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ABSTRACT. Windchill, a measure of cooling power of atmosphere for amy given condition of
temperature and wind, has been calculated for the mountain station Leh, situated in the Himalayan
mountain range located at an altitude of 3514 m above mean sea leve] at Lat. 34 deg. 09 and
Long. 77 deg. 34’. Based on this an equivalent temperature; which would be felt on exposed human
body in a 5 kmph wind —the amount of wventilation in an otherwise calm condition, has been
calculated. The daily data for eleven year period of 1958 to 1968 (collected by India Met Dep) were
taken and calculations have been done for maximum and minimum temperature epochs. The following

conclusions have been arrived at:

(1) Windchill is more frequent in maximum temperature epoch with highest frequency in

October.

(2) Windchill is less frequent in minimum temperature epoch with least frequency in Jannary.
(3) Magnitude of windchill is greater in the minimum temperature epoch.
(4) Wind and temperature are independent so that there is no tendency to increase windchill

on coldest month or on the coldest day.

(5) Maximum windchill was found to be 14 deg. C.
(6) In the annual variation, the coldest windchill periods are controlled by wind and the least

windchill period by temperature.

1. Introduction

Windchill is an important aspect of Biometeoro-
logy. It is known that temperature alone would
not indicate as to how cold one might feel and many
other environmental factors are involved. Parti-
cularly important with regard to this aspect is the
wind factor which influences the human body by
altering its heat-transfer to environment and also its
rate of evaporative cooling. A measure of the

cooling power of the atmosphere for any given
temperature and wind conditions was given by
Siple and Passel (1945) after a number of experi-
ments. Therelation given by themis :

K=(10.45+ 10y —v) (33 —T,) (1)

where, Kis the cooling power (kilocal m—2 hr—1), v
is the wind speed (m sec—') and T, is the ambient
air temperature (°C) under conditions of calm

(189)
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wind, average outgoing radiation and convection.
Based on the above relation, an equivalent tem-
perature is defined, called the windchill equivalent
temperature, which would be felt on exposed
flesh in a 3 mph wind — the amount of ventilation
one might experience in walking in an otherwise
calm condition (Falconer 1968). The idea of
windchill in determining the feasibility of outdoor
activity has been widely used (Steadman 1971).
The windchill “equivalent temperature (7,), as
defined above can be shown to be :

T, = 33 — (33—T,,) (10-45-10/y — v)/20.69 (2)

where T, is the ambient air temperature and v is
wind speed as above, (T,—T,) is the quantity o.
windchill and is the correction required to be
applied to T, to get T.. Since wind speeds are
generally reported in kmph, the relation for
T,—T, becomes :

T—T,=(33—T,)(.495—.255,/v+.0134v)  (3)

The factor (.495—.255,/v+.0134y) in this
equation is negative for range of speed
4.8 <v <283 km/hr. Wind speeds in excess of
283 km/hr are rare and, for practical purposes, wind
speeds in excess of 5 km/hr can be taken to cause
feeling of chilliness, when environmental tempera-
ture is less than skin temperature.

In the following, this quantity of windchill is
examined for Leh (34° 09 N, 77° 34E), a
station in the Himalayan mountain range located at
an altitude of 3,514 metres a.m.s.l, and where even
the climatic mean monthly values fluctuate between
—14.0°C and 10.2°C in minimum temperatures,
—2.8°C and 24.7°C in maximum temperatures
[Climatalogical Tables of observatories in India
(1931-1960), India Met. Dep. 1967].

2. Data

The daily data, collected by India Met. Dep.
from 1958 to 1968 are considered in the analysis.
As seen in the above given values of climatic
normals, even the maximum temperature during day
is quite low in some months. Therefore, the aspect
of windchill (7,—7T,) is examined on daily
minimum and maximum temperatures separately.
The corresponding daily values of average wind
speed during 1730 to 0830 IST are used to obtain
tgge windchill on minimum temperature (7.—
Tmin from Eqn. 3) and that during 0830 to 1730
IST to obtain the windchill on maximum tempera-
ture (T,—7Tmas). These values are used since (V)
there are no continuous recording instruments and,
therefore, instantaneous wind speeds are not
available for the epochs of minimum and maximum
temperatures, and (if) the instantaneous wind
speeds available for 0830 and 1730 IST report more
often calm wind.

The separate analysis on maximum and minimum
temperatures rather on the daily mean temperature
would provide some information on the diurnal
variation of windchill. Such an analysis would also

largely reduce the possibility of underestimating
the occurrence of windchill which arises in the use
of mean monthly or mean of 24-hourly values
(Smithsonand Baldwin 1978; Mumford 1979).

