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Lkkj Lkkj Lkkj Lkkj & Hkkjrh; {ks= esa ’khr _rq ds nkSjku if’peh fo{kksHkksa ¼MCY;w-Mh-½ dh egRoiw.kZ fo’ks"krkvksa dks 

izfr:fir djus ds fy, isu LVsV ;wfuoflZVh&us’kuy lsUVj Qksj ,V~eksLQsfjd fjlpZ ¼ih-,l-;w-&,u-lh-,-vkj-½ 
la;qDr jkT; vejhdk ds xSj ty LFkSfrd :ikUrj ds rkSj ij eslksLdsy ekWMy ¼,e- ,e- 5½ dk mi;ksx fd;k 
x;k gSA  

 
bl v/;;u esa  nks xzgh; ifjlhek Lrj i)fr;ksa uker%&CySdknj ,oa gkSax&iSu rFkk pkj laogu 

izkpyhdj.k i)fr;ksa uker% dqvks] xzsy] dSufÝz’k ,oa csV~l&feYyj ds 60 fd- eh- ds {kSfrt foHksnu ekWMy dk 
mi;ksx djds vkB lqxzkfgrk iz;ksx fd, x, gaSA blesa {kSfrt foHksnu ekWMy rFkk LFkykÑfr ds egRo ds nks 
dkjdksa&30 fd-eh-] 60 fd-eh- ,oa 90 fd- eh- ds {kSfrt foHksnu ekWMy ftlesa ,d fLFkfr esa LFkykÑfr ij 
fopkj ugha fd;k x;k gS rFkk nwljh esa lkekU; LFkykÑfr ij fopkj fd;k x;k gS] ds vk/kkj ij N% iz;ksx 
djds v/;;u fd;k x;k gSA bl v/;;u ds fy, nks lfØ; if’peh fo{kksHkksa dk p;u fd;k x;k gS ftlds 
dkj.k if’peh fgeky; {ks= esa Hkkjh o`f"V gqbZA izFke v/;;u ds fy, 18 tuojh ls 21 tuojh] 1997 rd dh 
vof/k ds nkSjku ds if’peh fo{kksHk dk p;u fd;k x;k gS rFkk nwljs iz;ksx ds fy, 20 tuojh ls 25 tuojh] 
1999 dh vof/k ds nkSjku ds if’peh fo{kksHk dk p;u fd;k x;k gSA blesa vkjafHkd rFkk lhekar fLFkfr;ksa ds 
fy, us’kuy lsUVj QkWj bu~okbjWuesUV fizMhD’ku&us’kuy lsUVj QkWj ,V~eksLQsfjd fjlpZ ¼,u- lh-  b- ih-&,u- 
lh- , - vkj-½ la;qDr jkT; vejhdk }kjk iqufoZ’ysf"kr vkaadM+ksa dk mi;ksx fd;k x;k gSA  

 
bl v/;;u ls ;g irk pyk gS fd gkSax&iSu vkSj csV~l feYyj dh Øe’k% xzgh; ifjlhek Lrj rFkk es?k 

laogu izkpyhdj.k i)fr ds la;kstu dk izn’kZu  mi;ksx dh xbZ vU; la;kstu i)fr;ksa ds rqyuk esa lcls 
vPNk jgk gSA vkn’kZ HkkSfrdh ¼ekWMy fQftDl½ vU; la;kstu i)fr;ksa dh rqyuk esa bl la;kstu ds }kjk 
leqnz ry dk nkc T;knk lgh izfr:fir djus esa l{ke jgh  gSA blds vykok LFkykÑfr jfgr {ks= esa if’peh 
fo{kksHk dk izfr:i.k lkekU; LFkykÑfr esa izfr:fIkr if’peh fo{kksHk dh rqyuk esa de o"kkZ dh ek=k dks n’kkZrk 
gSA tc blesa lkekU; LFkykÑfr dks ’kkfey fd;k x;k rks fgeky; {ks= ds vkl&ikl Hkkjh o"kkZ gqbZA o"kkZ ds 
{ks=ksa ds ,dhÑr ekWMy lR;kfir fo’ys"k.k ds vuq:Ik ik, x, gaSA o"kkZ {ks=ksa ds  lqxzkfgrk v/;;u ls irk 
pyk gS fd NksVs izHkko& {ks= ¼30 fd-eh-½ ds izfr:fir ekWMy vPNs ifj.kke nsrs gSaA       ”                                                                 

 
ABSTRACT. A non-hydrostatic version of the Penn State University - National Center for Atmospheric Research 

(PSU-NCAR), US, Mesoscale Model (MM5) is used to simulate the characteristic features of the Western Disturbances 
(WDs) occurred over the Indian region during winter. 

