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Abstract

Early springtime diurnal variation of vertical wind over the 60 km long Tufan Danda mountain range
located in the Far-Western Nepal has been numerically simulated with the application of WRF modeling
system. Temporal and spatial distribution of vertical wind over the mountain range has been discussed
up to tropospheric height. The study reveals that strong vertical wind gradient prevails throughout the
troposphere of the area. The mountain wave excitations from the western edge of the mountain range appear
to be propagated beyond the eastern edge of the mountain range enhancing regular bands of up- and
downdrafts. The up- and downdrafts may extend beyond the tropospheric height during the late afternoon
time in fair weather situations. The speed of the up- and downdrafts over the Tufan Dada may reach more
than 180 ¢cm s and 200 cm s, respectively. High speed and great vertical extension of vertical wind over
the area can significantly contribute in coupling the upper and lower atmospheric air masses and hence
exchange of constituents. Tufan Danda mountain range could be one of the suitable site to monitor exchange
of upper and lower atmospheric constituents.
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1. Introduction

of wvertical air motion
the of the

atmosphere and their implications for several

et al,1982]. Furthermore, the variability in
the vertical air motion and its scale are largely

Importance
in understanding dynamics
affected by the presence of gravity waves,

meteorological processes such as genesis of Wweather disturbances and large-scale general

clouds, precipitation growth, convection, wave
generation, and transport of mass, momentum
and energy in the upper troposphere have been
extensively discussed by several researchers
[Uma and Rao, 2009; Ecklund, 1982; Nastrom
and VanZandt, 1994; Yamamoto et al., 2007].
The vertical wind variability has been found
significantly correlated with the wind speed
and wind shear. The variability in the vertical
wind can be interpreted as a measure of gravity
wave activity [Eukland et al., 1981; Eukland

circulation [Wheeler et al., 2000; Piani and
Durran, 2001; Uma and Rao, 2009].

Unlike the
wind motions are generally very small in

horizontal winds, vertical
quantities and hence accurate measurements of
vertical wind speeds are often difficult. Until
the introduction of advance wind profiling
technology, vertical winds were estimated
from other meteorological parameters such as
horizontal winds, temperature and pressure
measurements. Common methods to estimate
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vertical motions include kinematic, adiabatic,
trajectory and numerical methods. At present,
vertical motions are directly measured with high
spatial and temporalresolutions[ Gageetal., 1991,
Uma and Rao, 2009] by deploying all weather
equipment like very high frequency (VHF) radar
wind profiler. The echoes thus received due to
the refractivity fluctuations caused by turbulence
are analyzed to obtained vertical wind motions.
[Rottger, 1980; Gage, 1990; Gage et al., 1991,
Cifelli and Rutledge, 1994; Jagannadha Rao et
al., 2003; Dhaka et al., 2002]. However, Nepal
is yet to develop its remote sensing facility and
a good network of surface observatories. In such
situations, numerical methods could be the only
way to understand the local and regional scale
vertical transport processes and their spatial and
temporal distributions over the area of interest.

There have been some significant efforts
to understand atmospheric transport processes
over the Nepal Himalaya [e.g., Kiftada and
Regmi, 2003; Regmi et al., 2003; Panday and
Prinn, 2009; Shrestha et al., 2010; Shrestha and
Barros, 2010; Brun et al., 2011]. Himalayas
and its immediate surroundings hold extreme
topographic complexities and hence a myriad of
extraordinary meteorological phenomena can
be associated with them. As part of the ongoing
research on characterization of meteorological
flows over the middle hills of Nepal Himalayas,
several areas including the Far-Western region
have been studied. The study has revealed
diverse nature of flow fields [e.g., Regmi and
Maharjan, 2013; Maharjan, 2014a; Maharjan
and Regmi, 2014; Regmi, 2014; Regmi, 2013a;
Regmi, 2013b; Maharjan and Regmi, 2013;
Maharjan, 2014b; Regmi, 2014; Acharya et al.,
2014].
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The middle hills of the Far-Western
region of Nepal hold distinctly different
meteorological flow characteristics compared
to other parts of the country so far studied
[Regmi and Maharjan, 2014]. Present study
area is located in the complex terrain of Far-
Western region bestowed with majestic natural
beauties. The bird-eye view of area is shown
in Figure 1. This is the region where complex
interactions of regional air mass circulations
occur leading to a strong upslope wind towards
the high Himalayas during the daytime whereas
during the nighttime the downslope wind from
the region may penetrate deep into the Ganga
Plain beyond the boarder. Tufan Danda, as
its name refers, is considered to be one of the
mountain range where strong prevails most of
the time during the dry season. The mountain
chain extends for about 60 kilometer with
rugged hills with an average height of 2 km
above the mean sea level (AMSL) in the west-
east direction.