3. Percentage of days with windchill

From the above definition of equivalent tempera-
ture, cooling would be experienced for wind speeds
above 3 mph (approx. 5 kmph) and for speeds below
this value there would be a heating. Since there is no
evidence to confirm such heating at the lower
wind speeds (Steadman 1971). T.—T, is cal-
culated only for days when the average wind
speed of the period exceeded the above limit, i.e.,
when the windchill is experienced. The percentage
number of such days (wind speed >5 kmph) in
each month, based on the data of 1958 to 1968, is
given in Table 1. It may be seen that the lowest
value is 36.1 per cent, which occurs during 1930
to 0830 IST in January. This indicates that in any
month at least 36 per cent of days experience
windchill. The highest value of 92.2 per cent is
seen during 0830 to 17301IST in October, indicating
that in this month more than on 90 per cent of days
windchill is experienced. It may also be seen from
the table that in any month excepting in August,
windchill is experienced on more number of days
during 0830 to 1730 IST than during 1730 to 0830
IST, whichis relatively a chillier period of the day.
Also, the number of days of windchill are relatively
less in winter months. These features indicate that
while windchill is experienced quite frequently, it is
not aggravated by being more frequent during
either the coldest period of the day or during the
coldest months of the year.

4. Distribution of windchill

Considering only the days when windchill is
experienced, i.e., the days when wind speed exceeds
5 kmph, the corresponding windchill values on
minimum and maximum temperature epochs are
classified in intervals of 0.5° C, the percentage
frequencies of occurrence in each of these classes
are computed. These values are given in Table 2
and Table 3 for minimum and maximum tempera-
tures respectively. Cumulative frequencies are
also given for each class in the table to show the
percentage number of days during which windchill
exceeds the lower limit of each class interval,

(@) Windchill on minimum temperature

It may be seen from Table 2 that, during January
the windchill at the time of minimum temperature
is colder than —8.0° C on 0.9 per cent on the
total windchill days, colder than —5.0°C on
1.8 percent of days, than —4.5°C on 2.7 percent
of days etc. The windchill on  46.3 per cent of
days is colder than —I1.5°C. In February,
66.9 per cent of days experience windchill of this
order : in March —76.3 per cent; in April
—79.7 percentandsoon,
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TABLE 1
Percentage of days with windchill during 1730-0830 and 0830-17301IST

Percentage number of days
.

Duration ¢ )
(IST) Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec
1730-0830 26.1 51.0 66.8 77.7 76.2 74.6 64.7 78.1 61.6 64.8 68.1 45.0
0830-1730 40.1 54.5 81.7 87.2 87.3 84.4 73.2 72.3 76.3 92.2 84.0 54.0

In each month, the values of windchill which are
exceeded (colder) on 50 per cent and 25 per cent of
the days are respectively indicated by fulland dotted
underlines below the frequencies of the respective
classes. These are respectively the median and the
upper-quartile classes. Thus, considering the values
shown by the full underlines, it may be seen that on
50 per cent of the days the windchill at the time of
minimum temperature is only slightly colder than
0°C in January, but it is colder than — 2.0°C
in February, than —3.0°C in March ete.
Similarly on 25 per cent of the days (dotted
underlined values) the windchill on minimum
temperatures iscolder than —2.0°C in January,
than —3.0°C in February, than —4.5°C
in March etc. Thus, both the 50 per cent and 25
per cent values suggest that windchill is frequently
very cold during March. However, during the data
period the coldest windchill values (less than
—14°C) is seen in December. In general, the
values presented in the table suggest, two maxima
in the distribution of very cold windchill values,
one during March and the other during December.

(b) Windchill on maximum temperature

The frequency distribution of windchill on
maximum temperature, presented in Table 3
show the following features : (i) Considering
the lower limit values of windchill in the median
class, these wvalues are respectively 0.0°C for

January, —1.5°C in  February, —2.0°C
in March, —2.5°C in April etc...., being
—1.0°C in December. Comparing with the

corresponding values for minimum temperature,
it may be observed that, excepting in the months of
January, April, May and November when the
median class is same for both the temperatures,
the median value of windchill is not as cold as that
on the minimum temerpature. In the case of the
25 per cent frequency class, in all the months the
windchill on maximum temperature is less than that
on minimum temeperature. (i) The coldest
value of windchill observed is experienced in
the months of January and March, and not in
December as on minimum temperature. This value
is between—12.0& —12.5°C, whereas the coldest
value observed on minimum temperature is
between —14.0 & —14.5°C and occurred in
December. (iii) While the annual variation in the
occurrence of very cold values at the epoch of
minimum temperature showed a double maxima,

one in March and another in December, this
features is not prominent in the case of maximum
temperature. Here, the maxima occurred in the
months of January and March and during March,
frequencies are seen continuously up to the—12.0to
—12.5°C class.

