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1. Introduction

Mountains are the main sources of turbulence and change in the shape of atmospheric
flows, and they can cause airflow upward as well as clouds formation and rain through
productive mechanisms such as upslope condensation and convection. They also have
an important effect on regional and world precipitation turbulence (Banta, 1990; Barros
& Lettenmaier, 1994), and can cause severe incidents such as destructive floods (Pastor,
Gomez, & Estrella, 2010).

Previous researchers have done numerous studies on mountainous region weather and
climate, and cause of precipitation phenomenon using different methods such as
numerical modeling of airflow and satellite images. Using RegCM model, Insel,
Christopher, Poulsen and Ehlers (2009) have studied the effect of Andes Mountains on
convection, precipitation and humidity transformation in South America. They showed
that Andes Mountains have lots of effects on humidity transfer between Amazon basin
and central Andes, deep convention processes and precipitation across South America
through low—level jet (LLJ) and topographical blocking from Pacific Ocean.

Zagros mountain range located in west of Iran plateau is among vast mountain ranges
that locates in path of zonory flows with its south-north expansion and can affect those
flows.

Therefore, the present study aims to investigate different factors affecting mesoscal
convective systems from Zagros heights, and analyze their life cycle dynamic
conditions using brightness temperature threshold, area expansion and RegCM4
numerical modeling.

2. Material and Methods

This study was done in an area of about 220000 km? in west of Iran including
Kermanshah, Kurdistan, Hamadan, Khuzestan, Lorestan, Kohgiloyeh and Boyer
Ahmad, llam, and cheharmahal and Bakhtiari provinces. Using satellite images obtained
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from infrared band of Meteosat geostationary satellite, GOES and GMS, the mesoscal
convective systems and their life cycle were identified.

Regarding that Inoue, Vila, Rajendran, Hhamada, Wu and Machado (2009) proved if we
use one colder or warmer threshold, both initiation and dissipation phases may not
indicate the life cycle, in this study, brightness temperature threshold of 224 K (Volasco
& Fritsch, 1987) and 243 K (Machado, 1998) were used for identifying and analyzing
systems life cycle. The researchers have tried to choose some days for this study over
which mesoscal convective systems have been made and spent their life cycle without
merger or split.

By transfering these systems to GIS environment using area expansion index (AE)
whose validation and viability have been confirmed by Vila, Machado, Laurent, and
Velasco (2008) its life cycle was verified (eq. 1).

_18A

Y
A = the system area in a given time (T;<224)

AE 1)

It shows the positive values of the system growth and promotion process and negative
values of the system reduction size. After considering mesoscal convective systems in
west of Iran, the life cycle expansion and independence of mesoscal convective system
of December 7" and 8™, 2001, were chosen as a case study due to not being affected by
other systems of these days, its life cycle expansion and independence were chosen as a
case study and its triple life cycle was verified and analyzed in details using RegCM4
numerical tests model.

Required data was obtained from NCEP reanalyzed data with 2.5 degrees horizontal
resolution. In the first step, the model was performed with ready data integration
(Control run). Then, regarding the purpose of the research, in Zagros Mountain range
and Iran’s central mountains, some topographic data were omitted and the model was
performed again (Exprimental run).

3. Results and discussion

The sudden reduction process of system AE in the dissipation with respect to slow
increasing process of AE in the initiation phase shows that convective system is
sensitive to increase in heights and this situation indicates heights can effect system
maturation and dissipation.

In initiation phase, according to precipitation rate there was not any difference between
the two runs. This situation in maturation phase completely changes and mountains role
in precipitation fields formation is seen well and precipitation follows heights pattern. In
control run, precipitation concentrates in higher parts of Zagros while in experimental
run the precipitation of Iran’s central areas increase and its quantity in Zagros region
and its western slopes reduces.

