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Various types of avalanches frequent northwest
Himalayan regions during winter months. Winter
season over this region is frequented by westward-
moving weather systems called western disturbances
(WDs). These weather systems vyield enormous
amount of precipitation. Knowledge of minimum and
maximum temperatures during winter months is
very useful for assessing human and natural haz-
ards. Models for forecasting minimum and maxi-
mum temperatures have been developed for Manali
in Himanchal Pradesh, for the months of December,
January and February. These models are based on
statistical techniques and use surface and upper air
meteorological data from 1984 to 1989. The modds
are also tested with independent data and the results
for 199596 are presented. The modes yied
good results with independent cases providing about
88% correct forecast within +2°C of the observed
values.

MANALI in Himacha Pradesh is located a an dtitude of
2192m and is a representdive dation of glaciated
region during winter months from the avaanche point
of view. It epeiences mogt of its annual precipitation
during winter months (December to February). Most of
the winter precipitation at Manali and its neighbourhood
comes in the form of solid precipitation, i.e snow.
Moreover, this region is dso frequented by cold-wave
conditions during winter months, tha may hamper
many of the outdoor activities including public utility
srvices and dso leed to acute humen discomfort and
sometimes loss of human lives too. Intense low mini-
mum temperatures may lead to ground frost conditions
and sometimes to low-levd inversons Knowledge of
minimum  temperaiure is hepful in assessing cold con-
ditions in northwest India, which will hdp the pub-
liclresdents and defence personnd  deployed a  forward
aess & large Prediction of maximum temperature is
ussful for avadanche threst assessment and dso to
understand snow-melt  processes  teking place within  the
siow pack and hence dntering processes among  Snow
cysas within snow layers, which ultimately lead to
avdancherdease
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In India, various authors have caried out sudies on
mnmum and madimum  temperaturest®.  WMO®, Kend-
dl and Suat' and Panofsky and Brier® provide detailed
description of various forecasting techniques based on
datisticd methodology, including the widely-used tech-
nigue of multiple regresson  andysds  Klien  and
Hammons® suggested many predictors for prediction of
madimum/minimum ~ temperature. . Singh and  Jeipd”,
Mohan e af Rg° Chaantoris and Liskatas'®, Vash-
igth and Paresk!! and Gupta and Jayanti'® have studied
minimum  temperature  forecests  employing  vaious
techniques, incduding Markov chains. Attri e al.® have
used multiple regresson method for forecagting mini-
mum temperature a Gangtok, in Skkim, a hill dation
locaed cdose to the glaciers and snow-covered aess in
northeast India Mohanty e a.}* have developed a sta
tigicd modd for prediction of minimum temperature
during winter and maximum temperature during sum-
mer a Ddhi.

Multiple linear regresson is used to devdop predic-
tion modds for minimum and maximum temperaures.
It works best for continuous weather dements. In mete-
orologica  agpplications of regresson, there is usudly
more than one potentiad predictor, and the procedure is
genadized to find the best ovedl linear-fit among dl
the predictors and the weather dement. The output is a
st of coefficients. In this sudy, using past historica
data, an atempt has been made to devdop a determinis-
tic ddidicd modd for forecating minimum and
maximum temperatures at Mandi, 24 hin advance.

In order to obtan a reigble forecast, surface data of
dations al around Mandi ae conddered for the sudy.
Smultaneoudy, upper-ar meeorologicd  vaidles  ae
adso conddered. For deveoping the forecast modeds for
predicing minimum and maximum tempeadures, five
year data (1985-89) for the months of December, Janu-
ay and Feoruay (DJF) in Mandi and neghbouring
dations, have been utilized The peformance of the
model was evauated with independent data st of DJF
1995-96. Satidticd  technique-based modd  deveop-
ment needs a continuous st of data for a condderdble
period for prediction'®. Since Mandi is locaed in a
mountainous and datasparse region, very few data sets
ae avdldble The abovementioned data sts are found
to be continuous in the mountainous region and ae
therefore considered for the studly.

