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Improvement in nearest neighbour
weather forecast model performance
while considering the previous day’s
forecast for drawing forecast for the
following day

Dan Singh* and Ashwagosha Ganju

Research and Development Centre, Snow and Avalanche Study
Establishment, Chandigarh 160 036, India

Nearest neighbour model for prediction of weather in
terms of snow day/no snow day for consecutive three
days in advance (lead time up to 72 h) was tested in
two different modes of prediction for two different
stations; Dhundi in Himachal Pradesh and Stage-II in
Jammu and Kashmir (J&K), in the Pir Panjal range
of NW Himalaya, with two different types of data. The
data of station Stage-II are incomplete with less data
of 12 winters (winter 1991-92 to winter 2003-04, miss-
ing data of 1994-95) and those of station Dhundi are
complete with more data of 15 winters (winter 1989—
90 to winter 2003-04). The model performance was tested
with incomplete and complete data respectively, in
two different modes. First, in mode I prediction of
weather is made based on the probability of snowfall
calculated from nearest days/nearest situations. Sec-
ondly, in mode II the prediction was made considering
the previous day’s probability of snowfall also, along
with the probability of snowfall calculated from near-
est days/situations, i.e. while forecasting for day-2 (lead
time 48 h), probability of snowfall for day-1 (lead time
24 h) is also taken into account.

The model performance is found to be better for
mode II compared to mode I for all three days except
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for day-1 forecast with incomplete data. The model
performance is better for Stage-II compared to Dhundi
in both the modes. Significant difference in the model
performance for day-1 and day-2 forecasts is found
between those with incomplete data compared to those
with complete data. The model results are briefly dis-
cussed here.

Keywords: Nearest neighbour technique, snow and no
snow day, weather prediction.

MANY case-based techniques have been proposed for
prediction of weather and weather parameters' . These
methods use different pattern-recognition techniques.
Riordan and Bjarne’ proposed a fuzzy case-based system
for weather prediction. Following the approach of case-
based reasoning, Singh et al.’ proposed the nearest
neighbour model for prediction of weather at a station in
terms of snow day/no snow day and the expected snowfall
amount under different well-established snowfall catego-
ries. The proposed model predicts weather for consecu-
tive three days in advance based on the probability of
snowfall calculated from nearest days/situations, where
the previous day’s probability of snowfall is not considered
for drawing forecast for following day, i.e. while fore-
casting for day-2 (lead time 48 h), probability of snowfall
for day-1 (lead time 24 h) is not taken into consideration.

In this communication, nearest neighbour model for
weather prediction, where the previous day’s probability
of snowfall also has been taken into consideration along
with the probability of snowfall calculated from nearest
days/situations, for drawing forecast for the following
day is proposed. The developed model has been tested for
two different stations with two different types of data in
NW Himalaya. The model performance improves for both
the stations while considering the previous day’s prob-
ability of snowfall along with the probability of snowfall
calculated from nearest days/situations for drawing fore-
cast for the following day, i.e. while forecasting for day-
2, day-1 forecast has been taken into account. The model
performance with incomplete data is found better for
mode II compared to mode I for all three days, except for
day-1 forecast. The model performance significantly dif-
fers for both the stations. A significant difference in the
model performance is found for day-1 and day-2 forecasts
for incomplete data compared to those with complete data.

The western Himalayan range comprises diverse climatic
zones. The climatic conditions in these zones are briefly
presented in Sharma and Ganju®. The present study area
lies in Pir Panjal range of NW Himalaya. The model has
been tested for two different stations, i.e. Dhundi in Hima-
chal Pradesh and Stage-II in Jammu and Kashmir (J&K).
The climatic conditions at Stage-II have been presented
in Singh et al.”.

Dhundi is one of the main research and field study sta-
tions of Snow and Avalanche Study Establishment (SASE),
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Table 1.

