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§1. STATEMENT OF THE PROBLEM.

It is well known that the presence and distribution of water vapour in the
atmosphere over any place is of supreme importance in determining meteorological
conditions of the place. The air containing water vapour being subjected to con-
vectional or advectional processes gives rise to a rich variety of meteorological
phenomena resulting from the condensation of the water vapour. Further the
distribution of temperature at different levels of the atmosphere is closely related to
the distribution of water vapour. The works of Gold (1909), Humphrey (1909),
Emden (1913) and Simpson (1928) have definitely established that the gases of the
atmosphere allow almost free passage to the solar radiation to the surface of
the Earth, but the long wave radiation emitted by the heated earth is absorbed
strongly by the water vapour and other gases of the atmosphere, which in turn,
by radiating out their characteristic wavelengths form a condition of radiation equi-
librium and maintain the observed distribution of temperature of the atmosphere.

For all quantitative approaches to the problems of Meteorology arising out of
condensation of water vapour and those depending upon the mechanism of tem-
perature distribution in the Earth’s atmosphere, an exact knowledge of the distribu-
tion of water vapour in the different layers of the atmosphere is therefore essential.
To cite one example, we may mention the classical work of Simpson (1928) on the
calculation of terrestrial radiation. Simpson has assumed that at the base of the
stratosphere the air is completely saturated with water vapour and within the
stratosphere the water vapour forms a self-consistent atmosphere of its own,
according to Dalton’s law of pressure distribution, supported by the saturation
pressure at the base. From what follows in this paper, it appears, however, that
the relative humidity at the base of the stratosphere (over Agra) does not exceed
11%,. Further the complete absence of convection and turbulence which is
a necessary condition for the formation of a self-consistent water vapour atmosphere
within the stratosphere is also probably doubtful, as has been shown by the works
of Maiis (1929) according to which the diffusion equilibrium of the atmospheric gases
does not completely set in below 150 km. height.

Experimental measurement of the water vapour content of air cannot un-
fortunately be successfully made up to a great height of the atmosphere. The dry and
wet bulb thermometers which are ordinarily employed for such measurements at
the surface become ineffective at higher levels due to condensation of water vapour
and deposition of ice particles on the wet bulb. The hair hygrograph'm a rapidly
ascending (Dine’s) meteorograph is therefore commonly used in upper air soundmg_s.
But the hair hygrograph has got inherent sources of inaccuracy due to its
very uncertain time-lag in responding to the relative lLumidity (R.H.) of the
surrounding air. This error can be partially eliminated by taking the hygrograph
record both in ascent and descent of the instrument. But the greatest uncertainty
of the hair as R.H.-measurer arises out of the fact that its properties in this respect
have not been studied at such low temperatures as occur at the high levels of the
atmosphere.
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An approach to the theoretical calculation of water vapour content of the at-
mosphere at different layers presents no less difficulty. The theoretical calculation
might appear principally easy. Assuming that a thorough mixing of the at-
mospheric gases takes place at all heights beginning from ground at least up to the
base of the stratosphere, we can take the same percentage proportion of water
vapour to exist at all heights as at the ground (for Agra the average proportion of
water vapour at ground is about 29, by volume). The rate of fall of water
vapour with height will then follow the law of fall of barometric pressure with
height. We are however led to a paradoxical result if we proceed on this line (vide
§4). For example, with the upper air temperature data of Agra (§2) and the observed
average vapour-pressure at ground at Agra fy = 17-8 mb. we get the following
results by the above method :

Tasre 1.
2z 0 2 4 8 8 10 gKm.
Temperature 315 160 35 —~5-5 —17-0 —-33-0 °C.
E|E, 1 0-39 017 0-087 0-035 0-009
flfo 1 079 0625 049  0-37 0-28
g
227 g;"
7‘3 —0 *15-9-34
200 ;Jpl m-an 3-10-34
ceeed $-10-34

