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The tropical cyclones (TCs) and convective storms have a significant impact on triggering widespread flooding in vulnerable areas.
However, it is not clear whether the TCs stimulate the convective precipitation over the Al-Hajar Mountains in Oman or suppress
it although it had been shown in many studies that TCs suppress the local convection development. This study aims to test the
applicability of the hypothesis that the TCs suppress the convection over mountainous to the Al-Hajar Mountains. In order to test
the hypothesis of tropical cyclones’ impact on local convection development over the Al-Hajar Mountains, this study considers
three different cases during the premonsoon season between 2007 and 2018. The results revealed that weak local convection is
reported over the Al-Hajar Mountains during the presence of the cyclones in the Arabian Sea and during the period of their direct
impacts. The rainfall in these cases was mainly from stratiform clouds. Therefore, the impact of TCs on the convective suppression
over the mountains is applicable to the Al-Hajar Mountains. This study will provide decision-makers and policy creators with
knowledge as to whether the Al-Hajar Mountains are susceptible and vulnerable to the risk of torrential downpour, flash flooding,

and thunderstorms as what is believed to be.

1. Introduction

Tropical cyclones (TCs) and cyclonic storms (CSs) en-
countered from the Arabian Sea are a semiannual threat for
Omani coasts during the premonsoonal (May-June) and
postmonsoonal (October-November) seasons [1]. Based on
India Meteorological Department (IMD) [2] statistics, the
total number of TCs in the Arabian Sea recorded during the
period from 1891 to 2019 reached 81. This number is rel-
atively small compared to the total number which formed in
the Bay of Bengal during the same period which reached 239
cases. However, the associated destruction caused is ex-
tensive since a most of the population of Oman live in the
low-lying coastal areas [3]. Figure 1 presents the monthly
frequency of TCs in the Arabian Sea between 1981 and 2019.

Despite the large number of TCs which forms in the
Indian Ocean, only a few of them advance to the Arabian Sea
[4]. TCs generally form over southeast and central regions of
the Arabian Sea in May and October through December and
in east-central regions in June. Some of the TCs that
originate in the Bay of Bengal travel across the peninsula,
weaken and emerge into the Arabian Sea as low-pressure
systems, and may again intensify into CSs. These systems
initiate as a depression in the sea with maximum sustained
surface wind range between 17 knots and 27 knots. CSs
occur when sustained wind speed falls between 34 knots and
63 knots. Based on the criteria adopted by the Directorate
General of Meteorology in Oman (DGMET), the tropical
system is classified as “T'C” when its maximum sustained
wind speed exceeds 63 knots. Of the total disturbances in the
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Arabian Sea, 35% may intensify to CSs and 7% into TCs. In
contrast to the Regional Specialized Meteorological Centre
(RSMCQ) in New Delhi, India, the Sultanate of Oman uses a
different scale which is recommended by World Meteoro-
logical Organization (WMO) for maximum sustained wind
assessment of a TC and that of a 10-minute average at the
height of 10m. The classification of TCs in the Saffir
Simpson scale for the wind speed and pressure fall within the
center is divided into five different categories shown in
Table 1.

Based on the atmospheric models under the IPCC A1B
scenarios where the balance among all the energy sources
and improvement are applied [5], the TCs centers in the
north Indian Ocean (NIO) are more likely to shift westward
toward the Arabian Sea during the postmonsoonal season.
Accordingly, Omani and Yemeni coasts are more likely to be
threatened with the tropical system in the following years
that already been witnessed since 2014. On the other hand,
Evan et al. [6] showed that more intense TCs events in the
Arabian Sea occurred during the premonsoonal seasons over
the past 30 years.

The dominant source of rainfall in Oman is from the
convective rain [7]. The high insolation of solar heat in
summer months and the synoptic and mesoscale features
interaction with the orographic forcing mechanism by
the Al-Hajar Mountains are the essential factors in
convection initiation over the mountains [8-12]. At a
local level, Al-Brashdi [7] discussed the formation of heat
low in the Empty Quarter in Arabian Peninsula and
explained how its position relative to the mountains
could control the wind regime and thus the intensity of
local activity in the mountains. The convection intensity
is classified into three categories: nonactive, active, and
very active based on the cloud top temperature (CTT)
represented by satellite images and the spatial coverage of
the developed cells simultaneously [7, 13-15]. Nonactive
convection refers to when no significant convection is
observed, that is, when CTT >233. In active convection,
only isolated cells form with 213 < CTT < 233, whereas
severe convective clouds form within multicells with
associated CCT <=213.

