVIL PLUME: a plume of cirrus cloud drifting out from
the top of each convective tower reaching the levels of outflow or extreme shear levels.

4. Senn, H. V. and H. W. Hi s:er, 1956-57. Studies of Hurricane Spiral Bands as
Observed on Radar. University of Miami technical reports to the U. S. Weather
Bureau.
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5.

Position Shift of High Convective Towers
In the case of a low cloud, it is not always necessary to worry about

the difference between the cloud and its subpoint appearing on an image. When
photogrammetric analyses extend into the problem of fixing convective high
towers it is necessary, at least, to examine the magnitude of the position
shifts of the tower tops from their terrestrial subpoints.

SAT

Fig. 8. To compute the
position shift of cloud C
from the subcloud point P
on the earth.
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First we compute the difference in nadir angle of cloud ( 7lcL> and that of
the subcloud point ( 7Jcp); namely,

6.71CL =

7lcL - 7lcp

which should always be positive (see Fig. 8).

(1)

The zenith angle of the satellite

viewed from the terrestrial subcloud point (TCP) can be assumed equal to
as far as the computation of the distance AP is concerned.

L

ACP

Thus we have

6.h sinC

x

where 6. h denotes the height of the cloud,
the satellite.

X , the slant range of TCP from

Expressing X with R , the radius of the earth; 7lcP; and dcP ,

the subsatellite distance of TCP, we obtain

6.h sin7JcP sin(7JcP+ dcp)
R sin dcp

(2)
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This result indicates the amount of the nadir angle difference between the cloud and
its subpoint on the earth.

The direction.of shift is that of the great circle connecting

the subsatellite (TSP) and subcloud (TCP) points, because the cloud is located within
the plane including the satellite, the TSP, the TCP, and the center of the earth. This
great circle projected onto any plane image taken from the satellite is a straight line
connecting the image subsatellite point (ISP) with the image subcloud point (ICP).
For a small nadir angle of the cloud viewed from the satellite, we may reduce:

R sin dcp

,_,,

sin 77CP -

7]CP

H

=

R

Hdcp

Thus we obtain

b_

7JcL =

77cL b.h (R+H)/ RH

(3)

for a cloud seen within small nadir angle limit.

6.

Theoretical Shadow Points
Next we determine the difference in the position of a cloud and its shadow in· an

attempt to determine the height of the cloud from a single satellite photograph (see
Fig. 9).

Under the assumption that the distance between the subcloud point and the

shadow is relatively small, the shadow may be considered to exist on a plane perpendicular t o the local vertical at the subcloud point, P • Then we express the solar
zenith angle at the cloud with I;,~ to write the distance PS as ·
PS

=

b.h tanC

Since the cloud, its shadow and subpoint are included in the local s un-plane through
the subcloud poiht, the line PS should be the local sun - line which is a portion of the
great circle of the earth. Now we take two components of the vector PS in order to
compute b.7Jstt' the difference between nadir angle of TS:P and that of the shadow (TSH),
and also l:i~'stt , the difference of the horizontal angles of the subcloud point and the
shadow.
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Fig. 9. The method of computing the deviation of
the nadir angle ( 7]~) and the horizontal angle ( "1sH)
of the shadow from those of the subcloud point. C and
S denote the cloud and its shadow respectively.
Their results are

A 'PsH

=

Ah tan~· sin a
R sin dcP

(4)

and

A7JSH =

=
=

PD cos~

x
Ah ton~* cosa cos~. sin7JcP

(5)

R sin dcp
A 7JcL cot~ tan

Ccos a

(6)

where a is the angle between the azimuth, TSP - P, and the local sun-line at the
subcloud point.
Equation 6, when applied to the cloud located at the antisolar point (AS)
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viewed from the satellite, is reduced to

fl7JSH

1
=
/:). 77CL
since the zenith angles of the sun and the satellite viewed from the cloud at the anti-

solar point are identical and

a = 0

; in other words, the shadow viewed from the

satellite is located right behind the cloud.
For actual analysis of satellite pictures, the iso-lines of both solar zenith angle

( st )and the local sun lines are drawn on the distortion-free images introduced by
Fujita (1963a). It is evident that the local sun lines are the terrestrial great circles
projected onto the plain images. On the other hand, the·iso-lines of the solar zenith
angles on the earth are the small circles, except the terminator on which the solar
zenith angle is 90 deg. Figure 10 gives an example of these lines drawn onto a distortion free image. It should be noted that the IGL, ISP, and IAS lie on the local sun
line through the subsatellite point.

