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Objective: In the present study, the relationship between the Madden-Julian Oscillation
(MJO) index during the dominance of its different phases and the climate patterns
prevailing in the Persian Gulf and the Sea of Oman during the period 1994 to 2023 was
investigated.

Research Method: MJO index data were obtained from the Australian Bureau of
Meteorology website and the eight phases of this index were separated. The days of the
MJO were selected with a sequence of more than 15 days and the arrangement of each
phase was plotted with the Wheeler and Hendon diagram in MATLAB software. Data
related to precipitation, air temperature, Sea Surface Temperature, Sea Level Pressure,
geopotential height, cloud density and Outgoing Longwave Radiation (OLR) were
obtained from the NOAA website and changes in climate patterns during the dominance of
each phase were examined.

Results: Phases 1 and 2 of the Madden-Julian oscillation have the highest number of
continuous sequences with a duration of more than 15 days, with 9 events. The study of the
OLR showed that within the activity range of each of these phases, the amount of radiant
energy at the earth's surface has decreased to a minimum. This situation has led to the
strengthening of convective activities and an increase in cloud density in these areas.
During all periods of the dominance of the eight phases of the Madden-Julian oscillation,
the presence of a thermal low-pressure system has been observed in the study area.
Conclusion: The phased Madden-Julian Oscillation has had a significant impact on the
climatic patterns of the Persian Gulf and the Sea of Oman. In phases 1, 2 and 5, the
phenomenon of blocking over the studied area has dominated and by blocking warm and
dry air, the sea surface temperature has increased and the amount of precipitation has
decreased.
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Introduction

Climate change is one of the main challenges of this century and leads to an increase in extreme climate events
such as droughts, floods, storms and melting ice caps. Teleconnection patterns such as the North Atlantic
Oscillation, EI-Nino and Madden-Julian Oscillations (MJO) are among the factors affecting these climate
fluctuations. Teleconnection refers to the simultaneous relationship between climatic fluctuations in one region
and changes in sea surface pressure and temperature patterns in other regions. One such teleconnection pattern is
the Madden-Julian oscillation, which is known as one of the most complex climate phenomena in the tropics.

The Madden-Julian Oscillations index is divided into eight phases that have widespread effects on the weather
patterns of the tropics by moving the convective system from Africa to the Pacific Ocean.

Materials and Methods

This study investigated the relationship between the Madden-Julian Oscillation (MJO) index and climate
parameter changes in the Persian Gulf and the Sea of Oman between 1994 and 2023. For this purpose, OLR and
RMM index data were obtained from the Australian Meteorological Service and categorized into eight MJO
phases. The days with the highest active convective sequence (15 days) in each geographical region were
identified as the extream days for each Madden-Julian Oscillation index phase. After identifying these days, the
data were processed in MATLAB software and the arrangement of each phase of the MJO over time was plotted
using the Wheeler and Hendon diagram in MATLAB software. Data related to the OLR index and climate data
including precipitation parameters, air temperature and sea surface temperature, sea level pressure, geopotential
height, and cloud density were received from the NOAA website in the form of NetCDF files, and maps of
changes in climate parameters were drawn in GrADS software during the dominance of each phase. These maps
determined the effects of each phase on the climate parameters of the region.

Discussion and Results

The results showed that the MJO has different effects on the weather patterns of the Persian Gulf and the Sea of
Oman in each phase. The OLR index in the Persian Gulf and the Sea of Oman reached its highest value in all
phases. This situation indicated a decrease in convective activities, which caused solar radiation to reach the
earth's surface without obstacles and a lot of energy to be reflected into space, which played an important role in
increasing the temperature of the studied region. Analysis of changes in the phases of oscillations 1 to 8 showed
that active convective cores moved from the west of India to the central Pacific Ocean. In areas where the OLR
was lower, cloud density and convective activities increased, but in the Persian Gulf and the Sea of Oman, cloud
cover was less than 10 percent in all phases. Pressure systems showed that cyclonic systems dominated this
region, creating cyclonic conditions and increasing the temperature of the studied region. In phases 4 and 7, the
thermal cores moved towards the Indian Ocean and the temperature of the Persian Gulf and the Sea of Oman
reached more than 30 degrees Celsius. The geopotential height situation showed that in phases 1, 4 and 8, the
study area was located in front of the trough axis. In phases 3, 6 and 7, the geopotential height lines were orbited
and the westerly winds carrying moisture from the Mediterranean Sea reached the western half of Iran and the
study areas which caused an increase in precipitation and in phases 3, 4, 6, 7 and 8, scattered and concentrated
precipitation occurred throughout Iran. This precipitation amount reached 50 mm on land and 10 mm in the
southern seas of Iran. In phases 2 and 5, the blocking of the ridge dominated and dominated the Persian Gulf and
Sea of Oman region. This situation was accompanied by the blockage of hot and dry air, leading to a significant
increase in sea surface and air temperatures in these areas. In these conditions, the temperature difference was
greater than in other areas and precipitation decreased sharply. In phases 1, 2 and 5, precipitation was limited to
the northern strip of Iran, and no precipitation was recorded in lower latitudes and the study areas.

Conclusion

The results showed that phases 1 and 2 had the highest repetition of the sequence of more than 15 days with 9
occurrences. The OLR index showed that within the activity range of each phase, the radiant energy from the
earth's surface reached its minimum and with the strengthening of convection in these areas, the density of cloud
cover reached its maximum. However, in the Persian Gulf and the Sea of Oman, the value of this index reached
its highest level, indicating a decrease in convective activity, an increase in direct solar radiation, and sea and
land surface temperatures. During all the periods of the eight phases of the Madden-Julian oscillation, the low-
pressure system was active on the ground surface over the studied areas, and in phases 3, 4, 6, 7, and 8, the
studied area was located in front of the trough axis and in the path of the westerly winds carrying moisture from
the Mediterranean Sea, and, with the increase in cloud density and atmospheric instability, they had positive
effects on the supply of moisture and precipitation in the studied area, so that precipitations of up to 50 mm were
recorded on land and up to 10 mm in the southern seas of Iran. In phases 2 and 5, the blocking of the upper
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atmosphere caused the blockage of dry air and an increase in the temperature of the studied area to more than 30

degrees Celsius, and precipitations were limited only to the northern strip of Iran, and no precipitation was
recorded in the southern regions.

Keywords: Climate Patterns, Madden-Julian Oscillation Index, Persian Gulf, Sea of Oman, Teleconnection
Patterns.
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