CHAPTER 2
MPUTATION OR Pl TABLE WATER | N THE ATM ERE

21 |ntroduction

The inportant role played by at nospheric water
vapour in the attenuation of extra-terrestrial
radiation received at the surface d the earth is well
docunented. ‘Moisture occurs in al three of its
forns - vapour, liquid and solid - in the atnosphere
and is the only naj or constituent of the atnosphere
which varies narkedly in tine and space. The state
o the atnosphere is controlled to a |l arge degree by
the content and formof water wthinit, and the
exchanges o latent and sensi bl e heat, whi ch accom
pany changes in state, have direct effects on atnos-
pheric circulation. A know edge of the anount of
water vapour in the atnosphere is therefore essential
not only in basic studies of the atnosphere and its
properties, but in weather forecasting. It is equally
inportant in radar and mcrowave conmmuni cati on and
| ong range propagation studi es, renote sensing from
aircraft and satellites and in astronomcal observa-
tions in the sub-ml| betre and millimetre wavel ength
range 200 » to 3mm, in view of the refraction and
attenuation of mcrowave radi ation by noi st | ayers
and solid and liquid forns o water. The high varia-
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bility o water vapour in tine and space nakes the
continuous nonitoring of the precipitabl e water
vapour in the atnosphere an essential part o any
scientific investigation involving the attenuation
of electronagnetic radiation in the earth's at nos-

pher e.

Gont i nuous neasurenents of relative humdity
at the surface of the earth are nade at neteorol o-
gi cal observatories using hygrographs and psychro-
neters and in the free atnosphere, tw to four tines
a day, using radiosondes. The sinpl est nethod,
therefore, o obtaining values d precipitabl e water
in the atnosphere is by conputation from either
surface humdity val ues or by integrating the water
vapour content in the at nosphere fromradi osonde
ascents. Both these were carried out in the course
of the present study and the nethods used, the errors
i nvol ved and the results obtai ned are described in

the sections that fol |l ow

2,2 Derivation o preecipitable water from surface
hum dity measurementg
2,2.1 Hstorical

The exi stence of a sinple correl ati on between
the surface val ues of water vapour density and the
total precipitable water in the at nosphere has been
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assuned by nany workers. UWsing certain standard dis-
tribution functions derived from neasurenents nade

on research balloon flights, Hann (1894) proposed the
follow ng equation correlating £ the water vapour
density a the surface, with # the water vapour density
at height z.

F = @e—ﬁz (2-1)

pis a coefficient having a val ue of about
45 = 107° cm L. However, it is now known that the
factor p varies wth the seasons and | ocati on, and
the nethod gi ves only very approxi nate val ues for the

integrated precipitable water.

This was confirned by Fow e (1913 , who di scussed
the problemin detail. |n particular, he investigated
the question as to whether precipitable water w coul d
be determned using a relationship of the form

W =K.P, (2.2)
where P is the absolute surface humdity in g m=)
and X is a constant, wth a value of about 2 The
relationship worked fairly well in the nean but was
subject to large uncertainties for any particul ar
day. He also found that K varied wdely fromsite to
site and the large variations in X are strong evi dence
that the relationship does not hold good for the

dat a consi der ed.
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Kondratyev et al (1965) also cane to the sane con-
clusion, after alengthy series of neasurenents in the
Caucasus, that any attenpt to find a stable rel ation-
ship, even for specially sel ected observations and hi gh
altitude | ocations, between the two is futile.