 
In the present study sensitivity eight experiments are carried out by using two planetary boundary layer schemes, 

viz., Blackadar and Hong-Pan, and four convection parameterization schemes, viz., Kuo, Grell, Kain-Fristch and Betts-
Miller, with 60 km horizontal model resolution. And also the role of horizontal model resolution and topography is 
studied by carrying out six experiments based on two factors: horizontal model resolution of 30 km, 60 km and 90 km 
with assumed no topography and normal topography. For this study two active WDs are chosen which yielded extensive 
precipitation over western Himalayas. WD from 18 to 21 January 1997 is chosen for study one and WD from 20 to 25 
January 1999 is chosen for experiment two. National Center for Environmental Prediction – National Center for 
Atmospheric Research (NCEP-NCAR), US, reanalyzed data is used for initial and boundary conditions. 

  
It is found that the performance of combination of the Hong-Pan and Betts-Miller as planetary boundary layer and 

cloud convection parameterization schemes respectively is best compared to the other combinations of schemes used in 
this study. The model physics could able to simulate sea level pressure better with this combination as compared to the 
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combinations with other schemes. Further, WD simulations with assumed no topography shows lesser amount of 
precipitation compared to WD simulations with normal topography. When normal topography is included, intense 
localized of precipitation was observed along the Himalayan range. Model integrations of precipitation fields are found 
close to the corresponding verification analysis. Sensitivity studies of precipitation field shows that finer domain (30 km) 
of the model simulation gives better results. 

 
Key words – Numerical weather prediction, Western disturbance, Horizontal resolution. 
 
 

 
1.  Introduction 
 

During winter, the western Himalayan region of 
India receives large amount of precipitation in the form of 
snow due to western disturbance (WDs). WDs are low 
pressure systems observed in the midlatitude westerlies 
over the subtropical region of Asia or Middle East 
countries. They are observed to move from west to east in 
all seasons, but are most prominent over Himalayas during 
winter months of December to March. At times, these 
weather systems bring calamities in the form of 
snowstorms and avalanches in the winter months. In order 
to take some preventive measures to mitigate these 
adverse effects of weather systems, it is essential that they 
be predicted as accurately as possible. This is particularly 
useful for organizations where men and machines are 
employed to operate in open, viz., for defense force, 
agriculture, tourism, transport etc. Also, the knowledge of 
future state of weather associated with an intense WD 
helps in prediction of cold wave conditions, avalanche 
release, critical human comfort index, state of snow and 
frost which is of use to many people at large. 
  

Earlier studies (Pisharoti and Desai, 1956, Kalsi, 
1980 and Kalsi and Haldar, 1992) have mentioned that 
interaction between the tropics and mid latitude systems 
are associated with extensive sheets of mid and high levels 
of clouds and maxima in the subtropical jet. Kalsi and 
Haldar (1992) suggested that mobile cloud systems are 
related to short waves in the subtropical jet and facilitate 
the interaction between the tropics and mid latitude 
systems by amplifying the long wave troughs leading to a 
large influence of mid latitude westerlies over the 
subtropics and lower latitudes. Thus, WD is an interesting 
weather system of mid latitude that is modulated by 
tropical air mass and the Himalayas. 
  

Further, high resolution limited area models have 
been successfully used for both the simulation and the 
prediction of regional and local mesoscale weather events. 
(Anthes et al., 1989). The success of the model depends 
upon initial state and lateral boundary conditions of the 
model domain. Second, horizontal model resolution is an 
integral and essential issue while simulating weather 
system on regional and global scale model for prediction. 
Giorgi and Marinucci (1996) while studying the 
sensitivity of simulated precipitation to model resolution 

and its implication for climate studies found that 
precipitation amounts do vary with model resolution. 
Wind fields for the same region get changed when 
horizontal grid dimension is changed (Kallos and 
Kassomenos, 1994). Krishnamurty’s (1990) global 
forecasts using high resolution spectral model show 
substantial improvements in the prediction results. 
  