In the formulation of the mode equations for mini-
mum and maximum temperatures, surface observations
corresponding to 0830 and 1730 IST and the upper-ar
observations corresponding to 0530 and 1730 IST ae
utilized. Twenty-four hour leadtime has been chosen
for issuing the forecasts. The 24h forecest of minimum
and maximum temperatures is issued a 0830 IST (0300
UTC), which is vaid for the next day. All the data taken
for modd development ae recorded before the time of
issue of theforecast.
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Table 1.

List of potential predictors and their notations used in the study

Predictor

Station Time Total

Surface

Dry bulb (TT) and dew point (TD) temperature, saturation mixing ratio (rs)
mixing ratio (r), dew point depression (DPD), relative humidity (rh),

Patiala and Delhi 00 and 12 GMT 48

wind direction (dd) and speed (ff) at surface, U and V components of wind

dry bulb difference (DTT), dew point temperature difference (DTD),

average dry bulb temperature (avTT), average dew point temperature (avTD)

between Patiala and Delhi

Upper air

Dry bulb (TT) and dew point (TD) temperature, saturation mixing ratio (rs),
mixing ratio (r), dew point depression (DPD), relative humidity (rh),

Patiala and Delhi 00 and 12 GMT 358

direct wind shear (WS), speed shear (SS), U and V components of shear
(Us and Vs) between various hPa levels, potential temperature difference (Dg)

between various hPa levels, mean of relative humidity (rh), mean of

saturation mixing ratio (rs), mean of mixing ratio (r) between various hPa levels,
dry bulb temperature (DTT) difference between various hPa levels, wind direction
(dd) and speed (ff), U and V components of wind at hPa levels, dry bulb and

dew point temperature difference (DTT), average dry bulb (avTT) and average
dew point temperature (avTD) between Patiala and Delhi at various hPa levels

Surface parameters

Maximum and minimum temperature (Tma and Tmin), dry bulb temperature,

wind speed and wind direction, snow surface temperature

Persistence

Minimum (maximum) temperature on the previous day of forecast (Tmin-1/Tmax-1)

Total number of predictors

Kanzalwan, Haddan 03 GMT 30

Sonamarg, Gulmarg, Manali

Manali 03 GMT 01
437

70°E 75°E 80°E 85°E
35°E GMGe g 35°E
® | SNM
HDN® L4
MNL
oPTL
30°E 30°E
®DLH
Dpe
25 25°E
WE 5B 80°E 85°E
Figure 1. Location of station considered for study and data.

+, Selected place of study; HDN, Haddan Taj; JDP, Jodhpur; KNZ.
Kanzalwan; PTL, Patida; GMG, Gulmarg; DLH, Delhi; SNM,
Sonamarg; MNL, Manali.

During data sdection in the present sudy, Stringent
sandard quality control checks are implemented. In the
process of checking the quaity of the data, space time
and synoptic condition, consistency checks ae used.
The individud daa gaps were filled up by usng linear
interpolation of the previous and subsequent observa
tions of meeorologicd paameges The daa sdected
for the study consst of past surface and upper-ar data
a Mandi (the location sdected for the development of
the modd), and the surrounding dations a Patida,
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Table 2. Statistics of minimum and maximum temperatures using
data from 1984 to 1989

Minimum Maximum
Mean 0.97 13.94
Standard deviation 2.93 3.60
Highest 15.0 22.0
Lowest -9.0 0.0
Range 24.0 22.0
Jodhpur, Delhi, Haddan, Kanzawan, Gulmarg

and Sonamarg. The geographic locations of these doa
tions are shown in Figure 1. The list of potentid predic-
tors and their notations used in this study is given in
Table 1.

To underdand the variaion in minimum and maxi-
mum temperatures, climatologicd dudy is caried out.
This is done by edablishing the nature of distribution of
temperature and its relaionship with the potentid pre-
dictors. Devdopmentd sample is used to edablish the
cimatologicd characteristics.