Climatic conditions at Dhundi (winter 1989-90 to winter 2003-04)

Temperature (°C)

Mean Lowest Highest Mean Lowest Highest Mean wind Mean cumulative Mean standing
Month (max) (max) (max) (min) (min) (min) speed (km/h) snowfall (cm) snow (cm)
November 10.9 -1.0 20 0.9 -13.0 13.0 4.0 59.7 7.8
December 7.0 -10.0 16.0 -1.8 -14.0 4.5 4.6 155.6 23.8
January 4.0 -5.0 15.0 -4.5 -14.0 3.0 5.6 283.6 86.5
February 4.7 -3.0 14.0 —4.7 -20.0 6.0 5.7 363.3 164.7
March 7.8 -0.5 18.5 -2.3 -22.0 5.5 5.9 298.1 168.8
April 11.9 0.0 25.0 2.0 -18.0 10.0 6.5 56.4 98.8

Manali, at an altitude of 3050 m amsl. The winter precipi-
tation (November to April) in Dhundi area is mainly re-
corded in the form of snow, and heavy snow storms are
recorded during mid-winter (February/March). Snowfall
of the order of 200-210 cm has been recorded in 24 h
during extreme snow-storm conditions during the past 15
winters (winter 1989-90 to winter 2003-04). The mean
winter ambient temperature at Dhundi remains around —
10°C and minimum temperature dips to —22°C during
peak winter. The climatic conditions at Dhundi are pre-
sented in Table 1.

The primary aim of this study was to check the nearest
neighbour model performance, while considering the pre-
vious day’s probability of snowtfall along with the prob-
ability of snowfall calculated from the nearest days/
situations, for drawing forecast for the following day and
to assess the model performance in two different areas in
NW Himalaya, with respect to actual weather recorded in
those areas. In addition, the study is aimed at comparing
the model performance in two different modes, for both
the areas.

The present study refers to the winter weather predic-
tion in two different areas of NW Himalaya. Therefore,
data for winter months (November through April) of the
two representative stations are used for the study. Data at
Dhundi station are available for 15 winters (winter 1989—
90 to 2003-04) measured daily at 0830 h (time ‘F*) and
1730 h (time ‘A’) as twice daily measurement by the winter
study team. The data were more or less complete, i.e. all
surface weather parameters were mostly available for all
the winters. However, for a few days one or two surface
weather parameters were missing. Data for such days
were removed from the original database, to create the
model database. Thus, the model database consists of
3472 records (winter 1989-90 to winter 1998-99) for
Dhundi station. The developed model was tested inde-
pendently for the next five consecutive winters (winter
1999-2000 to 2003-04) for Dhundi station.

The data for station Stage-1I are more incomplete, i.e.
all surface weather parameters were not available for all the
winters. There were few days with all the surface weather
parameters available during the past 12 winters (winters
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1991-92 to 2003-04), while the entire data of winter
1994-95 were missing. For most places in J&K, the prob-
lem was more or less the same due to sudden failure of
the instruments during winter. Repairing/replacement of the
instruments could not be undertaken due to remoteness,
inaccessibility, harsh and hazardous climatic conditions
prevalent during winter. The model database for Stage-II
station consists of 2453 records measured daily at 0830 h
(time ‘F’) and 1730 h (time ‘A’) for the winters of 1991—
99. The developed model was also tested independently
for the next five consecutive winters (winter 1999-2000
to winter 2003-04) for Stage-II station.

Many similarity metrics have been defined for searching
nearest days from the database’. For the present model
development, we have taken Euclidean distance metric as
proposed by Buser® for prediction of avalanches’'".

Let x; be a vector of length p which consists of meas-
urements of p different parameters for day i, and x* be the
kth element of vector x;. The distance between x; and x; is
defined as

where wy is the weight assigned to the kth parameter. For
the present model, equal weights have been assigned to
all parameters, although attempts were made to optimize
the weights for prediction of avalanches'”.

Ten nearest days, prior situations to the nearest situa-
tions, next situations to the nearest situations and next to
next situations to the nearest situations are searched from
the database and are shown in Figure 1.

Based on ten nearest days/situations, the probability of
snowfall is calculated for day-1, day-2 and day-3 forecasts
(Figure 1). For calculation of probability of snowfall, ten
nearest days/situations are rated differently according to
their nearness to the current day, i.e. the first nearest day
(nearest day 1) was given maximum weight and the tenth
nearest day was given minimum weight. The probability
of snowfall (in per cent) is calculated using the following
formula'’
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Figure 1. Nearest days/situations, probability of snowfall and decision criteria of model for 2/16/2003, 1730 h.