Reitan (1963) had examned the rel ati onshi p between
nean nont hl y val ues of precipitable\':igd surface dew
points for 15 stations in the U,5.4. and had found an
enpirical relationship of the form

logW = a+b. Ty (2.3)

where Wis the precipitabl e water, T3 is the dew point
and a and b are constants. Wen Wis expressed i n cm
and T, in degrees Pahrenhert, the equation was f ound
to be

logW = 0981 +00341 1, (2.4)

Anant hakri shnan et al (1964) studied the corre-
| ati on between surface humdity mxing rati o and
surface dew point and precipitable water at 12 stations
inlindiafor the period 1956-61 and found that Reitan's
enpirical relation does not fit the results obtained for
I ndi an stations. They showed however. fromtheoretical
considerations, that if the humdity mxing ratior
decreases exponentially wth height,. then a relatiqgn- of
the type found by Reitan (1963) wll be valid and pre-
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cipitable water will be directly proportional to the
surface humdity mxing ratio. The scatter diagrams

i N whi ch monthly nean values of Ware plotted agai nst
r showed the relationship to vary with the seasons,

bei ng distinctly different in the dry, cold and humd
nonsoon nonths. They found the relation

r= K, W+K (2.5)

1 2

wher e K1 and K2 are constants.

Attenpts were then nade by various workers to
use nore elaborate formulae tofit the relationship
bet ween precipitable water and surface humdity or
surface dew point. Smth(1966) used an empirical
relationship having the formW = exp. (0.0'7074Td+r) ,
wherer =-0.02290 from April to June and
r = 4+0.02023 for the remaining nonths. Fitting
hi gher order curves to these data did not produce
significantly larger correlation coefficients.

Reber and Snope (1972) concluded that surface nea-
surenents were too unreliable tO allow one to infer
the total precipitable water. Hanson and Gai hanque

(1975), found that the large scatter they observed



at Cerro Tololo is typical for what all observers have
found and is intrinsic to the physical circunstances
and not the nethod. This is to be expected, since
routine radi osonde ascents nade at neteorol ogi cal
stations do not generally show a snooth distribution
of water vapour Wth altitude, but instead reveal a
conpl ex structure with substantial day-to-day vari a-
tions. This is confirnmed by the results of very

high al titude ascents nade.

Atwater and Ball (1976) conputed precipitable
wat er usi ng bot h techni ques, fromsurface dew
poi nt val ues and fromradi osonde observations at
11 stations for a*two-year period in the USA  The
results indicated that both on an annual and on a
nonthly basis, the conputed total solar radiation
isusually slightly higher, when the surface dew
point is used to estinate precipitable water. However,
annual differences were 1%, or | ess than 2%, at all
stations for both years. D fferences in individual
nonths were also less than 2% at all stations with

f ew excepti ons.

The sane result was obtai ned by Roosen and

28



29

Angi one (1977), who showed that precipitable water in
the atnosphere is not sinply related to surface hum -
dity values, froma study of observations nade at nine
field stations of the Astrophysical C(bservatory of the
Smthsonian Institution during 1912-1952. They found
a strong positive correl ati on between precipitabl e
water and surface humdity, but the variance was found
to be so large that they concluded that surface humi-
dityis not areliable indicator of precipitabl e water
for any particular day and agreed with Fow e (1913
that "any fornmula for determning the anount of atnos-
pheric water vapour from observed surface humdities

I s absol utel y unsafe".

Robson and Rowan- Robi nson (1979), however, claim
that there is a reasonabl e correl ation between the
zenith line-of -sight precipitable water and the surface
absol ute humdity, consistent wth an exponential dis-
tribution wth a scale height of 2 km for tw stations
inthe USA and UX They argued that if the distribution
of water vapour density with height in the atnosphere
had al ways the sane rel ative distribution they shoul d
expect a correl ation between the zenith precipitabl e
water content W, . and the absolute humdity at the
surface of the earth X g m™°. Agai n, they argued that

if the water vapour density falls off wth height as
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exp (- w/H), where His the scale height in km

ern = H.X (mm)

Assuming H= 2 kmto be a reasonable fit, they
clained that w, . can be estinated fromX to an
accuracy better than t 50%. BEven wth this w de
di screpancy, they claimthat for inland and desert
sites in on-summer nont hs, the exponential atnos-
phere' with a scal e hei ght ,for water vapour of 2 km

IS a good approxi mati on.