The frequency didribution of minimum temperature
is given in Fgure 2, which indicates that it is close to
the norma digribution with a dight skewness to the
left. Sample datigics ae given in Table 2. Average
temperatures during DJF are studied and it is found that
lowest minimum temperature occurs mostly  around
0700 IST. There ae some rare occasons when lowest
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Table3. Minimum temperature forecast model: equation, predictor and reduction of variance

24 h forecast issued at 0830 IST
Equation:

Y =-14.2921 + (0.31519* A1) + 0.081139* A2) + (0.329523* A3) — (0.063776* Ad)
— (0.027843* A5) — (0.029767* A6) — (0.109458* A7) + (0.136247* A8) + (0.017019* A9) + (0.07951* A 10)

Sl. no. Predictor Time Level Place Correlation VE CVE
Al Thmin 0830 IST Surface Manali +0.61 36.88 36.88
A2 TT 0530 IST 700 hPa Patiala +0.58 10.4 47.28
A3 avTT 1730 IST Surface Patiala and Delhi +0.44 2.47 49.75
A4 \Y 0530 IST 850 hPa Patiala -0.17 2.05 51.80
A5 rh 1730 IST 850 hPa Patiala -0.19 1.76 53.56
A6 U 1730 IST 500 hPa Delhi -0.28 1.34 54.90
A7 Dq 0530 IST Surface and 500 hPa Patiala -0.35 1.11 56.01
A8 Tmin-1 0830 IST Surface Manali +0.49 1.07 57.08
A9 Us 0530 IST 300 and 500 hPa Delhi +0.27 0.97 58.05
A10 DTT 0530 IST 700 and 300 hPa Delhi +0.43 0.91 58.96
MCC=0.77

VE, Variance explained; CVE, Cumulative variance explained; MCC, Multiple correlation coefficient.
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Figure 2. Freguency distribution of minimum temperature (DJF
1984-89).

minimum  temperature  was recorded a  different times

adso. Thee were dther due to strong inverson or due to
deaing of an ovecat <ky. Corrdation of minimum
temperature with dry bulb temperature, U and V com+
ponents of wind and reative humidity of various places
during the previous 24h ae gven in Table 3. These
show that minimum temperature is postively correated
with dry bulb temperature and previous day’s minimum
temperature.  Positive  corrdlation  with  previous day’s
minimum temperature shows the peassence of mini-
mum temperature. As shown in Table 3, minimum tem-
perature  was  negaivdy  corrdaed with  zond
component of wind a Dehi, which indicaes that higher
vdues of minimum temperatures are asociated  with
easterly winds (U negaive), while a lower minimum
temperature is associated with the westerly component
of the wind (U positive). Smilaly, rdaive humidity is
negatively correlaed with minimum temperature.

In most of the andyss minimum temperatures are
asociated with synoptic weether systems. Arrival of the
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Figure 3. Frequency distribution of maximum temperature (DJF
1984-89).

western disturbance (WD) over northwest India is sg
nificantly known on the bass of fluduating behaviour
of cetan maeorologicd paameters. Due to  passage
of WD generd increese in dry bulb and dew point
temperature takes place, winds mainly turn from west-
ely to essterly to southerly, which mainly leads to gen-
gd rise in minimum temperaure. After the passage of
the system the sky becomes clear, dry bulb and dew
point temperatures decreass, winds become cold and
dy and thus leading to decrease in minimum tempera-
ture.

The digribution of maximum temperature during DJF
is shown in Figure 3. It is seen tha maximum tempera-
ture has digribution with skewness to the left. This shift
towards the left is mainly due to high values of maxi-
mum temperaure, which occur during a passage of the
system. The sample datistics is given in Table 2. Tem-
perature during DJF months is examined and it is found
tha maximum temperaure occurs between 1430 IST
(0900 UTC) and 1730 IST (1200 UTC).
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Table4. Maximum temperature forecast model: equation, predictor and reduction of variance

24 h forecast issued at 0830 IST
Equation:

Y =5.6249 + (0.7717* A1) — (1.8383* A2) — (0.0253* A3) — (0.2508* Ad) + (0.0142* A5) — (0.0938* A6) + (0.1523* A7)

— (0.7189* A8) — (0.1039* AQ) + (0.0028* A10)