N situation is snow day and O if rth nearest day/situation is
Z(N— r+1)xn, no snow day.

p =12 5 x 100%, In this communication, an attempt has been made to

Z( N—r+1) include the previous day’s probability of snowfall also

i along with the probability of snowfall calculated from

nearest days/situations, for drawing forecast for following
where N is the number of nearest neighbours selected (10 day, i.e. while forecasting for day-2, probability of snowfall
in the present case), r is the rank of nearest day/situation  on day-1 is also taken into consideration (Figure 1). This
(1 to 10 in the present case), n,is 1 if the rth nearest day/  has been achieved by taking the weighted average of
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Figure 2. Final weather forecast generated by the model (mode IT) for Dhundi and recorded weather for 2/16/2003, 1730 h.

probability of snowfall for that day and that of the previ-
ous day, i.e. while forecasting for day-2, weighted averages
of probability of snowfall for day-1 and day-2 are taken.
This may account for small-scale changes in atmospheric
processes. The atmosphere remains in a continual state of
change. Thus an assumption is made here that day-2
weather (while predicting) will depend on day-1 weather
and gradually change to the atmospheric state achieved
on day-2. We exactly do not know the atmospheric state
(in our case described in terms of surface weather para-
meters) on day-2. Therefore, weighted average of probabi-
lity was taken and one-third weight (about 33.33%
importance in the final prediction) was given to probability
of snowfall on the previous day and two-third weight
(about 66.67 % importance in the final prediction) was
given to the probability of snowfall on the day under con-
sideration. Thus, the decision criteria of the model was
defined as

_1 2
D=3XF,_ +5XF,

where P, is the probability of snowfall for the day under
consideration calculated from the nearest days/situations
and P, is the probability of snowfall for the previous
day/situation.

The present model predicts a day as snow/no snow day
based on the value of D. Thus, the value of D becomes
the decision criterion of the model.

The model test run on 2/16/2003, 1730 h (time ‘A”) for
Dhundi station is shown in Figure 1. The snow and
weather conditions for three consecutive days, nearest
days/situations, probability of snowfall based on nearest
days/situations and decision criteria of the model, i.e. the
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value of D, are shown in Figure 1. The final weather fore-
cast generated by the model three days in advance for
Dhundi station and the recorded weather are shown in
Figure 2.

For present study the nearest neighbour model has been
tested in two different modes described below:

Mode I:  Nearest neighbour model which predicts weather
based on the probability of snowfall calculated from the
nearest days/situations.

Mode II: Nearest neighbour model which predicts
weather considering previous day’s probability of snow-
fall along with the probability of snowfall calculated from
nearest days/situations.

The nearest neighbour model in both the modes was vali-
dated independently for the next five winters (winter
1999-2000 to 2003-2004) for both the stations. The
model has been developed and validated with the actual
weather recorded in both the areas and is compared inde-
pendently in both the modes for both the stations.

The decision label of the model for both the modes was
kept at 40% for all three days, based on Singh ez al.” and
after training for winter 1998-99, i.e. if the value of D is
greater than 40%, then the model predicts the day as snow
day, otherwise it is no snow day for both the modes. This
has been done to compare the model performance in both
the modes.

The model in both the modes has been validated for
896 days for Dhundi station (Tables 2 and 3) and for 907
days for Stage-II station (Tables 4 and 5) for generating
day-1 forecast. The model performance has been presen-
ted in terms of per cent correct'*'”. Significant difference
of about 9% is found in the model performance between
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Table 2. Model performance with mode I for Dhundi and its validation with actual weather recorded in the area

Day-1 forecast

Day-2 forecast Day-3 forecast

Recorded Snow day No snow day Snow day No snow day Snow day No snow day
Snow day 83 113 48 148 37 158
No snow day 111 589 134 561 96 595
Total days 896 891 886
Overall model performance (%) 75.0 68.35 71.33
Table 3. Model performance with mode I for Dhundi and its validation with actual weather recorded in the area
Day-1 forecast Day-2 forecast Day-3 forecast
Recorded Snow day No snow day Snow day No snow day Snow day  No snow day
Snow day 88 108 52 144 41 154
No snow day 99 601 132 563 96 595
Total days 896 891 886
Overall model performance (%)  76.90 69.02 71.78

Stage-1I and Dhundi stations for day-1 forecast for mode
I. The model performance for Stage-II is about 84% and
for Dhundi it is about 75% for day-1 forecast for mode I.
The difference in the model performance between the two
stations may be due to the difference in perturbation on
surface meteorological observations of the approaching
westerly disturbance over the stations’ and may be due to
significant role of topography of the area. Dhundi area is
widely covered with forest cover compared to the Stage-II
area. Further, the Stage-II station directly lies in the path
of the westerly disturbance, i.e. westerly disturbances hit
the Stage-II station more frequently compared to Dhundi.
Generally, when an intense and widespread westerly dis-
turbance approaches in the NW Himalayan region, heavy
precipitation is recorded in Dhundi area.

