PREFACE.

In the present paper the monthly mean values of upper air
temperatures, pressures and humidities at Tromse are worked out
from the balloon soundings made by the German occupation air
forces in Northern Norway. The soundings were made practically
every day from May 5th 1941 until October 31st 1944 at 0230 hrs
GMT. In the last 14 months of this period soundings were also
made at 1400 hrs GMT. Altogether 1636 radiosondeascents were
made during the period. For the computation of the monthly means
and normals, only morning soundings (0230 hrs) have been taken
into account. The afternoon soundings (1400 hrs) have been compared
with the morning soundings, chiefly to get some idea of the value
of the radiation error.
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1. THE TEMPERATURE.

The monthly mean values of temperature were
determined by the method of differences (1), that
is, by totalling the sums of the differences of tem-
perature between corresponding pairs of successive
standard levels and dividing this total by the corre-
sponding number of observations. The quotient
was taken to be the mean difference of temperature
between the two levels. Table I (see p. 16) gives the
total number of observations for each month (n),
the simple arithmetical mean values of temperature
(T) and the mean values determined by the method
of differences (7,). Table I shows that only a few
of the soundings failed to reach into the stratos-
phere. Thus, there is no difference between T
and T, in the troposphere. In the stratosphere, on
the other hand, the difference between T and T,
increases with height. From fig. [ it will be seen that
the differences are most pronounced in winter,
whereas the differences are very slight in summer.
This, of course, is due to the rapid decrease in
number of observations with height in winter. The
monthly mean temperatures, corrected by the
method of differences, show a regular annual vari-
ation. A smoothing of the annual temperature
curve by means of harmonic analysis, therefore,
has been regarded as unnecessary. Instead of har-
monic analysis, a smoothing, by means of the
simple form (A,+2A, . ;+A, ;) : 4, has been
found sufficient. The monthly mean values found
in this way are given in Table II and in figs. 2—3.
The following annual variation of the temperature
has been found:

a. At the surface the minimum temperature
occurs in January—February and shifts towards
the month of March at the lower levels of the
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Fig. 1. Showing the annual variation of the temperature

Full lines give the arithmetic mean values. Broken lines

give the mean values corrected by means of the method
of differences.
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troposphere (2 gkms). At the higher levels of
the troposphere the minimum temperature shifts
back to February. When passing into the
stratosphere, a rapid shifting from February to
December— January is found.

b. At the surface the maximum temperature
occurs in the end of July and lags a little behind
throughout the troposphere. When, however, the
next step upwards into the stratosphere is taken,
we find a complete change, because the maximum
temperature has moved back to the end of June.
Thus, in the stratosphere the minimum as well as
the maximum temperatures occur at the time of
the solstices.

In the stratosphere the variation of the tempe-
rature with height shows a slight decrease in winter
(from — 60.1° C at 10 gkms to — 62.1°C at 16
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Fig. 2. Showing the annual variation of upper air tem-
peratures over Troms (full lines) and over Abisko (broken
lines).
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gkms) and a gradual increase in summer (from
— 48.1° C at 11 gkms to — 41.6° C at 23 gkms).
The annual mean temperatures are nearly constant
at all stratospheric levels up to 16 gkms (varying
from — 53.0 to — 53.6° C).

As the soundings at Abisko (2) have been of
great importance to our knowledge of the polar
atmosphere, a comparison between the soundings
at Tromss (69° 39’ N, 18° 57’ E) and Abisko (68°
12’ N, 18° 50’ E) will be of interest. Fig. 2 shows
the annual temperature variations at Abisko
(broken lines) and at Tromse (full lines). The tem-
perature maxima occur at the same time in both
places, but the minima show some differences in
the troposphere owing to the great difference in
climatic conditions at the two places. At all levels
of the stratosphere the extreme temperatures occur
simultaneously coinciding with the solstices. in
the annual ranges of temperature at each level,
however, great discrepancies appear, as will be
seen from Table III.

The differences at the lower levels of the tropo-
sphere are due to the difference in climatic conditions
at the stations. The differences diminish with
height and practically disappear at 4 gkms. At
10 gkms the characteristic minimum in the annual
range is well pronounced both at Abisko and at
Tromsg. From this level and upwards into the
stratosphere we find increasing differences in
the annual temperature ranges. Thus, at 18 gkms
the amplitude at Abisko is 9.0° C greater than at
Tromso. This disagreement at the higher levels of
the stratosphere seems to be due partly to the
exceptionally high stratospheric summer tempe-
ratures at Abisko. These temperatures have been
a subject of much doubt, and Vaisdld (3) has sug-
gested that they may be due to radiation error
in the Abisko-soundings. Vdisdld has examined
the Abisko-soundings at different altitudes of the
sun and has shown that there seems to be an
increase of the stratospheric temperatures with
the increasing altitude of the sun. Thus, when the
sun’s altitude is 40° the temperature seems to
exceed the night temperature by 5 degrees at
1217 gkms. ’

The mean summer temperatures at Abisko,
Tromsp and Spitsbergen (4) at 12—18 gkms, have
been computed and the following values found:

Spitsbergen — 43.4°, Tromsp — 44.7°, Abisko
— 39.7°C. The temperature difference between
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TABLE III
Annual range of temperatures at Abisko and at Tromsg.
(The difference between the warmest and the coldest month.)

|
4 ‘ 6

Height gkm 01 1 2 | 8 10 12 14 16 | 18 gkms
bisko ......... 213 | 187 | 179 | 170 | 183 | 17.1 | 150 | 204 | 220 | 247 | 278°C
Tromsg. ......... 124 | 129 | 137 | 152 | 158 | 156 | 124 | 160 | 174 178 | 188°C

Tromse and Spitsbergen is only 1.3° C and indicates
that the increase of the temperature of the strato-
sphere towards the pole in summer is not so great
as it has been supposed. The difference between
Abisko and Tromsg is 5° C. This is in accordance
with the value found by Viisala.

It is difficult to decide whether the soundings
at Tromsg are affected by radiation error at higher
stratospheric levels. However, at the levels 12—17
gkms the error seems to be insignificant. Thus,
at 12—17 gkms the temperature difference between
the soundings at 1400 hrs and 0230 hrs GMT is only
0.9° C for the period May—July.

In order to find out to what extent the upper
air temperatures are representative and in accor-
dance with the climatological mean values, the
monthly mean values at the surface (obtained from
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the dings) have been compared with the clima-
tological temperature normals of Tromse (5) as
shown in fig. 4. In summer the temperature curve
for 1941—44 gives a temperature about 2° C lower
than the normal temperature. Now, the curve for
1941—44 refers to soundings at 0230 hrs and the
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Fig. 3 Isopleths of upper air temperature over Tromss
together with the varation of the tropopause (heavy
broken lLines).

TFig. 4. The monthly mean values of temperature (full
line) compared to the climatological temperature normals
(broken line).
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2. THE TROPOPAUSE.

In the cases when the vertical temperature
gradient decreases gradually, the height of the tropo-
pause has been taken at the point where the tempe-
rature gradient diminishes to 0.2° C/100 m, provided
that it does not exceed this value in any subsequent
layer. In cases where multiple tropopauses have
been observed, the height of the tropopause has
been given as the average height of the multiple
tropopauses. Table IV gives the mean monthly
heights, temperatures and potential temperatures
of the tropopause. The annual variation of these
elements is shown in fig. 5, together with the
variation of the temperature at 10 gkms.
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Fig 5. Showing the annual variation of the height of

the tropopause (Tr.p.), temperature of the tropopause

(7), potential temperature of the tropopause (Pot. 7)
and temperature at the level of 10 gkms.

The annual variation of the tropopause is similar
to that of the temperatures in the troposphere.
Thus, the highest and the lowest tropopause occurs
in July—August and March—April respectively.
The mean annual range of the height of the tropo-
pause is 1.3 gkms. In this connection it may be
mentioned that the absolute highest and lowest
tropopause found over Tromse is 14270 gm (Sept.
1943) and 6430 gm (May 1941) respectively. The
annual mean temperature of the tropopause is —
54.8° C and thus lower than the annual mean tem-
perature at any level in the stratosphere. Fig. 5
shows that the height of the tropopause has an
annual variation almost parallel to the annual
variation of the potential temperature in the tropo-
pause. This, of course, is due to the circumstance
that a certain tropopause is characterized by its
potential temperature, which varies only a little
from day to day (6.7). The temperature of the
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tropopause shows an annual variation similar to
that of the temperature at the level of 10 gkms, but
with a smaller annual range.

