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ABSTRACT

The Madden-Julian Oscillation is one of the large-scale climate change patterns in the maritime tropics, with sub-
seasonal time periods of 30 to 60 days affecting tropical and subtropical regions. This phenomenon can cause changes
in various quantities of the atmosphere and ocean, such as pressure, sea surface temperature, and the rate of evaporation
from the ocean surface in tropical regions. In this research, the effects of Madden-Julian fluctuation on the weather
elements of Iran have been investigated with the aim of knowing the effects of different phases in order to improve
the quality of forecasts and benefits in territorial planning. At first, the daily rainfall data of 1980-2020 were received
from the National Meteorological Organization and quality controlled. Using the Wheeler and Hendon method, the two
main components RMM1 and RMM?2 were analyzed, based on which the amplitude of the above two components is
considered as the main indicator of the intensity and weakness of this fluctuation. This index is based on the experimental
orthogonal functions of the meteorological fields, including the average wind levels of 850 and 200 hectopascals and
outgoing long wave radiation (OLR) between the latitudes of 20 degrees south and 20 degrees north. The clustering of
the 7-day sequence with a component above 1 was used as the basis for clustering all eight phases, and by calculating
the abnormality of each phase compared to its long term in the DJF time frame, the zoning of each phase was produced
separately. In the end, phases 1, 2, 7, 8 were concluded as effective phases in Iran’s rainfall and phases 3, 4, 5, 6 as
suppressive phases of Iran’s rainfall.
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1. Introduction

Bridging the gap between spatial-temporal and
climatic scales and an in-depth understanding of
planetary systems is always an important challenge
that the atmospheric community faces. Undoubtedly,
progress in medium-range and seasonal weather fore-
casting and our understanding of large-scale weather
patterns and the identification of specific causes of
their occurrence rely on our deep understanding of
the behavior of atmospheric-oceanic patterns and
their relationship with each other ", Pressure anoma-
lies and atmospheric and oceanic circulation patterns
sometimes impose their direct and indirect effects
[2]

b

on areas beyond the birthplace of the current
which is explained by the term “circulation” . As
we know Madden Oscillation Julian (MJO) is a
distant coupling pattern and the dominant form of
sub-seasonal variability in tropical and subtropical
regions, which plays an important role in the atmos-
phere-ocean circulation system . According to dif-
ferent theories, this phenomenon can be effective in
the intraseasonal time scale in its different phases in
the region of Southwest Asia, including Iran . Con-
sidering the problem of water shortage in the country
and the importance of planning in this area, reveal-
ing a zoning model of the various effects of this
(61

fluctuation in the country is of great importance
It should be mentioned that due to the short life of
knowing the effects of this fluctuation on Iran, the
lack of a zoning model of the effects caused by Mad-
den-Julian’s fluctuation on Iran is felt in the scientific
community of the country . On the other hand, the
analysis of the different phases of this fluctuation in
Iran can smooth out the contradictions of theories in
recent years and the results of this research can be a
light for the country’s macro-planning and develop-
ment on the path of territorial development and sus-
tainable development . Madden-Julian Oscillation
is one of the most important general atmospheric cir-
culation phenomena in tropical regions and has been
widely studied and researched in recent decades .
The use of this phenomenon to predict rainfall in the
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inter-seasonal time scale requires knowledge of its
nature as well as the physical processes that occur
during its evolution and distribution. This phenom-
enon was first discovered by Madden and Julian
(1971) ", By spectral analysis of ground pressure
data and the orbital component of the wind field from
the surface of the earth to the upper levels of the
atmosphere at the Canton Island station (3 degrees
south and 172 degrees west), they found out the ex-
istence of a 30-60 day fluctuation in the changes of
these parameters. Further research showed that such
fluctuation exists in other parts of tropical regions.
They considered this fluctuation to be caused by the
phenomenon of convection in a large-scale orbital
circulation cell moving eastward in tropical regions,
which is associated with convergence at low levels
of 850 hectopascals and divergence at high levels
of 200 hectopascals "'". Madden and Julian (1994)
introduced this phenomenon as the strongest climatic
factor in tropical regions with an inter-seasonal time
scale. This phenomenon can cause variability in var-
ious parameters of the atmosphere and ocean, such
as land surface pressure, wind field, cloud cover,
precipitation, air temperature, sea surface tempera-
ture, and evaporation rate from the ocean surface in
tropical regions "' In the following, some important
features of this phenomenon will be discussed "',
The inter-seasonal period of a complete MJO cycle
Madden and Julian (1971) estimated the lifetime of a
complete MJO cycle to be about 40-50 days using 10
years of upper atmosphere data at the Canton Island
station. Then, using the data of the orbital compo-
nent of the wind field at the level of 150 hPa at the
Truk Island station (7 degrees south and 152 degrees
east), they estimated this period to be about 22 to 79
days with an average of 45 days (Madden and Julian,
1994). The use of variability in other committees
had little difference from the previous results. For
example, Knutson et al. (1986) investigated the east-
ward propagation of OLR anomalies and obtained
two events with a lifetime period of fewer than 20
days and two events with a lifetime period of more
than 79 days. The lifetime period of a complete MJO
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oscillation is 30 to 60. It is a day that its maximum
frequency is observed in about 45 days (Madden and
Julian, 1994).

