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Precipitable water in the atmosphere over Trivandrum
in relation to onset of monsoon
T. K. MUKERJI
Meteorological Office, New Delki
(Received 31 October 1961)
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not indicate any spectacular build up of precipitable water, before or on the date of onset of monsoon. The
daily variations of precipitable water with height from May to June and its average vairation for the 12 months

of the year are also discussed.

The onset of the southwest monsoon along
the west coast of India is marked by the
sudden commencement of squally weather
and rough seas accompanied by heavy rain.
On the average this ocenrs in the last week of
May or the beginning of June. It has been
observed that the onset of the monsoon is
associated with the movement of a distur-
bance, like a depression or a cyclonic storm,
which increases the moisture content of the
air. It can be reasonably expected that the
depth of precipitable water in the atmosphere,
in the transition from a dry to a rainy season,
will show an increase and a downpour would
occur when this reaches a critical value
resulting in the sudden and spectacular onset
of monsoon rains. Variations of the amount
of precipitable water in the atmosphere are,
therefore, studied in this note to detect any
systomatic increase before the onset of the
monsoon.

2. Method of computation

The depth of precipitable water in a unit
column of air extending from 1000 mb up-
wards was calculated following a method
indicated by Solot (1939). The depth of
precipitable water W bétween two arbitrary
pressure levels p, and p, is given by
W = 0-0004 ¢ (p, — p,) inches, where ¢
represents the average of the specific humidity

between p, and p,, In the present analysis,

the precipitable water content of the layer

from 1000 to 600 mb has been calculated.

To obtain this we may express the precipita-
' ble water content (in inches) as

W =2 00004 19

2 }(Pﬂ—p”)

= 00002 [ (7000 + ono) (1000 — 900)
+ (o0 -+ Tss0) (900—850) ...
+ (g0 + ooo) (700—600) |

The computations were done in a tabular
form shown in Table 1. The standard pres-
sure levels selected for this study are shown
in the first column. Values of the humidity
mixing ratio for these pressure levels were
next caleulated from radiosonde observa-
tions. Subsequently the specific humidity
was obtained from the mixing ratio and
entered in the third column. Finally, the
value of the total precipitable water W
between 1000 and 600 mb was entered at the
bottom of column 4.

3. Data utilised

As the monsoon current normally strikes
the Indian continent at Trivandrum late il
May or the first week of June, the precipi~
table water content above this station for'a
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Fig. 1. Precipitable water over Trivandrum
(May— June)

period centering round this week was com-
puted by the method described above. The
values of the water content for each of the
32 days from 15 May to 15 June, for a period
of 10 years, was calculated by anslysing the
radiosonde data of Trivandium for the years
1948 to 1957. The data for only the evening
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ascents were utilised. In almost all the as-
cents the highest level reached for humidity
data was near 600 mb; consequently no in-
formation could be gathered about the mois-
ture content above this level. Of the 10
vears’ data studied here, data for the period
15 to 28 May 1953 were not available. For
the other vears, on an average, observations
for two days were missing on account of
failure of flight. In a number of cases, tem-
perature data for 600-mb level was absent
owing to termination of the flight at a lower
level. This constitutes a drawback on the
method of computation. The same difficulty
was experienced on a few occasions at 1000
mb, but this was overcome by substituting
the data for the surface in place of 1000 mb.
As Trivandrum is a sea level station, this is
not expected to produce much error.

4. Analysis of results

4.1. Day to day variations—Values of
the precipitable water content W for
the 32-day period are shown in Fig. 1.
Consecutive observations are joined by solid
lines and missing data are indicated by
dotted lines. The date of onset of the monsoon
as published in the Indian Daily Weather
Report or the Annual Summary, Part A, are
indicated by arrows. Average values of W
for each year are given in Table 2 and shown
in Fig. 1 by solid horizonal lines. From Fig.
1, it will be noticed that there is an increase
in the precipitable water content on a few
days round the date of onset of the monsoon.
This is what one might normally expect, but
the highest value of W during the onset is
usually less than other peak valves attained
during the whole 32-day period. In other
words, the amount of precipitable water in
the atmosphere is not necessarily the largest
on the date of onset of the monsoon, or a few
days preceding the date of onset.