3. THE VERTICAL TEMPERATURE
GRADIENT.

The monthly mean vertical temperature gradi-
ents are given in Table V. The seasonal variation
can be summarized as follows: The layer 0.1—0.5
gkms has great stability at all seasons, with a tem-
perature inversion in January, but otherwise no
distinct annual variation. A distinct annual variation
first occurs at 2—3 gkms with the maximum of the
vertical temperature gradient in winter and the
minimum in summer. The difference in the lapse
rate between winter and summer vanishes with
height, thus at the level of 6—7 gkms no regular
annual variation can be found. The lapse rate
between 7 and 9 gkms shows an annual variation
converse to that at lower levels. In the stratosphere
above 11 gkms the lapse rate is slightly negative
in summer and slightly positive in winter. The
maximum vertical temperature gradients occur in
a layer just below the tropopause, therefore, the
layer of the maximum lapse rate shows the same
annual variation as the tropopause.

The variation of the vertical temperature gra-
dients at 1-—3 gkms are very interesting. Fig. 6
illustrates the deviations of lapse rate at different
levels from the mean lapse rate between the sur-
face and 4 gkms. A minimum in the monthly mean
lapse rate is particularly pronounced in spring and
autumn, but cannot be seen to exist in the annual
mean. A. Wagner (8) has drawn attention to these
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Fig. 6. Illustrating the deviations of lapse rate at the

different levels from the mean lapse rate between the

surface and 4 gkms Upper numbers at the top of the

diagram give the mean monthly cloud amount (scale
0—10).
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peculiarities in vertical temperature gradients at
some european stations and he supposed that these
variations were connected with condensation pro-
cesses in the atmosphere. In fig. 6 mean monthly
cloud amounts have been computed and are
given at the top of the diagram (scale 0—10). With
the exception of February, deviations from the
mean lapse rates are associated with considerable
anomalies in cloud amount. Thus, the i
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in the vertical temperature gradient in spring and
autumn are associated with great cloud amount,
and vice versa.

4. THE PRESSURE.

Table VI gives the monthly normal pressures
at standard heights. The annual variation of pres-
sure is illustrated in fig. 7. Apart from some irre-
gularities at the surface and up to 2 gkms, the
smoothed pressure curves coincide very well with
the curves based on monthly arithmetic mean

o
Tig. 8. Showing the annual variation of pressure (heavy
full ines) in relation to the annual variation of tempe-

rature (dotted lines).
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values. The surface pressure is highest in the month
of June and lowest in the month of January. At
middle and higher tropospheric levels the sea-
sonal variation of pressure is characterized by
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Fig. 7. The annual variation of pressure. Light full lines
are the monthly arithmetic mean values; and the heavy
full lines are the smoothed values.

in July and in February. The
minimum shifts backwards to January in the
stratosphere and the maximum seems to shift
backwards to the month of June at higher strato-
spheric levels (above 16 gkms). The annual variation
of pressure increases from 8.0 mb at the surface
to 24.1 mb at 7—8 gkms after which it decreases
to 12.1 mb at 16 gkms.

Fig. 8 shows the annual variation of pressure
in relation to the annual variation of temperature.
In the coupling of these elements a close association
can be stated at middle and higher tropospheric
levels and at higher stratospheric levels. The
curves of temperature, pressure and tropopause
are seen to be assymetrical in the troposphere, as
the rise from winter to summer is of shorter duration
than the fall from summer to winter.

In a paper by J. Namias (9), the normal annual
variation in heigth and temperature of the 700 mb
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Fig. 9 Normal annual variations 1n height and tempe-

rature of the 700-mb surface at 35° N and 55° N (after

Namias) together with corresponding values of the 700
mb surface at Tromso
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surface at 35° N and 55° N is given. The values are
averages from longitude 0° westwards to 180.°
These values, together with corresponding values
of the 700 mb surface at Tromsg are reproduced in
fig. 9. The parallelism of height and temperature
of the 700 mb surface is striking. Furthermore,
fig. 9 shows that there must be a pronounced
annual variation of the west-to-east geostrophic
component of wind speed between latitudes 35° N
and 55° N (varying from 6 m/s in summer to 11
m/s in winter). Between 55° N and 70° N the meri-
dional pressure and temperature gradients are
small and without any pronounced annual variation.
The values at Tromse are, of course, not directly
comparable with the values which are averaged
from longitude 0° westwards to 180°, therefore,
corresponding values at the Swedish station Gete-
borg—Torslanda (59° 42’ N, 11° 47" E) have been
computed for the years 1940—43 (10). The values
found in that way are given in Table VII, which
also gives the meridional pressure gradient and the
corresponding values of the west-to-east component
of the geostrophic wind speed between Geteborg
and Tromse.

Fig. 10 shows the vertical distribution of the
zonal wind velocities. In the troposphere these are
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seen to be only slightly stronger in winter than in
summer. The vertical distribution with height
shows increasing zonal wind velocities from the
surface up to 7—8 gkms, diminishing to zero at the
level of about 12—13 gkms. At the level of 14 gkms
the zonal circulation shows an east-to-west com-
ponent of the geostrophic wind in summer as well
as in winter. In addition, the zonal wind velocities
between latitude 60° and 70° N have been computed
by means of data from »Klimatologie der freien
Atmosphire« (8) and are reproduced in fig. 10 as
dotted lines. A comparison between the values of
the zonal wind speed found in these different ways,
shows, especially in winter, great disagreements.
Thus in winter, the zonal wind velocities, calculated
by means of soundings at Tromse and Geteborg,
show much smaller values than the values which,
hitherto, have been regarded as reasonable.

5. THE HUMIDITY.

A. The Relative Humidity.

The relative humidity has been measured by
means of the hair hygrometer. The monthly mean
values of the relative and the specific humidities
at the standard levels up to 5 gkms are given in
Table VIII together with the number of observa-
tions. The variation of the relative humidity with
height is shown in fig. 11 A and B together with the
following European stations: Utti (11), Kjeller (12),
Soesterberg — de Kooij (8), Reykjavik (13), Abisko
(Riksgrénsen), Pajala and Geteborg — Torslanda
(10). The annual mean values of the relative humi-
dity at Tromse increase slightly from the surface
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Fig. 10. Showing the vertical distribution of the zonal

wind velocities, Dotted lmes are the values computed

by means of data from »Klimatologie der freien
Atmospharee (8).
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upwards to about 1 gkm, and then decrease above
this level. Furthermore, the decrease of the relative
humidity is seen to be less in winter than in
summer.

Fig. 11 Ashows the yearly mean values of relative
humidities at Tromsg together with the values
found at Utti, Kjeller, Soesterberg — de Kooij and
Reykjavik. The values at Tromse are seen to be
much higher than the values at the other stations.
Now, the latter values are based upon airplane
ascents and, therefore, not directly comparable with
the sounding results at Tromso. A. Nyberg (14) has
made a comparison between the relative humidities
measured by means of soundings- and airplane-
ascents respectively, and has stated that the two
methods give practically the same results. There-
fore, the disagreement must be due to other cir-
cumstances. Thus, unfavourable weather situa-
tions and extensive vertical cloud systems may be
a hindrance to the airplane ascents, and the means
of the relative humidity based upon those ascents
are likely to be lower than the means based upon
soundings. A comparison between the values at
Tromse and at the sounding stations Abisko (Riks-
griinsen), Pajala and Geteborg are shown in fig.
11 B. First, the differences are seen to be smaller
than the differences between Tromse and the air-
plane stations. Furthermore, the values at Abisko
(situated only one degree of lat. to the south of
Tromsg) scem to confirm the high relative humidi-
ties measured at Tromsg.

The annual variation of the relative humidity
is shown in fig. 12. At the surface the highest rel.
hum. occurs in the month of August, but the annual
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Fig. 11. The variation of the relative humidity with
height: A, compared to awrplane ascents, B, compared
to radiosonde ascents.
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Fig. 12. Showing the annual vanation of the relative
humidity.

variation is irregular and without any distinct
minimum. The annual range is diminishing from
the surface upwards to 3 gkms and then increasing
above. At the level of 5 gkms the annual variation
shows a double wave with the maxima in spring
and autumn and the minima in winter and
summer.