60

X

-a0 -70 ~50 -30 -10 +10 30 °c
183 203 223 243 263 283 305 X

a

Fie 1. Air-Temperature at different heights over Agra from Dine’s Meteorograph Ascents.
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where E and f are the saturation pressure and the calculated water vapour-pressure
at the height z, and , and f, the corresponding quantities at the surface. It is
seen that the calculated vapour-pressure at any height far exceeds the saturation
pressure, which, as is well known, is solely determined by the temperature prevailing at
the height. This difficulty has led to the concept that unlike the other permanent
gases Ny and O, of the atmosphere, an independent water vapour atmosphere cannot
really exist. The vertical temperature distribution of the atmosphere sets a limit to
the free diffusion of water vapour into higher levels. The air temperature decreases so
rapidly with height that the total amount of the water vapour at the ground, if
allowed to diffuse freely into the atmosphere would begin to condense at a small
height above the ground and will partially return to the ground as precipitation.

The India Meteorological Department employs the hair hygograph in their Dine’s
meteorograph ascents for recording the R.H. of the upper air. The method is obvi-
ously subject to the limitations mentioned above. An examination of the data
obtained by meteorograph ascents over Agra during the year 1932-35 shows that none
of the hair hydrograph records goes beyond the height of 10 gKm. and 809, of them
terminate at 8-0 gKm. As this height falls far short of the height of the stratosphere
over Agra (about 17 gKm.), there is at present no means of direct measurement of the
distribution of water vapour near about the stratosphere over Agra. Probably a
substantial improvement in the matter cannot be effected unless the hair hygrograph
is replaced by a radically different instrument * capable of greater precision. In the
absence of any such instrument, it is considered worth while to review the existing ob-
served data regardipg the distribution of R.H. up to 10 gKm. and to try, as a tentative
measure, if any general law on the distribution of water vapour with height can be
arrived at. This is the purpose of the present paper. A theoretical deduction of
the observed distribution is also attempted and the difficulties of any such
deductions are diseussed. It is shown here that the observed distribution of
water vapour pressure can be satisfactorily explained up to 9 ¢gKm. on the theoretical
basis if the variation of lapse rate of temperature with height is rigorously taken
into account.

§2. TEE EXPERIMENTAL DarTa.

For details of the form and specification of Dine’s Meteorograph adopted
by the I.M.D., reference may be made to the departmental publications including
the ‘Upper Air Data’, vol. VI to vol. X, Part 14. Eight complete sets of data out of
the entire observations taken during the period 1932-36 were selected. The basis
of selection was that (i) the day of the meteorograph ascent was, as far possible,
a cloudless and undisturbed day, and (ii) the data selected referred to a stratosphere
of type I, that is, where the stratosphere began with a well-marked temperature
inversion. The height of the stratosphere was taken as the height of the beginning
of the z&o lapse-rate. The time of all ascents was between 1100 and 1300 G.M.T.
The mean observed temperature and relative humidity as obtained from the
above ascents are shown in the columns 1, 2 and 4 of table 2 and Figs. 1, 2 and 3.
Fig. 1 represents the observed distribution of temperature with height from three
typical flights. Fig. 2 shows the mean height-temperature curve (mean of the eight
sets of data selected). Fig. 3 shows the distribution of observed R.H. with height. As
the mean error of observed temperature of Fig. 2 does not generally exceed 1%, the
smooth temperature distribution curve of Fig. 2 is perhaps fairly accurate. From this
curve the height of the stratosphere over Agra comes out to be 170403 gKm.
(as the year’s mean). The average lapse-rate of the atmosphere assumed perfectly
polytropic between the ground and the stratosphere would be given by the dotted

* The method employed by the U.S.A. Meteorological Department in their Radiosonde
ascents, I understand, depends on the change of electrical resistance of LiCl solution with absorp-
tion of water vapour and appears to be yielding good results.
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straight line of Fig. 2 and is about 6-6°C./gKm. It is seen clearly that the actual
height-temperature curve is not strictly linear. From the ground up to about
4-8 gKm. (which is roughly the level eorresponding to 0°C.) the temperature dimi-
nishes more rapidly with height than given by the average lapse-rate; higher up
up to about 11 gKm. the actual lapse-rate is less than the average and above
this height the lapse-rate again exceeds the average till the base of the stratosphere
is reached, above which the lapse-rate is zero or negative. We shall return to this
point later.
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Fi1es. 2 and 3.