Very active convections are more likely to occur when
the thermal heat deepens south of the mountains where the
prevailing air mass flow becomes southeast from the Arabian
Sea causing the convergence of the bulk of moisture flux
towards the mountains [7]. The outcome of latter research by
Al-Brashdi [7] supports the analysis of earlier study by Al-
Maskari et al. [16] on the relation between the thermal low
and wind pattern on the local convection in the Al-Hajar
Mountains. This can be explained by the strong convergent
flow from the Arabian Sea towards the thermal flow arising
from the steep temperature gradient between the land and
the sea represented by the Empty Quarter desert and the
Arabian Sea, respectively.

In the summer season, particularly during July and
August, the oscillation of Intertropical Convergence
Zone (ITCZ) and its movement towards the Al-Hajar
Mountains stimulates the intensity of the convection over
the mountains. The moisture transport from the
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FIGURE 1: Monthly frequency of TCs in the Arabian Sea during
1891-2019 (source: IMD).

TaBLE 1: The classification of TCs in the Saffir Simpson scale
according to the central pressure and the wind speed.

Category Pressure (mb) Associated wind speed knots (Km/h)

1 >980 64-82 (119-153)

2 979-965 83-95 (154-177)

3 964-945 96-112 (178-208)
4 944-920 113-136 (209-251)
5 <920 >136 (>251)

monsoonal wind, the latent heat release from the con-
densation along the ITCZ, and the depth of temperature
inversion in the lower and middle troposphere have
positive feedback on very active convection over the Al-
Hajar Mountains [7,17].

In the present study, the precipitation over the Al-Hajar
Mountains in Oman between 2007 and 2018 during the in-
fluence of TCs in the premonsoonal seasons is researched. The
primary aim of this research is to test the hypothesis that the
influence of TCs on convective suppression over the moun-
tainous is applicable to the Al-Hajar Mountains. In the vicinity
of the mountains, the precipitation is controlled by orographic
lifting rather than the tropical system-accompanied rain band
[18].

Thus, this research helps to understand the impact of TCs
on local convection activity over the Al-Hajar Mountains and to
identify the potential of convective storm development during
the TCs. Besides, it is set out to be a baseline for reducing the
vulnerability in mapping the least vulnerable areas to thun-
derstorms and flooding in Oman during the TCs as the
mountain topography and poor infrastructure invite the sus-
ceptibility of natural hazards to disaster.

This study is carried out 24 hours before the approach of
the TCs and during its direct impact either by landfall or by
crossing the coast of Oman. To assess this, the stability of the
atmosphere, the prevailing wind, the moisture profile, and
rainfall distribution are analyzed in addition to satellite data.
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2. Materials and Methods

2.1. Study Area. The topography of Oman is heterogeneous,
including mountains, deserts, and coastal areas. The Al-
Hajar Mountains, which is about 700 km length with the
highest altitude of 3076 m in Jabal Shams, play a major role
in convective rainfall during the summer season
(May-September).

This study is focused on three TCs in the Arabian Sea
formed during 2007-2018 and their effect on the Al-Hajar
Mountains in the north of Oman. The Al-Hajar Mountains
extend from the extreme north of the Sultanate in the vi-
cinity of the Arabian Gulf from the west and the Sea of
Oman from the east to the southeastern coasts of Oman in
boundary with the Arabian Sea in Ras Al-Hadd. In total,
three water vapor sources surround the mountains which are
the Arabian Gulf at the northwest, the Sea of Oman at the
northeast, and the Arabian Sea in connection with the In-
dian Ocean at the southeast. Thus, the south-westerly
monsoonal wind from Somali-Jet [19] has a great influence
on the formation of tropical systems as well as the devel-
opment of the convective storms in the Al-Hajar Mountains.
Additionally, the exposure of Al-Hajar Mountains to the sea
breeze from three ocean basins throughout the year [20]
leads to the advection of sufficient moisture in the atmo-
sphere, especially at low levels.

2.2. Data

2.2.1. Best Track. The best track of six hourly trajectory data
of the three TCs in this study is obtained from the United
States Navy’s Joint Typhoon Warning Center (JTWC). It
consists of parameters of the best track of the six hourly
records for the position, the intensity, and sea level pressure
(SLP) of the TCs. It also includes the estimated central
pressure (ECP) (hPa) and maximum sustained wind speed
(knots). The time format on all of the tracking map is
represented as (yyyymmddhh) based on UTC.