A comparison between the standard climatolo-
gical values of the relative humidities at Tromsg
(15) and the values obtained by means of this
material, is of no great interest, because the
normal values refer to the daily mean values, where-
as the sounding values give the mean relative humi-
dities at 0430 hrs. Using the vapour pressures in-
stead of the rel. hum., a fairly good agreement is
found, as shown in fig. 13.

B. The Specific Humidity.

Like the rel. hum., the spec. hum. increases
from the surface upwards to 0.5—1 gkm and de-
creases above. Fig. 14 shows the annual variation
of the spec. hum. The annual variation of the spec.
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Fig. 13. The monthly mean values of the vapour pressure
compared to the standard climatological values (full linc).

hum. is similar to that of the temperature, with
the extremes of the spec. hum. and the extremes
of the temperature occurring at the same time.
The most noteable feature about the spec. hum. is
that the amount at 4—5 gkms is practically the
same at Tromsg as at Kjeller in Southern Norway
(12). Compared to Kijeller, the isopleth diagrams
show a most remarkable resemblance, thus, in
either case, the vertical gradient of the spec. hum.
is small in winter and large in summer. The distri-
bution of the spec. hum. shown in fig. 14, is usually
explained by the stable stratification in winter and
the prevailing convective type in summer. Thus,
the lapse rate at Kjeller shows a stable type (0.56°/
100 m) in winter and a -convective type (0.62
—0.65°/100 m) in summer. The converse has
been found at Tromse (0.62°/100 m in winter and
0.54°/100 m in summer). Even so, there is no
difference in the vertical distribution of the spec.
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Fig. 14. Tsopleths of specific humidity. Numbers at the
top of the diagram give the mean monthly lapse rate
values between 1 and 5 gkms.
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hum. at Tromse and at Kjeller. This seems to
indicate that the distribution of the spec. hum. with
height, is mainly of an advective nature.

6. THE POTENTIAL EQUIVALENT
TEMPERATURE AND THE POTENTIAL
TEMPERATURE.

Table IX gives the monthly normal potential
temperatures and the potential equivalent tempe-
ratures at standard heights over Tromse. The pot.
equivalent temperatures are given at the standard
levels up to 5 gkms and the pot. temperatures are
given at the levels above. The mean monthly pot.
equivalent temperatures rise progressively from
the surface up to 5 gkms showing thereby that
convective instability is completely absent. How-
ever, theincrease of the potential equivalent tempe-
rature with height has an annual variation with
its maximum in the month of November and its
minimum in July. Fig. 15 shows the corresponding
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Fig. 15. The heavy lines are giving the annual vanation

of the potential equivalent temperature (0—5 gkms) and

the potential temperatures (above 5 gkms) The light

lines indicate the annual variation of upper air tempe-
ratures.
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curves of the annual variation. The annual variation
of the potential equivalent temperature is seen to
be similar to that of the temperature. The difference
between the annual range of the pot. equivalent
temperature and the temperature is 8.7° C at the
surface and diminishes to 1.5° C at 5 kgms. The
curves above 5 gkms refer to the potential tempe-
ratures and show an annual variation which exactly
corresponds to the annual variation of the tem-
perature in the upper troposphere. When passing
upwards into the stratosphere, the monthly mean
maximum of the potential temperature moves back
to the month of May and the minimum seems to
shift backwards towards the month of January.

7. COMPARISON BETWEEN THE
MORNING AND THE AFTERNOON
SOUNDINGS.

As mentioned above, sounding ascents were
made twice a day from September Ist 1943 until
October 31st 1944. The soundings were made at
about 03.30 hrs and 15.00 hrs M.E.T. The morning
and afternoon values of the temperature and the
humidity at the standard levels have been com-
pared every day, and the seasonal mean differences
between the afternoon and morning values are
given in the Tables X and XI, which show the
following results.

A. The Relative Humidity.

In summer, spring and autumn the morning
values of the rel. hum. are higher than the after-
noon values. In winter the morning values are
slightly lower than the afternoon values. The dif-
ference between the two series of values diminishes
with height and is insignificant above 2 gkms.

B. The Specific Humidity.

The difference between the afternoon and mor-
ning values 1s positive at all seasons and varies
from zero in winter to 0.52 gr/kgr in summer. The
difference vanishes at about 1 gkm in summer and
at about 0.5 gkms during the other seasons.

C. THE TEMPERATURES.

The seasonal mean temperature differences be-
tween the afternoon and the morning soundings
(4 T) are given in Table XII, which also gives the
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seasonal mean equivalent temperature differences
(4 Q) up to 5 gkms and the potential temperature
differences (4 Q) above 5 gkms. Besides, the vari-
ation with height of the seasonal mean values of
4 T, 4 Qg and 4 Q are shown in fig. 16. The vari-
ation of # T is interesting as it may give some idea
of the radiation error.

In the stratosphere the radiation error always
appears at daytime and disappears at night, there-
fore, the determination of the radiation error is
carried out by comparing soundings made at day-
time with those made at night. Vaisdld (3) has
shown that the radiation error depends on the
height angle of the sun. In winter the height angle
of the sun is negative in Tromse both at the mor-
ning and the afternoon soundings, and it has its
maximum in summer where the height angle in
June is about 38° at the afternoon soundings and
about 9° in the morning. Considering each season
separately, the following results are found.

(a) Summer (June, July, August). From fig. 16
and Table XI it is seen that # T decreases from
3.5° C at the surface to 1.0° C at 1 gkm, and varies
about 1° C above. As this result is based upon 92
observations at the surface decreasing to 36 ob-
servations at 16 gkms, it must be regarded as reli-
able up to 16 gkms. Above 17 gkms # T is based
upon only one observation, and must, therefore,
be regarded as less reliable. Furthermore, the
variation of the potential temperature difference
at these levels seems to indicate that the radiation
is overcomp ed by other p in the
stratosphere.

(b) Autumn (September, October, November).
The mean temperature difference between the
afterncon and the morning soundings is 1.6°C at
the surface decreasing to 0.3° C at 1 gkm. From 1
km up to 12 gkms 4 T varies between — 0.5° C
and -+ 0.7°C, and increases above 12 gkms to
3.0°C at 19 gkm. This result is based upon 144
numbers of observations at the surface decreasing
to 17 observations at 16 gkms. Although there are
few observations above 17 gkms, the increase of
4 T at these levels seems to be real.

(c) Winter (December, January, February). At
this time of the year the height angle of the sun
is negative in the month of December and slightly
positive at midday in January—February. There-
fore, in this case it should be expected that the
values of T should be relatively small. Table XI
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together with a depression of the tropopause. Dis-

22gim 48 2237 regarding these observations, no increase in 4 T

can be found in winter,

o * :\ - (d) Spring. (March, April, May). 4 T decreases

8 Semmer| 'i 2779 | from 2.6° C at the surface to 0.5° C at 1 gkm, and

'\{ varies between 0.4° C and 1.3°C up to 14 gkms.

1 o The negative valuesof # T at 15 and 16 gkms are

% 8 }:' probably not caused by the radiation error of

f the instrument. A close examination of the seven

" N 7 pairs of soundings at the level of 15—16 gkms shows

10 | 4 l{ that in several cases there has been a cooling of the

{ stratosphere during the day. This cooling was espe-

° 2 g cially pr d on April 22nd 1944 and was ac-

6 o _ by variation of the height of the tropo-

20 2 4% pause. If these soundings are disregarded, the

4 209 .gys value of 4 T increases slowly from 0.8° C at the

2 S N Y 4 . level of 14 gkms to about 3°C at the level of 17

L 4 gkms.
09K ;i ;i The variation of # T with height can be summed
% 4 up as follows:

/- At the surface # T varies from 0° 3 in winter to

] " 4 3.5°C in summer. This diurnal variation of the

10 10 . temperature disappears at the level of about 1 gkms.

. | . N\ The variation of # T with height shows that the

{ Winter A Avtumn temperature difference between the afternoon and

6 (— 3 the morning soundings is mostly below 1°C from

4 4 the level of 1 gkm up to the level of 13—14 gkms.