2. Data and method

In the implementation of the research process on
the effects of Madden-Julian fluctuation on Iran’s
climate, in the beginning, daily data of precipitation,
maximum temperature, minimum temperature and
cloud cover were received from the country’s mete-
orological organization, which only 48 stations have
data due to the start of the period since 1980. The
few available gaps were processed on some days.
In order to reduce the error in the possible results,
with the specialized software of the data bank of
the National Meteorological Organization, the data
sets were quality controlled and verified and finally
standardized. Next, the output data of the Wheeler
and Hendon model were received and processed
from the Australian Government Meteorological
Database (http://www.bom.gov.au) in the mentioned
time period. Various indicators have been provided
to check this fluctuation. The method that has been
used in the stages of this research is the Wheeler and
Hendon method, which has been used as a reference
for all the researchers conducted, in which the two
main components of RMM1 and RMM?2 are analyz-
ed based on the formula introduced by Wheeler and
Hendon. The range of the above two components is
considered as the main indicator.

M

This index is based on the experimental orthog-
onal functions of meteorological fields, including

Amplitude = RMM12 + RMM22

the average wind levels of 850 and 200 hectopascals
and outgoing long wave radiation (OLR) between
latitudes of 15 degrees south and 15 degrees north
(Wheeler and Hendon, 2004). In order to emphasize
the role of Madden-Julian on Iran’s rainfall and re-
move the phenomena of less than 30 and more than
60 days, these anomalies were passed through a
time-lapse filter. For this purpose, each of the anom-
alies on the day is presented as follows (Duchon,
1979: Jones et al., 1997):
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In these relations wk, the weighting coefficients,
/., and f,, are the highest and lowest frequencies, re-
spectively "*. As a result, by applying these filters,
phenomena whose activity period is more than 60
days and less than 30 days will be removed from the
data groups. In the next step, the data of 40 years of
parameters of daily precipitation, maximum temper-
ature, minimum temperature and amount of cloud-
iness in each phase were clustered separately and
prepared through various standardizations in Excel
and Mini Tab software. Then, using Arc software
GIS was concluded as zoning. In order to check the
standard of phases and its effects on the climatic
region of Iran, the long-term data of the phases of
Madden-Julian oscillations have been considered
in the clustering stage as a sequence of 7 days and
more. This filter separately shows the net effects of
this fluctuation on the study area, in the continuation
of the purification process and application of vari-
ous filters. With this condition, the number of days
related to each phase in the study period is given. In
this table, phases one, which is considered the birth
of the Madden-Julian oscillation, have the minimum
frequency and phase seven has the maximum fre-
quency. The second part of Table 1, it refers to the
number of consecutive periods of 7 days and more,
among which phase one has the shortest period and
phase 7 has the longest period ',

