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The theoretical relationship Bétween precipitable water vapour in the atmisphere & surface humfdity has been ir-
vestigated. By introducing the concept of a lapse parameter a, a method has been devised for estimation of precipi-
“table water vapour. Results have been compared. for six Indian Stations for which upper air data were available,

Atmospheric water vapour plays an important role in all thermodynamic- processes in the atmos-
phere, particularly in the absorption of radiation, both solar and terrestrial. Water vapour has absorp-
tion bands in the short infra-red spectrum of solar radiation, and much stronger absorption bands in the
long infra-red spectrum of terrestrial radiation. Quantitative estimate of the total water vapour content
~ of the abmosphere is essential for the study of abmospheric heat balance, specially at the earth-air in-

terface. Besides its obvious importance in agricultural meteorology, it is also needed for the study of
‘atmospheric turbidity’, which is responsible for the variation, in total attenuation of solar radiation dur-
ing its passage through the atmosphere. » ' '

The water vapour content of the atmosphere between any two isobaric layers is, as'a rule, expres-
sed in terms of ‘Precipitable water’, whichis simply the depth of liquid water which would be for-
med if the vapour contained in a vertical column of air of uniform cross section between the two pres-
sure levels, were all condensed. The precipitable water W,2, between pressure levels, p, and p,,is
usually expressed in ¢m or in gm/em?, assuming density of water to bel gm/em®. Total precipitable
water in the entire atmosphere above pressure level p; can be obtained with p, = 0. S

Very little work seems to have been carried out so far, for reliable estimation of W in respect of -
Indian, stations. Mukerjee! has estimated W by the ‘Summation method’, based on radiosonde data, from
ound surface upto the highest level of observation, i.e. 600 mb. . Anantha Krishna et al? have extra- -
polated the observed data upto 200 mb level. Apart from the high degree of uncertainty associated with
the method of extrapolation used, the data used were not considered to be sufficiently- reliable in view
of poor performance at sub-zero temperatures, of humidity sensors used in those days in radiosonde equip-
ment. Moreover, the highest level of observation being only 600 mb, estimation of total precipitable
water based on such data cannot be relied upon. Robinson® has also ‘stated that water content sound-
ings are, in general, not as reliable as pressure and temperature soundings. Things bave, however, im-
proved since then, and data are now available upto 400 or 350 mbinrespect of quite a number of Indian -
stations. ' .

In the present paper, an attempt has been made to investigate the theoretical relationship between’
precipitable water and surface humidity, with a view to exploring the possibilities of using the latter for
estimating the former. This was congidered worth while because upper-air data are not available for
a very large number of Indian stations. R '

THEORETICAL DERIVATION OF THE RELATIONSHIP BETWEEN
PRECIPITABLE WATER AND SURFACE HUMIDITY : P

Both atmospheric pressure, p,and partial vapour pressure, e, are found to fall almost exponentially
with height, although the latter falls at a relatively Taster rate, so that more than 999, of the total water
vapour content is confined within the troposphere. - We bave, therefore, defined a lapse parameter, a, -
". by the following equation - '
de d . .
Ty | a

- P

197



Der. Sor. J., Vor. 27, Ocroses 1977

whlch means that the relative change in vapour pressure isd tlmes that in atmosphene pressure: o, thus
represents the vertical moisture profile relative to tota.l pressure.

Integration of eqn. (1) +yields . S

‘ loge =alogp + ¢ oo )
or - . : e2/el = (Pfp)* = - , - (3)
where p, and p, are two specified pressure levels and e, and e, are the corresponding Vapour pressures,

Equatlon (2) shows that log e plotted against log p should glve a straight line with slope ‘o’. Fig. 1-
gives such a plot in respect of six Indian stations, based on uppet air datat. The stations and the
months were so chosen as to cover a wide range of humidity and pressurelevels. It will be seen that
o isnot a consta.nt but va,nes between 2-90.and 3 83.

