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MEAN SOUNDING DATA OVER THE WESTERN TROPICAL PACIFIC OCEAN

DURING THE TYPHOON SEASON

Kenji Shimada

Japan Meteorological Agency

ABSTRACT

Monthly mean values of height, temperature, and dew point at

standard pressure surfaces for the typhoon season, July to October,

of the years 1957, 1958, and 1959, were tabulated for fourteen sta- ' ••

tions in the western tropical Pacific Ocean. Stations were combined

into four groups to obtain representative data for four areas in the

western tropical Pacific. Mean soundings for these areas are compared

with each other and with mean soundings for the Gulf of Mexico and

the West Indies.

Monthly instability indices were computed for each area. The

seasonal trend of the instability index for the Mid-Pacific area

shows a good correlation with the trend of the frequency of tropical

storms during the typhoon season.

1. INTRODUCTION

During the summer and fall seasons, streamline analyses at the 700-mb.
surface in the domain bounded by the 90°E. meridian, the ^0°N. parallel, the
162°W. meridian, and the 22°S. parallel, are made in the Forecast Section of
the Japan Meteorological Agency. The sparseness of the wind data over the
tropical Pacific causes analysts much difficulty in detecting such tropical
disturbances as easterly waves, shear lines, small cyclonic and anticyclonic
vortices, and tropical depressions.

In such sparse data regions, therefore, the 2h-hour 700-mb. height change
is used as an auxiliary tool in streamline analysis. The standard atmosphere
or the monthly mean sounding values of height, temperature, and dew point,
however, would be more useful, because the deviation from the standard not
only represents the synoptic sequence of events, but also furnishes climatic
information. Therefore, data from fourteen stations in the western tropical
Pacific (fig. l) were used to construct mean soundings representative of the
typhoon season, June to October.



2. PROCESSING OF DATA

The monthly mean temperatures, dew points, and heights, at the selected
pressure levels for the fourteen stations listed in table 1 were obtained by
simply averaging the records for 1957, 1958, and 1959, from the Northern
Hemisphere Data Tabulations, Synoptic Weather Maps, Part II (U. S. Weather
Bureau) and the Aerological Data of Japan (for Marcus Island only).

The data for Marcus Island were obtained by means of the Japanese radio
sondes. Corrections for height, temperature, and dew point, therefore have
been applied to these data so that they may be compared with the data for
other stations measured with United States radiosondes. The correction values

given in table 2 are after Matsuhashi and Arai [4,5].

The data, tabulated in table 3, are entirely based on the 1200 GMT obser
vations so that radiation errors need not be considered. The observations are

scheduled at local times varying from 2058 at Koror to 00^7 at Johnston Island.
The relative mean diurnal differences over that 4-hour period are so small [5,
8, 10] that they may be considered negligible.

3. MEAN AEROLOGICAL DATA

The monthly mean values of temperature, dew point, and height at the
standard pressure surfaces for the fourteen stations are shown in table 3
(following the text).

According to table 3, thermal conditions at Yap, Koror, Guam, Truk, and
Ponape are rather uniform and the month-to-month changes are small. A mean
sounding obtained by averaging the data for Koror, Yap, and Guam is, there
fore, representative of normal conditions over the Caroline Islands and the
Marianas, while the mean sounding consisting of data from Eniwetok, Kwajalein,
and Majuro is typical of conditions over the Marshall Islands area. These
two mean soundings are shown in table k (following the text).

The data for Marcus Island and those for Iwo Jima are almost the same
(table 3). The mean sounding (table k) obtained by averaging the data for
these two stations is taken to be representative of thermal conditions over
the trade wind region of the western North Pacific during the summer through
fall season.

There exists a semipermanent trough, throughout the warmer seasons, which
extends from the Hawaiian Islands to the northwestern part of the Marshall
Islands through the Wake area. This trough, named the Mid-Pacific trough by
Ramage [7], plays an important role in the formation of tropical storms. The
temperatures in the middle and upper troposphere at Midway Island and Wake Is
land show a remarkable fall in midsummer, July to August. This temperature
fall in midsummer is one of the most important features of the Mid-Pacific
trough region. A mean sounding obtained by averaging the data for Midway and
Wake is, therefore, used to represent thermal conditions over the Mid-Pacific
trough region (table 4).