5. Windchill equivalent temperatures

While the frequencies presented in Tables 2 and
3 give important information on the temporal
variation of windchill and the extremes experienced,
the mean values of windchill and the windchill
equivalent temperature in comparison with the
mean monthly temperature would give a generalised
picture of the phenomenon. This information is
presented in Fig. 1. The thin line represents the
mean temperature (either minimum or maximum
as is the case) of all the days in the month. The
thin dashed line represent the mean temperature of
only those days when windchill is experienced
(wind speed 5 kmph), before correcting for the wind-
chill and the solid line after correcting for the wind-
chill. This curve represents the variation of the
windchill equivalent temperature. In the bottom the
mean variation of windchill itself, (Z,—Tmin)
and (T,—Tm,x) are shown.

It may be observed that both the thin lines (full
and dashed) are nearly indentical indicating that
there is no difference in any month in the mean
air temperature of only those days when windchill
occurs from the mean of all days. In other words,
temperature and wind speed seem to be relatively
indpendent of each other and there is no tendency
for wind speeds to be high either only on warm
days or only on cold days. The mean equivalent,
temperature (thick solid line) follows the same
pattern as the uncorrected mean temperature,
which shows that the effect of windchill, in the
mean, is not large enough to alter the natural annual
variation. The thick solid curves of windchill
presented below show an annual variation between
—1.2 and —2.8°C in the case of minimum
temperature and between —0.6 and —2.5°C in
the case of maximum temperature. Both show a
double maxima (coldest values), one in March to
April and the other in the month of November.
The windchill effect is least in the month of August
with second minima in December and January.
It may be noted that the variation in both the fre-
quency distribution and mean values show the
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Fig. 1. Windchill (°C) and max. temp. (°C) during Jan-Dec

occurrence of maximum windchill in the month
of March. The occurrence of secondary maximum is
shown in mean values in November, while the
extreme values of the frequency distributions show
it in December in minimum temperature and in
January in maximum temperature.

6. Discussion

It was mentioned in the beginning that the
climatic monthly mean of maximum temperature
has an annual variation below 24.7° C. The mean
value of the data period in this analysis also shows a
similar value (see Fig. 1). Thus, the temperatures
experienced at Leh are below 33°C, which is
considered as the skin temperature, and the
temperature factor (33—7,) is always positive in
Eqn. 3. In this analysis, only the values of wind
speed exceeding 5 kmph are considered and, there-
fore, the sign of the wind factor, (.495—.255\/v-
.0134 v), is always negative for v <283 kmph.
Thus, as signs of both the factors remain constant,
variation in windchill is only in the magnitude of
these two factors.

It is seen that the frequency of days with wind
speed inexcess of 5 kmph are moreduring theepoch
of maximum temperature than during that of mini-
mum temperature, But, it is seen from either the

median values in Tables 2 and 3 or the mean values
in Fig. 1, windchill is more at the epoch of mini-
mum temperature. From this it may be inferred
that, since (33—Tmin) would be larger than
(33—T.,.s), the temperature factor exercises
more control for the relatively colder windchill on
minimum temperature.

Again, in the case of annual variation it may be
seen from Fig. 1, the windchill on both minimum
and maximum temperatures is least in the month of
August. Maximum temperature reaches its highest
value in this month. The minimum temperature
reaches its highest value in July but the August
value is not very different from it. Thus, the occur-
rence of least windchillin this month is again control-
led by the temperature factor.,

However, it may be seen in Fig, 1 that, the
occurrence of coldest windchill values in the month
of March and April and again in November cannot
be explained by the annual variation of tem perature,
which is lowest in January. It may be seen in Table 1,
days of wind speed reaching 5 kmph are generally
more in the months April, August and November
during 1730 to 0830 IST and in the months of April
to May and October to November during 0830 to
1730 IST. Thus, the occurrence of largest windchill
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TABLE 2

Windchill on minimum temperature and percentage number of days (Figures in brackets are cumulated percentages. Values
of 50% and 25% frequency classes are shown by full and dotted underlines)

Range* of Percentage numbet of days

windchill . £hs \

(in °C) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

~Ve values

0.0-0.5 53,7 33.1 227 19.1 20.8 20.2 18.6 26.1 25.9 31.3 35.6 32.5
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)