222 tation recipitabl ter fromsurf
hum di t [ nt Bangalor
Nandi H ||

Regul ar records of relative humdity were nade
usi ng hair hygrographs at the two neteorol ogi cal
observatories established at the kaman Research | na-
titute, Bangalore, (Lat. 12° 58'N Long. 77°35'E,
950 m. ansl ) and on Nandi Hlls(Lat. 13° 22¢
Long. 77° 41'E 1479 m ansl ) for three years from
1977-80. Dry and wet bulh- temperature nmeasurenents
were nade every three hours using dry and wet bul b
t her nonet ers exposed in | ouvred thernoneter screens
as well as wth aspirated Assmann and whirling psy-
chroneters. The daily nean values of absol ute
humdity d, at the two stations for each of the 12
nonths for the period May 1977 to May 1980, are
givenin Tables 21 and 2.2,
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Attenpts were nade to see if any rigorous rela-
| ati onshi p exi sted between absol ute humdity at the
surface and precipitable water in the at nosphere com
puted fromradi osonde neasurenents nade at Bangal ore
and Nandi HIls during 1977-80. During 1979-81
radi osonde ascents were nade on 275 days, on 247
days at Bangal ore and on 28 days at Nandi HIlls. 84
of these radi osonde ascents were nade during 1979- 80,
56 at the Raman Research Institute, Bangal ore and 28
on Nandi HIls, by the Meteorol ogical Uhit of the
Institute to provide basic data for the conputation
of precipitable water Wand for the calibration o the
infrared spectral hygroneters and the m crowave radi oneter.
The renai ni ng ascents were taken at the Central Cbser-
vatory by the staff of the India Meteorol ogi cal Dep-
artnent at Bangalore. Tables 23 and 24 give the
values of precipitable water Wat the tw stations for
the period 1979-80. The technique o conputing Wfrom

radi osonde data is described in Section 23

In g 21 the neasured val ues of absol ute humdity
and the values o precipitable water conputed fromradi o-
sonde data are plotted at Bangal ore for the years 1979-80.
Fig 22 gives simlar values of Wand 4, for Nandi HIlIs.
The neasurenents of precipltabl e water were confi ned

to cloud-free days during the period CGctober to My
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23 Daily values of precipitable water comwt ed

fromradi osonde ascents nade at the RRI,
Bangalore, during 1979-80

1979 1980 1979 1980
Months Date W Date W Months Date W Date W
Dec 18 15.9 Mar ch 2 14.6 2 30.8
19 11.2 3 223 18 6.9
29 T.5 7 18.7
20 7ol 19 18.6
31 4.4 31 255
Jan 30 26,6 5 85 April 5 209 12 17
8 12.2 11 24.8 21 21.8
14 14.7 16 34.8
1% 8e6 19 251
16 75 20 32.5
17 105 24 24.3
18 10.3 25 19.7
19 9.1
22 3.1 My 13 14.8 8 25.2
16 19.0 25 16.3
Feb 5 14.2 1 10.3 17 21.7
7 272 6 13.5 19 21.2
7 14.6 21 24.9
7 14.1 22 24.4
9 8.2 24 22.2
1 15.4 25 26.2
22 12.5 28 11.8
22 12.4
23 10.2
24 13.4

25

17.6




Table 2.4: Daily values of precipitable water W_at

Nandi Hills computed from radiosonde
data during 1979-80

S
1 2T+.4.79 1250 22.6
2 28.4.79 1010 18.5
3 29.4.79 0935 18.0
4 30 +4.79 0925 21.9
5 1.1.80 1610 9.0
6 1.1.80 2200 6.1
7 2.1.80 1030 4.6
8 2.1.80 1235 6.7
9 2.1.80 1435 4.3

10 5¢3.80 1645 20.3

11 54380 2150 1746

12 6.3.80 1015 9.9

13 6.3.80 2150 14.6

14 7+3.80 1015 15.3

15 7+3.80 1325 13.4

16 7.3%.80 2008 13.5

17 9.3.80 1450 14.4

18 9.3.80 2355 14.7

19 10.3%3.80 1420 12.7

20 12.3.80 1515 25.1

21 13.3.80 2230 10.6

22 14.3.80 1125 9.2

23 14.3.80 1550 10.4

24 15.3.80 1650 11.1

25 15.3%.80 2200 14.8

26 16.3.80 1055 9.9

27 16.3.80 1320 14.3

28 16.3.80 1555 11.6




1979
o
[o] (o]