Unlike the measurement of temperature, the error of measurement of the R.H.
is very considerable for reasons already explained in §1. Only a very rough height-
R.H. curve can therefore be drawn through the observed points as shown in Fig. 3.
The main features of the curve, however, seem to be fairly unambiguous. There is
a rapid increase of R.H. from the ground up to about 2:0 gKm. and then a very slow
rise up to about 5-0 gKm. (which, it is noteworthy, is very near to the height of 0°C.).
Afterwards the R.H. diminishes almost linearly up to 9-0 gKm. The R.H. at any
level depends upon the amount of water vapour present at the level as well as on its
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TaBrLe 2.
1 2 3 4 5 6 7
Saturation Observed H calculate.l
Height Tom . water Observed vapour I from fealeulated
peratur , from
z 0. vapour R.H. pressure Hergesell’s formula (4)
gKm. pressure % f mb. formula ub
E mb. mb. mh.
Ground +31-5 46-9 ~40 18-7 .. ..
1 24 29-8 56 16-6 . ..
2 16 18:2 60 109 . .
3 9-0 11-5 62 7-1 (89) ..
4 35 7-9 63 5-0 (5°5) (5°5)
5 —1-2 56 61 34 3-8 3-46
6 —~55 41 55 2-3 2-6 2-25
7 —10:0 2-87 49 1-4 17 14
8 —17-0 1-62 45 0-73 0-88 0-66
9 —24-5 0-75 40 0-30 0-4 0-27
10 —330 0-28 ~35 ~0:10 0-16 0-1

temperature. The rapid increase of R.H. from ground up to 2-0 ¢ Km. seems largely
to be an effect of rapid fall of temperature over this height. The variation of satura-
tion pressure of water vapour with height (Fig. 4) shows a corresponding large rate
of decrease of saturation pressure up to 2:0 gKm. The region between 2-0 gKm. and
50 ¢Km. contains probably the ‘Perturbation Zones due to condensation’ in the
sense in which Siiring uses this term. Here in spite of a lower lapse-rate of tem-
perature which would tend to decrease the R.H. with height, it increases at a slow
rate due to influence of the ‘condensation zones’. Between 50 gKm. and 10-0 ¢ K.
the lapse-rate of temperature is again on the increase. But the effect of rapid
decrease of actual amount of water vapour with height more than compensates the
effect of increasing lapse-rate and the result is a steady fall of R.H. with height
observed between these levels. Qualitatively we are therefore led to the conclusion
that above the height of 5'0 gKm. the amount of water vapour present diminishes rapidly
with height but below this height the fall is less rapid on account of the influence of the
condensation zones.

The (observed) vapour-pressure at different heights obtained by multiplying
the saturation pressure by the observed R.H. at the corresponding levels are shown
by the crossed points of Fig. 4 and Fig. 5. The dotted curve of the figures represents
the observed variation of vapour-pressure with height. Tt does not show the irre-
gularities of the R.H. curve of Fig. 3. The rapid increase of R.H. with height up to
2-0 gKm. makes itself apparent in the slow rate of relative decrease of vapour-pressure
with height in the very low levels (not shown in Fig. 5). The more rapid relative
decrease of vapour-pressure in high levels is to be ascribed to almost constant or
steadily falling R.H. with height above 2 gKm.

§3. TrE DECREASE OF WATER VAPOUR CONTENT OF THE ATMOSPHERE
wiTH HEIGHT.

Early attempts at generalisation of the observed variation of the water vapour-
pressure with height have led to the important result that the ratio of vapour-
pressures at two given heights is practically constant and independent of the vapour-
pressure at the surface. Thus Siiring has shown that the average fall of vapour-
pressure at 2-0 Km. height relative to vapour-pressure at the ground, ie. fy/fy is
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about 509, both in Switzerland and in Ceylon, although the surface vapour-

pressure in Switzerland is 9 mb. and that in Ceylon 29 mb. The ratio for Agra
with (fo = 187 mb.) our present data (table 2)
confirms Siirings generalisation.