Comparisons between the monthly mean soundings for these four areas are
carried out in the following section. The areas are indicated in figure 1.



Table 1. - Station nomenclature

Station

Midway Island
Iwo Jima, Volcano Islands
Marcus Island

Guam, Mariana Islands
Wake Island

Eniwetok Island, Marshall Islands
Johnston Island

Truk, Caroline Islands

Ponape, Caroline Islands
Kwajalein Atoll, Marshall Islands
Majuro Atoll, Marshall Islands
Koror, Peletiu Island, Palau Islands
Yap Island, Caroline Islands
Canton Island, Phoenix Islands

WMO

index

number

Latitude Longitude Elev.

(m.)

91 066 28°13'N 177°22'W 13
91 115 24 47 N 141 20 E 106
91 131 24 17 N 153 58 E 17
91 217 13 33 N 144 50 E 162

91 245 19 17 N 166 39 E 4

91 250 11 20 N 162 20 E 3
91 275 16 44 N 169 31 w 2

91 334 07 27 N 151 50 E 2

91 348 06 58 N 158 13 E 46

91 366 08 43 N I67 44 E y
91 376 07 06 N 171 24 E 3
91 408 07 21 N 134 29 E 33
91 413 09 31 N I38 08 E 17
91 700 02 46 S 171 43 W 4

us£
140 150 160 I70PE 180
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'Iwo-Marcus*

—A
IWOJIMA MARCUS

20.

10- —^F^^Vap
KOROR

V

130 140

GUAM

1G West Carolines-Marianas'

TRUK

toISO

WAKE

ENIWETOK

^ IN'

PONAPE
MarshallsE*MAJURO

ieo \7dt

MIDWAY

-20

JOHNSTON

ieo

-10

CANTON

I7CTW

Figure 1. - Station location and grouping into representative areas.



Table 2. - Correction values applied to
the data for Marcus Island

Pressure Temp. Dew Point Height

(mb.) (°c.) (°c.) GO

1000 0 0 0

850 0 0 0

700 0 0 0

500 0 0 10

400 -1.0 -1.0 3
300 -1.5 -1.5 -4
250 -2.0 -17
200 -2.0 -30
150 -2.0 -50

100 -1.5 -70

4. COMPARISONS OF THERMAL CONDITIONS IN THE FOUR AREAS

The heights of *the standard pressure levels in the West Carolines-
Marianas area are greater in the middle and lower stratosphere than those in
the Marshalls area during the four months, July to October. In the middle and
upper troposphere the height differences undergo a reversal (table 5). Sne
temperatures in the layer below the 150-mb. level are higher in Iwo-Marcus
than in the Mid-Pacific throughout the typhoon season, with the largest differ
ences in July or August. The mixing ratios in Iwo-Marcus are larger at.all
levels below 300 mb. than those for the Mid-Pacific throughout the season in
vestigated. The cold temperatures in the Mid-Pacific suggest cold advection
from the northwestern Pacific into the Mid-Pacific area in association with
the Mid-Pacific trough.

Next the mean- values of height, temperature, and mixing ratio for the
West Carolines-Marianas area are compared with those for the Marshalls. The
West Carolines-Marianas area is slightly warmer than the Marshalls area at
all levels except the 1000-mb. level and shows generally higher moisture con
tent. This difference suggests that heat and moisture are transferred to the
trade as it flows downstream.

Temperatures at upper tropospheric levels at Iwo-Marcus are lower than
in the West Carolines-Marshalls. The height differences between the two areas
are very small in the middle and lower troposphere throughout the typhoon sea
son. As to moisture, mixing ratios in the 1000-300-mb. layer at Iwo-Marcus
are smaller than in the West Carolines-Marianas. Especially in the layer near
400 mb., the difference in mixing ratios amounts to about 50 percent of the
values-for the West Carolines-Marianas.