—~ o . ' . -
% or ° - °' o o, "o° £
< ° ° ©°  IpnE
o o o ° o ] =
'U> o o [e} | .

o o g
£ g
= ®
2| " ,
5 2
£ 1980 P
@ a
5 o
; - a
0 o .
<€

10}
° {20
o ‘ ° o dy
o ° 5 fo o oW
[o] [}
o %% ) .
] 1 1 L ] A
DEC JAN FEB MAR APR MAY

Fig 2.1 Absolute humidity dy and precipitable water W values at
Bangalore during the period 1979-80



Db o lute humi<ity dy (g/m3)

o

o

41

®
e dy
s 1979
Aa
v
°
|
.
a
o
w
. o dy g
1980 -
A W 4
=
°* ~
b .o g
L oM
N -l20
A o
QA
N 4
| | | | 1 J
JAN FEB MAR APR MAY JUN

Fig.2.2 Absolute humidity d,,and precipitable water W at Nandi Hills during

1979-80



for the years 1979-80. Wand 4 are both generally | ow
during the nont hs Decenber to February, wth higher

val ues after March. During the dry season, water vapour
Is confined to a thin |layer near the ground and vari a-
tions in the surface water vapour density and the preci-

pitable water nay be expected to be simlar.

Figs 23 and 24 show the correl ati on between the
surface absolute humdity 4, and the zenith precipitabl e
wat er W conput ed fromradi osonde data obtai ned at Banga-
lore and Nandi HIlls for the years 197/9-8l. Wiile a
roughly linear rel ationship exists between the absol ute
humdity d, and the precipitable water W for val ues of
Win the range of 5 to 35mm at Bangal ore and 5 to 25mm
at Nandi HIls, the scatter is so large that attenpts
to obtain a rigorous relationship between 4_ and W
appeared to be neaningless. Such a close correl ation
between the two will exist only if the water vapour
density in the at nosphere has al ways the sane rel ati ve
distribution wth height.

23 onputation of precipitable water from radi osonde

measgsurements
231 Gener al

Wth the introduction of worl dw de radi osonde
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Fig.2.3 Correlation between precipitable water W (from
radiosonde ascents) and absolute humidity dy
at Bangalore based on data during 1979-81
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ascents in the forties, it becane possible to obtain
in-gitu neasurenents of atnospheric humdity fromthe
ground to %0 kmheights and to conpute precipitable
water by integrating over specified |l ayers of the

at nosphere the precipitabl e water contai ned i n them
Solot (1939) was the first to do so. Shands (1949)
prepared naps show ng the distribution of mean pre-
cipitable water in the at nosphere over the Uhited
Sates based on about four years! data at 29 stations.
He found that above 8 km, "the contributionis of the
order of hundredths of an inch in summer and thousandt hs
of an inch in winter". A |ocations near sea | evel

he found the maximum concentration of water vapour
inthe lonest 2 km Benton et al(1953) conputed
simlar precipitable water data for the USAfor one

year, 1949.

Showal ter (1954) prepared a transparent tenpl ate
for conputing total precipitable water from dew poi nt
val ues plotted agai nst pressure in nb, obtai ned from
radi osonde ascents. The total precipitable water was
obtai ned by adding the increnents of precipitable
water for indiczted intervals. He assessed the errors
to be largest when ¥ is less than 12 cmand quite

snall with Wexceeding 37 cm.



H abroate tables for the conputati on of precipi-
tabl e water were published by the Hydronet eorol ogi cal
Section of the U.s, VWather Bureau and published as
. Vat her Bureau Techni cal Paper No. 14, in which pre-
cipitable water increnents for each nb interval and
for each degree Fahrenheit were given. It was using
these data that Showal ter (1954) prepared his tenpl ate
for conputing total precipitable water from plotted
dew points. Peterson(1961) has al so published a
nonogramf or precipitabl e water using standard radi o-

sonde eval uati on techni ques.