Figure 1. Three-Dimensional topographic view
of Tufan danda range and its surroundings in Far-
Western Nepal. Along the line A—B cross sectional,
distribution of vertical winds are discussed.
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In this paper we will discuss the early
springtime vertical
the Tufan Danda as revealed by numerical

wind variability over

simulation of regional scale local flows.

2. Methodology

The third generation Weather Research
and Forecasting WRF Modeling System
[Skamarock et al., 2008] with core ARW has
been applied to compute the diurnal variability
of vertical velocity over the Tufan Danda range.
It is a fully compressible and non-hydrostatic
model with a run-time hydrostatic option. The
model utilizes a terrain-following hydrostatic
pressure coordinate system, Arakawa C-grid
staggering and Runge-Kutta 2nd and 3rd order
time integration schemes, and 2nd to 6th order
advection schemes in both the horizontal and
vertical, thus, making highly suitable to perform
simulation over a highly complex terrain.

A triply nested two-way interacting mesh
of horizontal grid sizes 9, 3, 1 km for coarse,
fine, and finest domains, respectively, with
35 wvertical levels was adopted for present
calculation. Coarse and fine domains consists
(52%52) grid points where as finest contains
(70%x70) grid points. The centers of all the
domains were set at Amargadi of Dadeldhura
district (29.31°N, 80.59°E) WRF offers a
range of options for the parameterizations of
sub-grid-scale processes. However, for this
calculations we used the following physics
options and schemes: WSM 3-class simple ice,
Kain-Fritsch (for coarse domain only), Unified
NOAH land-surface, YSU Planetary Boundary
Layer, RRTM long wave, and Dhudhia short
wave etc. The model was initialized with 10X10
horizontal resolution 6 hourly meteorological

Journal of Nepal Physical Society
August-2015, Vol. 3, No. 1

data from National Centers for Environmental
Prediction (NCEP) and the 24 categories land
use and 30 second terrain elevation data by
United States Geological Survey (USGS).

The WRF model is initialized at 0000
UTC of a given day and is run for 48 simulated
hours, storing the output every hour. The first
day of the simulation has been discarded as a
spin up of the model, and the values for the
following 24 hours are retained for inspections.
Following the same procedure the simulation
results of continuous 168 hours (01 March 2014
to 8 March 2014) were gathered for study. The
output interval was set for every 15 minutes

3. Results

After careful examinations of 168 hours
simulation results, we came to the conclusions
that the 02 March 2014 may be considered
as a representative day for the early spring
The
vertical extensions and temporal variations of

season under fair weather situations.

vertical motion of air mass over the Tufan Dada
mountain range can be conveniently assessed
with the help of cross-sectional plots of vertical
wind speed and potential temperature along the
Tufan Dada ridge, i.e., along the line A—B (see
Figure 1 for the line). Figure 2 shows the diurnal
variation of the vertical winds superimposed
with potential temperature for every two hours
intervals for the day of 02 March 2014 up to the
height of troposphere, i.e., 12 km AMSL.

During the morning hours (see Figure 2a),
the troposphere of the western lowland valley
area possesses negligible up- and downdrafts
with some scattered near surface and upper
The distribution and

troposphere. shape
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of potential temperature contours strongly
suggest that trapped atmospheric undulations
[Durran, 1990] prevails over the eastern part
of the mountain range up to the height of 8 km
AMSL. The elevated areas left to the mountain
pass may remain under the influence of weak
and shallow subsidence whereas the eastern
areas from the pass alternately receive strong
up- and downdrafts. These up- and downdrafts
appears to be effective up to the height of 8 km
AMSL. The speed of updrafts appears to vary
from about 20 cm s to more than 160 ¢cm s™'.
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Figure 2. Cross-sectional distribution of vertical
wind velocity (cm s') along the ridgeline of Tufan
Dada mountain range superimposed with potential
temperature contours at the interval of 1°K (see
Figure 1 for line A—B along which the cross
section is drawn).

Likewise, the downdraft speeds vary from 20
cm s to 200 cm s'. Thus, the eastern part of
the Tufan Dada may remain highly turbulent
during the morning hours. Over the mountain
pass (see Figure 2a) the updrafts with maximum
velocity close to 160 cm s may prevail up to 2
km above the surface.

the basic

distribution patterns of up- and downdrafts

As morning progresses,

appear to be continued with few scattered
anomalies like maximum intensity of updraft
reaches to about 200 cm s'. However, by late
morning, significant changes are apparent. For
example, the downdrafts that prevailed above
3 km AMSL over the western lowlands during
the early morning times come down to the
surface level and the directional wind shear can
be expected over the eastern part of the range
(see Figure 2c). Close to the noontime, the
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upper troposphere over the western lowlands
develops significant updrafts (see Figure 2d).
Likewise, the updrafts over the mountain pass
strengthen but the up- and downdrafts over the
western part of the mountain range persists as
in the morning times.