From -these levels and upwards 4 T very likely

2 2 i with height and reaches the value of about
Ogkm) Ogkm) 3°C at the level of 19 gkms.

2 0 2 4% 2 0 2 4 In a paper by M. Tommila and N. Raunio (4),

Tig. 16. Representing the seasonal mean temperature d€aling with radiosonde ascents at Spitsbergen, the

differences (full lines) and potential temperature diffe-
rences (broken lines) between the afternoon and the
morning soundings.

and fig. 16 confirms this, as the values of # T varies
about zero from the surface up to 10 gkms. The
number of observations varies from 85 at the sur-
face to 25 at 10 gkms. The sudden rise in 4 T from
0.6° C at 10 gkms to -+ 3.7° C at 11 gkm is based
on 5 observations only. A closer examination of
each of these cases indicates that the increase in
4 T above 10 gkms is of an advective nature. Thus,
the soundings on December 13th 1943 and on
January 19th 1944 show a considerable decrease of
the temperature in the troposphere and a correspon-
ding increase of the temperature in the stratosphere,

temperature difference between daytime soundings
and night soundings has been determined in summer.
The values of -/ T at Spitsbergen and at Tromse are
given in Table XII. The order of magnitude of # T
as well as the variation of 4 T with height agrees
very well in both places. Thus, the slight minimum
value of # T at 3 gkms -as well as the pronounced
maximum value at 6—12 gkms appears in both
places.

In the paper by Tommila and Raunio just men-
tioned, it has been shown that the rate of ascent
has a minimum at the levels of 6—12 gkms and
increases above. As the value of the radiation error
depends on the ventilation, it is likely that the
maximum of 4 T occurring at the levels of 6—12
gkms, is caused by the decrease in the rate of
ascent at the same levels.
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TABLE I
Mean monthly and annual temperatures
(n) Number of observations
(T) Arithmethic mean values of temperature (° ¢)
(Ta) Mean values determined by the method of differences (o c)
| | ‘ I | & 5 | &
| | 2 o
Heights g E g | L AFREAE g
s R AR N A A A
SJE |22 2|AE 288 |alAax]a
n 92| 83| 74/ 90| 120/ 120] 116 123 104 124‘ 871 91 1224|
0.1 T |— 50— 33— 45— 21 15 65 96 80 54 23—05—25 12 146
Ta |
n 92 83| 74 90 120 120 116‘ 123 104 124/ 87| 91 1224
0.5 T |—46—41—57—30 03 54 93 78 50 16— 07—31 07/ 150
Ty
n 92| 83| 74/ 90| 1200 120 116 123| 104/ 124/ 87 91| 1224
1 T |— 65— 69— 79— 61— 26 28 74 52 21— 1,3}— 3,5— 57— 1,9 153
Ta
n o2/ 83 74| 90 120 120 116/ 123| 104| 124| 87  91) 1224
2 T [—11,6—127—13,4/—12,0— 88— 1,8 2,5 01— 3,3}— 6,9— 9,0/—11,4— 7,4 15.9
Tq
n 92/ 83| 74/ 90 120 120{ 116 123 104 124 87| 91| 1224
3 T |—17,8/—18,6|—19,0—17,8/—13,8— 6,8 — 2,8— 4,8(— 8,2(—11,9—13,8—17,21—12,7 16.2
74 90| 120] 120| 116| 123| 104 124 87| 91f 1223
4 |—25,1|—23,8|—19,4/—12,2|— 8,2/—10,2|—13,8/—17,6 —19,4—23,4/—18,6| 16.9
| —18,6| 16.9
72| 89| 120] 120| 116| 123 104 124 87| 90| 1219
5 31,6/—30,0—25,3|—18,3'—14,3/—16,4/—20,0|—24,0 —26,1|—30,2[-24,9| 17.3
I—31,4/—30,1 —30,2[—24,9 17.3
71| 88| 118| 119 116 121 102| 123 86| 90| 1203
6 |—38,6|—36,8|—31,8/—24,9,—20,9/—23,0/—26,7/—30,4 —32,6\—37,0(—31,7] 17.7
—38,5(—36,9/—31,9|—24,9 —23,00—26,7—30,4—32,7—37,00-31,7 17.7
65| 7| 1f0| 119| 114/ 1200 101 123 86 84 1175
7 —44,6|—43,4/—38,4(—31,5|—27,7—30,0/—33,6 —37,2—39,6 —43,7(—38,4| 17.8
—45,0|—43,5 —38,6/—31,5|—27,8/—30,2|—33,5 —37,2|—39,7 —43,6(—38,3| 17.6
61 85 107 119| 110/ 120 98 79)  82) 1143
8 —50,5——49,3|—43,8|—38,5|-—35,0—37,3|—40,5 —46,0—49,6(—44,9| 17.0
—51,2(—49,3~—44,2/—38,5 —35,0—37,5|—40,4, —46,6/—49,6|—45,0( 16.9
55| 75 103 115 109 115 97 69| 69| 1056
9 |—54,5|—52,8/—47,1|—44,3| —42,1 44,1 46,7, —52,0—54,4(—50,1| 14.9
—>55,5|—>53,1\—47,6(—44,3[—42,1|—44,4/—46,6 —>52,7|—55,0[—50,5 15.7
41) 63 101 113 108/ 113 o1 59| 56| 953
10 —55,3|—53,0/—48,2/—47 4| —47,2|—48,6|—50,4|—52,7|—55,2|—56,7|—52,7| 12.8
—57,2|—53,5—48,7|—47,5|—47,2/—49,0,—50,0 —55,7(—57,8/—53,4 14.2
30 47 96| 112/ 105 109 80| 37 39 794
11 —54,2/—53,1|—47,2|—47,3|—48,4 —49,1—50,9 |—56,11—57,6|—52,9 134
—56,5|—53,4|—47,6|—47,3 —48,4|—49,6—50, —57,1/—58,9|—53,6| 15.2
22| 40, 91f 109| 100 100 73 21 28| 686|
12 —52,4/—52,8/—45,8—45,5—47,0,—47,5{—50,3 —55,4/—57,6|—52,1] 15.3
—56,0/—53,5/—46,3—45,4|—46,9 —48,0—50,1 —57,2|—59,4/ 53,4 18.3
19 39/ 84/ 107 98 9 61 12| 22 625
13 -—52,4——52,645,2‘—44,4—45,5—46,1—49,7‘—52,4755,6—57,2—51,5 154
—56,3|—53,4| —45,6|—44,4 |—45,3|—46,6/—49,7/—53,6 —58,4|—-59,5 |-53,1| 183
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TABLE I (continued)