Reitan (1960) nade conputations of mean nonthly
val ues of precipitable water fromthe surface to
325 nib for about 50 radi osonde stations in the USA
for the 11-year period 1946- 1956, the | ongest period
f or whi ch such data have been conputed for such a
| arge network. | n an earlier paper, Reitan (1959)
had gi ven the individual nonthly val ues, an el enentary
statistical description of the precipitabl e water val ues
at each station and a general discussion o the conpu-

tational process.

A though clinatic humdity data are relatively
plentiful for the | owest km of the at nosphere, dew
point and mxing rati o maps show ng the average di s-

tributionin tine and space are not available. VWérld
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nmaps of the nean precipitabl e water above the surface
and above the 850, 700 and 500 nb | evel s (above, in
practice,is fromthe particular l evel to a pressure altitude

of *300 @b) were prepared by Bannon aid Steele (1960) .

Maps show ng the distribution of precipitabl e
wat er over | ndia using radi osonde data were prepared
by Anant hakrishnan et a1 (1 965) and Mbkashi (1971)
who published total precipitabl e vater val ues for 19
stations in India using dew point data fromthe dd
fan type and cl ock type radi osondes in use at the
tine. Rangarajan and Mani (1 982) have conput ed
total precipitable water for 124 stations in the
country based on data from audi of requency nodul at ed
radi osondes i ntroduced about 1970, and published 12
naps show ng the detail ed nont h-by-nonth di stribution

of precipitable water over Indi a.

2321 The conput ation of precipitable water from
radi osonde data is the nost objective of the nethods
available and is used to calibrate or verify all the
other nethods nornal |y used for the estimati on, conpu-

tation or neasurenent of precipitable water.
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Therefore, a number of radi osonde ascents were
special |y nade during 1979-80 a the Baman Research
Institute, Bangalore and at Nandi HIls (i) to com
pute the precipitable water at the two stations both
during the day and night, (ii) to calibrate the
infrared spectral hygroneter and mcrowave radi onet er
desi gned and constructed by the author. The ascents
were nmade only at tines when the sky was free from
clouds. The soundi ngs were nade by the Mt eorol o-
gical Lhit of the Raman Research Institute. The
radi osonde ground equi pnent waa obtai ned on | oan
fromthe I ndia Meteorol ogi cal Departnent and the
bal | oons, radi osondes and accessories used were supplied
on paynent by the Departnent. Wth the establishnent
in 1981 of a regul ar radi osonde observational station,
nmaki ng two ascents a day, at OO and 12 GV, at the
Central (bservatory, Bangal ore, 5 kmsout heast of the
Raman Research Institute, the special radi osonde obser -
vations at the Raman Research Institute were di scon-

ti nued.

The radi osonde used i s the audi of requency nodu-
|ated type, transmtting signals on 401 MHz, Wth a
baroswtch to swtch in electrical tenperature(ther-

mstor) and humdity (hygristor) elenents in flight.
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Wsing the calibration curve supplied wth each instru-
nent, the records of tenperature and humdity agai nst
hei ght were eval uated and the conputed val ues of
tenperature T and dew poi nt tenperature T4 plotted on a
tephigram T and T4 for every 50 or 25 nb could be

obtai ned fromthis di agram

2322 tation cipitabl ter radio-
sonde measurements
The nethod adopted is the sane as that used

by Ananthekrishnan et al (1965), the principle of which

is as fol | ons:

Gonsi der a vertical colum of the atnosphere of
unit cross-sectional area. If qis the specific
humidity of the air inthis colum at a height z,
where the air pressure and density are p and 2 res-
pectively, the precipitable water w in the air col um

I S given bhy:

W = Jq. P.dz. (2'6)