Figure 2 presents a comparison of the seasonal change in temperature at
various levels for the four groups of stations.
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5. INSTABILITY

Instability indices were computed for Iwo-Marcus, the Mid-Pacific, the
West Carolines-Marianas, and the Marshalls in order to examine the relation
ship between the vertical instability and the frequency of typhoon formation.
The instability index is defined by the temperature difference

T^C~ - T
1000 300
adiabatically from the 1000-mb.surface to the 300-mb. surface, and T^00
the mean temperature at the 300-mb. level.

iOO

where ^000 is the temperature of a parcel lifted pseudo-

is



As shown in figure 3, the indices for the West ^oline^ia^nd
for the Marshalls are large positive values throughout the typhoon season,
and their month-to-month changes are small.

The instability indices for Iwo-Marcus and Mid-Pacific also are positive

Sv ^int at the 1000-mb. surface because the temperature at 300 mb. vanes
little through the typhoon season.

The rood correlation of the frequency of typhoon formation with the sta-
bilit^for the Mid-Pacific area Z^Tl^Z^or?^ Xat
that tropical disturbances °* eas*eJ^ "^L^ Se West Carolines-Marianas
^nth^M^^^ ~ but the
seasonal variation is small.

Positive value of the instability ^J^°^±^^^" *necessary, bu^not sufficient, condition for typhoon formation.

6 COMPARISON OF THE MEAN SOUNDINGS FOR IWO-MARCUS
WITH THOSE FOR THE GULF OF MEXICO AJ3EA

* t wior, TPl in 1Q59 -presented mean aerological data for the

also of the Gulf of Mexico.

«r th*> values for Iwo-Marcus in the Pacific from similarThe deviations of the values IO* x"" . ,-, g r^g mean temperaturevalues for the Gulf of Mexico area are ^^^^^^ above the
values for Iwo-Marcus are consiste^ ^e n ^ ^ is true of

,850-mb. level than those for the Gulf of Mexico are
dew point values.

7 COMPARISON OF THE MEAN SOUNDINGS FOE THE WEST CAEOLINES-MARIANAS
7. COMPARISON "j^^gj, FQR the „EST INDIES AREA

Jordan in l9f W^bT«^0^^^^^^^^
area. According to Tachi [9L ^f^1™ Pacific Ocean, corresponding tofof the formation of tropical storms 1^h^C^arolines.krianas area is
the West Indies in the Atlantic [6]. The
therefore compared with the West Indies.

•p™. +>!P West Carolines-Marianas from thoseThe deviations of mean values ^"st ^temperature values for the
for the West Indies area are shown in table (. ^ ^ level
West Carolines-Marianas are higher m the troposphere a
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Figure 4. - Deviations of the mean June
-September temperature (solid
line) and dew-point (dashed) data
from Colon's mean data.

than those for the West Indies area.

In the lower stratosphere, the reverse
is the case.

8-. COMPARISON WITH THE DATA
PREPARED BY COLON

Colon [1] prepared a mean sounding
for the rainy season, June to September,
over the western tropical Pacific. .
These data were based on soundings made
during June to September of the years
1943-1947, at the three stations Koror,
Guam, and Kwajalein. For comparison,
therefore, averages have been computed
for the period, June through September,
from the data presented in table 3.

The deviations of the mean June-

September temperature values from those
computed by Colon are shown in figure 4.

The largest deviation of temperature is 2.6°C. at the 250-mb. level. Through
the deep layer between 850 mb. and 150 mb. the deviation varies from 0.5°C.
to 2.6°C., and dew point deviations also show similar variations in the layer
between 850 and 500 mb. The deviations of the dew point at 400 mb. and 300
mb. are -0.4°C.

The differences between the temperatures given by Colon and the new set
of data are too large to be explained by climatic variation. They perhaps
result from the variance of the radiosonde instruments used during the periods
1911.3-47 and 1956-59.
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