i
| g g
Heights g iy - 2 | B |8 'g 2 o
] g 5 ° 2 2| 2 w &
Gkm g | 8 £ 'E > gl x| B | 2|2 5 § &
SEel2 2 2 AE|E & 8|5 |88
n | 10| 7 15| 36 73 105 oo o3 52 49 10 15| 55
14 T —60,4/—56,4/—52,0—52,3|—44,8|—44,3|—44,7|—45,7|—49,0/—52,6|—55,9l—57,1|—51,3| 16.1
Ta [—63,4/—61,3—56,4—53,0—45,4—44,3|—44,2|—46,11—49,4 53,8501 60,01 530 101
n 8 6 14/ 35 68| 100 88 871 47/ 35 8 11| 507
15 T 1,0(—54,5/—52,5/—52,3|—44,6|—44,2|—44,3|—45,6|—48,8/—52,3|—56,1 —57,9|—51,2| 16.8
Tq ~—63,5—61,1—56,6|—52,9|—45,4|—44,3—43,8|—45,9—49,4/—53,7|—50,8\—60,1|—53,1| 107
n 3 4 4 30| 63 95 sy 83 35 25 7| 6 449
16 [60,91—55,1/—53,0/—52,2|—44,6|—44,2/—44,01—45,3—49,2| 539572l 57,1)]—51.4| 169
Ta —63,5—60,9/—57,1 —53,1—45,3|—44,1|—43,6/—45,7|—49,4|—54,4 —61,1|—60,6|—53 2| 19.9
n 3 9 23 36 69| 55 51 20 13 3 4 28
17 T [—52,8/—51,6|—52,6|—44,3|—44,0,—43,5|—45,2 —49,6 —53,0/—58,1— 56,6,
Tq —60,0|—57,4|—53,0/—45,3/—43,8 —43,2\—45,3/—49,3|—54,7|—62,7—61,0)
n 3 5 16 320 60| 48 40, 15 7 1 2| 229)
18 T —33,0—52,2/—52,1|—44,2|—43,7|—43,0—45,149,7|—53,6—64,2/—52,0
] Ta —61,1(—57,7\—53,2(—45,0|—43,6|—42,7|—45,1 —49,5|—55,1—64,6—59,6
n 3 4 12| 250 44 41| 29 12 4 174
19 T |—53,2|—52,2 —49,9|—43,9|—43,5|—42,7|—44,8 —50,1|—57,8|
Ta |—61,3/-—58,2—51,9/—44,8|—43,3|—42,3|—44,7 —49,6|—55 4|
n 1| 10f 200 40 320 220 3 2 130
20 T —53,1—49,4/—43,7|—43,0\—42,2|—44,0|—51,7|—58,6]
Ty —58,5—51,6/—44,7\—42,9|—41,8—44,8/—49,8| 55,3
n 3| 17| 32 24 17i 2 1 96|
21 T —50,6—43,2|—42,5/—41,8|—44,8—53,3|—58,2
Ty | —50,9|—44,6/—42,3|—41,1|-—44,5|—51,1|—55,0)
n | 1 a1 19 21/ 10 62
22 T —51,21—42,6/—42,1|—41,2 —44,4
Ty —50,6,—44,5 —42,0(~—40,6|—44,2|
n | 1 4 6 7 7, 25
23 T —51,0—40,7/—42,8|—40,0/—44,4|
Ty 50,4 —43,6/—41,8—40,2|—44,2
n | 1 11
24 T —39,9
Ty —44,0
n 2|
25 T
Ta | I [ ‘
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TABLE II
Mean monthly temperatures (° C)
smothed by means of (Au 4280 41 4An42) : 4

- E s
Heights El8 e :ggsg °
Glm A - - = N - S - - A - O T4
S| |2 EA|E]2 8|8 |2 48|54
0.1 — 3,9]— 40—36/—18 19 60 84 78 5,3‘ 24— 03— 26| 12 124
0.5 |41l 46— 41— 28 o7 51| 74 78 49 19—o0s—29 07 1214
1 — 64— 70— 72~ 57— 21 26 57 50/ 20— 10l 33— s6f— 19 129
|—11,8/—12,4—12,9/—11,6|— 7,9/— 2,5| 0,8/— 0,2— 3,6— 6,5— 9,1/ —10,9|— 74| 13,7
3 _17,9713,51_13,6 17,131 76— 43— 52— 831151142 1650127 143
4+ 244l 200247 230187130 07 10,6139 17,11 200227186 152
5 312315 31,1129,2 24,819, 158 —16,8—201—23,5 26,6 29,5 -29| 157
6 38,20 38,5 38,1136, 31,426,222, —23.4{ 26,1 —30,1|-332-36,3| 317 158
7 45,01—45,3—44,7|—42,7 —38.1|—32,420.3|—30,4| 33,6 —36,9—40,1—43,11-38.3| 16,0
8 51,351,650, —48,5|—44,1|—39.1—36,0—37,6—40.7—43,0146.3—49.4_450| 15,6
9 |—56,31—56,6/—55,2/—52,1|—48,2|—44,6|—43,2/—44.4—46,5—50,01—52,7 55,1 50,5 134
10 60,1 —50,5]56,9| 53,21 49,0/ 47,7 47,7 48,5 50,5 —53,01—55,0| 38,2 —53.4| 124
1 —61,260,1136,8 52,7 40,0 47,7484 40,6 51,1 —53,7156,6 —50,4 53,6 13,5
12 62,0/—60,5/—36,7]—52,3|—47,9.—46,0|—46,8 —48,3|—50,4—53,5 56,8 59,9334 16,0
13 —61 ,6!—60,5‘—56,9 522|473 —H 9|54 —47,11—49.9 —53,8-57,5—60.0133,1| 16,7
14 —62,01—60,6—56,5(—52,0( 47,016/ 44,7 —46,5|—49,7—54,0—58,0—60.6 53,0 17,4
15 —62,1/—60,61-56,81—52,0(—47,0—H5{—H,5[—46,3|—49,6 54,2 5846091531 17,6
16 —62.1'—60.6' 57,1 —52.2 47,01 —44,3 44,3/ 46,1 —49,7}—54,8 50,3615 53,2] 17,8
17 | 57,2 —52,2—46,9—44,01—43,9 45,8497 55.4—60.3
18 577523 46,1437 43,5 45.6| 49,8 56,11 61.0
19 577517 46,2, 43,4432/ 453|498
20 51,6 —46,0/—43.1 42,8453 49,0
21 —-45,6;—42,6 42,3453 504
22 —45.4—42,3/—a10

23 —44—,9}—41,9 —41,6




Vol. XVII, No. 4.

MEAN UPPER AIR DATA TROMS@ DURING 1941—44

TABLE IV
Mean monthly and annual heights, temperatures and potential temperatures
of the tropopause.

g i -
5
Elil|s AR g
B RE R A AR A AR R B B
Sl |l |2 |2 A|&28 8|2 |a]|w|&
- P 61 53 51 76 | 105 | 114 | 107 | 100 83 | 109 58 63 | 980
Heights (G km) .. 9,24/ 885 8,80 8,87 8,88 9,65 10,28/ 10,15 9,66/ 9,55 9,46| 8,98] 9,36] 1,48
Temp. (°C) .. . |-—60,3—59,4/-—56,8/—54,7 —50,6/—50,1—51,1}—51,8 —53,4/—55,0—56,9|—58,0/—54,8, 10,2
Pot. temp. (°C) .. 38,1 34,2 36,7 38,7‘ 43,6] 52,6] 584 56,3 50,00 47,4 44,6 382| 449 242
|
Smothed by means of (An +2An 41 --An+42): 4
Heights . 9,08, 8,93‘ 8,80 881 9,05 9,61 10,09‘ 10,06! 9,76 9,56 9,36‘ 9,17 9,36 1,29
Temp. —59,5|—59,0 —56,9 —54,2/—51,5/—50,5|—51,0 —52,0 —53,4|—55,1/—56,7 —58,3[—54,8 9,0
Pot. temp. 37,2 35,8‘ 36,6| 39,4f 44,6/ 51,8 56,4| 55,3| 50,9 47,4 43,7| 39,8 44,9] 20,6
TABLE V
Mean monthly vertical temperature gradients (° C/100 gm).
g 5 5
Heights B g B 3 E 8| E é °
Glm A < - = R A A T - - S O - - - -
< © S I3 &) El B = ) 53 ° > 3
= [ = < i = =Y < n Q Z A > 1
0.1—0.5 —o0,10{ 0,20/ 0,30 0,23| 030 028 0,08 0,05 010 0,18 0,05 0,15 0,40
0.5—1 0,38/ 0,6/ 044 062/ 058/ 052 0,38 0,52 0,58 0,58 0,56 0,52 0,24
1—2 0,51 0,58 0,551 059 0,62 046/ 049 0,51] 054/ 0,56/ 0,55 0,57 0,16
2—3 0,62| 0,59 0,56/ 0,58 0,50/ 0,50/ 0,53| 0,49 0,49 0,50 048 0,58 0,14
3—4 0,68 0,63 0,61 060 0,56, 0,54/ 0,54/ 0,54| 0,56/ 0,57| 0,56/ 0,62 0,14
4—5 0,70 0,66{ 0,63/ 0,63 0,59 061 061 062 062 064 0067 0,68 0,11
5—6 0,70 0,70 0,71] 0,68 0,66/ 0,66 0,66/ 0,66 067 064 0066 0,68 0,07
6—7 0,68 0,69 0,65 0,66 0,67 066{ 069 0,72 0,68 0,68 0,70/ 0,66| 0,07
7—8 0,65 0,63| 0,62/ 0,58 0,56 0,70, 0,72 0,73 0,69 0,77 0,69] 0,60] 0,15
8—9 0,59| 0,49| 0,43| 0,38 0,34/ 0,58/ 0,69 069 062 059 061 0,54 0,35
9—10 0,36/ 0,30| 0,17/ 0,04/ 0,11 0,32 0,49 0,46/ 034 0,29/ 030, 0,28 0,38
10—11 0,11} 0,11/—0,07—0,01}—0,11,—0,02| 0,12| 0,06/ 0,07| 0,03| 0,14 0,11 0,25
11—12 0,12 0,05—0,05, 0,01\—0,13—0,19(—0,15—0,16(—0,06—0,01} 0,01| 0,05 0,31
12—13 |—0,10/ 0,03 0,03—0,01—0,07.—0,10, —0,16‘—0,14 —0,04/ 0,03 0,12| 0,01, 0,26
13—14 0,07—0,02| 0,01 —0,04—0,02 ‘O,Ol‘—0,111—0,05 —0,03; 0,02 0,07| 0,05 0,18
14—15 0,01}—0,02| 0,02—0,01| 0,00/ 0,00—0,04—0,02 0,00—0,01| 0,07| 0,01 0,11
15—16 0,00(—0,02/ 0,05 0,02—0,01 ‘—0,02—0,02 0,00 0,07| 0,13] 0,05 0,15
16—17 0,00 0,03—0,01] 0,00 —0,04—0,04—0,01} 0,03/ 0,16/ 0,04
17—18 0,02/ 0,03] 0,02|—0,03 |—0,05—0,02| 0,02 0,04] 0,19|—0,14]
18—19 0,02/ 0,05—0,13|—0,02 —0,04—0,04/ 0,01| 0,03
19—20 0,03—0,03|—0,01—0,04 —0,05} 0,01| 0,02/—0,01