It follows fromequation (1.14) that

W

e .
2 f‘l' P (2.7)
Snce ¢ = —f_r

where r ig the humdity mxing ratio, we can wite

W o= %'gl—:’r dp (28)
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S nce g iS nearly equal to 980 cm/secz, and r is

of the order of Q1 to Q2 near the ground, g(l+r)

I S nearly equal to 10000 A higher levels, although
the value of g(1+r) i s slightly less than 1000, the

error introduced in constituting it equal to 1000 isS
quite small in the conputation o W Hence we can

wite wth sufficient accuracy

W o= j_a_ . dp. (2.9)
- " 1000

If pressure is expressed in millibars, we have
W= Jr. ap. (2.10)

The at nosphere can be divided into layers of
25 nb thickness and the mean r f or each layer obtai ned
fromradi osonde data and W can be calculated by

finiteintegrationin steps of 25 nib each.

The values of r for the surface, 900, 875,
850 etc. nb levels were calculated fromthe corres-
pondi ng dew poi nt tenperature Ty» using the definition
of vapour pressure einterns o the mxing ratior

and at nospheric pressure p,

0.622 e g/g (2.11)

r ey

and using Teten's empirical formula (19%0) based on



51

| abor at ory measurements, expreseing the variation of e
the saturation vapour pressure wth dew poi nt tenpera-
ture 7, (°C),

7.5 T,

e = 6.l x 10 2373+ Ta (212)

A similar theoretical formul a can be easily derived
fromthe equation of Q auai us-d apeyron for the heat of
condensati on (Haurwitz, 1941) . The mixing ratio r for
the corresponding T4 for the surface, 900, 875, 850 nb
was calculated and the precipitable water Wfrom

W =25 + 107 (2.13%)
where the surface pressure is assuned to be 910 nb
and r, Is the mxing ratio corresponding to the

sur f ace*

2325 Accuracy and sources d error
Three types of error can occur in radi osonde

neasur enent s:

a) systematic errors characteristics of the type o
sonde.

b) instrumental errors whi ch persist throughout the
sounding but nay vary from one soundi ng to anot her.

c) randomerrors in observation occuring during the
soundi nQ. ‘

It is not easy to assess the absol ute accuracy o

a radi osonde, since no convenient standards are readily



avai l abl e for flight conparisons. But an assessnent

of the errors of the types(a) and (b) can be

obtained by tw n ascents, i.e. sending up on the sane
bal | oon two radi osondes of the sane type and conparing
the results obtained or by conparing the sonde with
one of the reference radi osondes so desi gnated by

the VWorld Meteorol ogi cal Organi zation. The readi ngs
can also be independently checked by aircraft obser-

vations and radar determnations of heights.

The audi of requency nodul ated sonde of the type
used in the present study, if properly nade and
correctly calibrated, is said to be capabl e of
neasuring pressure correct to 5 nb, tenperature to
1% relative humdity to 10 percent and the heigat to
1 pergent at a given: pressure | evel. The syste-
nmatic errors increase wth height and are greater by
day than by night. Random errors can average about
7 mb and 1°¢.

Wil e pressure and tenperature errors can be
estimated with sone certainty, despite the i nherent
lag and radi ation errors, the accuracy o humdity
sensors leaves Nuch to be desired. These errors nainly

arise fromtheir lowrate,of response at | ow tenperatures
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and their insensitivity near the extrenes of humdity.
S nce the variation of humdity wth height is gener-
ally much nore irregular than that of tenperature, it
Is not practicable to apply |l ag corrections on a
routine basis. Wth the type d lithiumchloride
hygri stor el enent used in the present work, an accuracy
of the order of + 10 per cent only can be expected
under the nost favourabl e circunstances at tenpera-
tures above 0°c., Fromabout -20° to -40°C the indi-
.cations are only useful for qualitative infornation,
especial |y since at -40°c, the typical lag of the
hygristor is about 10 mnutes and at still |ower tem
peratures, where the concentration of water vapour

is mnute, the elenent has to be regarded as usel ess.
Lithium chl ori de sensors are adversely affected by
exposure to very wet fog or if wetted by rain and

are also liable to errors due to polarisation. S nce
only the ascents at Bangalore and Nandi HIlIls on clear
days and nights are considered, the latter error is

not |ikely to occur.