Now, prec1p1ta.b]e Water dW, within a layer of tlnckness dh at a helght h.s given by
| AW =eedh T @
where pw.is the'density of Wa‘ter\va.pour in tkh’a't la.yer. . R ~ e o '
The pressure d.rop dp across the layer is . : : | ,
\ dp=—pgdk——~(Pa Pu) g dh
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-~
where p is the density of moist air a.nd Pa > that of (hy alr at the same he]ght and g is the a.cceleratmn
due to grava Hence, , :

.

B==TFw AR

Substituting this value in eqn. (4), we obtain

an = — -;— ("—‘*—'p“fpw )dp R Ul
Since under practical cireuimstances, e is very small compared to p, even at ground-level, the perfect gas.
equation may be rea,sona.bly a.pphed to dry air as Well as the va,poux component. Thus we can write,
~ p—e= .mBRT e
ad o= mReT T

where (p — €).is the pa.rtla.l pressure of dry air, T the absolute temperature, and R, and Ra, are the gas |
constants for dry air and Watervapom: respectwely Dividing eqn (6) by eqn (7), we obtain

( r—-e); B

e P . Ro ?

whence,

, ( P ) 0.622¢ .
ke ) Tp 03T e @
This follows from the fact tha.t R,,/R,,, = Mo My= 0-622 |

where M, is the molecula,r Welght of Water vapour (18 016) and M is the eﬁ'ectne molecular welght of
dry air (28- 97)

From a scrutmy of climatological data for all Indian StationsS, it is observed that 0-378e at ground

-level never exceeds 179, of the total pressure even under extreme conditions, the value decreasing

with helght No significant error will, therefore, be mtrodueed by s1mphfymg equatlon (8)to the form
Pu + P K Z’

Substitution of this value ?n,, eqn. (5) gives,

0.622¢ dpu' ' ‘ 9‘ .
T L )

AW = —

However, in meteorologlca,l practlce, pressures are always expressed in mllhbars (1 mb = 108
dynes/cm?). Since g varies very little within the troposphere a constant value of 980 cm/sec? may be
assumed without any significant’ error. ,

~ Equation (9), thus reduces to

) AW = 0.635 B(Z‘b) cdp - (10)
- From (3), rve have AR ‘
e =t (pp)* [ (11)
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where ¢; a.nd Py correspoud to the 1mt1al level Substltutmn or thls value in (10), grves /o
’ dW o 0 635 e (mb
B 1l

Integra,tlon of thrs equatron between lumts P and p2 glves the premprtable Water W12, between . these
two levels, so tha.t :

. 0.635¢, (mh) R
Wl?' = _"“;L("*‘ [ 1— 102/101)“] | - (12)
: The total preelpltable water, W 1n‘che entire atmosphere above the ground surface, can be obtamed
by putting, p; = p, and e, = ¢y ab the ground surface, and Py = : - .

' Hence o -
"~ 0.63b

he«(mb) mo o ay

and, the precrpltable Wa,ter Wp, from ground level upto any specrﬁed level Py wrll be given by o
0635 ¢q (mb) [ . -, Fs
Ll Ty <p/pm} o o

Wp =

In order to a.vold. computatlonafl work, two nomograms have been preﬁ‘a»red and presented in Figures

- 2'and 3.- The former gives total precrprta,ble water W for given values of ground vapour pressure, ¢,
~and lapse parameter; ‘a. -The latter givesthe correction factor [1 — (p/p) a] for grven values of p/po and

& in order to estrma.te Wpupto to the hlghest level of observa.tlon - .

C

VALIDATION OF PROPOSED METHOD

~ The upper air da,ta. of six: Indlan stations, based on which Fig. 1 has been prepared have been utlhs-
. ed for testing thevalidity * of the proposed. method of estimation of precipitable water. For each sta-.