Mean monthly and annual pressures (mb).

(n) No of observations.
(P) Arithmetic mean values

(P') Smoothed values.
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Heights
G km

January
February

March

April
June

July
August
September
November

December

Range

0.1

11

12

92 83

92 | 83

92 | 83

92 83

92 83

92 | 82

92 82

9 | 79

89 | 77

87 | 75

75 58

59 41

27 24

13 17

994,9| 989,9
992,7} 992,7

945,7| 941,2
943,9| 943,6|

885,6, 881,2
883,7| 883,6

776,2| 772,1
774,6| 774,1

678,0 674,2
676,0{ 675,9

590,3| 586,8
589,1| 588,4

513,0| 508,7
511,5| 510,4

442,3) 439,7
441,6| 440,8

380,4| 378,3
379,9| 379,3

326,3| 323,8
325,7| 325,0

279,9| 2717,9|
279,5| 278,8

239,3| 237,0|
238,7| 238,1

203,0, 200,4
202,4| 201,7

173,2| 170,5
172,6| 172,0)

74
9963/
994,1
74
946,4
044,9)
74
886,3
884,8
74
776,0
775,0)
74
677,4
676,7
74
5804
589,0)
72

511,00 5

510,8]
7
41,6
441,5
65
380,2,
380,1
61
326,1
325,8
55
279,5
2794
41
2389
238,8
30
202,9
203,1
22

173,9!

1741

91

991,1
993,5]

91

942,7|
944,7]

91

882,4]
884,5]

91

773,7
775,9)

91

676,2|
678,3]

91

588,8]
590,9|

90

511,2
513,6)

90

442,2

280 1
281,6]

56

239,1
240,4f

39

203,2
204,4]

28

173,6
174,5)

2469

181,0]

8,0

12,8
9,1

15,0
11,2

19,1
15,2

22,2
18,4

24,8
21,3

26,8
22,4

27,5
23,7

27,8
24,1

28,0
24,1

25,2
22,1

23,8
20,8

23,0
19,8

22,4
19,3
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TABLE VI (continued)

21

B | E [ H H
Heights Bl g v B |8 ‘ € |2 o
Gkm - 'g | » g & 8| 2|82 g 5 | *
g () g & El £l El 5 3 S g
Sle 2|42 |35 A <2 |d|S |z |a|x|&
T
oo |13 11| 10 30| 8+ [107 | 98 | 96 | 61 | 63 | 12 | 22 |e25
13 P | 1484] 1488 1494] 153,3] 1593 163,7| 16,6 164,4| 160,0 156,8| 153,1] 145,6| 156,0| 182
P | 1486] 148,9] 150,2] 153.8] 158,9] 163,3| 165,3 163,9| 1603 156,7| 152,9| 149,7| 156,0| 16,7
no | 10| 7| 15| 36| 73 |105 | 9 | 93 | 52 | 49 | 10 | 15 |555
n P | 126,3] 130,1] 127,3] 130,7! 137,5| 140,8 143,1| 141,5| 137,2 134,0] 1316 125,9] 133,8] 172
P | 127.2] 1285 1280] 131.6] 136.6| 140,6| 142,1| 1408 137.5 134,2( 130.8) 127.4] 133.8| 14,9
n s | 6| 14 35| 68 100 | 88 | 8 | 47 | 35 | s | 11 |507
15 P | 1061 1107 1076 110,7] 117,1] 120,3] 122,2) 120,5] 16,5 114,9] 111,5( 106,0[ 113,7] 16,2
P | 1072 10858 1092 1115 116,3] 120,0 121,3 119,9| 117,1] 114,5| 111,0| 107,4| 113,7] 141
n 3 4| 14| 30| 63 | 95 | 8 | 83 | 35 | 25 | 7| 6 |449
16 P | 883 965 912 940 9951023 1041 1023 98,8 96,2 924 91,8 965 158
| '» | o172 31| 932 948 o8| 1021 1032 1019 99,0 959 932 o11| 965 121
n 3| 9| 23| 36| 69 | 55| 51| 20 | 13 | 3| 4 |286
17 P 81,3 779 805 858 882 896 88,1 847 828 80,3 79,5
P 794| 81,2 851 87,9 889 87,6 851 827 807
n 3| 5| 16| 32| 60 | 48 | 40 | 15 | 7| 1| 2 |22
18 P 687 665 69,5 745 764 776 762 12,5 71,7 68,0 69,5
P 679 701 737 765 779 76| 732 710 693
In 3| 4| 12| 25| 44 | 41| 20| 12| 4 174
19 P 573| 570 600 641| 658 667 659 618 610
P 57,8 60,3 63,5 656 66,3 651 626
n 1) 10| 20 | 40 32| 22| 3| 2 130
20 P 48,0 512 552 567 579 574 550 515
P 514 546 566 575 569, 547
n 3 17| 2| 24| 17| 2| 1 %
21 P 433 48,1 489 49,6 492 455 43,0
P 4,1) 489 493 484 458
n 1] 19| 2| 10 62
2 P 37,00 410 418 423 420
P 402 47| 421
n I A A 2%
2 P 31,00 348 367 367 356
>
n 1| 5| 5| s 16
23 P 31,00 30,6 306 298
>
n 1] 1| o1 3
25 P | 26,0 26,0] 25,0
P
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TABLE VII
Heights (gkm) 2 4 6 8 10 12 14 16
Summer Tromss 7882 | 6073 | 4625 | 347.1 | 2572 | 1904 | 1412 | 1024
(Ju, Ju, Au) Goteborg | 790.6 | 6114 | 467.2 | 3513 | 2505 | 1906 | 1306 | 103.1
Winter Tromss 7749 | 5805 | 4422 | 3263 | 2301 | 1730 | 1277 o1.8
(De, Ja, Fe) Goteborg 781.7 595.9 447.5 331.2 241.0 174.0 125.7 91.6
Corresponding values of meridional pressure gradients (mb/degree of lat.)
Summer . 020 | 034 | 040 | 035 019 | 002 [ —013 0.06
Winter . . 0.57 054 | 044 | 040 016 | 008 | —0.17 [—0.02
Corresponding values of zonal wind speed (m/s)
Summer . 14 2.9 4.3 4.5 32 05 | —41 25
Wanter . . 36 44 46 5.2 2.9 21 | —54 | —09
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TABLE VIII
Mean monthly and annual humidities.