Wth an uncertainty in T of the order of % 1°
and inrelative humdity of + 5 per cent, T4 Can
typically be obtained only to an accuracy of + 3°c.

S nce the partial pressure of water vapour e i s
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given by equation (2 12) we have:

Se + 237-3
0 - + 173 8T,
e L (1 +2373)2

An uncertainty of 3°%C in T4 WII result in an error
of £ 20 per cent ine Fromequation(21 1)
OF _ + Se i+ Sbile
r e P,_e

Fromthe above it can be seen that an error in e o

T 20 per cent will result in a similar error in r.
Fromequation (2.13 we find the error in determning W
will be about £ 20 per cent. This error will be |arger
when rel ative humdity val ues are bel ow 15 per cent,

when additional uncertainties arise as aresult of the
erratic behaviour of the lithiumchloride hygristor

at very low humdities. Such low humdities are observed
inall seasons at high levels and during the dry season

even at | ow | evel s.

an additional source of error is the drift of the
bal | oon i n strong w nds when the conputed precipitable

water Wnay not represent the true zenith val ue.



Tables 23 and 24 give the values d precipi-
tabl e water conputed fromradi osonde neasurenents
nade at Bangalore and Nandi HIIs during 1979-1981.
The variation o Wwthtine is plotted in Figs 21
and Fig 22 for both stations for the period 1979-81.
The diurnal and seasonal variations o Ware dis-

cussed i n Chapter 3

24 tation | e height recipitabl
water
The scale height Hfor precipitable water
Is defined as the altitude at which ¥ reduces to
i tines the value a the surface. If ¥_is the

e
precipitable water at altitude g,

g =f dv,zdz (2-14)

wher e dv’z
z ad is given by

dv,z = dv;ce-—‘ﬂ— (2_-15')

Is the density o water vapour at altitude

55
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Substituting (215 in (2.14), we have

o
W, = jf d%beﬁ% dz (z6)
z
-z <
= d, [eﬂ/—-;-]
Z
= d,H.e¥ (2.7)

Wien z = 0, precipitable water Wis given by

This is valid if the decrease with height of 4a_

is exponential. Fromneasured values of d_ at the
surface of the earth and val ues of Wconputed from
radi osonde data, it is therefore possible to obtain
values o Hfor a given tine and pl ace.

H can also be calculated if the fractional pre-
cipitable water s% in the layer fromthe surface
to the hei ght corresponding to His known.

H
oW = (I’..é—)w (2&9)

Surface

Fromequation 215 we have

s 2] 13

In. 4, , =1n(d ) -
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If the assumption of an exponential decrease of d,

with height i e again valid, then a plot of 1n. dv'z

againet s will be a straight line, the slope of which

will giveH 1.e. the value of 2z which corresponde to
1n. dv,z = 1ln, dv -1

This gives a third method of computing H.  The values

of 4, at different levels are computed from radio-

sonde data using formula given in equation(1.8).

Using all three methods the scale height H was
calculated for Bangalore for individual days for the
period 1979-81. The ecale height values calculated
from radiosonde ascente at Bangelore using the second
method are plotted againet precipitable water in

Fig 2.5,

It was observed that the scale height changes
from day to day and from season to season and varies
with W. There appears to be no unique value of H
for either of the two etations. O the other hand,

there is a general tendency for H to increase with W,
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Fig.2.5 Correlation between scale height H and
precipitable water W computed from

radiasonde data
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25  Summary
An examnation of the results obtained fromthe

two net hods shows that no sinple |inear rel ati onship
exi sts between precipitable water ¥ and the absol ute
humdity a4 at the surface and precipitabl e water
cannot be conputed, except qualitatively fromthe

surface humdity val ues.

nh the other hand, conputation o precipitable
water fromhumdity neasurenents obtained wth a radi o-
sonde provides the nost reliable nethod of deriving W

wth an accuracy o I 20%.
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