2.2.2. Satellite Data. Meteosat Second Generation (MSG)
Spinning Enhanced Visible and Infrared Imager (SEV-
IRI) 15 min scan data were used as input for brightness
temperature difference (BTD) that is between WV 6.2 ym
and IR10.8 ym, to identify any active convection devel-
opment over the mountain during the selected cases. The
cloud type and its microphysical properties were iden-
tified by using day cloud microphysics DCMP RGB
(R=VIS0.8, G=IR3.9, B=1IR10.8) product. The moisture
distribution in the middle and lower layers of the tro-
posphere is indicated by using water vapour channel
(WV7.3um) due to its sensitivity to the water vapor
concentration mainly between 700 hPa and 500 hPa. The
satellite data processing was carried out through MCI-
DAS-V software. Table 2 depicts the specification of
SEVIRI channels used in this study.

The near real-time daily accumulated precipitation
data from the Tropical Rainfall Measuring Mission
(TRMM) Multi-Satellite Precipitation Analysis with 0.25-

TaBLE 2: Specifications of SEVIRI channels: spectral range and
spatial resolution.

Channel Channel Spectral range  Spatial resolution
no. name (um) (Km)

2 Vis0.8 0.56-0.71 3

4 IR3.9 3.48-4.36 3

5 WVe6.2 5.35-7.15 3

6 WV7.3 6.85-7.85 3

8 IR9.7 9.38-11.80 3

9 IR10.8 9.80-11.80 3

degree x 0.25-degree resolution are obtained from NASA
Earth data (Goddard Earth Sciences Data and Informa-
tion Services Center, 2016) [21].

2.2.3. Surface Observations. The observations of various
meteorological variables temperature (T), relative humidity
(RH%), precipitation, and wind direction (WD) are col-
lected from meteorological weather stations of Directorate
General of Meteorology (DGMET) in Oman. Rainfall and
wind data were taken from several stations along the Al-
Hajar Mountains. Table 3 shows the stations included in this
study with their longitudes, latitudes, and amplitudes.

2.2.4. Upper Air Observations. The atmospheric profile was
obtained from the radiosonde of Muscat International
Airport (OOMS). This upper air station (lat: 23.614 N and
lon: 58.258 E) is about 50 km away from the east of the Al-
Hajar Mountains [7]. The sounding data were collected from
the Atmospheric Science Department at Wyoming Uni-
versity in the USA. The data of 00UTC is considered in this

paper.

2.2.5. Sea Surface Temperature (SST). NESDIS Global
100km daily sea surface temperature (SST) (°C) data is
generated from NOAA/NESDIS Office of Satellite Data
Processing and Distribution (1998). It is a composite grided
image derived from 8 km global SST.

2.3. Methodology. The focus of this study is to analyze the
convection activity when TCs exist in the Arabian Sea for the
period from 2007 to May 2018 with a total number of three
TCs formed during that period. The analyzed cases are for
three major TCs which influenced Oman significantly by
either approaching its coasts or by making landfall with
indicated occurring period: TC “Gonu” (01-07 June 2007);
TC “Phet” (31 May-07 June 2010), and TC “Mekunu”
(21-27 May 2018).

The study period in this research is classified into two
intervals, 24 hours before the system landfall and the direct
influence of the system while its landfall. The best tracks are
estimated by using the JTWC best track archive data to
monitor the TCs intensity while their advancement towards
Oman.

The collection of surface observations of precipita-
tion, temperature (T), relative humidity (RH), and wind
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TaBLE 3: The geographical locations for meteorological station used in this research (adapted from DGMET).
Station Latitude (N) Longitude (E) Altitude (m)
Nizwa 22.859075 57.546294 881
Rustaq 23.40925 57.428611 322
Samail 23.254441 57.92753 430
Samail-old 23.309 57.948056 417
Ibra-old 22.7402 58.505 469
Ibri 22.809554 58.460511 516
Saiq 23.073972 57.666528 1993
Ibri 23.195417 56.429444 323
Buraimi 24.233809 55.915469 372
Buraimi-old 24.241 55.7869 299
Bahla 2291222 57.25722 520
Jabal Shams 23.237678 57.264325 2840
Al-Mudhibi 22.511528 58.124722 378
Sunaynah 23.722583 55.905972 258

direction (WD) from DGMET weather stations were
analyzed to complement the satellite data interpretation
on tracking the TCs. The Tropical Rainfall Measuring
Mission (TRMM) Multi-Satellite Precipitation data is
used to confirm the accuracy of the observed rainfall
during the study period.