Details on the method for determining these points

appear elsewhere in Fujita' s paper (1963a).

T-3 125 R/0128 C- 2 F-2

\
\

\

\
\
\

\

Fig. 10. Local sun lines and isolines of the solar zenith angles drawn on
a distortion-free image of Frame 2, TIROS I Orbit 125 R/O 128. Designators are IAS (image antisolar point), IGL (image sunglint point). IPM (image
primary point), and ISP (image subsatellite point).
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According to projection geometry the anti-solar point on a plane image
is the vanishing point of the parallel solar rays projected to the image.

The

shadow of a cloud, therefore, should be found on the image by constructing the
dashed lines as indicated in Fig. 11.

At the same time, we know, the

dif-

ferences in the nadir angles of a small triangle formed by the ·cloud, shadow,
and the subcloud point.

The shadow-cloud relationship in the figure was computed

from Eq (2), (4) and (6), assuming the unrealistic cloud height of 6h = 50 km~
165, 000 ft to allow for the exaggeration seen in the figure.

This height is of

course at least three times higher than the highest convective towers in hurricanes.
T3

125 R/0128 C- 2 F-2

\

I
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C5 .

•
Fig. 11. The positions of cloud, subcloud point, and the shadow on the distortion-free image identical to that of Fig. 10. Notice that there exists no shadow
seen from the satellite in the direction of IAS; in other areas the vectors connecting clouds with their shadows point toward the antisolar point.
In constructing the theoretical shadows in Fig. 12, the height was reduced

to 10 km, or about 30, 000 ft.

The shadows thus constructed are those of strati-

fied clouds resting flat at the 10-km level above sea level.

Because of the slop-

ing sides of the convective towers, it is unrealistic to presume that the cloud
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Fig. 12. Theoretical shadows computed by assuming flat clouds lie
10 km above the ocean surface. The shadow should always be located in
the direction of the IAS from the photographed cloud positions.
tops cast their shadows over the ocean unless the solar zenith angle is reasonably
large. As in the case of this example, when the solar zenith angles over the storm
areas exceed 50 deg, the chance of viewing the cloudtop shadows over the ocean may
not be remote. It is likely, therefore, that satellite pictures show recognizable shadows over the ocean.

7.

Characteristics of Ocean Sunglint
The possibility of locating cloud shadows has been discussed; however, it i s

extremely difficult to distingui sh the ocean surface from cloud shadows. TIROS
cameras are equipped with the filters providing a spectral response between the
wave lengths of O. 5 and O. 8 microns. Within the range of this spectral response,
the ocean surface under normal conditions appears to be entirely black.
Possible areas where background scattering from the ocean surface i s appreciable are those of significant white caps and of sunglint. The former has not
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been investigated by the author; however, it should be worthwhile to look into the
question. The latter is a common phenomena seen on TIROS pictures taken at an
angle favorable for including glint reflection from the ocean surface.
Presented in Fig. 13 is an example of a tall cumulonimbus casting its shadow
over the ocean sunglint. The anti - solar point is located outside the picture in the
lower right direction. The cloud height, estimated from the shadow, was 45, 000
ft above the sea level. The cloud was located at 3N and 151E. Other small clouds
in the picture show no visible sign of the shadows suggesting that the slopes of the
clouds were not steep enough to cast shadows over the ocean.
In addition to the estimation

of the sea-surface conditions, the
detection of faint cirrus clouds,
which are not always visible when
photographed with a dark ocean
background, is another use of the
sunglint area.
Cirrus clouds which are thick
enough to be considered as a source
of diffused sunlight of considerable
Fig. 13. An example of the shadow
of a tall cumulonimbus seen over the
area of the sunglint. Frame 22, C2,
TIROS I Orbit 125.

intensity will appear on the picture
as white areas of varying intensities.
Thin and faint ones which are not

dense enough to scatter the incoming sunlight do not always give enough intensity
(watt m

-2

1

sterad- ) back to the satellite since the scattering takes place in all di -

rections from the cloud and it is far from isotropic. The reflection from the ocean
surface is highly directional. Therefore the energy reflected from the ocean surface,
in order to be received by the satellite-borne camera, should originate within a rela tively small object angle from the sun when viewed from the ocean surface·. As a result,
thin cirrus clouds scatter away the sunlight which

otherwi~e

reaches the ocean sur -

face to produce sunglint reflection . Moreover, the reflected light from the ocean surface
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will again be scattered while going through the same cloud, thu s reducing considerably the sunglint intensity over the areas of faint cirrus cloud.
As a result of this scattering effect, what appears to be dark areas within
the region of dim sunglint could be thin clouds which are not, of course, necessarily cirrus clouds.