of Hahn and of Siiring which express

the vapour-pressure as a function of height
above sea-level.
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A formula given by Hergesell (1919) based on a careful series of measurements
of R.H. up to 4:0 Km. height at Lindenberg is

f=3119- %% 4" mm. (1)
log, ;B = 1-833+1-603 71, (per cent) 2)

where f,, = vapour-pressure in mm. at the level having the air temperature of
#°C. or T°K. The relative humidity (%) at the level is B = iE’i 100, E = saturation
pressure at the level in mm. given by the formula (Scheel)

B — 4581 .nem-ssa:/r mm,

@)

cores out to be 58%, which
This result has given clue to the empirical formulae



N.K.SAHA: DISTRIBUTION OF WATER VAPOUR IN. THE ATMOSPHERE OVER AGRA. 255

The constant 3-119 mm. is obviously the ’Va,pour-pressure at the level of 0°C. tem-
perature. Formula (3) makes it clear that the saturation vapour-pressure is deter-
mined solely by the temperature of the level. Similarly (1) and (2) indicate that

the vapour-pressure and the R.H. are apparently reducible ultimately to a function
of the temperature alone.
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Fia. 5. Comparison of Caleulated and observed water-vapour pressure at Agra.

With the constants of the formula (1) and the observed temperature-data over
Agra as given in table 1, the vapour-pressure at different heights over Agra is calcu-
lated by Hergesell’'s formula (1). The results are shown in column 6 of table 2.
For Agra t = 0°C. at the height 2 = 4-7 gKm. The calculated values of f are there-
fore given only for the levels 50 gKm. and above, as Hergesell’s formula would be
valid only above the condensation level. Considering the inaccuracies of the
observed values of R.H., the agreement between the observed and the calculated
values is good. Hergesell has asserted that his formula would be roughly valid for
all latitudes and up to a very low temperature (very great height). The agreement
seen here between the observed and the calculated values of f makes it probable
that Hergesell’s assertion is correct.

At the level of 0°C. (about 4-7 gKm.) over Agra, the observed R.H. is ~639,
the saturation pressure Zj = 6:1 mb., which together give the pressure of water
vapour at this level ¢5 = 3-9 mb. Hergesell has taken the value of ¢y = 4-16 mb.
The agreement is again satisfactory.

It is, of course, not possible to test the accuracy of Hergesell’s formula with our
scanty data. Nevertheless, a recalculation of the constants of Hergesell's formula
in order to fit our observed values of f at Agra at 7-0 gKm. level gives the constant
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26-90 (= B) instead of Hergesell’s value 23:563, taking ¢y = 3-9 mb. as obtained
above. We thus arrive at the formula

. BT (;60 =39 mb}
f - ¢0€ s ﬁ = 26-90 (4)

The values of f calculated from (4) are shown in column 7 of table 2. These
show very close agreement with the observed values in column 5.

The stratospheric temperature over Agra (at ~17 gKm. vide table2) is ~ —79°C.
Using formula (4) the vapour-pressure at the stratosphere comes out to be
~6:86.10-% mb. The saturation vapour-pressure at —79°C. is ~0-61.10-3 mb.
(over ice).* The R.H. at the stratosphere therefore comes out to be ~119.

§4. INTERPRETATION OF THE EMPIRICAL FOoRMULA (4).

Assuming a polytropic atmosphere with a linear fall of temperature with
height, we can write
T="Ty—yz . o . .o (4a)

where y = lapse-rate of temperature in °C./gKm., 7, = temperature in °K at the
surface, 7' = temperature in °K at the height 2 gKm. The pressure of the atmosphere
o at the height z is then given by

gz
" RTnm
P = Poe .. .. .. .. (B)

where po = pressure of the atmosphere at the surface (sea-level), 7, = the inte-
grated mean temperature defined by

z dz_ 1 V2
Tm-fof—_yln(l T;) “ . .o (6)

R =2-87.108 ergs, and g = acceleration due to gravity (assumed constant). Assuming
further that a thorough mixing of the atmospheric gases exists at all levels from
ground to the stratosphere, the relative fall of pressure with height of any component
¢ of the atmosphere would be the same as that of the total atmospheric pressure as
given by (5). We can therefore write for the vapour pressure f of the component 2

i
gz
RTnm

Silfio=1plpo=¢ (M

Now calling ¢;, = water vapour pressure at the level with temperature ¢ = 0°C.,
T = 273°K = 1/a, we have from (5) and (6)