“tion, the lapse pa.rameter «, is given by the slope of the corresponding line in Fig. 1. ‘Then, with the L

help of the two nomogra.ms in Figs. 2 and. 3, Wp Was. estlma,ted. up’oo the hlghest level of observa,tron,
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Frg Z«Nomogram for -estimation -of total precrpltable water vapour
(W from surfacé vapour pressure ¢, and la.pse parameter a) .
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-Tig, 3—Nomogram for eya,luafion of correction factor for precipitable water vapour W from ground
pressure level p. to any pressure level p, - . . S

' Wp was also independently computed from the same data by the conventional summation method®.
According to this method, the local atmosphere is visualised as made up of: #n finite-layers defined by iso-
baric levels, p, (ground); py, Pa--+vv-vvvnns . ..pn. " Then, to a first approximation; the precipitable
water, W,, in the rth layer, according to equation (10) will be given by . r o

Wf'_1;=!’0'b35[(6,‘/p)r(_’pr—:_—‘pr)]‘i R ()

where ;(6/20);’ the average value of e/p in the rth layer, ’
. . i . 1 ( e;._-l. ‘ e") .
- ﬁ h _2,,2’1—1—'—2"
" Hene total preqipita.ble ‘water, Wy*, will be given by" .

Wt = 0318 Z (€ —1Pre 1+ 0fpe) (Pr—1—00) - (16)

r=1

Here; the last or the nth layer is bdu_nded above by the highest level of observation, so that Pa is p, and
Wt is Wp as given by eqn. (14). R ' , : L

Values of px;ecipit’ayble water estimated from surface Vapour pressure according tothe prepesed method
have been, compared with those computed by the ‘summation method’ deseribed above, in Fig. 4, from -

which one may be able to judge the closeness of agreement.
DISCUSSION | ' R

Tt will be appreciated that the introduction of the concept of lapse parameter, «, amounts to an ideali-
sation of the real atmosphere. Actually, the vertical moisture profile has been found to depart consider-
ably from the assumed picture in a number of cases. : Even then, it has been found possible to - estimate
precipitable water from surface humidity with reasonable accuracy from the mean slope of the graph bet-
. ween log ¢ and log p. It follows, therefore, that even if the lapse parameter varies from layer to layer,
o, ‘as defined in this paper, should serve the purpose of estimating precipitable water, being an integra-
* ted average for the whole atmosphere. . : ‘ ‘ o
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Attempts ha,ve been made In the past to esti-
mate prec1p1table water from surface humidity.
' For example, Hann's formula, namely,
- W==0:25 ,™% is still being used®. This formula
is based on the extrapolation of the ground water
vapour pressure €,m%and glves the total water -

A o  caLcuTTa

o -
%’8‘ 41 ) _content of the atmosphere, W, in om. of preci- -
wZ i pitable water vapour. This formula may be
<y I - subject to systematic errors of more than 309, at .
o same places. According to (13), Hann’s formula
8 o , . - assumes a constant value of 2-54 for ¢ which
2% » ; NAGPUR - ~ is-much lower that values obtained from-
L3 o : Fig. 1., and should _therefore, yield much higher
e /New oELHr . " valuesof W. o
rn 14 / 4 ' : &
SRINAGAR | ' ‘
o R Charts are also. a,va.ﬂableﬁ from Whlch precl-

s T 3 i T v Dbitable water can be calculated as a function of

dew point temperature at 1000 mb. These are
: based onthe-assumption of a pseudo-adiabatic
Flg 4—Comparison between proposed method for estimation la,pse rate in the a.tmosphere Values obtained

of precipitable water Wp Cm from surface humidity -
¥, coms)uted valuo from upper- air data by con. from these charts are -also much higher than

ventional summation method. N those computed from upper air data.

wp cm. COMPUTED FROM UPPER AIR DATA

Reitan’ proposed an emplrlcal formula for prediction of preclplta,ble water from surface dew
point. This a g0 suffers from similar drawbacks as discussed above in so far ‘as it fails to consider the
variation of « and yields much bigher values than those obtained by actual computa,tlon from upper air
data. : : : :

‘ It a,ppea.rs, therefore, that the method proposed in this paper is hkely to glve more reliable informa-
tion, particularly because, « has been found to vary between 2-90 and 3-83 for the six stations investi-
gated so far.
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