The objective is to study experiment (i) Role of 
planetary boundary layer and cloud convection 
parameterization scheme : eight experiments are carried 
out by using two planetary boundary layer schemes, viz., 
Blackadar and Hong-Pan, and four convection 
parameterization schemes, viz., Kuo, Grell, Kain-Fristch 
and Betts-Miller with 60 km horizontal model resolution 
and (ii) Role of horizontal model resolution and 
topography on simulated meteorological fields : six 
experiments are conducted with two factors : horizontal 
model resolution of 30 km, 60 km and 90 km with normal 
topography and assumed no topography. These two 
experiments are carried out by using nonhydrostatic 
version of PSU-NCAR mesoscale model (MM5) to 
simulated active WDs. Though numbers of case studies 
are carried out, in present study case pertaining to two 
active WDs from 18 to 21 January 1997 (for Case I) and 
from 20 to 25 January 1999 (for Case II) are presented. 
 

In the present study, section 2 presents brief 
description of the model configuration. Section 3 
illustrates data used and numerical experiments. Section 4 
illustrates synoptic situations of the two WDs considered 
for the study. Results are discussed in section 5. Main 
conclusions are presented in section 6. 
 
2.  Model description 
  

MM5 modeling system, developed by Anthes and 
Warner (1978) at Penn State University-National Center 
for Atmospheric Research (PSU-NCAR), US, is used for 
numerical prediction of the WD. MM5 is a limited area, 
hydrostatic or non-hydrostatic model that uses terrain-
following sigma coordinate in the vertical. In this study 
non – hydrostatic version of the model is used (Dudhia, 
1993, Dudhia, et al., 1998, Grell et al., 1994). 
  

In non-hydrostatic version of the model, the 
meteorological fields are separated into constant reference 
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state and perturbation state. A constant reference and 
perturbation states are defined as 
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The reference state pressure instead of pressure is 
used to define the sigma coordinate. 
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where ps and pt are surface pressure and pressure at 

the top of the model (50 hPa in this study) for the 
reference-state. The reference pressure of the model sigma 
levels are then calculated as 
 
 

'* pppp t ++= σ  

 
where, p*(x, y) = ps (x, y) - pt. 

  
In terrain following sigma coordinate system          

(x, y, σ), basic prognostic equations in pressure weighted 
flux form are given below. 

 
Horizontal momentum equations 
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Vertical momentum equation 
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Pressure 
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Temperature 
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Water vapor (qv), cloud water (qc) and rain water (qr) 
are given by the following : 

 
 

( ) qvv

vvvv

DPPPPpq

qp

y

mvqp

x

muqp
m

t

qp

+−−−−++

∂
∂−













∂
∂+

∂
∂−=

∂
∂

IDIICONRE
*

***
2

*

DIV

σ
σ&

 

 
 

( ) qcc

cccc

DPPPPPpq

qp

y

mvqp

x

muqp
m

t

qp

++−−+++

∂
∂−













∂
∂+

∂
∂−=

∂
∂

CONRARCIIID
*

***
2

*

DIV

σ
σ&

 

 
 

( ) qr
rf

r

rrrr

DPPPp
V

q

qp

y

mvqp

x

muqp
m

t

qp

++++
∂

∂
−+

∂
∂−













∂
∂+

∂
∂−=

∂
∂

RARCRE
*

***
2

*

gq
DIV

σ
ρ

σ
σ&

 



 
 
582                            MAUSAM, 57, 4 (October 2006) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figs. 1(a-d). Topography with different horizontal model resolution and with flat topography 
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where u, v and w represent three components of the 

velocity vector, T is the temperature, p is the pressure, and 
m is the map scale factor. Subscript 0 and superscript 
prime represent reference-state and perturbation 
respectively, and other symbols have their usual 
meanings. 
 

3.  Data used and numerical experiment 
  

Numerical simulations of active WDs, that affected 
the western Himalayas is examined. These cases are 
selected because it gave widespread precipitation over 

northwest India including western Himalayas. The domain 
selected for the study is shown in Figs. 1(a-d). 
  

In first study, role of the planetary boundary layer 
and cloud convection parameterization schemes in the 
development of the WD is investigated. Model 
simulations are made with 60 km horizontal model 
resolution. Numerical simulation of an active WD that 
affected the northwestern part of India during 18 to 21 
January 1997 is examined. To study the role of physical 
processes while simulating the WD, a series of eight 
experiments are performed for producing 24 hour and 48 
hour forecast. Following PBL schemes and convection 
schemes are used. 

 

(i) Two PBL schemes namely Blackadar and Hong-Pan 
(Hong and Pan, 1996). Hereafter referred as B and M 
respectively. 
 