20 9 (213 - L ms

(8)

9)

* Washburn, International Critical Table, Volume ITI,
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where B = const. = 26-90. Now the temperatures between the ground and the
stratosphere at Agra fall within the range 7' = 300°K to 173°K, or u = 273/7T lies
within the range 0-91 to 1-573. Now since

Inw=(u—1)—}u—1)24{u—1)3—...... (for 2>u>0),
the equation (9) reduces to

fid=ghio. e S 1))
in the first approximation. We have therefore
273
fa_ TEBT O f13\7F
e =\F) ... ..oy
where £=f— T%,Nza-go —517 a0 21-73.

It is clearly seen that the ratio f,,/f; would increase gradually with increasing height
as T decreases. This means that if we use (8) for calculating f; in terms of ¢,,, the
calculated values would show more and more disagreement with the observed values
(which are reproduced more or less by f;4) as the height increases. That thisis a fact
is clearly seen from table 3 given below:

TABLE 3.
z gKm. .. . 5 6 7 8 9 10
f obs. .. o 34 2-3 1-4 073 0-30 ~1-10 mb.
J eale. .. . 3-82 3-41 3u 257 2:20 1-94 mb.
from (8)
Jeaie.[fobs. .. 1-1 15 2:1 35 75 ~19
@273/T)¢ .. | 108 1-6 2:26 40 T4 165

The calculated value of vapour-pressure is seen to be 1-5 times the observed value
at 6 gKm. and more than 10 times that at 10 gKm. height. The ratio fuc fos.
agrees fairly well with the values of (273/T)f, which proves the essential correctness
of our calculation.

The reason for the discrepancy between the observed and the calculated values
cannot be ascribed to the perturbing effect of the condensation zones which possibly
cbmes into play only at lower levels. The reason must be more fundamental.

One source of inaccuracy remains in our calculation of (5), namely, a uniform
lapse-rate of temperature y has been assumed at all heights. This, in reality, does
not hold, as can be seen at a glance from Fig. 6. The average lapse-rate over +0-5
gKm. for different heights between the surface and the stratosphere has been calcu-
Iated from Fig. 2 and plotted in Fig. 6. The curve shows a pronounced minimum
(y~~4°C./gKm.) at about 5 gKm. which is very near to the 0°C. level, and probably
another minimum at about 19 gKm. At 17-0 gKm. (stratosphere}, y = 0. Between
0 and 3 gKm. and again between 10 and 13 gKm., y has got a very high value, about
8°C./gKm. (vide §2). The effect of variation of y on (5) cannot be readily seen from
our previous formulae, as (4) and the integration of (6) would no longer hold when
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y is a variable. But as the nature of the function ¥ = f(z) is not known, only the
particular cases that may arise in practice can be treated separately.

x ‘('_/GKm .
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Fia. 6. Variation of Mean Lapse-rate of Temperature with height.

§5. VAPOUR-PRESSURE AS A FUNCTION OF TEMPERATURE AND LAPSE-RATE OF
TEMPERATURE.
Let f, T = pressure, temperature at the upper level z gKm.,
fuTi= " the lower ,, 2;~47 gKm. (in this case

. at level with T; = 273°K),
y = lapse-rate of temperature in °C./gKm., :

t, t; = temperature in °C. corresponding to T°K, 7'1°K respectively.

Case 1.
y = constant, § = {; —y(z—2;),
} 4 y 1 -3 °
dz dz _ d(z—2;) __1 In 1 +aty—ay(z—z,)
T+at | 14at;—ay(z—2) 1+aty—ay(z—z) ay 14ty
z } | 0

1 1

1. 7T 1 :
= _E,—,lnf—l'—l' where o = 75 T =273+1.
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The usual formula for vapour-pressure analogous to (5) taking account of (6)
is then

f__if & g m _BT, R
lnfl— ¥ ‘ l+rzt Ryln , Where H = p g (12)
The empirical formula (4) can be put into the form (9) comparable to (12):
f=fy 20001222 ]n}’: — 26 90111%—72 NI
1

Case I1. vy 3£ const., but is a linear function of 2. The average y(z) between z; and
2, (where z > z;), is given by