Radiosonde is used to determine the upper air profile
including wind pattern and to calculate the convective
temperatures for convection initiation. Due to the un-
availability and limitation of the radar data over the study
area, three analysis tools (DCMP RGB, BTD, BT: IR10.8
(brightness temperature) which are defined earlier) were
used by relying on Meteosat Second Generation Satellite
data to classify the precipitation cloud type during the
reported cases. Using the RGB compositions “day cloud
microphysical” (DCMP) which is the preferable RGB for
observing cloud physical properties such as clouds and
precipitations types and size during daylight hours, itis a
composite of three channels: red: vis 0.8 ym reflectance,
green: 3.9 ym solar reflectance which is very sensitive to
cloud particles, IR3.9 reflectance is low for large ice
particles but relatively high for small ice particles, and
blue: 10.8 yum BT [22].

WV6.2 and IR10.8 channel brightness temperature
difference (BTD) is crucial in distinguishing between a
high-level thunderstorm and low-level/midlevel clouds
such as stratiform clouds. IR window band can typically
detect mid- and low-atmospheric warmer layers more
than WV6.2 band that is more sensitive to the upper
troposphere moisture between 600 hPa and 300 hPa. The
storm with cold anvil (deep convection) has a BTD range
of (4-6) K as WV6.2-1R10.8 is usually positive, since the
IR has high negative temperature value and the BT in WV
band is warmer than BT in IR window band. However,
negative BTDs are an indicator for low-/midlevel clouds
[23]. In brief, the IR10.8 brightness temperature (BT),
derived from 15 minutes data of Meteosat-9 and
Meteosat-8, was used to identify the convection activa-
tion based on [13] as shown in Table 4.

As the TC “Gonu” is the only cyclone in this study period
that did not cross Oman, the SSTs of the Arabian Sea were
analyzed during the study period.

TaBLE 4: The cloud top temperature scale used for the classification
of the convection intensity (adapted from [13]).

The intensity of convection Temperature range (K)

Nonactive T=>233
Active 213<T<233
Very active T<213

3. Results and Discussion

3.1. TC “Gonu”. The category four tropical cyclone “Gonu”
developed in the Arabian Sea during 1-7 June 2007. As
shown in the best track map in Figure 2, it passed near the
coast of Oman into the Sea of Oman at 0000UTC on 6 June
2007 (2007060600) as TC of category 1 with maximum
sustained wind speed between 70 and 80 knots as estimated
by DGMET. According to JTWC, the maximum 1-minute
average sustained wind speed within the system reached 145
knots, and the MSLP was estimated as 898 hPa, whereas the
maximum 10-minute average sustained wind speed by
DGMET was reported between 115 and 135 knots. The direct
impact of “Gonu” was between 00UTC and 12UTC on 6
June 2007 (2007060600-2007060612) when it crossed the
northeastern coast of Oman.

The calculated convective temperatures from the ra-
diosonde of 00UTC of the days 5 and 6 were 46.3°C and
29.5°C, respectively (Figures 3(a) and 3(b)). The maximum
recorded temperatures at the selected weather stations of the
Al-Hajar mountains reached 40.1°C at Nizwa and 36.8°C at
Buraimi on the 5th and 6th of June, respectively. However,
the backing wind pattern from the upper air sounding of 5th
and 6th of June was associated with weak vertical wind shear
yielding to an indication of the cold and dry air sinking
which resulted in feeble convection activity. This attributes
to weak environmental lapse rate despite the abundance of
the moisture content in the lower troposphere. It is, thereby,
giving rise to more stratiform precipitation that is associated
with nimbostratus clouds that generate from the outflow of
the TC [24]. Overall, the cloud structure over the mountain
area can be clearly seen on the Meteosat-9 in DCMP RGB as
thick cloud in orange-violet tone with negative BTD value
(Low- to midlevel water clouds with bigger water droplets/
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FIGURE 3: The upper air sounding on (a) 5th of June 2007 (b) 6th of June 2007 (source: University of Wyoming, 2007). The vertical
distribution of wind is indicated by wind barbs on the right of the graph.

precipitated clouds) mixed with high clouds (Figures 4 and
5).