(ii) Four convection schemes namely Kuo, Grell, Kain-
Fritsch and Betts-Miller (Betts and Miller 1986, 1993).  
Hereafter referred as KU, GR, KF and BM respectively. 
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Figs. 2(a-d). Synoptic situations prevailing at 500 hPa during 22 to 25 January 1999 
 

 
 
In second study, numerical experiments are made 

with normal topography and assumed no topography with 
30, 60 and 90 km horizontal model resolutions. Numerical 
simulation of an active WD, that affected the northwestern 
part of India during 21 to 25 January 1999, is examined. 
Total six combinations of experiments are carried out 
under this experiment for producing 24 hour and 48 hour 
model predictions. 
  

Initial conditions for the model are extracted from 
NCEP-NCAR reanalysis data sets and interpolated to the 
model domain. The usual procedure is to use the 
reanalysis data sets as the first guess in the objective 
analysis process to enhance them, because interpolation 
by itself cannot reproduce small scale features that have 

already been smoothed out in the large scale reanalysis. 
As suggested by Sashegyi and Madala (1994) when 
insufficient data are available on the scale required by the 
numerical model, the model can be used to provide the 
time continuity between the observation times and 
generate the spatial variability on the scales resolved by 
the model. Hence in this study 12-hour nudging is applied 
before starting of model integration. During nudging 
period small scale features are generated by the model 
physics and are consistent with the large scale data sets 
used as initial conditions. The boundary layer variables 
are excluded from nudging toward the observation. 
  

The topography is obtained from United                 
State  Geological  Survey  (USGS). These three numerical  
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Figs. 3(a-h).  24 hour observed precipitation (cm) and day 1 to day 4 model simulated with 30 km 
resolution for 22 to 25 January 1999 
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Figs. 4(a-h).  24-hour forecast of sea level pressure valid at 0000 UTC on 19 January 1997 (a) experiment B-KU             
(b) Experiment B-GR (c) Experiment B-BM (d) Experiment B-KF (e) Experiment M-KU (f) Experiment 
M-GR (g) Experiment M-KF (h) Experiment M-BM 
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experiments are conducted with different topographies. In 
the first experiment the 5 min (9 km) global topography is 
incorporated for 30 km horizontal model resolution and 10 
min (18 km) global topography is incorporated for 60 km 
and 90 km horizontal model resolution. For assumed no 
topography, the topography is replaced by a constant 
value of one meter over the entire domain. 
 
4.  Synoptic situations 
 

Two active WDs, from 18 to 21 January 1997 and 
from 21 to 25 January 1999, are considered for the study. 
For the sake of brevity WD for case II is presented 
elaborately. 
  

A WD affected Jammu and Kashmir region from 18 
to 21 January 1997. On January 18, WD as an upper air 
system was seen over Iran and Afghanistan. On the 
following day an induced low pressure appears over 
Pakistan and adjoining Rajasthan with a central pressure 
of 1008 hPa, the main WD having moved northeast 
towards Jammu and Kashmir. On January 20 the induced 
low-pressure area moved over Punjab and adjoining areas 
and becomes unimportant on 21 January 1997 (Figs not 
presented). Widespread precipitation has been reported 
from stations in Jammu and Kashmir, Himachal Pradesh, 
Punjab and hills of west Uttar Pradesh from 0300 UTC on 
19th to 0300 UTC on 21st. This WD is considered for 
studying the impact of model planetary boundary layer 
and cumulus convection parameterization schemes and its 
effect on simulating weather parameters. 

 
In the second case study, another WD that affected 

the northwest India from 21 to 25 January 1999 is 
undertaken to see the impact of horizontal model 
resolution and topography. During this period most of the 
northwest India remains covered with intense multilayered 
low and high level clouds. On 21 January 1999 a trough at 
500 hPa was observed extending from Afghanistan to 
northwest India associated with a low pressure at surface 
over northwest India. On 22 January 1999 the low on the 
sea level persisted at the same location with associated 
upper air circulation up to 700 hPa and trough aloft 
extended up to 300 hPa. Precipitation amounts varying 
between 2 cm day-1 to 6 cm day-1 were recorded at number 
of places in northwest India. On 23 January 1999, at 0000 
UTC the pressure trough persisted at the same location, 
but pressure gradient steepened considerably over the 
region. The associated upper air cyclonic circulation also 
strengthened and could be seen extending up to 500 hPa 
and trough aloft up to 200 hPa. The upper air cyclonic 
circulation and the associated trough tilted westward with 
height. On this day, precipitation amounts varying 
between 2 cm day-1 to 6 cm day-1 were recorded at a 
number of  places  in northwest India. On 24 January 1999  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.  Reanalysis of sea level pressure with contour interval of         
3 hPa at 0000 UTC on 19 January  