Because the flow is steady before hitting the mountains, the relative vortices have
become zero. By the flow approaching quite close to mountain and in its slope relative
vorticity increases, its value becomes positive. This change is around mountain chain
slope, in a continuing movement and at ascending heights, vorticity sign changes in a
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way that at the top of the mountain it becomes completely negative, which continues to
Zagros eastern slopes and Iran central plains; therefore, in the controlling phase, in
Zagros and its western skirt, positive vorticity centers and areas are initiated, which
include whole mountain chain slope from northwest to southeast. While in experimental
run, above mentioned conditions have been cancelled, a new situation has been created
to initiate vorticity centers and convergence-divergence in eastern Zagros; then, centers
of positive vorticity are seen in center and east of Iran. In initiation phase of control run,
there is a negative vorticity in different regions of the studied areas, but, at its
maturation phase, by reaching to the heights, positive vorticity will be created in the
region and the more height increases, the stronger vorticity becomes. Instead, at
experimental run of maturation phase, the positive vorticity weakens and precipitation
reduces in Zagros region. At dissipation of this run, positive vorticity in Iran central
plains and east of Zagros have provided condition for air saturation and more
precipitation.

The patterns which are available to converged and diverged fields of both runs for the
life cycle are almost similar to vorticity fields so that their centers were disappeared at
the initiation phase of experimental run. On the contrary, in the control run, a weak
positive value of these centers has covered north of Persian Gulf. At maturation phase
of control run, positive quantities have been created as alternative strips of convergence
and divergence (positive and negative) from north of Zagros to its south. Whereas
negative core in second run in north of Persian Gulf and Zagros western slopes and
positive core in Zagros eastern slopes are seen. At dissipation phase of convective
system in experimental run, convergence positive values have changed and moved
towards Zagros eastern regions.

Omega vertical profile of each phase of system shows that the effect of this mountain
range continues along the lower levels and high levels of the atmosphere. The omega of
system’s life cycle in experimental run with respect to control run has enhanced and
spatially expanded. The only omega difference of these two runs is the movement to
east in experimental run.

4. Conclusion

By considering simulation results and comparing them with control run consequences
and reviewing the theory studied, it can be concluded that RegCM model for indicating
Zagros mountain chain role in mesoscal convective systems life cycle, which is located
in west of Iran and is related dynamic and physical quantities, acts successfully and its
function is acceptable.

The available pattern in vorticity quantity centers for convergence fields have also been
repeated identically. By omitting mountain chain in second run, positive and negative
vorticity and convergence, areas of west of Iran have been entirely canceled and
positive and negative vorticity and convergence-divergence centers in Zagros eastern
regions and central plains of Iran have partially and clearly been reinforced. The
availables patterns in both runs, i.e., convergence-divergence, for life cycle look like
vorticity fields. In controlling run, centers of vorticity, convergence-divergence and
omega have been created that cause precipitation in this region. On the contrary, in
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experimental run these centers are canceled and precipitation core has moved to eastern
Zagros and center plains.

In system initiation phase, there are not a lot of differences between two runs according
to precipitation rate, and in experimental run the precipitation has happened in a larger
scope and mainly concentrated on east parts. This situation is canceled in maturation
phase and mountains role is seen clearly in centers formation, so, vorticity and
convergence-divergence patterns have obeyed the heights pattern.
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Temperature

References (in Persian)

Alizadeh, O., Azadi, M., & Aliakbari, A. (2008). The investigate of Alborz Mountains
role in strengthening of synoptic systems. Earth and Space Physics, 1, 9-24.

Babaaiean, E., modirian, R., Karimian, M., & Habibi, Nawkhandan. (2007).
Precipitation simulation of cold months of 1997, 2000 using RegCM3 climated
model. Geography and Development, 10, 55-72.

Hejazizadeh, Z., Karimi, M., Ziaeian, P., & Rafati, S. (2014). Study of mesoscale
convective systems using images of brightness temperature in the West Iran. Applied
Research of Geographic Sciences, 3, 45-65.

IranNejad, P., AhmadiGivi, F., & Pazouki, R. (2009). Convect parameteralization
different methods role in simulating winter temperature and precipitation by RegCM
model in Iran. Earth and Space Physics, 1, 101-120.

Modirian, R., Karimian, M., & Babaian, E. (2005). The simulations of monson
ptecipitation using RegCM3 climate model. Conferences of weather forecast,
Civilica.