Next, for the synoptic analysis of the studied
meteorological quantities, the maps of the pressure
fields of the earth’s surface, geopotential height and
wind at the standard pressure levels of each of the
phases, from the daily data of the global reanalysis
of the NCEP/NCAR database during the forty-year
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winter period (including the month December, Janu-
ary and February corresponding to the years 1980 to
2020) were extracted for the region of Western Eu-
rope to Central Asia. Abnormality maps of the above
atmospheric patterns of each of the eight phases of
the Madden-Julian Oscillation were prepared with
the desired quantities. The daily rainfall data of 48
satellite stations related to the three months of De-
cember, January and February during the forty-year
statistical period (1980 to 2020) were obtained from
the National Meteorological Organization. The dis-
tribution of these stations in the country is shown in
Figures 1-3. It should be noted that due to the lack
of a number of stations in the country and the weak-
ening of the quality of the graphic output of zoning,
the number of processing networks was increased
by using the IDW interpolation method and the res-
olution of the studied points increased significantly.
IDW interpolation is one of the important methods
whose purpose is to interpolate and determine the
amount of a parameter between two measured points.
This work is also done according to the neighboring
points and by averaging the sample points that are
located around each unknown point. The data used
in this research, with a spatial separation of one
degree, are related to the wind field components,
geopotential height, sea level pressure, temperature
and humidity for the months of December, January
and February 1980 to 2020, the average maps of The
NCEP/NCAR daily norms of these committees were
received and produced simultaneously with the clus-
ters of eight phases as well as the average daily data
of long-wave radiation from the top of the atmosphere
from 1980 to 2020 with a spatial resolution of 2.5
degrees. In order to emphasize the role of the MJO,
these anomalies are passed through a 30- to 60-day
Lenxos inter-pass filter with 49 weighting factors.
Finally, using the RMM index, based on which the
activity period of each MJO event is divided into
eight different phases, the average of these anoma-
lies in each phase has been calculated and analyzed.
In the second method of the research, by implement-
ing the MMS5 numerical model, the characteristics
of different MJO phases have been simulated over
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a region including Southwest Asia and important
parts of the Indian Ocean. In this regard, to reduce
and eliminate the MJO effect, the initial pattern of
the horizontal wind field between latitudes of five
to 15 degrees north of the target network has been
changed and then the model has been implemented.
The results show that in the sixth and seventh phas-
es of the MJO, with the reduction of geopotential
height anomalies of the mid-level of the atmosphere,
Strengthening of moisture fluxes and hot and humid
currents from the Indian Ocean, strengthening of the
divergence of the current at the top and its conver-
gence at the bottom of the atmosphere and the up-
ward movements of the air, a noticeable increase in
conditions suitable for rainfall has occurred in parts
of the south and southeast of the country. On the
other hand, in the third, fourth and to some extent
the fifth phases of MJO, with the reverse change of
all the mentioned factors, there has been a noticeable
decrease in the suitable conditions for rainfall in the
mentioned areas. Pearson’s correlation coefficient is
one of the parametric statistical tests that represent
the degree of linear regression relationship between
two variables, which is denoted by r, whose value
varies between +1 and —1. Pearson’s correlation co-
efficient for a statistical sample with n pairs of data "
{display style (X {i},Y {i})} is defined as follows:

Table 1. The number of days of phases one to eight of the Mad-

den-Julian Oscillation under the condition of a sequence of 7
days or more (1980-2020).

phase 8 7 6 5 4 3 2 1
number 0 178 157 125 126 130 79 75
of days
number 20 19 15 14 16 11 9
of period
QO x=x0Qy-y)
y = 3

DEPRG

If the correlation coefficient is positive, the rela-
tionship between the two variables is direct, and if it
is negative, the relationship between the two variables
will be inverse "', In the next step, the studied param-
eters related to each of the MJO phases were extracted
and prepared based on Table 1. Abnormality maps of
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the aforementioned atmospheric parameters were cal-
culated for each of the MJO phases compared to the av-
erage of 40 years, and maps related to each phase were
prepared and analyzed separately. Here it is necessary
to explain the abnormality of each parameter in each
of the phases (q,,) including the difference between
the average of that parameter in each phase (q,,,) with a
forty-year average (from 1980 to 2020) of December,
January and February. It will be the same amount. If it
was greater than zero, it indicates a positive abnormal-
ity, and if it was less than zero, it indicates a negative