 
low pressure area moved over to Rajasthan and the steep 
pressure gradient to the north of it could still be observed 
over northwest Indian states. The associated cyclonic 
circulation extended up to 500 hPa and trough aloft up to 
200 hPa. The trough was located close to 70° E. On this 
particular day the precipitation amount varying between 2 
cm day-1 to 9 cm day-1 were recorded at many places over 
northwest India. On 25 January 1999 the low pressure 
area over Rajasthan weakened considerably and moved 
east northeastwards. The associated upper air trough was 
noticed between 700 hPa and 200 hPa. The precipitation 
amounts varying between 2 cm day-1 to 4 cm day-1 were 
recorded at a few places in northwest India. On 26 January 
1999 the trough became very feeble. Synoptic weather 
information associated with the WD at 500 hPa is depicted 
in Figs. 2(a-d). The observed 24 hourly precipitation 
amounts as recorded by India Meteorological Department 
(IMD) at 0300 UTC from 22 January 1999 to 25 January 
1999 over northwest India are show in Figs. 3(a-d).  
 
5.  Results and discussion 

 
5.1. Role of planetary boundary layer and cloud 

convection parameterization schemes 
  

In this study, non-hydrostatic version of MM5 (Grell 
et al., 1994) is used to simulate a WD that affected 
northwest India from 18 January 1997 to 21 January 1997 
with different planetary boundary layer and cloud 
convection parameterization schemes. To study the role of 
physical processes while simulating the WD, a series of 
eight experiments are performed for producing 24 hour 
and 48 hour forecast with the combination of two 
planetary boundary layer schemes and four cloud 
convection schemes. 
  

Experiments with Blackadar scheme for planetary 
boundary  layer  and  KU,  GR,  KF  and  BM schemes for  
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Figs. 6(a-f). Precipitation (cm) after 24 hour forecast valid at 0000 UTC on 22 January 1999 over flat and normal topography with different resolution 
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Figs. 7(a-f). Precipitation (cm) after 48 hour forecast valid at 0000 UTC on 23 January 1999 over flat and normal topography with different resolution 
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TABLE 1 

Precipitation (cm day-1) through various experiments at Sonamarg 

 SASE (Observation in we) 90 km resolution 60 km resolution 30 km resolution PPM 

Day1 0.40 0.353 0.319 0.363 0.37 
Day2 0.35 0.433 0.440 0.458 0.35 
Day3 0.43 0.537 0.642 0.670 0.43 
Day4 0.40 0.460 0.468 0.490 0.37 

 
 
cloud convection are referred to as B-KU,B-GR,B-KF and 
B-BM respectively. Similarly, using Hong-Pan scheme for 
planetary boundary layer and cloud convection schemes as 
earlier, the experiments are referred as M-KU, M-GR, M-
KF and M-BM respectively. For verification purpose, the 
24 hour model output of sea level pressure in the above 
eight experiments, valid at 0000 UTC on 19 January 1997 
is compared with corresponding verification analysis. The 
24 hour model simulated sea level pressure with the eight 
experiments is presented in Figs. 4(a-h) and the 
corresponding verification analysis is depicted in Fig. 5. 
In all these experiments, the sea level pressure simulation 
is reasonably good, but some noise is seen over the 
Himalayan region. This could be attributed to possible 
errors in converting the model simulated surface pressure 
to sea level pressure over steep orography. It has been 
noticed that the predicted position of the induced low 
pressure with the M-BM experiment [Fig. 4(h)] is 73.5° E 
and 29.8° N which is closer to the position of the system 
as seen in the reanalysis map (Fig. 5) at 73.7° E and    
27.8° N compared to the other experiments. Therefore,  
M-BM experiment is closest to the actual position of the 
system as seen in corresponding verification analysis. 
  

5.2.1.  Role of horizontal model resolution and 
topography on simulated meteorological 
fields 

 
Using the above mentioned best physics option, i.e., 

M-BM experiment, the impact of horizontal model 
resolution and topography on the evolution of the WD and 
associated precipitation is investigated. In this study, role 
of topography and horizontal model resolution on 
precipitation field is presented. WD from 20 January 1999 
to 25 January 1999 is simulated for present study. 
Simulations are made with different horizontal model 
resolution with assumed no topography and normal 
topography, so that comparison can be clearly made out. 
 