Sl. no. Predictor Time Level Place Correlation VE CVE
Al Trnax 1730 1ST Surface Manali +0.85 71.63 71.63
A2 r 1730 1ST 500 hPa Patiala -0.17 1.98 73.61
A3 rh 0530 IST 500 hPa Delhi -0.41 1.05 74.66
A4 D 0530 IST 700 hPa Patiadla -0.08 1.03 75.69
A5 dd 0530 IST 500 hPa Delhi +0.19 0.98 76.67
A6 DPD 0530 IST 850 hPa Delhi -0.30 0.92 77.59
A7 DTT 0530 IST 500 and 400 hPa Patiala +0.23 0.56 78.15
A8 r 0530 IST 700 hPa Patiala -0.02 0.52 78.67
A9 DTT 0530 IST Surface and 900 hPa Delhi -0.33 0.49 79.16
A10 dd 1730 IST 700 hPa Patiala +0.03 0.48 79.64
MCC=0.88

VE, Variance explained; CVE, Cumulative variance explained; MCC, Multiple correlation coefficient.

To undesand the rdationship between maximum
temperature and other surface parameers, corredion
sudies were carried out with synoptic observation made
during the previous 24h. The reaults are presented in
Table 4. The maximum temperaiure has podtive corre-
lation with perdstence with maximum temperaure and
negative corrdaion with dew point temperature and
rdaive humidity. Negaive corrdation with rdative
humidity mainly indicates that advection or incurson of
moisure may result in cdoud formation and hence
reduction of maximum temperature. As far as winds are
concerned, maximum temperaures are podtively  corre-
laed with wind direction. Increese in westerly wind
leads to increese in maximum temperaure and vice
versa

Like the minimum temperature, the  maximum
temperature over northwest India is dso associated
with synoptic systems. During the passge of the
WD, the dew point temperature and humidity incresse
and the winds a the surface and in the lower tropo-
pheric levels become esderlies, resulting in a reduction
of maximum temperature. After the passsge of the
WD the sy becomes dear, the winds become weder-

lies to northwedterlies, humidity and dew point
temperdure fdl and hence the maximum temperaiure
increases.

The cdimaological sudy shows that over the sdected
place of <udy, the minimum and maximum tempera
tures are linked with synoptic sysems and the corrda
tion sudies clealy indicate the effect of movement of
such wegther systems across the station.

In order to provide a short-range, locaion-specific
determinidic  prediction of minimum and  maximum
temperatures, datisticd methods ae used. The reation
isexpressed as.
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Ye =X,

where Y is the edimae (foreces) of the predictand
(minimum or maximum temperature) a time t and X, is
a vector of observationd data a time ‘O (observations
ae not necessarily made a time ‘O, but must be made
avalable a that time). A multiple regresson andyss
goproach is used to formulatle minimum and maximum
temperature prediction equetions separately. A tota  of
437 predictors condgsing of surface, upper ar and
derived parameters are used to develop multiple regres-
son equaions (Table 1).

As a first gep dl the predictors are put up for screen-
ing in the forecast of minimum and maximum tempera
tures. Out of these potentid predictors some ae
intercorrelated. Hence, only those predictors are identi-
fied which explan most of the variance of the predic-
tand. Forward stepwise sdlection procedure is used for
sdecting the best potentiad predictors. As a result, only
dsgnificant predictors are sdected which contain  practi-
cdly dl the linear predictive information of the entire
set with respect to a specific predictand and satisfy a
datigtical sgnificance test. Fsher's Ftest is utilized to
sdect dgnificant  predictors & the 95%  confidence
level. The depwise procedure continues by adding one
predictor a a time to the modd. This procedure termi-
nates when the new predictor fals to reduce the vari-
ance a leet by 05% or does not saisfy statistical
sgnificance a the prescribed 95% confidence levd. In
this procedure, ten predictors have been retained into
the find multiple regresson equations for prediction of
minimum and maximum temperatures.

Modds deveoped for minimum and maximum tem-
peraiures are tested with independent data set of DJF
1995-96.

