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ABSTRACT. A study has been conducted 10 assess day-1o-day changes. departure and persistence of
minimum temperature and the frequency of cold wave and severe cold wave over Gangtok for five winter
months. /.o, November-March for the years 1969 10 1992, Regression models have also been formulated to
farccast minimum temperature with the knowledge ol dew point. clond amount. maximum temperature and
minimum temperature recorded on previous day. In case of changes. “little change” and ‘no change” constitute
about fowr-lilth of wtal changes. The cases of ‘nearly normal” were found maximum when depanure of
minimum temperature from normal was considered. Frequency of cold wave and severe cold wave has been
recorded more in January and February respectively. It has been observed that there is a gradual (all in the
percentage frequency with the increase in the magnitude of variation. Regression model gives good results

from November to February.
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1. Introduction

Gangtok is the main hill station of Sikkim
which has become a major centre ol tourist
activities in recent years. Hazards of low tempera-
ture. like. frost and cold wave are a recurring pro-
blem during winter scason. Hence. forecasting of
minimum temperature during winter months will
he of immense henefit to the public. farming com-
munity and tourism industry. in particular. When
the departure of minimum temperature is 3°C to
4°C below normal. situation is described as cold
wave and when departure is 5°C or more below
normal. it hecomes a severe cold wave as normal
minimum temperature of station remains almost
below 10°C.

Narasimhan and Ramdas (1937) investigated
the possibility of predicting minimum temperature
by statistical methods using maximum tempera-
ture and vapour pressure recorded on the previous
afternoon.

* Present afliliation : Regional Meteorological Centre, New Delhi.
r

9—3800 IMD/94.

(63)

Raghavan (1967). Subbaramayya and Surya
Rao (1976) studied in detail the occurrence of heat
and cold wave that prevailed over Indian sub-
conlinent.

The best way to improve the accuracy of local
forecast is to study the behaviour of changes in
minimum temperature over the station. Further.
an attempt has been made to forecast minimum
temperature over Gangtok with the knowledge of
dew point. cloud amount. minimum temperature
and maximum temperature recorded on previous
day using statistical technique.

2. Material and methods

Daily minimum temperature data of Gangtok
from 1969 to 1992 for the months of November.
December. January. February and March have
been considered for the present study. Changes in
the minimum temperature were calculated with
respect to previous days value and classified
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TABLE 1

Percentage variation of changes of minimum temperature vnder differemt magnitude scales

No Little Fall Appreciable  Marked Rise Appreciable Marked
Manth change change 1all fall rise rise
(h (=1 =2 (=310 =4) (=5 10 —6) (+2) (+3 10 +4) (+5 to +6)
November 38R 4R 3 34 20 0.0 49 04 0.0
December 36.1 316 4.6 1.5 0.3 50 0.7 0.2
January 129 4u.4 61 2 0.0 79 14 0.0
February 335 449 R.7 240 0.3 8.1 23 0.0
Muarch 286 473 3 43 0o 97 45 03
TABLE 2
Percentage number of eascs of departure of minimum iemperature of varving steps over Gangtok
No Nearly Below Appreciably - Markedly Above Appreciably  Markedly
Maonth change normal Normal helaw below normal above abave
nornul normal normal normal
(t (- (=2} (=31 =4 (=310 —6) (+2) (=310 +4 (+5 10 +6)
November 213 418 9.4 14.3 34 6.2 38 0.0
December 200 417 11.2 182 13 34 13 0.0
January 0.7 373 9.7 IN3 1.9 70 4.1 10
February 16.7 3510 13.9 13.3 i3 39 81 03
March 18.4 68 9.3 KR i 133 10.0 .6

according to their magnitude based on the stan-
dard metcorological convention. Daily departure
of minimum temperature from normal was also
computed as per meteorological convention for
all the winter months of 24 years and the
values for individual months were tabulated in
percentage.

The persistence of a particular phenomenon
for a number of days is another paramecter which
is important from forecasting point of view. The
change in the trend of this parameter has been
classified into three categories. viz.. no change. fall
or risc. Fall includes the cases where next day's
value is lower than previous day by 1°C or more.
The number of days for which one type of change
occurred is counted as unit. The whole data were
analysed for individual days on this principle
and results were classified as percentage number
of continuous days on which minimum tempera-

ture cither does not change or falls or rises
continuously.

