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SYNOP

The vertically integrated water vapour content or
precipitable water in the atnmosphere is a paraneter of
great inportance in studies of the atnosphere and its
properties, and in all neasurenments of extra-terrestrial
radi ati on received at the earth's surface, in which
absorption by water vapour plays an inportant role.

This is particularly true of the infrared and m crowave
regi ons of the spectrum where water vapour has strong

absor ption bands.

The amount of precipitable water in the atnosphere
was originally conputed by integration from radi osonde
measurenents of absolute humdity in the atnosphere.
Techni ques have since been devel oped for its measurenent
usi ng the abeorption of infrared and m crowave regi ons
of the spectrum by water vapour; and infrared spectral
hygroneters and m crowave radi oneters have been developed
for the neasurenment of precipitable water in the atnos-
phere, both fromthe ground and fromorbitting and geo-
stationary meterological satellites. In all cases,
the neasurenents are verified agai nst radi osonde nea-
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surements or by calibration of the instrunents in the

| abor at ory.

Al t hough measurements of precipitable water have
been nade at a number of locations in the world and
ext ensi ve conputations of precipitable water over India
have been nmade from radi osonde data for a | arge nunber
of stations, no systenatic measurements have been nade
of precipitable water and its variations at |ow
| atitudes. The nmain purpose o the work described in
the thesis was therefore the devel opnent of experinent al
techniques for the continuous neasurenent of precipitable
wat er using optical, radio and other techniques and a
study of ita variations in tinme and with altitude. The
original notivation for the study was the selection of a
suitable site for a millimetre wave tel escope i n southern
India. The thesis therefore covers studies of precipi-
table water a two stations at 13°N 77°E and describes
I nstrunents designed and constructed by the author for
t he continuous measurement of precipitable water in the
at mosphere. The calibration of the instruments and the

eval uation of the data are described, followed by a report



on the diurnal and annual variations of precipitable
water at the two stations and a critical assessment
of the different techniques used, their source of error

and possi bl e accuracy of the neasurenents.

The thesis is divided into five chapters.
Chapter 1 gives a brief account of the inportance of
at nospheri c wat er vapour in neteorological, hydrol ogi cal
and ot her scientific investigations and for studies in
infrared and short wavel ength radi oaetronony. A section
on the termnology and unite used for defining atnos-
pheric water vapour and the rel ationship between the
various paranetere, is followed by a short description
of the different techniques used to neasure water vapour
and precipitable water i n the atmosphere and the purpose

of the present study.

Chapter 2 describes in detail the two techniques
used for the conputation of precipitable water in the
at nosphere, one fromsurface humdity val ues and the
ot her from radi osonde neasurenents. The firet nethod

was found to be unsatisfactory except as a qualitative



indication of the anount of precipitable water in the

at nosphere. The second renai ns the nost reliabl e nethod,
not only for conputing precipitable water but for the
calibration o direct neasuring i nstrunents such as the
Infrared spectral hygroneter and the mcrowave radi oneter.
Results of conputation o precipitable water over two
stati ons, Bangalore and Nandi H || s fromradi osonde nea-
surenents are presented, and the i nherent sources o

error in the nethod di scussed. A section on the conpu-
tation of precipitable water scal e hei ghts concl udes

the chapter.

Chapter 3 deals wth the neasurenent of precipitable
water using infrared absorption techni ques and descri bes
indetail the infrared spectral hygroneter designed and
constructed by the author at the Raman Research I nstitute,
Bangalore, fOr precipitable water neasurenent in the atnos-
phere. Brief sections on the physical concepts and the
nature o water vapour absorption in the infrared regions
of the spectrumfollow The instrunent uses two wave-
lengths Q9 351 and 0.881l , absorption of water vapour
I nthe forner being nuch higher thanin the latter. From
the ratio of intensities o the solar infrared radiation
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at the two wavel engths received at the ground, precipi-
table water in the entire atnosphere is cal cul at ed.

Results of observations nade a Bangal ore during 1980-81
are presented and the accuracy and sources of error and the

[imtations of the nethod di scussed in detail.

Chapter 4 describes a mcrowave radi onet er desi gned
and constructed by the author for the nmeasurenent of
precipitable water in the atnosphere by measuring atnos-
pheric radiation at the frequency of 22 GHz. The principle
of the radiometer is described and the relationship between
the antenna tenperature of the m crowave radi oneter and
t he absorption ooefficient of water wvapour in the mcro-
wave region is illustrated using the radiative transfer
equation. It is a frequency-swtched system noise from
br oad- band sources being injected in the |F stage during
alternate half periods in the swtching sequence and the
out put continuously nonitored. The chapter concludes with
a discussion of the sources of error and accuracy of mea-

surenment of m crowave radi onet ers.

I n Chapter 5 the results of the conputations and nea-
surenments of precipitable water in the atnosphere over

Bangalore and Nandi H|lls during the four year period
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1977-1981 are discussed and conpared with results of
observations made at other stations in India and el se-
where. A fairly clear picture of the diurnal, seasona
and interannual variation of precipitable water vapour
over Bangalore and its surrounding areas is now avai -

| able. The chapter concludes with a discussion on the
variation of precipitable water with altitude and the
eval uation of Nandi HIlls as a suitable | ocation for a

mllineter wave tel escope.

The inportance of the work reported in the theeis
nay be summarised as follows. Two instrunents, using
wat er vapour absorption techniques in the infrared and
m crowave regi ons of the spectrum, have been desi gned
and constructed by the author for the continuous nea-
surement of precipitable water in the atnmosphere. Both
I nstruments were calibrated agai nst radiosonde data and
were found to record precipitable water with al nost
the same accuracy as the radi osonde nethod. Systematic
nmeasurenents of precipitable water nade over a period
of four years from 1977 to 1981 at the two stations
with these instruments and the anal ysis of the data have

provided for the first atime a detailed picture of the
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precipitable water climatology at the two stations and
Its variation on both short and long tine scales. An
eval uation of the data at the two etations shows that
Nandi HIls, where the precipitable water anounts are
relatively small in the non-nonsoon clear nonths, is
suitable for the location of a millimetre wave

telescope.