The model performance degrades for both the stations
as the lead time in forecast increases i.e. from day-1 to
day-2 forecast for mode I (Tables 2 and 4) and mode 11
(Tables 3 and 5). The maximum difference in the model
performance for both the modes between day-1 and day-2
forecasts for the incomplete data, i.e. Stage-II station, is
about 18% (Table 4). With complete data, for Dhundi sta-
tion, the maximum difference in model performance in
both the modes between day-1 and day-2 forecasts is
about 8 % (Table 3). The model performance increases
for both the stations from day-2 to day-3 forecast for both
modes, while it is found to be more for mode 1.

The model performance for both the stations for both
the modes for the past five winters is given in Tables 2
(mode I), and 3 (mode II) for Dhundi station (complete
data) and in Tables 4 (mode I), and 5 (mode II) for Stage-
II station (incomplete data).

Total 196 snow days and 700 no snow days were recor-
ded for Dhundi area during the past five winters (Table 2
and Table 3). Out of 196 snowfall days, 83 snow days
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and out of 700 no snow days, 589 no snow days were cor-
rectly predicted by the model for day-1 forecast for mode
I (Table 2). Accurately predicted days by the model are
672 (83 snow days and 589 no snow days) for day-1 forecast
and model was test run for a total 896 days for generating
day-1 forecast. Thus the overall model performance (per-
cent correct'™!” works out to 75% [100 x (672/896) =
75%) for day-1 forecast (Table 2).

In mode II, the model predicts 88 snow days and 601
no snow days correctly for Dhundi station for day-1 fore-
cast (Table 3). In total the model predicts 689 days (88
snow days and 601 no snow days) correctly out of 896
days. Model performance for mode I1 is 76.90% (Table 3)
for day-1 forecast.

The model in mode II predicts 17 more days accurately
(5 snow days and 12 no snow days) compared to model I
for Dhundi station for day-1 forecast.

Similar analysis has been done for Stage-II station and
the results are presented in Tables 4 and 5.

The model performance is found better for mode II
compared to mode I for day-2 and day-3 forecasts with
incomplete data (Tables 4 and 5). With incomplete data
the model performance decreases for day-1 forecast (Table
5) for mode II compared to mode I (Table 4). This may
be due to the incomplete character of data.

The model performance for mode II with complete data
is found consistent compared to the incomplete data, i.e.
the model performance for Dhundi area increases for all
three days for mode II and for Stage-II station the model
performance increase for day-2 and day-3 forecasts and
decreases for day-1 forecast.

The performance of nearest neighbour model for weather
prediction improves on considering previous day’s pre-
diction along with the probability of snowfall based on
the nearest days/situations. The difference in the model
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Table 4. Model performance for Stage-IT with mode I and its validation with actual weather recorded in the area

Day-1 forecast

Day-2 forecast Day-3 forecast

Recorded Snow day  No snow day Snow day No snow day Snow day No snow day
Snow day 108 64 67 105 71 100
NSF 79 656 202 528 176 550
Total days 907 902 897

Overall model performance (%) 84.23 65.96 69.23

Table 5. Model performance for Stage-II with mode IT and its validation with actual weather recorded in the area
Day 1-forecast Day-2 forecast Day-3 forecast
Recorded Snow day  No snow day Snow day  No snow day Snow day  No snow day
Snow day 102 70 67 105 76 95
No snow day 77 658 181 549 166 560
Total days 907 902 897
Overall model performance (%) 83.79 68.29 70.90

performance between day-1 and day-2 forecasts is found
to be less with complete data compared to incomplete data.

Model performance is found better for the stage-II station
compared to Dhundi station. This may be due to topogra-
phical differences and difference in approach of westerly
disturbance in both the areas. More detailed investigation
of the precipitation characteristics of Dhundi area is
needed. Further improvement and training of the model
for Dhundi area are needed.

Complete data are needed for consistent and more accu-
rate prediction of weather in terms of snow day/no snow
day. Attempts are being made to collect complete data at
different stations in J&K with the help of state-of-the-art
equipment and automatic weather stations.

The different parameters have been assigned equal
weights for searching the nearest days/situations. Different
weights can be assigned to the different parameters for
better prediction of weather in terms of snow day/no snow
day.
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