As TC “Gonu” moved towards the Sea of Oman, its
intensity declined as it encountered colder sea surface
temperature in the Arabian Sea (Figures 6(a) and 6(b)). A
spatial variation was reported in the wind direction
(Figure 7(a)); however, the convergence of moist easterly
flow on 5th of June towards the mountains can explain the
occurrence of the rain in the following day especially in
Samail, Rustaq, and Ibra as can be seen in Figures 7(b) and
7(c). However, on the 6th of June, RH% exceeded 75%
(Figure 7(d) except in Buraimi weather station that is located
on the lee side of the Al-Hajar Mountains, but the westerly
flows were more likely of limited rainfall parallel to the

observed low temperatures trends in the mountains on the
5th and 6th of June (Figure 7(a)).

Despite the severity of the cyclonic system, the highest
recorded precipitation was in the coastal stations compared
to that in the Al-Hajar Mountains. Overall, the estimated
rainfall by NASA’s TRMM daily accumulated precipitation
estimates (Figure 8) matches the areas of positive BTD
(WV6.2; IR10.8) value; deep storms with very cold tops
(IR10.8 ym BT is less than 200K in red color) and strong
updrafts along the northeast coast as indicated by the sat-
ellite imagery sequence (Figure 4). Most of this rainfall was
from storms within the system, except the development of a
very active convection on 5th June 1800UTC with the very
cold temperature that reached 193 K (-80°C) and BTD value
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FIGURE 4: Sequence of BTD (WV6.2 ym; IR10.8 ym) (right) and coldest brightness temperature IR10.8 um (left) on 5th and 6th of June.

of 5 on the desert behind the eastern part of the Al-Hajar
Mountains (Figures 4(g)-4(j).

Over the mountain, the highest 24-hour rainfall was
reported on the 6th of June in Samail with a total of 87.2 mm.
However, the local maximum recorded rainfall in 1 hour was
17.8mm at 8 am local time at Rustaq station that was
classified as moderate rainfall, where the RH% was 98%.

Continuous rainfall record with a low average rate was
observed, but the highest hourly recorded amount was
17.8 mm at Rustaq station, indicating the stratiform precip-
itation that has a lower rate than deep convection rate [25].

A limited impact of the tropical system was observed on
the western part of the mountain. Only advected medium
and high clouds were observed on the western part of the Al-
Hajar Mountains, where no rain was reported at Buraimi
station. Despite the fact that the “coldest temperature” of the
cloud arc is shifting over Buraimi (Figures 4(c) and 4(d), the
cloud tops are very high and the DCMP images indicate
opaque clouds, which could suggest precipitating clouds
(Figure 5). However, the lower tropopause was probably
quite dry because of the westerly dry flows that evaporated
most of the precipitation formed in the cloud arc.
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FIGURE 5: Sequence of day microphysical RGB composition images on 5th and 6th of June. The color scheme is useful to detect cu-
mulonimbus (red), optically thick clouds with small ice particles on top (orange), and thin clouds with small ice particles (light green).
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FIGURE 6: The Sea Surface Temperatures in “C on (a) 5th of June 2007 (b) 6th of June 2007 at 04 LT with spatial resolution (100 KM) (Source:

NOAA, 2020).

3.2. “Phet”. In contrast to TC “Gonu,” the third category TC
“Phet” crossed Oman on 0000UTC 4 June 2010 (2010060400)
and made landfall as TC of category two with an estimated
maximum sustained wind speed of about 84 knots as per
DGMET. The MSLP of “Phet” by JTWC was estimated as
929 hPa, and the maximum 1-minute average sustained wind
speed around its center was about 125 knots. However, the
maximum 10-minute average sustained wind speed as esti-
mated by DGMET was 97 knots. The track of “Phet” (Figure 9)
was among the rarest tracks seen since 1877 because of having
the longest track of 8 days between 31 May and 7 June, ex-
ceeding the average life period of a TC of 4-5 days [26]. The
calculated convective temperature from the sounding data on

0000UTC 3 June 2010 indicated that the convective temper-
ature value was 33.2°C (Figure 10(a)), whereas the sounding of
June 4 was slightly lower (31.9°C) (Figure 10(b)). However, the
maximum recorded temperature on the 3rd of June was higher
than the temperatures on the day of convective temperature in
all the stations in this study (Figure 11(a)). Nevertheless, the
observed maximum temperatures in 4 out of 9 stations were
higher than the convective temperature on the 4th of June,
particularly Nizwa, Sunaynah, Buraimi, and Ibri. Despite this,
on 3rd June, only light rain was reported at Ibra station between
21:00 and 22:00 local time while moderate easterly wind breeze
derived sufficient moisture convergence in the lower tropo-
sphere with RH% within the range of 85%-88% (Figure 11(d)).
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Hourly recorded RH% in Bahla