(n) No. of observations.
(U) Relative humidity (per cent)

(S) Specific humidity (grams per kilogram)
(8) Smoothed values of S

Heights
Gkm

November
December
Year
Range

January
February
March
April

May

June

July
August
September
October

92 | 83 | 73 | 74 | 120 | 120 | 116 | 123 | 104 | 123 | 87 | 91 (1206
81,6] 79,3| 81,6/ 79,8 80,0/ 88,4 91,0 87,3| 79,8 79,4 822 825 11,5
221 2,56 2,34] 2,40\ 3,43| 4,87 6,63 6,12| 4,93 3,72 3,07| 2,74 3,75| 442
2,43) 242 2,41 2,64| 3,53| 4,95 6,06/ 595 4,93 3,86 3,15/ 2,69 3,75 3,65
91 83 73 74 | 120 | 118 | 114 | 122 | 104 | 123 86 89 |1197
79,5 82,8 81,0/ 828 80,8 78,6/ 869 87,8 860 81,5 81,6/ 81,2 82,5 92
2,39 2,60 2,36| 2,44 3,39| 4,71| 6,87| 6,22] 5,12 3,79 3,12| 2,77| 3,82 4,51
2,54 2,49 2,44| 2,66 3,48 4,92/ 6,17 6,11 5,06 3,96 3,20 2,76 3,82 3,73
o1 83 | 73 | 74 | 120 | 118 | 114 | 122 | 104 | 123 | 86 | 88 [1196
80,3 | 83,2 | 81,1 | 83,1 | 81,8 | 79,2 | 84,9 | 86,1 | 85,4 | 82,4 | 82,5 | 82,6 | 82,7 | 69
2,23 2,25 2,020 2,12|° 3,03] 4,24 6,27, 531| 4,37| 3,28 2,73| 245 3,36 425
2,29| 2,16| 2,10/ 2,32| 3,10, 4,44 5,52 5,32| 4,33 3,42 280 246 3,36 3,42
9 | 83 | 73 74 | 120 | 118 | 113 | 121 | 103 | 123 | 86 | 87 (1191
76,9 | 81,9 | 80,0 | 83,7 | 81,0 | 77,4 | 81,3 | 80,3 | 80,5 | 82,3 | 78,5 | 80,0 | 80,3 6,8
1,64 1,66 1,50 1,54 225 333 4,85 3,97 3,16 2,52 2,04| 1,74| 2,52 3,35
1,67 1,61) 1,55 1,71 2,34| 3,44| 4,25 3,99 3,20/ 256/ 2,09 1,79] 2,52 2,70
88 83 73 73 (119 (117 | 113 | 121 | 103 | 123 84 87 [1184
72,9 | 79,1 | 77,1 | 81,1 | 77,8 | 74,2 | 76,5 | 76,6 | 75,2 | 76,7 | 76,4 | 76,6 | 76,7 | 6,2
1,06/ 1,20f 1,08 1,09 1,64 255 346 3,00 233 1,85 1,39 1,24 1,82 240
1,14) 1,13} 1,11} 1,22 1,75 2,55 3,12 2,95 2,38) 1,86] 1,47 1,24f 1,82 2,01
87 80 73 73 | 119 | 116 | 113 | 121 | 102 | 123 82 83 1172
68,7 | 73,9 | 73,6 | 76,8 | 74,4 | 70,7 | 72,0 | 69,4 | 70,9 | 72,0 | 73,0 | 73,3 | 72,4 | 81
0,67 0,76‘ 0,71 0,73 1,15| 1,82 2,48 2,04 1,63| 1,31} 0,97 0,83 1,26/ 1,81
0,73 0,720 0,73 0,83| 1,21 1,82] 2,20 2,05 1,65 1,30 1,02/ 0,82 1,26 1,48
82 76 64 64 | 110 | 109 | 109 | 111 9% | 117 80 72 1090
64,2 1 69,0 | 71,2 | 73,0 | 71,9 | 66,4 | 66,7 | 65,9 | 67,2 | 68,8 | 72,3 | 65,6 | 68,5 | 8,8
0,38/ 0,46 042 042 076 1,15| 1,58 1,34‘ 1,09/ 0,85 0,68 0,50 0,80 1,20
0,43| 0,43 043 0,50 0,77} 1,16 1,41| 1,34 1,09 0,87 068 051 080 098
| ! | i

=E:]
o
©
W

0.1

3%

K]

0.5

n nucs s o

Y R=L]

PR X-E]

®




24

HARALD JOHANSEN Geof. Publ.
TABLE IX
Mean monthly and annual potential temperatures and potential equivalent
temperatures.

(n) No. of observations.

(Q) Potential temperature

(Qe) Potential equivalent temperature.
(9" Q'5) Smoothed values of Q and Qr

Heights
Gkm

January
February
March
April
&)

June
July
August
September
October
November
December

ar

Range

0.5

n 92 | 83 73 90 | 120 | 120 | 116 | 123 | 104 | 123 87 91 [1222

Q L3 40 22 53| 104 191/ 264 24, | 185 123 7,7 56| 11,5

[ 31 29 34 58 11,31 19,3 24,0/ 232 184 127 83 51 11,5
8

Qp 6,0 76/ 53 83| 12,9] 21,2| 30,8 27,7 22,0, 156| 11,5 89| 14,8
3% 71 66 66| 87 138 21,5 27,6 27,3 218 162 11,9 88| 14,8
n 91 83 73 89 120 | 118 | 114 | 122 | 104 | 123 86 88 [1211
Qr 92| 9,3 7,1 98| 14,6/ 24,2) 33,0/ 283 23,1 16,9 13,3| 11,0] 16,6
'E 9,8 8,7 83| 10,3 15,8] 24,00 29,6, 28,2| 229 17,6 13,6 11,1 16,6|

Qe 12,9 12,0 10,8/ 11,6/ 16,7] 26,3| 350 302 239 19,6/ 16,3] 13,8 19,
[ 12,9) 11,9 11,3| 12,7 17,8 26,1 31,6; 29,8 24,4 19,9 16,5 14,2 19,1
n 88 83 73 88 | 119 | 118 | 114 | 121 | 104 | 123 84 86 [1201
[0 16,0| 15,3 14,5 16,1| 20,8 30,3 36,8 33,3 281 233 20,0 17,0( 22,6
(%) 16,1| 15,3 15,1 16,9 22,00 29,6] 34,3 32,9| 28,2 23,7| 20,1| 17,5 22,6
n 87 80 73 88 | 119 | 118 | 114-| 121 | 103 | 123 83 85 [1194
[eS 18,5 18,7) 17,9] 19,9| 24,9 338 387 362 31,3 268 23,6 20,4 259
'E 19,0, 18,5| 19,1] 20,7] 259 32,8/ 369 356 31,4 27,1 23,6 20,7 25,9

O 31,3 21,9 21,1 23,1 28,3 36,5 39,9 389| 34,8 30,3 27,3 244 29,0
53 22,2 21,6 21,8 239 29,1 353 388 381 34,7 30,7| 27,6| 244 29,0

237 243 236 261 30,5 37.8] 41,9 398 358 31,8 301 259 30,9
24,4 240) 244 266 31,2 37,00 404 392/ 358 324 295 264 30,9
89 | 78 | 66 | 89 | 110 | 119 |114 | 120 | 101 | 123 | 86 | 84 [1177

279 27,8 284| 31,5 344 41,5 455 432 396 363 337 300 350
284 28,00 290/ 31,5 355 407 439 429 37,7 365 334 304| 350

32,6] 332 342 358 410 456 49,0 469 438 40,6 384 353 397
33,4 333 344] 367 409 453 476 467 4338 409 382 354 397
56 | 76 |103 | 115 | 110 | 115 | 97 | 117 | 69 | 68 [1058

391 40,5 42,4 44,8/ 50,2 51,5 53,0 51.4| 49,3 46,5 448 428 464
404/ 40,6 42,5 456 49,20 516 522 513| 49,1 468 44,7 424| 464
58 | 42 | 42 | 63 101 | 113 | 108 | 113 | 92 | 107 | 60 | 56 | 955

48,6 52,1| 56,5 59,0/ 63,3 61,7 59,8 391 588 57,00 544 538 57,0
50,8 52,3 56,0 594 61,8 61,6 60,1 592 584 568 549 526 57,0
27 | 26 | 30 | 48 | 96 |11z | 106 | 100 | 81 | 87 | 41 | 38 [ 801

641 69,2 73,7 733 80,3 77,3 73,00 735 720 727 683| 692 724
66,6 69,0 725 751 77,81 77,00 767 730 726 714 696 677 72,4