Modirian, R., Karimian, M., & Babaian, E. (2009). The optimal configuration of
RegCM3 model to simulate the temperature and precipitation in Khorasan region.
Physical Geography Research, 70, 107-120.

Soltan Zadeh, E., Ahmadi Givi, F., & Iran Nejad, P. (2007). Three-month effect analysis
of Zagros on mesoscal flows of zagros eastern using RegCM regional model. The
Earth and Space Physics, 1, 31-50.

Tajbakhsh, S., Ghafarian, P., & Mirzaei, E. (2009). A method for prediction of
thunderstorms occurrence with two case studies. Earth and Space Physics, 4, 147-
166.

Zarin, A. (2007). Analysis of summertime subtropical anticylones over Iran: Natural
geography (Unpublished doctoral dissertation). Tarbiat Modarres University, Tehran.

References (in English)

Ahmadi Givi, F., Irannejad, P., & Soltanzadeh, 1. (2005). A study of the effects of
Zagros mountain ranges on mesoscale westerly currents usin RegCM. The First Iran-
Korea Joint Workshop on Climate Modeling, November 16-17 2005.

Banta, R. (1990). The role of mountain flows in making clouds. Meteorological
Monographs, 23, 229-283.



http://www.sid.ir

Geography and Environmental Hazards 18(2016) 31

Barros, P., & Lettenmaier, P.(1994). Dynamic modelling of orographically induced
precipitation. Reviews of Geophysics, 32, 265-284.

Futyan, J. M., & Del Genio, A, D. (2007). Deep convective system evolution over
Africa and the tropical Atlantic. Journal of Climate, 20, 5041-5060.

Holton, J. R. (2004). An introduction to dynamic meteorology (4" ed.). The
Netherlands: Elsevier Academic Press.

Inoue, T, D., Vila, K., Rajendran, A., Hhamada, X., Wu, A.,& Machado, T. (2009). Life
cycle of deep convective systems over the Eastern Tropical Pacific observer by
TRMM and GOES-W. Journal of the Meteorological Society of Japan, 87 (A), 381-
391.

Insel, N., Christopher, J., Poulsen, T., & Ehlers, A. (2009). Influence of the Andes
Mountains on South American moisture transport, convection, and precipitation.
Climate Dynamic, 19, 143-159. DOI 10.1007/s00382-009-0637-1.

Morel, C., & Senesi, S. (2002). A climatology of mesoscale convective systems over
Europe using satellite infrared imagery I: Methodology. Quarterly Journal of the
Royal Meteorological Society, 128, 1953-1971.

Morel, C., & Senesi, S. (2002). A Climatology of Mesoscale Convective Systems over
Europe using satellite infrared imagery Il: Characteristics of European Mesoscale
Convective Systems. Quarterly Journal of the Royal Meteorological Society, 128,
1973-1995.

Pastor, F., Gomez, I., & Estrella, M, J. (2010). Numerical study of the October 2007
flash flood in the Valencia region (Eastern Spain): the role of orography. Natural
Hazards and Earth System Sciences, 10, 1331-1345.

Silva Dias, M., & Coauthors, A. (2002). Cloud and rain processes in a biosphere—
atmosphere interaction context in the Amazon region. Jornal of Geophys, 107, 8072,
doi: 10.1029/2001JD000335.

Velasco, J., & Fritsch, M. (1987). Mesoscale convective complexes in the Americas.
Journal of Geophysical Research, 92, (8), 9591-9613.

Vila, D, A., Machado, T., Laurent, H., & Velasco, I. (2008). Forecast and Tracking the
Evolution of Cloud Clusters (ForTraCC) Using Satellite Infrared Imagery:
Methodology and Validation. Weather and Forecasting, 23, 233-245.
dio:10.1175/2007WAF2006121.

Wang, Y., Sen, O, L., & Wang, B. (2002). A highly resolved regional climate model
and its simulation of the 1998 sever precipitation event over China, Part 1: Model
description and verification of simulation. Journal of Climate, 19, 1721-1738.



http://www.sid.ir