CURRENT SCIENCE, VOL. 82, NO. 8, 25 APRIL 2002
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Table 5. Error analysis and skill score for minimum temperature
(24 h forecast)

Table 7. Persistence: change in observed minimum temperature in

Development data Test data
Error range (DJF 1984-89) (DJF 1995-96)
0.0-1.0 256 (71%) 65 (71%)
1.1-20 61 (17%) 16 (18%)
2.1-30 29 (08%) 08 (09%)
3.1-4.0 03 (01%) 02 (02%)
4.1-50 07 (02%) -
351 05 (01%) -
Total 361 (100%) 91 (100%)
ABS 1.37 1.01
RMS 1.87 1.46
P-ABS 1.80 151
P-RMS 2.59 1.94
SKILL (%) 48 43
CcC 0.77 0.79

24 h
Development data Test data
Error range (DJF 1984-89) (DJF 1995-96)
0.0-10 165 (45.7%) 42 (46.2%)
1.1-20 98 (27.1%) 23 (25.3%)
2.1-30 39 (10.8%) 12 (13.2%)
3.1-40 30 (8.3%) 8 (8.8%)
4.1-50 15 (4.2%) 4 (4.3%)
351 14 (3.9%) 2 (2.2%)
Total 361 (100%) 91 (100%)

ABS, Absolute error; RMS, Root mean square error; P-ABS, Abso-
lute error assuming persistence; P-RMS, RMS error assuming persis-
tence; SKILL, Skill score; CC, Correlation coefficient.

Table 6. Error analysis and skill score for maximum temperature
(24 h forecast)

Development data Test data
Error range (DJF 1984-89) (DJF 1995-96)
0.0-1.0 223 (62%) 58 (64%)
1.1-20 93 (26%) 20 (22%)
2.1-30 36 (10%) 12 (13%)
3.1-4.0 09 (02%) 01 (01%)
4.1-50 - -
3 51 — —
Total 361 (100%) 91 (100%)
ABS 1.36 1.32
RMS 1.68 2.37
P-ABS 1.59 1.96
P-RMS 2.0 2.70
SKILL (%) 29 23
CcC 0.88 0.87

In Tables 5 and 6, the skill scores for forecast are

estimated as
. € RMmsE2 U
Skill score= é&l- —'20100%,
g RMSEpg

where RMSE;,, and RMSE, sand for rmse of the mode
prediction and the persistence, respectively. A positive
vdue of <ill score stands for a better performance of
the modd over persistence, while a negaive vdue of
ill score indicates that the modd does not have <kill
even to mach the persgence Though there ae few
occadons with the forecat erors of  minimuny
maximum temperaure  exceeding PC, the skill  score
given in Tables 5 and 6 dealy indicate that the deve-
oped equations have pogtive skill and peform  better
than the persistence with independent data sets.
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Figure 4. Observed and 24 h forecast minimum temperature for
DJF 1995-96.

Twenty-four  hour  minimum  temperature  forecast
dong with the actud vaues for DJF 1995-96 ae given
in Figure 4. The modd responds quite wel to the varia
tion of minimum temperature. Some of the extreme va-
ues of minimum temperature ae not predicted quite
well. The eror andyss of the forecasts for both the
devdopmentd sample and the independent data sats is
given in Table 5. From Figure 4 and Téble 5 it is found
that 71% of the forecast is correct within +1°C and
about 98% of the forecast is within +3°C of the actud
vaues with independent data set. Further, persistence of
minimum temperature is dudied to see its effect on
modd prediions and is represented in Table 7. It
shows the *+1°C, +2°C,...,3 +5°C absolute changes in
obsarved minimum temperaure in the next 24h for
devdopmentd sample and the independent data sets. It
is obsarved that there are days when absolute change in
persstence of minimum temperature was more than
+5°C. Even with a vaidion of this degreg, the modd
could inherit a variadle nature of this kind while making
the predictions.