0.5-1.0 — — — — —- 1.0 9.0 3.4 — — s -

(79.8) (81.4) (73.9)
1.0-1.5 — — — 1.2 17.2 25.4 24.1 41.5 39.5 1:1 — —
(80.9) (79.2) (78.8) (72.4) (70.5) (74.1) (68.7)
1.5-2.0 2.7 8.1 17.6 15.5 7.0 5.2 15.6. 12.8 4.9 26,7 21.4 3.0

46.3) (66.9) (78.3) (19.7) (62.0) (53.4) (48.3) (29.0) (34.6) (67.6) (64.4) (67.5)

2.0-2.5 6.4 3.1 53 08 67 11.9 146 7.3 185 0.6 7.3 19.7
(43.6) (58.8) (58.7) (64.2) (55.0) (48.2) (32.7) (16.2) (29.7) (40.9) (43.0) (64.5)

----------------

2.5-3.0 78 1.5 2.6 139 141 10.9 106 5.1 : y 0.9
(17.2) (28.7) (53.4) (63.4) (48.3) (36.3) (18.1) (8.9 (11.2) (40.3) (35.7)

3.0-3.5 — 37 145 108 75 713 50 30 1.2 18 i -
@2 (50.8) @5 (42 @ (0.5 G 6.9 (30.13 (3{41.8{3
3.5-4.0 45 59 62 88 82 41 1.0 — 1.9 3.4
(15.9) (3.5 (36.3) (28.7) (6.7 @18.1) (2.5 “.3) (11.9) (239.'0? (4{15.'81;
4.0-4.5 82 44 44 103 7.8 52 03 04 @ — 0
109 (7.6 (0. 9.9 (83 (14.0 (1.5 (.8) (;, 5) (132_‘4; (2192.;53
4.5-5.0 09 29 1.9 68 20 26 05 04 1.2 1.
@7 (3.2 @5.7) (9.6 0.7 68 1.9 0.8 @4 (4.57) (1(;‘.'75 (152_'-3
5.0-5.5 09 1.5 35 3.6 21 5.2 s — 0.6
(1.8) (10.3) (13.8) (12.8) (5.7 (6.2) a2 (12-_%) (16-_‘;) (138'-7?3
5.5-6.0 — 37 13 24 08 05 Y I
6.8 (10.3) 9.2) (5.6) (1.0) @) 6.9
6.0-6.5 — 0.7 3.5 2.4 1.6 — 0.5 0.6 = e 1.5
G.1) (9.0 (6.8) (4.8 0.5) 0.6) 3.5
6.5-7.0 - 22 35 12 42 - _
4.4 (6.5 @49 @2 . (20-4?5
7.0-7.5 — — 04 16 16 05 1.1
2.0 ¢G.2 @0 (.5 (1.7 T o
7.5-8.0 —  — 04 04 04 - 1
(1.6)  (1.6) (0.4) an
8.0-8.5 09 1.5 04 0.4 06
09 @2 1.2 1.2 0
8.5-9.0 0.7 0.4 0.5
0.7 (0.3 ah =
9.09.5 — 04
0.8) i
9.5-10.0 - .0
10.0-10.5 — 04
0.9 "} =

*Each range is inclusive of the upper limit value, but not the lower limit,
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TABLE 2 (contd)

Range* of Percentage number of days
windohill A

(in °C) Apr May Jun  Jul Aug

10.5-11.0
11.0-11.5
11.5-12.0

seese
saes

14.0-14.5

*Each range is inclusive of upper limit value but not the lower limit

TABLE 3

Windchill on maximum temperature and percentage number of days (Figures in brackets are cumula

¢ r i ted percentages.
Values of 50 and 25/ frequency classes are shown by full and dotted underlines)

Percentage number of days
*Range of - T

windchill Jan Feb Mar Apr May Jun Jul
C)

Aug

—ve values

0.0-0.5 541 245 13,5 6.7 6.8 19.7 53.9 . 8.3 I8.3 42.8
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) .