Hourly recorded RH% in Nizwa

Hourly recorded RH% in Rustaq
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FIGURE 7: (a) Hourly temperature variation in °C with respect to the wind direction at some weather stations on the Al-Hajar Mountains
during TC “Gonu.” (b) Hourly precipitation (mm) at some weather stations on the Al-Hajar Mountains during TC “Gonu.” (c) Daily
precipitation (mm) at some weather stations on the Al-Hajar Mountains during TC “Gonu.” (d) Hourly RH% variation with respect to the
wind direction at some weather stations on the Al-Hajar Mountains during TC “Gonu.”

At those stations whose maximum temperatures
exceeded the convective temperature on the 4th of June, the
intensity of the rainfall did not exceed the light rain, and it
was almost continuous from 04:00 to 21:00 local time, with
the highest hourly value being 1.4mm and daily accu-
mulated value of 6.8 mm in Nizwa station as shown in
Figures 11(b) and 11(c), respectively. On the other hand,
the highest precipitation record in 1hr was 18.8 mm that
had reported in Rustaq station at 18:00 local time
(Figure 11(b)).

The obtained results were consistent with the radiosonde
wind profile in Figure 10(a) as the wind was backing on the 3rd
of June and the atmosphere above 800 hPa was perturbed with
dry air. By approaching the tropical system on the 4th of June,
the strength radial outflow from the system can explain the
suppressed strong convection. This is consistent with [27]

finding that the convection is more intense in the inner core of
the TC and weaker in the outer band compared to the inner
band. Other than this, another study indicated that the strat-
iform precipitation in the inner core and inner band of the
tropical cyclone is higher compared to the convective rainfall
[27]. The heat conduction to the higher levels synchronizing
with the TC intensity can interpret the likelihood of the
stratiform rain [27] rather than the convective rain which re-
quires further cooling to trigger the instability of the atmosphere
[28-31]. Apart from this, as the tropical cyclone intensifies, the
subsidence outside the inner core radii to the inner band limits
the deep convection development [27].

The convection location is dependent on the distribution
of water vapor in the lower troposphere [32]. Our results
suggest that there may have been reduced convection on
June 3rd and 4th.
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Near-real-time precipitation total

Accumulated rainfall estimates from NASA’s TRMM 05-06-2007 to 06-06-2007
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FIGURE 8: Near real-time daily accumulated rainfall estimates from NASA’s TRMM satellite (0.25 degree) for 2 days (5-6) June 2007.
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FiGure 9: The best track of the TC “Phet” (source: JTWC).
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FiGURE 10: The upper air sounding on the (a) 3rd of June 2010 and (b) 4th of June 2010 (source: University of Wyoming, 2010).

From the multispectral imagery (DCMP RGB) in Fig-
ure 12, the direct impacts of TC “Phet” in Oman are seen as it
made landfall in Oman on June 4th. On the 3rd of June, the
northeastern part was under the effect of some cells with

low- to midlevel thick water clouds with smaller particles
(light green) at the edge of the band, while the transparent
thin cirrus cloud (green fibrous) advected to the west over
the mountain (Figure 12(b)). As “Phet” crossed the land
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(June 4), its inner clouds band with the severe storms
covered most of the north of Oman and the Sea of Oman.
The appearance of these storms is in bright orange
(Figure 12(c)) with a cold top temperature below 213K
(range of the active clouds) and positive BTD value
(Figures 13(e) and 13(f)) indicating small ice particles near
tops with strong updraft. The intensity of these storms
weakened that is indicated from the change in the color
scheme in the DCMP RGB; bright orange (0700UTC,
Figure 13(c)) to dark red/brown (1100UTC, Figure 12(e))
was largely showing the existence of massive ice particle in
the cloud but with less chance of rain. This color change is
owed to the sensitivity of the IR3.9 channel to ice particle
size. Very heavy rainfall occurred in this region over the
north and northeastern coastline as estimated by the ac-
cumulated rainfall estimates from NASA’s TRMM Satellite
(Figure 14).