Lage devigtions between obsaved and predicted
vaues are dudied in detal for the independent data <.
For example on 12 December 1995, minimum tempera-
ture obsaved was 3°C, the vadue of 24h forecast was
0.3°C. Hence 24h forecast error was 2.7°C. On andyss
it is found that a wesk the WD had passed just before
that day. After the passage of the WD, the sky became
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cear and hence drop in minimum temperature had taken
place. The cloud amount and type, not included as fore-
cad dements in the equation, might have caused the
laage devidion. Similaly, on 15 Jenuay 1996 to 17
January 1996, the deviations between observed and
forecast vaues ae 36°C, 24°C and -3.0°C, respec-
tively. Anadysis during this period shows tha a strong
WD remained active over the region and gave condder-
able precipitaion. Due to overcast sky and continued
intermittent  precipitation, generd increase  in minimum
temperature is recorded. Thus the large deviaion has
teken place Someimes, wesather changes which have
teken place within 24 h, which is the lead time of fore-
cad, cannot be taken care of in the modd and hence
they make considerableimpact on mode capabilities.

Smilarly, dl depatures of more that +3°C were in-
vestigated. In most of the cases it was found that the
rgpid movement of synoptic systems are associated with
precipitation, thunderstorm, etc. which passed across
the dation in a timeframe less than the sdected range
of forecast (24h), and resulted in sudden change in cer-
tan predictors of the forecast equations which led to
such large deviations. Further andyss of forecat and
actud vaues for 1995 indicates tha day-to-day mini-
mum temperature variations are quite homogeneous in na-
ture as indicated in root mean square eror (rmse) vaues
assuming persstence done. Thus the performence of the
forecast equation with the independent data set of 1995 is
found to be better than the development sample.

Twenty-four  hour  maximum  temperature  forecest
dong with actud vaues for DJF 1995-96 ae given
in Figure 5. Once agan, it is found that the mode
responds quite accuratedly to the actud vaiations in
maximum temperature. The earor andyses for the fore
cast of both dependent and independent data sets are
given in Table 6. It is found that 64% forecest is correct
within  +1°C, whereas 99% forecast is correct within
+3°C of the actud vaue with the independent data set.
Parsstence of maximum temperature is studied to see its
effect on mode predictions as shown in Table 8. It shows
the +£1°C, +2°C,...,3 +5°C absolute change in obsarved
maximum temperature in the next 24h for the developmen-
ta sample and the independent data set. It is observed that
there are days when persistence change is more than 5°C.

M
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Figure 5. Observed and 24 h forecast maximum temperature for
DJF 1995-96.
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Table 8. Persistence: change in observed maximum temperature in

24 h

Development data Test data
Error range (DJF 1984-89) (DJF 1995-96)
0.0-10 173 (48%) 45 (49.5%)
1.1-20 92 (25.5%) 22 (24.2%)
2.1-30 35 (9.7%) 9 (9.8%)
3.1-40 37 (10.2%) 11 (12.1%)
4.1-50 15 (4.1%) 2 (2.2%)
351 9 (2.5%) 2 (2.2%)
Total 361 (100%) 91 (100%)

As wes found for minimum temperaiure, there are
days when forecasts deviated by more than 3°C even on
a timecde of 24h. Andyss of these large errors
reveds that very rapid and large but sudden changes in
predictors could be responsible for the large departures.
Such changes ae manly attributed to rapid move
ment/intengfication of the synoptic systems associated
with  precipitation or thundersorm, which in turn
sharply change the vaue of certain predictors of the
forecest eguations. For example on 8 December 1995,
the obsaved maximum temperature was 13°C. The 24h
forecast for this was 16°C. Thus the 24h forecast devi-
aed by 3°C. Andyss of the data reveds that on that
particular day, precipitation had taken place in the
morning. This resulted in the actud maximum tempera
ture beng dSgnificantly lower then the forecest pro-
duced by the equation. Similarly, on 27 January 1996,
obsaved maximum temperature is 13.2°C, wheress 24h
forecast is 9.9°C, thus the forecast deviated by 3.3°C.
On invedigation, it is found that rise in dry bulb tem
peraure had teken place dong with generd decreese in
mixing ratio & upper levels, hence resulting in forecast
vdue beng lower than the actud one. Further, on 14
February 1996, it was observed that forecast was away
from the actud by 3.7°C. While investigaing, it was
observed that dew point depresson on that particular
day was high compared to both the previous and the
next day. Dew point depresson has a negaive corrda

tion with maximum temperature, which  ultimatey
resulted in loweing of the actud maximum tempera
ture.