The daily data were also analysed to find out
total number of cold wave and severe cold wave
cases in each month as per criteria given by India
Meteorological Department.

Minimum temperature reveals some kind of
persisience. so it can be forccast by statistical
techniques. Linear multiple regression model of
the form has been developed using previous day's
metcorological parameters from 1981 to 1992 as
given below :

Y =a+ b1 X) + baXs + byXz + bgXy (N

The different parameters of the model could be
denoted as.
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TABLE 3

Percentage number of cases of no change, fall and rise that last for one day or more

Number of days

Month
1 2 3 4 5 6 7
No change
November 17.6 33 35 23 06 02 -—
December 214 6.2 29 0.8 —_ — 02
JTanuary 208 6.6 20 04 02 02 —
February 206 74 1.5 13 07 —_ —_
March 204 54 13 04 — 02 —
Fall
November 283 64 14 0.6 — —_— -
December 301 64 13 1.0 - — —
January 275 54 07 035 - - —
February 23R8 76 09 0.2 - - -
March 258 54 1.5 04 — — —
Rise

November 265 332 06 — — - =
December 249 54 04 _ — — _
January 268 78 1.1 — —_ —_ —
February 253 82 19 04 02 — —
March 247 120 13 1.0 02 — -

Y — Forecast minimum temperature,

X7 — Dew point.

X3 — Maximum temperature.

X3 — Minimum temperature,

X4 — Cloud amount,

a — Intercepl.

by. ba. b3. by — Regression coefTicients.

Keeping in view the need of sufficient time for
protective agricultural operations, general regres-
sion model and regression models for individual
months from November to March have been
developed to forecast next day’s minimum tempera-
ture at 0300 UTC of today with the knowledge of
dew point (0300 UTC), cloud amount (0300 UTC).
minimum temperature (0300 UTC) and maximum
temperature (1200 UTC) of previous day. Each
parameter has been given equal weightage. As wind
remains calm most of the times, this parameter has
been omitted from the model. The accuracy of
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forecast minimum temperature was tested for all the
months of twelve years.

3. Geographical position and physical aspects

Severe winter in the hilly terrain of Sikkim.
which is surrounded by high mountainous ranges
all around except in south. is not directly linked
with the eastward passage of western disturbances.
Even the flow of cold winds from mid-latitudes
during the passage of these disturbances is not
cxperienced in the State because of high moun-
lains along its northern and western periphery.
Gangtok (27°20'N. 88°37'E and 1765 m asD) is
situated on the Chola ridge in the southeastern
part of a narrow oblong tract in the southeastern
Ilimalayas and sub-Himalayas. Because of its
peculiar and isolated geographical position. winter
over Gangtok under similar weather condition is
somewhat unique and different from that reported
in other hilly terrains of the Ilimalayan ranges
(Grover 1974). The departure of minimum tem-
perature from normal is mostly due to local
weather condition prevailing over the station and
due to nocturnal cooling under clear sky (Samui
and Gupta 1992),

4. Results and discussion
4.1. Dav-to-day changes of minimum remperanire

The percentage of changes of minimum tem-
perature  over Gangtok for different months
averaged over twenty four years, from 1969 10 1992
are depicted in Table 1. The cases of little change
were found maximum in all the months represent-
ing approximately one-half of total changes. The
highest value was recorded in December (31.6%)
and the lowest one in February (44.9%). On an
average. the cases of no change were found one-
third of total changes in all months representing
maximum value in November (38.8%) and mini-
mum in March (28.6%). The cases of little change
and no change together constituted about four-fifth
of total changes in each month reporting the highest
value in December (87.7%) and the lowest in March
(75.9%). The third place has been occupied by rise in
December. January and March and by fall in
November and February. Fall was found maximum
in February and minimum in December. Rise
gradually increased from November to March.
Apnpreciable rise also followed the same patiern as
that of rise. Appreciable fall was recorded more in
March (4.5%) and less in December (1.5%). Marked
fall and marked rise were found either nil or neglig-
ible in different months.

