
551'5i + 551'510.534: 551' 513

Water Vapour and Ozone in the Atmosphere
and Stratospheric Circulation-

K. H. ILDIAXATIIAX

Physical Re.eeorch lAhoratofy, Alwu?t'1abm!

iHeceived 28 ,Il"rdl }9(1)

"Paper pre sent ed at the Il"GG S,)'UI~iUln on ~\tmOl>pht'ric Cbe .

1. Water vapour In the stratosphere

!\Iost. of what we kno w ab out water
vapour in the stratosphere Ita."! come from the
de velopment of the frost-point, hyuromcter hy
Dobson, Brewer and Cwilong (HUG) and its
regula r use in the )Ieteorologi{'al Research
r~l ight~ of the U.K. Meteorological Serv ice,
Addit iot-nl information is avai lable fur the
st udy of mother-of-pearl clouds in Scandi­
navia and H Il~:iin , some measurements made
in U.S ..\ . with Iialloon-borne frcst-pnint
hygrometer. a nd a few aircraft measurement s
of in fra-red absorption by wate r vupnur in
U.K. and U.S.A.

The exis ti ng knowledge is summa rised in
the following two diagrams-«

Fig. 1. A histogram of frost- points
measured at 48,000 ft ove r U.K.
Taken from a paper on "Furth er
observatio ns uf humidity up to
:;0,000 ft made from an aircraft" by
N.V. Helliwell et "I. in Quart .1. 11.
met. Sue., S3, 1957,p.257.

Fig. 2. A diagram showing temperatures
and frost -pointe at 31,000 ft and
46,IK IO ft in .l ulv 19f1G obtained bv
)[eteorological He" aroh Flights ex­
tending from 40° to 65°X at about
the longitude of U.K. (Weatlter,
ScI" 1958).

Reference may also be made t o a paper on
"Humidity in the Stratosphere at 27 km " hy
}o' .R. Barolay et "I. in the Qu"rt. J . R. met, S oe. ,
86. 19liO where they found a frost -point of
- 7GoC.

The )I eteorologieal Research Fli~hts of
U. K. have established that while the frost ­
point at the trupopause is variable over the
U.K. from - 0(1) to - 78QC, it decreases
rapidly with height ab ove the tropopause,
and beoutnes practically coustunt at. about
- H:loC at a level of \5 km ()[ix in~ ratio
2 X I£}-3 g-m/kglll). They have also shown
that at. t he same height (15 km) over Ielris
in Morocco, a similar value of the frost -point
is ohservcd. The special meridional flight-x
undertaken hy them have shown t hat. while
at. low st ratospher ic levels, the frost -point
depends on the aynoptic weath er sit uat ion, at
Iii km , the latitudinal variation of humi dity
becomes small, although there arc marked
d iscont inuit ies of fros t-point un crossing
front« with lower frost -points towards the
north.

The infra-red ohservations made by Hough­
ton over U.K. show an average mixi ng ratio
or :I X IO-3 h~nof ll.O/kgmof air above 13· 5
km. This is in reasonable agree ment wit h the
frost-point hygrometer findings

On the other hand, a few American sound­
ingM made in 19 m-50 and the indirect evi­
dence of mother-of-pearl clouds ever Norway
ind icat e higher fro st-points at 23-2i km, TIle
question is : Is the \'ery low frost-point of
1!lO°K confined to a restricted th in tile
lower st ratosphere or can it be . lercd to
extend throughout the stratosphere

The conclusion drawn by Brewer and
Dobson (1916) fro m t he persistent ext reme
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