() = 71+§J Lz = y1+byz—2y), . . (14)

i

d —- 0
But le’ =y = const., ¢ = —y(z—2;) = tl-—y](z—zl)—%’ (z—27)2, using (14)

The pressure integral then becomes

ot o5

1=J lj—zact:J dz 5 L (15)
s, . l+act1-ay1(z—zl)—-a.§ (z—2q)2
Let = z—z,, then the integral
T4
IzJ.oa—H)x_x-i-_?ﬁ’ R O 1: %))
where ¢ = l4at, b = — ay;, and ¢ = — 0;7 + In evaluating this integral, two cases

may arise.
(i) If b2—4ac > 0. Then

_ : dx _ 4ec dx
T | a+brtex? | (b+2cx)2—(b2—4ac)
0

P
_2p dp
— — 2 o 2 W 4
J propry where p = b+2cx, ¢ = b2~4ac, dv = 5%
With the above meanings of a, b, ¢, the condition b2 > 4dac is satisfied automatically
when y is positive. For, b2 = a2 'yf, dac = —4(14taty) - % = —2a2. Tyy;. Now

b%, «® T, are all positive quantities. Hence if y, is positive, 4ac must then be
a negative quantity, and hence smaller than 52. The converse is, however, not
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necessarily true. If y; is a negative quantity (lapse-rate of temperature decreasing
with height, as towards the stratosphere), it does not follow necessarily that 4ac > b2,
although then 4ac is a positive quantity. The question remains to be examined
separately. Now for b2—dac >0,

y/ p ?
Jo| 2w _ 1| dp 1} dp
bpz—qz 9], p—9 9] P+q

=9+ 1, [ +; 2¢(p—b)
(p+q)(® q q (pb—g?)—q(p—0)
Now p—b=2cx, pb= b2+2bcx, ¢ = b%2—4ac, which give pb—q2 = 2c(bx+2a).
Then substituting these above

. 1 2¢.2cx o 1 z(b+q)+2a
I= q In [1+2c(bx+2a)—g.2cx:l T q In:zc(b——q)+2a o (16)

To come to the special case (y = const., y = 0, ¢ = 0), from the general solution
(16), put ¢ = 0, then ¢ = b. Hence from (16),
1. 2(a+bz) _ 1 T
=% =~ ™1

which at once gives results identical with (12). Now returning to the general case

(i), we shall use ¢2 = b2 (1 ——»-‘E) qr = bx-——za— in the first approximation.

b2 b

(a+bx)+bx—2£m+a

I= iln (a;-bx)-z-b(i-l-)qx) El I 2acx
_ |
- _1_ In a+boc+]n b(a+bx)] am
q a 1+c_x_
— b
- |ty
=1 m-T—+1n—b—£] o as
q 7 cx
. I+

Hence finally using (18) for the integral in (12a), we get the vapour-pressure formula.

f|$,;, = e~ 11", where H =—
l_cxﬂ
—oxp. =921 L b T
= oXp. —p— qI:LnT1+ln N .. .. (19)
b

It is easy to see that the quantity c_g_: = é’%— is dimensionless. The first term in
1

the square bracket is the term corresponding to constant lapse-rate. The second
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term is the contribution from linear variation of y with z. We are confining,
however, ourselves to the case y = positive, i.e. to the ascending portion of the curve
y against z. Analysis of observed data (Fig. 6) shows that this ocours approximately
between 4-7 gKm. and 9 gKm. within the whole range of height from surface to the
stratosphere.

At 47 Km. level itself, the curve has got a minimum (corresponding to the con-
densation point),y = 0, cx/b = 0. Hence the second term in (18) vanishes. Again
T =T, = 273°K, hence the first term is also zero, or I = 0, f; = ¢,

It is perhaps best to evaluate the second term in (18) numerically by using the
experimental values of 7, y, ¥ for a number of levels between 5 gKm. and 10 gKm.