On June 4th, satellite imagery (Figures 12(c)-12(e) and
Figures 13(e)-13(1)) analysis shows the severity of the
northeast part of the outer band with deep storms incom-
parable with mainly thick warm stratiform precipitated
cloud (violet (large droplet)/green to yellow (small droplet)
in DCMP) in the southwest band that covered the middle
and west parts of the Al-Hajar Mountains. Although the
BTD value of this band was negative; however, there was no
indication from the IR10.8 BT for cold top temperature
validating that there was no convection activity over the
mountain as the continuous light rain recorded at the se-
lected stations was only from medium- to low-level clouds
(thick stratocumulus clouds).

A small convective cell with small positive BTD and top
brightness temperature below 200 K was developed within
the outer stratiform band (violet band) at the northern coast
between 1030UTC and 1400UTC. From the subsequences of
the satellite images (Figures 12(e), 13(g), and 13(h)), it was
shown that the movement of the formed cells was toward the
southwest and caused the highest amount 1-hour rain
recorded at Rustaq station at 1400UTC as discussed earlier.

From the above analysis, there was no orographic
convection developed over the mountain during “Phet”
direct effect (June 3rd and 4th), and all the precipitation
recorded at the selected station was from the system cloud
bands.

3.3. TC “Mekunu”. The second category “Mekunu” origi-
nated over the southwest of the Arabian Sea on 21 May 2018
with a consistent north-north-westward track (Figure 15)
towards the south of Oman. The landfall of the system was
reported on 25th between 1830UTC and 1930UCT near
16.850N/53.750 E as deep depression with maximum sus-
tained wind speed of about 28-33 knots according to
DGMET. The maximum 10-minute average sustained winds
of Mekunu were within the range of 85-90 knots, in contrast
to JTWC where the maximum 1-minute average sustained
winds of the system were about 100 knots with MSLP of
952 hPa, that is classified as TC of category three.

An extreme dryness existed on 24th and 25th through
the whole troposphere as it was indicated from the

13

radiosondes (Figures 16(a) and 16(b)). In WV7.3 um satellite
image (channel sensitive to the water vapor concentration
mainly between 700 hPa and 500 hPa (Figure 17), the ex-
istence of middle troposphere dryness is indicated as ex-
tended dark strip from the northeast (Pakistan).

Considering the moisture content in the planetary
boundary layer (PBL), the sounding profiles in
Figures 16(a)-16(c) were used to calculate the dewpoint
depression of the lowest 50 hPa, and the obtained values
were 19.3°C, 31.5°C, and 14.8°C for days 24th, 25th, and 26th,
respectively. As the dewpoint depression is equal to the
difference between the temperatures and the dewpoints, it
can reveal the vertical distribution of the moisture especially
when its calculation is based on the PBL. More recently, [13]
reported that the threshold value of the mean of dewpoint
depression in the lowest 50 hPa required for the active
convection is 12°C. Accordingly, the results of the dewpoint
depressions reflect the dryness and lack of water vapor in the
PBL which were sufficient to suppress the convection
initiation.

With the passage of the system towards the inland, this
dryness slightly weakened on day 26 as shown in
Figure 16(c) due to the change in the wind pattern, while
more humid air was advected from the Arabian Sea to the
mountains with the entrance of the system. This can explain
the lower value of the dewpoint depression on the same day
compared to May 24 and 25.

The convective temperature values were 47.4°C, 56.2°C,
and 43.3°C for 24th, 25th, and 26th, respectively, which was
higher than the maximum recorded temperature in all the
Al-Hajar weather stations included in the present study as
previously shown in Figure 18(a). Assuring that the air near
the surface attained a negative buoyancy and inhibited as-
cending currents, no active convection was observed.

Furthermore, none of these days reported rainfall higher
than 0.5mm (Figure 18(b)). Only traces of rain that was
0.4 mm was reported in 1 hr on 25th at 17:00 local time at the
Al-Mudhaibi weather station (Figure 18(b) F)), and that was
the highest among the Al-Hajar stations. This result was
consistent with TRMM estimated rainfall during 24th, 25th,
and 26th as no significant precipitation was indicated in
Figure 19.

All satellite methods used in this case (IR10.8 um, BTD,
and DCMP RGB) (Figures 20 and 21) indicated that non-
active convection developed over the mountain except for
very weak cells (bright white in IR10.8 (Figure 20(h)). These
cells started to develop in the foothill behind the eastern part
of the mountains on 25th May at 1100UTC (15:00 local time)
and caused the trace precipitation (0.4 mm) recorded at the
Al-Mudhaibi station at 1400UTC (18:00 local time). The
interpretation of cloud type in DCMP RGB (Figure 21(d))
was difficult due to the low sun angle. However, the cells
were still identified as two dark brown bombs. Since the cells
were weak, BTD was negative.