In the afternoon, examining the plots
for every 15 minutes interval it is seen that
around 1400 LST (not shown), atmospheric
undulations (trapped mountain waves) suddenly
onsets from the western end of the Tufan Dada
range and propagates horizontally towards the
east that can be learnt by comparing Figures
2d and Figure 2e. These up- and downdrafts
may extend up to the height of troposphere
but remain highly effective up to the height
of 6 km AMSL. Contrary to the morning and
noontime, in the afternoon times the up- and
downdrafts strengthen over the western part of
the Tufan Dada mountain range whereas they
are weakened over the eastern part (see Figure
2d and 2e). During the period, there is switching
from downdraft to updraft over the mountain
pass areas. During the late afternoon times,
the mountain pass area holds strongest updraft
in the whole 60 km long mountain range. The
updraft speed may exceed 180 cm s during the
period and may extend beyond tropospheric
height with the speed of 40 cm s (see Figure 2f).

Beyond the late afternoon, the pronounced
afternoon time vertical motions over the Tufan
Dada begin to subside significantly (see Figure
2g) and at the dusk the lower troposphere (lowest
4 km) holds feeble downdrafts except right over
the mountain pass where the significant updrafts
still prevails. Beyond late evening, the up- and
downdrafts gradually activate over the whole
mountain range to resume nearly the same early
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morning situation next day described earlier
(see Figures 2h-i and Figure 2a).

It, thus, appears that there is strong diurnal
periodicity in the distribution of vertical
motions over the Tufan Dada mountain range
during the early spring season. Furthermore, the
atmospheric undulations over the Tufan Danda
mountain range are trapped undulations and
largely confined within the lowest troposphere
below 4 km AMSL. It is important to note
that as the afternoon time up- and downdrafts
are appreciably high and may extend beyond
tropospheric height, they can play significant
role in transporting low level pollutants up into
the upper atmosphere and vice versa.

As discussed earlier, this is the region
where different regional winds from beyond
the boarder interact in complicated manner
and build-up pronounced daytime upvalley
wind system towards the high Himalayas
via Tufan Dada mountain range [Regmi and
Maharjan, 2015], the regional wind may bring
regional pollutants over Tufan Dada mountain
range from corresponding downwind areas.
Although, it cannot be overly stressed because
the present study is yet to be complemented
with atmospheric transport modeling and
observations, it is likely that Tufan Dada
mountain range might have playing significant
role in pumping up the regional pollutants up
into the upper troposphere.

4. Conclusions

High resolution WRF simulation was
performed to study the characteristic behavior
and diurnal periodicity of vertical wind over the
Tufan Dada mountain range in the Far-Western
region of Nepal during the early spring season.
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The prevalence of significantly high up- and
downdrafts activities often extending up to the
upper part of the troposphere over the mountain
range most of the time suggests appreciable
coupling of lower and upper tropospheric air
masses. Orographically induced mountain
waves over the Tufan Dada mountain range are
likely to add further momentum in coupling
the upper and lower tropospheric air masses.
The fair weather updraft and downdraft speed
over the mountain range during the early spring
season may reach more than 180 ¢cm s and 200
cm s, respectively. Thus, we can expect the
excessively high vertical motions in convective
periods over the Tufan Dada mountain range.
The appearance of appreciable up- and
downdrafts at about 12 km AMSL indicate high
possibilities of coupling and mass exchange
in between stratosphere and troposphere over
the Dadeldhura region as well. The study has
shown that Dadeldhura and, particularly, the
Tufan Dada mountain range could be one of
the potential areas to assess the possibility of
stratospheric ozone intrusion to the troposphere
in Nepal. This study has opened the new
window to access the possibility of stratospheric
ozone intrusion to the troposphere. However,
as the present study lacks its verifications
with observation data, further investigation
complemented with observation are expected
to be assertive in its findings although the
strengthen of present days advanced numerical
modeling such as WRF cannot be undermined.
Past experiences of successful reconstructions
of atmospheric transport processes in different
parts of the extreme Himalayan complex
terrains [e.g., Regmi et al., 2003; Kitada and
Regmi, 2003; Maharjan, 2013; Regmi, 2013],
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suggest that the predictions made with WRF
over Tufan Dada mountain range are not much
deviated from the real situations.
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