Smilaly, other cases of dgnificant departure of fore-
cads ae adso examined that confirm the above reason-
ing. This indicates that large devigtions are manly
associated with rapid changes in the predictors of the
equation, which are within the 24h scde It wes seen
that due to dgnificant changes in humidity and moidure
increese on locd bads within the observation period,
maximum temperature changes are significant.

In this sudy minimum and maximum temperature fore-
cast eguations are developed based on multiple regresson
method and are tested with an independent data set. The
following are the main conclusions drawn from the study.
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(@ Minimum and maximum temperatures ae  wedl
predicted by the forecat modd equation, as in
60% of the cases the erors are within +1°C and
about 98% of the cases are within +3°C, which is
lessthan or equa to one standard deviation.

(b) Veification of the modd equations indicates that
in eech of the cases there is definite postive ill
in the forecast produced by the modes over the
persistence.

(c) On a few occasions, lage devidions of the fore
cast ae observed. These ae manly attributed to
rgpid movement of synoptic systems associated
with precipitation.

In the present study, only historicd data have been
used to deveop the datisticd modes. The modd equa
tions do not use the forecast parameters from Numerica
Weether Prediction (NWP) modds. It is possble to im+
prove the forecast with incorporation of the NWP
products. Further improvement can be achieved through
incorporation of weather dements such as rain, thunder-
sorm, dsrong surface winds, etc. predicted by other
methods in the present model equations. The process

could reduce cases of lage forecest erors  of
minmum/maximum  temperature  prediction  associated
with  rgpid movement/intensification of the synoptic
systems.
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I ntraspecific hybridization in Pinus
roxburghii Sargent

V. P. Khanduri and C. M. Sharma*

Department of Forestry, H.N.B. Garhwal University,
Srinagar (Garhwal) 246 174, India

Inter-racial  hybridization was performed success-
fully in Pinus roxburghii taking three different
provenances, i.e. Pauri, Badiyargarh and Srinagar
(locality-specific) at lower (900m amsg) and higher
(1900 mamgdl) altitudes. The results revealed that
cone and seed setting percentages in the selected
provenances varied from 3857 to 60.00% and
76.00 to 88.00% at the lower, and 36.00 to 58.33%
and 68.00 to 84.67% at the higher altitudes, res
pectively. Controlled pollination resulted in enor-
mous fertilization success, with no signs of incom-
patibility. Ovulate strobili remained receptive up to
5 days.

PINUS roxburghii Sargent in Silva N. Am. 2. 9. 1897
(Chir pine or Himdayan long-needle pine), a precious
timber-resn resource, is ndive to the outer range and
principa valeys of the Himdayas from Afghanistan to
Arunachd Pradesh in north-eastern  India  between 450
and 2300m dtitude, where the full force of the mon-
soon is fdt. It covers very large aress as pure forests
and dso with other species, particularly at its upper and
lower limits. In P. roxburghii, naturd variation is asso-
cialed with the extremey diverse geogrgphica  regions
in which it grows. It covers vas aeas and is differenti-
ated into many provenances and races. Each provenance
is adapted to a digtinct locd climate, and aso to dtitud-
ind and lditudind ranges To exploit the naurd
vaiadility, sdection of dedrable parents and crossng
them in a desred way is a key step for any sound tree-
improvement  programme.  However, intragpecific  hy-
bridization in chir pine has not yet been reported.
Mirov! reported that turpentine composition of pine-
species could be changed by intraspecific hybridization
and its qudity can be improved by breeding. In the pre
sent study an attempt was made to cross the three prove
nances of chir pine on lower (900ma md) and higher
(1900ma md) dtitudes, in order to evauate the degree
of success of racial hybridization in P. roxburghii.

This study was conducted during February and March
1999, when profuse flowering of femde grobili
occurred in the chir-pine forests of Pauri Garhwd  (lati-
tude 29°20¢ to 30°150N and longitude 78°10¢ to
79°20E) on two different dtitudes, viz. Ashtavakra
(900ma md) and Rans (1900 ma md), Stuated in the
central part of western Himalaya.
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