The figures do not indicate a gradual in-
crease in the value of precipitable water con-
tent W with the approach of the monsoon.
However, due to the large variations in the
daily values shown in Fig. 1, the presence of
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Fig. 2. Moving averages of precipitable water
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TABLE 1 TABLE 3
Method of calculation of I Comparative values of
Pressure Mixing Specifie W "
(mb) ratio humidity {inch) Mean dew (inches)
(gm. kg-1) (gm. kg-") point at RS S A—
e 1000 mb From Computed
1000 19-0 18- 65 4 Tables
72 = - e
YO0 176 1729 1948 240 2.95 178
033
850 165 1623 1949 240 24 b5
"2y 1950 23+ 2.2 7
800 130 1253 ' i ! uihis
w-33 1451 24-0 2-258 1-84
00 +6 1-5% 1952 242 231 192
-5
BOO L3 $-3% 1953 238 2-24 134
195 24-2 2 -7
Total 187 I 31 1-73
1955 24-2 2-31 1-58
19545 233 2417 161
1957 2408 2-41 1-94
TABLE 2
Values of 11" in inches
Pressure level (mb)
T0O0-900 H00-8iH) SO0-700 T00-600 1000-600 1
1948 068 052 035 023 1-78
1049 (TR -l 037 0:27 1'8L
1950 066 044 035 0-24 1-74
1951 063 0+55 041 0-20 1-584
1952 0649 0+Hl 0-40 0-29 1-92
1953 - 66 0+53 038 027 1:84
1954 063 0+ 45 0-35 0-25 1-73
1955 064 053 (IR L] 31 1-388
1956 062 044 0-32 0-23 1-61
1957 IR 0-53 0-43 0-30 1-94

Averaze 0-66 0:51 0-38 0-26 1:81
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TABLE 4
Monthly values of the precipitable water content IV in inches

Feb Mar Apr May Jun

Jul Aug Sep Oect,

1-44 1-46 160 1:80

any increasing or decreasing tendency in the
value of W is not hrought out very clearly.
To obfain this clearly ths method of moving
averages was employed. This process has the
property of smoothening out the large
fluctuations and so is very suitable for testing
the presence or ahsence of trends. This
method, however, presents a few difficulties
beeause of the pheence of observations on
intermediate dates, As an approx'mation the
missing data were substituted by the averages
for the years, as indicated in Table 2. The
five-day moving averages were then caleula-
ted and are depicted in Fig. 2. Among the
period of study of ten years there is a conti-
nuous series of observations for fairly long
periods for the years 1949, 1950 1952, 1954 and
1956. These may be considered more repre-
sentative of the true state of affairs than
the other five years. The curves indicate
the absence of any marked build up of the
precipitable water content in the atmosphere
with theapproach of the onset of the mon-
soon. They however, bring out the pulsating
nature of W which is in agreement with the
fluetuating character of the monsoon rainfall.

4.2. Variation with height—Ttis of inter-
est to know whether the increase of
precipitable water during this peried is
confined to any particular layer in the ai-
mosphere. To assess this, the daily values of
W were computed for different layers of the
atmosphere for all the years during this
period. It is found that, for every increase or
decrease in W at the lowest layer, there is
generally a corresponding incresse or de-
crease at all the layers upto 600 mb. This
shows that the influx of monsoon air in the

atmosphere takes place at all heights upto at
least 600 mh. The average values of W for
different layers are shown in Fig. 3 as a per-
centage of itsaverage amount between 1000
and 600 mb. It will be observed that the
precepitable water content of the layers goes
on diminishing with increasing height.

4.3, Variation from wmonth to month—
Apart from short period variations des-
cribed above, there are seasonal variations in
W. To study this the values of W for different
months of the year were computed using
normal values of temperature at standard
pressure levels. These are shown in Table 4.
It will be seen that there is a gradual in-
crease in W over the months, with a maxi-
mum in the month of May and a minimum in
January. There is a second increase of pre-
cipitable water in the month of October indi-
cating the contribution of the northeast
monsoon.

5. Estimation of IV from dew point temperature

Tables are available to calculate the pre-
cipitable water content in the atmosphere as
a function of dew point temperature at
1000 mb. These are computed on the assump-
tion of a psendo adiabatic lapse rate in the
atmosphere, In Table 3, we have compared
values of W based on this egsumption with
those computed by the method employed in
this study. It will be noticed that the values
in column 4 are always less than those in
column 3, which implies that the precipitable
water content does not reach the theoretical
upper limit indicated by pseudo adiabatic
lapse rate,
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6. Summary may be attained before or after the date
We may summarise the more important of onset.

features bronght out by thisstudy ~s follows (3) The transport of moisture during a

- . . . 15-day period before and after the date

(1) There is no marked build up of the of onset is not confined to any particular

precipitable water in the atmosphere with

. level in the atmosphere.
the advance of monsoou. !

(4) The moisture content of the atmosphere

(2) The maximum moisture level in the is generally much less than that ex-
atmosphere is not generallv reached on pected on the basis of pseudo adiabatie
the date of the onset of monsoon. It lapse rate,
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