(100.0) (100.0) (100.00)

0.5-1.0 08 7.8 9.0 21.1 26.2 25,6 26,7 2.3
(86.5) (93.3) (93.2) (80.3) (46.1) 2) (81.7) 81.7)

1.0-1.5 237 158 5.7 119 217 1 A 18.6  27.6
(75.5) (85.7) (85.5) (84.2) (59.2) (19.9) 6 (5.0 (1.9

1.5-2.0 1.9 6.2 11.7 144  11.7 : . ! 142 8.2
(51.8) (69.9) (79.8) (72.3) (37.5) . 5 .5) (36.4) (51.8)

5 10.4 15.9 15.5 17.3 : : 0.5 . 8.9 19.8
342 (39.9) (63.7) (68.1) (57.9) 4 <8 2, . (22.2) (43.6)

2.5-3.0 1.1 13.6 128  10.4 ; 1.5 6.5 8.2
' (52.6) (40.6) . (3.0) (13.3) (23.8)

4 112 117 10.4 g ; 1.0 1.6 6.7
3.0-3.5 (34.2) (39.8) (30.2) p 5) (1.5 (6.8) (15.6)

RN saewen

*Each range is inclusive of the upper limit value, but not the lower limit.
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TABLE 3 (contd)

Range* of Percentage number of days
windchil! P A :
(in °C) Jan  Feb Mar  Apr  May Jun  Jul Aug Sep Oct Nov Dec
3.54.0 4.6 3.0 5.4 9.6 9.0 2.3 0.5 2.4 4.1 4.5
(10.9) (14.0) (23.0) (.2.8..‘1.) (19.8) (2.3) (0.5) (5.2) (8.9) (10.8)
4.0-4.5 0.9 3.7 6.2 8.5 3.2 0.4 0.7 0.8
(6.3) (11.0) (17.6) (18.5) (10.8) (2.8 4.8 (6.3
4.5-5.0 - 1.5 1.9 2.8 4.3 0.8 1:5 —
(7.3) (11.4) (10.0) (7.6 2.4) @1
5.0-5.5 ez = 31 1.8 14 0.4 ;
9.5 (7.2) @3.3) (1.6) (50. 58)
5.5-6.0 09 07 1.6 1.1 1.8 0.4 0.7 08
G.4 (5.8) (6.4 (5.4 (2.2 1.2y (.60 @1
6.0-6.5 09 22 1.2 14 04 = 04 0.8
4.5 (5.1) 4.3 4.3 (0.9 1.9 (3.9
6.5-7.0 — 1.5 04 0.7 — Bl 08
2.99 (3.6) (2.9 (1.5) @.1n
7.0-7.5 0.9 0.7 0.4 1.1 0.4 1.1 5
3.6) (1.9 (3.2) (2.2 0.8) (1.1 (2]. 3§
7.5-8.0 — — 0.4 0.7 == ol |
(2.8) (1.1)
8.0-8.5 — — —_ — —_ ==
8.5-9.0 1.8 — 0.4 — 0. =
2.7 (2.4) (0.4)
9.0-9.5 — 0.7 04 0.4 (=
0.7 (2.00 (0.4
9.5-10.0 —_ - —
10.0-10.5 — — 0.4 8
(1.6) ((‘)).'3)
10.5-11.0 _ — 0.4
(1.2)
11.0-11.5 — —- 0.4
(0.8)
11.5-12.0 — —
12.0-12.5 0.9 0.4
0.9 (0.4)

*Each range is inclusive of the upper limit value, but not the lower limit

values during the months of March to April and
again in November is seemingly controlled by the
wind factor.

In this study, average wind-speeds during the
periods 1730 to 0830 IST and 0830 to 1730 IST are
used to evaluate windchill effect on the minimum
and maximum temperature epochs respectively. In
the bottom of a valley area at Leh Lakshminaraya-
nan (1979) observes a marked diurnal variation
with strong winds in the afternoon and the first
portion of night. Considering this variation the
magnitude of windchill should be smaller at the
epoch of minimum temperature than those obtained
in the present study and larger at that of maximum
temperature and early night, at such locations.

7. Conclusion

() At Leh, the epoch of maximum temperature
experienced windchill most frequently than the
epoch of minimum temperature. The highest
frequency of days in the case of former is in October
(92 per cent of the days) and in the case of latter it is
in August (78 per cent). Even in January, the month
of least frequency, the value is still high, being
about 36 per cent for the minimum temperature
epoclll1 and 40 per cent for the maximum temperature
epoch.

(#) While the frequency of occurrence of wind-
chill on maximum temperature is higher than on
minimum temperature, the actual magnitudes are
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larger on minimum temperature. The mean
value varies between —0.6 and —2.5 °C in the
case of the minimum temperature. But, in the bottom
ofvalleys, the detailed study on the diurnal variation
of wind speed by Lakshminarayanan (1979) suggests
that colder windchills are likely to be experienced
much earlier to the epoch of minimum temperature,
may beinthe earlynight.

(iii) On individual occasions, windchill can be as
high as —14° C(Table 2) on minimum tempera-
ture and —I12° C on maximum temperature
(Table 3).

(iv) In the annual variation, the coldest windchill
periods are controlled by the wind factor and the

least windchill period by the temperature

factor.
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