The horizontal model resolution at 30, 60 and 90 km 
with assumed no topography and normal topography is 
considered. Topography with these resolutions is shown in 
Figs. 1(a-d). Model simulation with 30 km resolution 
results in more intricate topography as compared with 60 
km horizontal model resolution and 90 km horizontal 
model resolution. The simulated precipitation field at the 

end of 24 hour and 48 hour period i.e., ending at 0000 
UTC of  22 January 1999 and 23 January 1999 are 
presented.  It is clearly noticed that with assumed no 
topography simulation produces less precipitation, Figs. 
6(a-c). The precipitation increases with increasing 
horizontal model resolution too. Moreover precipitation 
with assumed no topography is more towards north-
northeast as compared to the precipitation produced in the 
model with normal topography. Also, precipitation 
produced by the model with normal topography shows 
northwest to southeast orientated band with a few pockets 
of heavier precipitation along the Himalayan ranges [Figs. 
6(d-f)]. On day 2, model could able to simulate higher 
precipitation amount [Figs. 7(a-f)]. The precipitation 
produced in 30 km horizontal model resolution shows 
intense pockets. Moreover the precipitation pattern nearly 
remains anchored to the same location in all the three 
resolutions. Comparison with actual precipitation (Fig. 3) 
shows that though the magnitude of precipitation amount 
differs, but orientation of precipitation distribution is well 
simulated. The model with finer resolution, 30 km, is able 
to estimate affects of mesoscale forcings on precipitation 
over the selected domain in better manner. 
 

5.2.2.  Sensitivity studies of area averaged 
precipitation 

  
Precipitation sensitivity is studied by considering the 

difference in precipitation rates among the domain with 
three different horizontal model resolution and the two 
topography experiments. Area (65° E to 80° E and 30° N 
to 40° N) averaged precipitation for 24 hour during the 
entire 96 hour model integration of the model is 
examined. The area averaged maximum and area time 
averaged values of simulated precipitation are given in 
Table 1. It is found that more precipitation is simulated as 
the domain becomes finer and as the topography 
resolution becomes higher. Further, area averaged 
maximum and area time averaged precipitation rates get 
larger as the domain becomes finer. Secondly, less 
precipitation was simulated with assumed no topography 
as compared with normal topography as gradient becomes 
smaller. It shows that model resolution and topography 
gradient play very important role in prediction of 
precipitation due to WD. As precipitation estimation 
mainly depends upon horizontal moisture convergence 
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and vertical velocity and since horizontal convergence and 
vertical velocity are stronger in finer domains, hence more 
precipitation was simulated over finer domains. Further, 
as topography is better presented in finer domains, 
location and structure of topography barrier lead to 
generate realistic location specific precipitation. Since 
orographic gradients are larger in finer domains, hence 
better precipitation results are simulated in finer domains. 
Even though, it is very difficult to say whether the effect 
of model resolution or topography is large as both are 
closely related to each other. However, the ratios of the 
finer resolution mean and the coarser resolution mean in 
these experiment are computed, i.e., 1.028 and 1.220. On 
comparison these value suggest that the effect of 
topography plays more important role that the model 
resolution. Further, these precipitation rates are compared 
with the NCEP reanalysis data sets and it is found that fine 
resolution simulated rates are much closer to with these 
and also to the IMD and Snow and Avalanche Study 
Establishment (SASE), Manali, realtime observations. 
 
 
6.  Conclusions 
  

Simulation results indicate that the distribution and 
the rate of simulated precipitation due to WD over 
northwest India is highly sensitive to the correct model 
physics, horizontal model resolution and topography. 
Study of planetary boundary layer and cloud convection 
parameterization scheme shows that combination of 
Hong-Pan and Betts-Miller scheme is better among other 
possible combinations of schemes. Sensitivity results 
show that this combination gives closer resemblance to 
the real synoptic weather situations. Further, precipitation 
prediction does vary with horizontal model resolution. 
This emphasizes the fact that integration of finer scale 
topography is needed for more precise prediction of 
precipitation. It could be missing in the model due to its 
coarse horizontal resolution, and, also, coarse resolution 
cannot represent subgrid processes in the model. 
  

Over the western Himalayas, meso scale modeling 
system, using appropriate planetary boundary layer 
scheme and finer horizontal model resolution, can 
simulate meteorological fields satisfactorily. Introduction 
of detailed/fine topography in the model produces more 
realistic results.  
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