During the three days of Mekunu, the direct impact was
over Salalah, mainly 24th, 25th, and 26th of May. However,
the Mekunu’s upper outflow clouds partially covered the
north of Oman which steered with the upper air jet seen in
airmass RGB, as a sharp boundary between red and green
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Hourly temperature variation in Rustaq

Hourly temperature variation in Nizwa

Hourly temperature variation in Bahla
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FIGURE 12: Sequence of day microphysics RGB images on 3 and 4 June 2010. The color scheme is useful to detect optically thick clouds with
small ice particles on top (orange), thin clouds with small ice particles (light green), stratocumulus (violet), and water clouds (yellow/green).
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FiGgure 13: Continued.
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FIGURE 13: Sequence of BTD (WV6.2 yum-IR10.8 yum) (right) and coldest brightness temperature IR10.8 yum (left) on 3rd and 4th June.
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FIGURE 14: Near real-time daily accumulated rainfall estimates from NASA’s TRMM satellite for three days (3-5 June 2010).
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FiGure 15: The best track of the TC “Mekunu” (source: JTWC).
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FIGURE 16: The upper air sounding on (a) 24th of May 2018, (b) 25th of May 2018, and (c) 26th of May 2018 (source: University of Wyoming,

2018).
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FIGURE 17: WV7.3 um images for (a) 24 May 2018 0600UTC and (b) 26 May 2018 0600UTC.

color in Figure 22. The impact of the TC started on 24 May
with the advection of thin cirrus clouds with small ice
particle (green in DCMP RGB) (Figure 21(a)). As the TC
intensified on the 25th of May, the cirrus clouds appeared

into different colors in the DCMP: “green” for small ice thin
cirrus cloud and “dark brown” for large ice thin cirrus
(Figure 21(c)) and then waned on day 26 with the dissipation
of the TC.
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FIGURE 20: Sequence of BTD (WV6.2 yum-IR10.8 yum) images (right) and coldest brightness temperature IR10.8 ym (left) on 24 and 25 May

2018.
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FIGURE 22: Airmass RGB (red: 6.2 ym-7.3 ym; green: 9.7 ym-10.7 ym; blue: 6.7 ym) on 24 May 0600UTC.
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In contrast to “Gonu” and “Phet” whose track was to-
ward north Oman, Mekunu made landfall in the south of
Oman (southwest of Salalah). As, the Al-Hajar Mountains
were away from the direct affect of Mekunu, the convection
activity over the Al-Hajar Mountains was also weak during
the cyclone.

4. Conclusion

This study investigated the impact of the tropical cyclones
during the premonsoon on the local convection over the Al-
Hajar Mountains by considering the three most significant
TCs that both directly (Phet and Mekunu) and indirectly
(Gonu) influenced Oman. Data from multiple stations at the
Al-Hajar Mountains were used in this study to analyze the
prevailing weather conditions 24 hrs before the approach
and during the direct effect of the system. The dominant
precipitation over the Al-Hajar Mountains during the TCs
“Gonu” and “Phet” was from the stratiform clouds. Al-
though some of the weather stations attained the convective
temperatures, the heat conduction within the TCs to higher
levels during the rapid intensification contributed to the
weak environmental lapse rate. Besides, there existed dry-
ness and detrainment of the water vapor at these levels.
Moreover, the strengthening of radial outflow from the inner
core of the tropical system could suppress the convective
updraft as the TC intensifies more.

The limitation of the present study is that installation of
the radar network in the county was late, and there are
missing archived data. Hence, in future, more studies are
required to clearly understand the associated type of pre-
cipitation with the TCs in the Arabian Sea and the Indian
Ocean. Notwithstanding this limitation, the observations
clearly demonstrated the impact of TCs on local convection
over the Al-Hajar Mountains in Oman.

This research finding supports the hypothesis that TCs
would suppress the development of local convection in the
Al-Hajar Mountains. The present results, be of value, can be
used as an essential guidance for policy and decision-makers
in mapping the risk assessments of the vulnerable areas from
such kinds of hazards. Furthermore, this research serves as a
baseline for future research in contingency planning and risk
reduction.

In addition, the results of this research will help to clarify
the misconception of convection prediction during the
critical time of the TCs in the Arabian Sea, which would be
falsely predicted to be deeper in the Al-Hajar Mountains
with the advancement of the TCs, and that is not the case
here.
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