From the curve in Fig. 6 it follows that between 5-0 and 9-0 gKm., and roughly
up to 10 gKm., 7, ~1°C./gKm.2, y; = 4°C./gKm. (at 4-7 gKm.). Then putting the

1 1
—_ = (0°(. - () Ay — = —0-0146.
373" t, = 0°C., we have ¢ 0-0866, c/b g b 0-0

Further with the observed temperature date of the different levels given in table 2
and putting © = z—2;, z; = 47 gKkm., we obtain from (19) the results shown in
the second row of table 4 below. The calculated values of f, (with ¢, = 3-9 mb.)
and the corresponding observed values are also given in the last two rows of the
same table and plotted in Fig. 5.

numerical values « =

TABLE 4.

z 50 6:0 70 8-0 9-0 10-0 gKm.
(f‘./¢w) cale. 0-890 0:60 0-394 0-24 0-129 ~0-04
(f;/4;,) obs. 0-87 0-59 0-36 0-19 0-077 0-026
E|E, .. 0-92 0-67 0-46 0-27 013 0-046
(f;) cale,
from eqn. (19) | 3-47 2-34 1:53 0-93 0-50 0156 mb,
(fi) obs. .. 34 2-3 14 0-73 0-30 ~0-10  mb.

The observed values of f,/¢. , where ¢, = 3-9 mb. are giveu in the third row and

the ratio of the saturation pressure at different levels to that at 47 gKm. (&g = 6:1
mb.) in the fourth row. The agreement between the calculated and the observed
values of f,/¢$, is surprisingly good up to 10-0 gKm. except at 9 and 10 gKm. where
the calculated vapour-pressures appear to be somewhat larger than the observed
values. But in view of the uncertainty of the observed values the agreement can be
regarded as satisfactory. The calculated values of f are further seen to be smaller than
the saturation pressure at all levels up to 10-0 gKm. A major difficulty of all previous
theoretical calculations of vapour-pressure (vide table 1) based on the assumption of
a self-consistent water vapour atmosphere from the ground upwards thus appears to
be removed.

Returning to the solution of the general integral of equation (15), the second
case that may arise (h2—d4ac<C0) cannot be compared with experiment for lack of
data and is therefore not attempted here.

Tt is further noted from Fig. 6 that above 10 gKm. height the temperature lapse-
rate y tends to a constant value up to 13 gKm. A calculation of f,/¢, from (18)
using ¥ = 0 leads to much higher values at these heights than E/E,. The observed
values at these levels are, however, consistently lower than E/E,. The disagreement
between the observed and the calculated value at these levels is significant. It is
possible that some new mechanism which arrests further increase of y with increasing
height modifies the basis of our calculation altogether. As a possible cause for the

4
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new mechanism may be mentioned the rapid increase in the horizontal wind velocity
between 10 and 13 gKm. over Agra as shown by Sur (1931) from the data obtained
from long pilot balloon flights over Agra. The rapid increase in wind velocity above
10 gKm. may give rise to the mechanical turbulence (Massenaustausch). This is
not the turbulence caused by the surface distortion of the stream line flow of wind
due to ground resistances or temperature differences, but it is a hydrodynamical
pfoperty of the fluid flow in which mixing of fluid masses of different layers takes
place.

In conclusion, I wish to thank Professor D. S. Kothari, Ph.D., and Dr. R. C.
Majumdar, Ph.D., for many helpful suggestions and the India Meteorological
Department whose publications on the ‘Upper Air Data’ I have made use of.

SuMMARY.

The mean distribution of temperature between ground and 23 gKkm. height over Agra and the
mean distribution of water vapour pressure up to 10 gKm. height are obtained from an analysis
of data from selected Dine’s meteorograph ascents over the station. It is shown that the obgerved
distribution of vapour-pressure of water is quite accurately given by an empirical relation of the
form f; = 9’>oeﬁ‘/T, where ¢, = water vapour pressure at the level with temperature of 0°C.,
t = temperature in degree centigrade at the height &, T = 273+¢ and B is a constant. An
expression giving variation of water vapour pressure with height is derived taking into account
the observed variation of lapse-rate of temperature with height. The results calculated from
this expression show good agreement with the observed distribution of water vapour nearly up to
10 gKm. height. At higher levels there is a discrepancy between the observed and the calculated
pressures, Yrobably the basis of our calculation is modified due to the influence of hydrodynami-
cal turbulence caused by rapid increase of wind velocity at very high levels.
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