QOBQOIQUL QO IRV PQOR
<
]
w
N

25,1
21,1

255
21,0

259
21,3

24,2
20,3

22,3
19,2

20,8
184

18,8
17,2

183
16,4

17,7
15,9

16,4
14,3

13,9
11,8

14,7
11,1

16,2
11,2
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TABLE IX (continued)

25

B B B
Heights E EE P a {é H -g a .
Gkm & g B N 2 Y 21 2 g
AR AR NS AR AR AR AR AR AR

n 14 | 18 | 22 | 40 | 93 [109 |100 | 100 | 73 | 71 | 23 | 29 [e92

12 Q 80,9 859 93,1 894 97,6/ 955 904 91,8 887 885 854 844 89,3 167
Q| 830 864 904 924 950 947 92,0/ 90,7 89,4 87,8 859 838 893 120
n 14| 11| 19 | 30 | 84 [107 | 98 | 97 | 61 | 63 | 14 | 23 [630

13 Q | 989]102,5) 109,8 103,6| 114,3| 112,8) 109,3 109,7| 106,5| 104,01 99,8/ 100,3[ 105,8 13,9
Q' | 100,1| 103,4| 106,4| 107,8| 111,2| 112,3| 110,3| 108,8| 106,7| 103,6| 101,0| 99,8 105,8' 12,5
n 10| 7| 15| 36 | 73 [105 | 90 | 93 | 52 | 48 | 11 | 15 [555

14 Q | 116,1| 119,9) 129,3| 124,7| 133,7| 130,6| 128,3] 127,6| 122,8 120,8| 119,0| 120,7| 124,5 17,6
Q@ | 118,2| 121,3 125,8] 128,1 130,7| 130,8| 128,7] 126,6| 123,5| 120,9| 119,9| 119, 124,5| 12,6
n 8| 6| 14| 35| 69 |100 | 88 | 87 | 47 | 35 | 8 | 10 | 507

15 Q | 133,0] 144,0) 148,1] 144,6| 151,5| 149,4| 147,2| 147,1| 144,7 138,5| 136,0| 139,3( 143,7] 176
Q| 137,8] 142,5( 146,2) 147,2( 149,2| 149,2| 147,7| 146,5| 143,8| 130,4| 137,5] 137,1| 143,7| 12,1
n 3| 4] 14 30| 63| 94| 84| 82| 38| 25| 7| 7|45

16 Q 11550( 156,8| 167,2 164,8) 171,5 169,1| 167,2| 167,4| 164,9] 157,2| 154,1| 158,1( 162,8| 17,4
Q| 156,2( 158,9| 164,0 167,1| 169,2| 169,2| 167,7| 166,7| 163,6] 158,4| 155,9| 156,3( 162,8 13,0
n 4| 8 23| 35| 69| 55| 53| 20| 13| 5| 4|28

17 g 176,0 191,6| 184,4| 191,2| 189,5 188,6( 187,0| 184,7| 179,1| 172,2| 176,0
n 31 51 16|32 | 61|48 | 41 | 15| 7| 1| 2|23

18 Q 208,7| 212,4| 206,8] 211,0| 209,7 210,0( 207,2| 205,6| 196,3 182,0| 204,5
o
n 3| 3| 12| 25| 44| 41| 20| 11| 4 172

19 Q 228,7) 229,7| 232,4{ 232,9| 231,1) 232,0| 228,4| 226,0| 210,3
o ;
n 110 2 | 40 | 32| 24| 3| 2 132

20 2 254,0) 258,1{ 255,8 254,3| 255,0) 251,1| 245,0| 231,5
o
n 3017 | 32| 24| 17| 2| 1 %

21 Q 276,7| 278,5| 277,5 277,3| 271,2] 268,5 260,0
o
n 1] 1| 19 2t 10 62

22 Q 300,0[ 307,0| 304,3| 305,3| 297,7
o
n 1| 4| 6| 7| 7 25

23 0 331,0( 337,5 336,5| 331,6| 325,3
o
n 1 5| s 11

24 Q 361,0 361,0[ 355,0)
o
n 1] 1 2

25 Q 394,0| 382,0,
Q
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TABLE X
Mean differences between the afternoon and the morning soundings.
(n) No. of observations.
(AR) Differences of the relative humidities.

(As) » » » specific »
Spring Summer Autumn Winter
Heights |
Gkm 1 | i
n | 4R 45 | n AR 45 | n AR 45 | AR AS
o1 | 87| —72| o027 92| —113| 052 143| —48| 013| 85 22| 0,06
05| 8| —64| 00| 8 | —75| 022|143 —51| —010| 8| — 04 001
1| 86| —53| —015| 8| —62! 006 142 —37| —010] 85| — 04| —0,02
2| 8| —54| —010| 8 | —42| —004| 141 — 10| 005| 85 04| 0,00
3| 85| —37| —001| 8| —07| 017 140 12| o014 85 0,0 | —0,02
4| 8| —55| —001 | 82 11| 016|139 | — 11| 010 84 02| —0,03
5 | 8| —38| —002| 8 | —14| 000|139 —23| 000| 84| — 03| —0,02
TABLE X1

Mean differences between the afternoon and the morning soundings.
(n) No. of observations.
(AT) Differences of the temperatures.

(AQe) » » » potential equivalent temperatures ( 0—5 gkm).
(A4Q) » » o » temperatures (above 5 gkms).
Spring Summer Autumn - Winter
Heights )
GEm AQx AQe AQx AQx:
n AT 10 n AT 40 n AT 4o n AT 40

0.1 88 2.6 2.8 92 3.5 4.8 | 144 1.6 + 1.8 85 00| —02

0.5 88 1.8 1.7 92 1.7 2.5 | 144 0.7 + 07 85 00| — 02
1 88 0.5 0.2 92 1.0 1.2 | 144 0.5 + 0.3 8| — 02| — 03
2 88 0.4 0.1 92 0.6 + 04 | 144 0.4 + 0.5 85 00| — 06
3 88 0.4 0.1 92 0.9 + 1.2 | 144 0.3 + 0.7 85 00 0.0
4 | 88 07 03] 92 10| + 11| 144 03| +06| 8| —03| —o0a
5 88 0.6 0.1 92 0.9 + 1.6 | 144 0.7 + 0.5 84 0.1 — 0.2
6 85 0.8 0.7 88 14 1.1 | 138 0.6 0.5 80 0.1 0.1
7 77 0.8 0.8 85 1.6 1.6 | 135 0.8 0.7 76 02| — 0.1
8 71 1.1 15 79 1.4 14| 130 0.4 0.0 71 0.5 04
9 63 1.3 1.4 75 1.4 1.1 122 01| — 05 48 0.7 0.7

10 41 0.9 0.0 72 1.0 0.8 | 105 0.1 0.0 25 0.6 1.5

11 28 0.6 0.4 64 11 0.7 66 | — 0.3 0.1 5 3.7 5.2

12 | 2 038 02| 56 07 06| 56 02 03

13 19 0.8 0.0 50 0.8 0.8 44 13 14

14 10 0.8 04 42 1.1 0.8 31 14 1.2

15 7| — 05 0.1 40 0.9 0.1 25 1.3 0.7

16 7, —02| —1.0 36 1.3 07 17 2.0 1.5

17 1 21 3.0 2 15| — 20 5 1.0 23

18 1 04 — 20 3 3.1 4.6

19 1 08| — 3.0 1 3.0 4.0

20 1 10 — 30
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TABLE XII
Tromsy i en
Heights a ] Spitsberg
G km |
n AT, C n | AT,C
0 92 3.5 9 11
1 92 1.0 9 —0.9
2 92 0.6 9 —0.2
3 92 0.9 9 0.8
4 92 1.0 9 0.6
5 92 0.9 9 0.9
6 88 1.4 9 1.2
7 85 1.6 9 21
8 79 1.4 9 2.2
9 75 14 9 0.7
10 72 1.0 9 1.2
11 64 11 9 0.5
12 56 0.7 9 1.2
13 50 0.8 9 14
14 52 1.1 9 1.6
15 40 0.9 8 1.7
16 36 13 8 2.0
17 2 15 8 25
18 1 (0.4) 7 24
19 1 (08 5 2.9
20 1 (L0) 3 3.2
[
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