TABLE 4

Frequencey of cold wave and severe cold wave
at Gangtok (1969-1992)

Maonth Cold wave Severe cold wave

November 84
December

January

February

Mirch

4.2. Departure of minimum temperature

The percentage number of cases of departure of
minimum temperature from normal for different
months are given in Table 2. The cases of nearly
normal were found maximum in all the months
varying from 35.1% to 41.8%. The second place was
occupicd by no change in all the months represent-
ing the highest value in November (21.3%) and the
lowest in February (16.7%). Both nearly normal and
no change decreased from November to February
and increased in March. On an average. appreci-
able below normal and below normal occupied
third and fourth place respectively. There was no
paltern in below normal case but appreciable below
normal increased from November to January and
then started decreasing. Both above normal and
appreciable above normal showed increasing trend
from December to March. The cases of markedly
below normal were found maximum in February
(3.5%) and minimum in January (1.9%). Markedly
above normal was recorded nil in November &
December and negligible in other months. There
were only three instances in 24 years when depar-
ture of minimum temperature was recorded more
than 6°C (=6.5°C. =6.6°C. —6.7°C).

4.3, Continuous trend of same tvpe of variation

Table 3 shows percentage number of con-
tinuous days by which minimum temperature
either does not change or lall or rise continuously.
For all the three types of changes and for all the
five months. the value gradually decreases with
increase in number of days. Changes that persisted
for one day were found in about 72% of the cases.
i.e. about 20% in case of no change and about 26%
cach in fall and rise categories. On an average,
about 20% of the cases were recorded for the
changes lasting for two days. The value was about
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. TABLE §

Models for forecasting minimum temperature

Month Model

SD of forecast minimum temperature

Jan Feb Mar Nov Dec

All five months Y = 1116 + 0.078X;, — 0.027%; + 0.90LX;

January ¥ = 1267 + 0.149%, — 0.044X, + 087LY,

February Y = 1645 — 027X, — 0.043X, + 093RY,
March Y = 2263 + 0.081X, + 0.034Y, + 0.824X,
November Y = 1435 + 0.069X, — 0.056Y. + 0.905X;
December Y = 1250 + 0.075X;, — 0.46%; + 0.908X;

- 0.159X, 1.06 115 1.34 0.86 093
— 0.199%, 1.05

— 0.145%, 113

— 0.174Y, 1.33

~ 0.14GY, (.85

— 0178, 093

Y — Forecast minimum temperature.
X; — Minimum temperature (0300 UTC).

92% when changes lasting for one or two days for

all the months were taken together. The changes
" persisting for one and two days were found more in
fall and risc respectively. The changes that last for
threc and four days showed a higher no change as
compared to rise and [all. Changes persisting for
five days were recorded a few for no change and
rise and nil for fall. There were no cases of rise and
fall for the changes lasting for more than five days.
Hence. the continuous fall of temperature not last-
ing for more than four days may be considered
beneficial for forecasting the changes in mini-
mum temperature.

44. Cold wave and severe cold wave

Frequency of cold wave and severe cold wave
from 1969 to 1992 over Gangtok for November.
Deccember. January. February and March is given
in Table 4. Maximum number of cold wave cases
were recorded in January (134) and minimum in
» March (61). However. severe cold wave cases were
found highest in February and lowest in
January.

4.5. Models for forecasting minimum temperature

General regression model and regression mod-
els for individual months from November to
March and verification of forecast minimum tem-
peraturc have been reported in Table 5. In all the
regression models formulated. parameter Xj. ie,
the minimum temperature recorded at 0300UTC
shows maximum influecnce on the forecast value
expressed by its high regression coefficient of the
order of 09. The relationship appears quite

X, — Dew point (0300 UTO),
Ay = Cloud amount (0300 UTC).

X>—Maxinum temperature (1200 UTC of previous day).
SD — Standard devinfon.

obvious due to persistence effect of local weather
condition and especially in the absence of wind at
the station. The other important parameter is the
cloud amount which contributes negatively. The
effect of this factor (recorded at 0300 UTC) is quile
clear as more the clouds during day time. lesscr
the solar radiation and consequently lower the
next day’s minimum temperature. Dew point and
maximum temperature have small eflcct as com-
pared to above two parameters which is evident hy
the smaller magnitude of their respective coef-
ficients. Verification of forecast minimum tem-
peraturec shows that the model is suitable for
forecasting minimum temperature for November
[Standard deviation (SD): 0.86]. December
(SD : 0.93). January (SD : 1.06) and February (SD :
1.15). HHowever. the model does not give satisfac-
tory results for March whici may be due fo
influence ol other meteorological factors during
transition period.

There is no significant improvement in the
accuracy of forecast minimum temperature when
separate regression models for individual months
are used and verified (Table 5).
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