167°E

168° E

Fig. 14. Dark area seen within
a sunglint background. The object
angles 5 and 10 degrees from the
theoretical sunglint point are indicated. Frame 9T, TIROS I, Orbit
125 R/O 128.

166° E

167° E

Fig. 15. Dark area which was
changed into a faint cloud outside
the 10 degree object angle circle.
Antisolar point at 18.58 and 172.4E.
Frame !OT, TIROS I, Orbit 125 R/O
128.

Unless the dark area is located next to a bright cloud in the direction of the IAS,
distinguishing these particular clouds from shadows is not difficult.
It has been stated that the oce an sunglints are useful in determining the height
of convective cloud towers and making estimates of the areas of thin clouds which
do not always appear in TIROS pictures. As has already been proposed by Glaser
(1961), the use of sunglints in the study of sea-surface conditions should also be
considered.
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8.

Conclusions
TIROS pictures of tropical storms are very useful in storm identification and

position fixes. This research revealed that the quality and the resolution of pictures
are such that a careful scrutiny permits us to determine the directions of low level
winds and the vertical wind shear between 700 and 200 mb.
Further theoretical studies also indicate that these pictures can be used to de termine the height of convective towers when they exist over an area of ocean sun glint. Since the sunglint moves with the Satellite and its geographic location corres ponding to each frame can easily be obtained, we may in the future investigate convective towers over such areas of ocean sunglint.

ACKNOWLEDGEMENfS
The author is very grateful to Mr. Toshimitsu Ushijima, Fukuoka District Weather
Bureau, Japan Meteorological Agency, who made available a series of rectified photographs for use in this research . Sincere gratitude should be expressed to the staff mem bers of the Satellite and Mesometeorology Project, Department of Geophysical Sciences
at the University of Chicago for their assistance in completing this paper. The research
reported herein has been sponsored solely by the Meteorological Satellite Laboratory,
United States Weather Bureau, under grant Cwb WBG-6.

20

REFERENCES
Frank, Neil L., 1963: Synoptic case study of tropical cyclogenesis utilizing tiros
data. Mon. Wea. Rev., 91, 355-366.
Fritz, Sigmund, 1962: Satellite pictures and the origin of hurricane Anna. Mon.
Wea. Rev., 90, 507-513.
Fujita, T., 1963a: A technique for precise analysis of satellite data; vol. 1 photogrammetry. MSL Report No. 14, U. S. Weather Bureau.
- - - . 1963b: A technique for precise analysis of satellite photographs.
Res. Paper 17, Univ. of Chicago.

Mesomet.

Glaser A. H., 1961: TIROS I: An operational evaluation of a new meteorological
tool.GRD Research Notes, No. 36, 1-138.
Malkus, J. S., 1955: The effect of a large island upon the trade wind air stream.
Quart. J. R. meteor. Soc. , 81, 583- 594.
- - - . 1960: Recent development in studies of penetrative convection and an
application to hurricane cumulonimbus towers, Cumulus Dynamics, Pergampn
Press, pp. 65-84.
Plank, V. G., 1960: Cumulus convection over Florida - a preliminary report,
Cumulus Dynamics, Pergamon Press. pp. 109-118.
Simpson, R. H. 1954: Structure of an immatuie hurricane.
Soc. 8, 335-350.

Bull. Amer. m e teor.

21

RECTIFIED PICTURES FROM
TIROS I, ORBIT 125, R/ O 128 *
by

Toshimitsu Ushijima

Rectification Data
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- 13.3
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.153. 0

latitude
l ongitude

-10. 5
179.7

- 10. 5
180. 1

-10. 5
180.4

-10. 5
180. 6

-10. 5 - 10. 5
181. 1 18 1. 4

- 10. 5
181. 7

- 10. 5
182 . 0

la titude
longitude

+ 7 . 8 + 7. 8

+ 7. 8
133 .9

+ 7. 8

+ 7. 8
134.6

+ 7. 8

+ 7.8

+ 7.8

134.9

135. 2

135 . 5

TAS

TGL

T SA

TSS

*
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Frame 8-T

Frame 10-T
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Frame 14-T
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