abnormality """,

Qan = Gph = Limon Q)
According to the output of the desired models of
this research, in addition to statistical and synoptic
discussion and the effects of MJO phases on other
atmospheric systems and external links affecting
Iran’s climate, at the end of the output, the obtained
results are plotted in the form of zoning maps, which
we will show and explain in the conclusion section.
Considering the importance of analyzing the precip-
itation data and other desired parameters, the output
of this research will be the direct and indirect effects
of the Madden-Julian oscillation phases on Iran’s
climate elements, as well as the interaction of the
surrounding atmospheric systems and the pressure
and wind fields and the simultaneous phases of Mad-
den-Julian can show a purer effect of this important
atmospheric event on the water and soil area of Iran.
Another part of the data and analyzed in this research
is the Wheeler chart data in the format (NC) and
graphical display of interest, whose indicators were
evaluated and discussed during the years 1980 to
2020. We got Madden-Julian from it and the verifi-
cation and the final results of the work required a lot
of these data, and definitely still in all the research of
the world of science, the Wheeler diagram and the
OLR data are still considered to be the leading data
of Madden-Julian’s Oceanic Atmospheric Oscillation
investigation, which is shown below in the output.

3. Discussion

As discussed in the previous section about data
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mining and data processing, the country’s daily rain-
fall data was analyzed in the period from 1980 to
2020, and finally, after applying data optimization
filters, the output of Iran’s rainfall zoning was The
use of Arc Gis software was produced separately for
all eight phases, which we will discuss in the follow-
ing. According to the output of the map in Figure 1,
which shows the irregularity of Iran’s rainfall in
phase 1 of Madden-Julian Oscillation, the distribu-
tion of rainfall in the conditions of phase one. It can
be seen with a variety of fluctuations, among which
the share of rainfall and abnormality of rainfall in
the southwestern and southern regions of Iran, espe-
cially The region of Fars, Hormozgan, West Kerman
and Bushehr provinces is more and it is significantly
distinguished from other regions of Iran. In the re-
gion of the Caspian coast, the main reason for the
rainfall is different from the rainfall in other regions
of Iran, and it is not discussed in this analysis. In
Figure 2, Iran’s rainfall anomaly shows in phase 2.
Compared to phase 1, the precipitations are weak-
ened and uniformly weaker in most abnormal areas.
Figure 3 shows the irregularity of Iran’s rainfall in
the 3rd phase of Madden-Julian Oscillation. The
significance of precipitation is limited and almost lo-
cal. In phase 3, there is no precipitation in Iran, and
obviously, with the beginning of the positive phase
of Madden-Julian Oscillation, which includes phases
3, 4, 5, and 6, the changes in precipitation in Iran
are different from the negative phases (1, 2, 7, 8). Its
changes relative to each other can be considered. In
Figures 4 and 5, rainfall anomalies are still weak
and spotty at the level of the country. In Figure 6,
which represents the irregularity of Iran’s rainfall in
the 6th phase of Maden Julian Oscillation, rainfall
can be seen in the western and southwestern regions
of Iran tangent to the Zagros mountain range, where
the provinces of Kurdistan, Kermanshah, Ilam,
Khuzestan, Lorestan, Fars, Bushehr, Chaharmahal
and Bakhtiari. It has affected Kohgiluyeh and Boyer
Ahmad, Hamedan and Markazi in a clear way. In
Figure 7, most of the rains occurred in the south-
ern half of Iran. Sistan and Baluchistan provinces,
south Kerman, Hormozgan, Bushehr, Kohgiluyeh
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and Boyer Ahmad, Chaharmahal and Bakhtiari,
Khuzestan, Ilam, Lorestan, Fars and Bushehr are
affected by the seventh phase of MJO, among which
Hormozgan and Fars provinces have more anomalies
than other southern provinces. In Figure 8, a strong-
er anomaly in the west, southwest and in south of
Iran, it can be seen that the share of the provinces of
West Hormozgan, Bushehr, Kohgiluyeh and Boyer
Ahmad, Chaharmahal and Bakhtiari, Kurdistan, Ker-
manshah, Ilam, Khuzestan, Ilam, Lorestan, Fars and
Bushehr in this anomaly is different from other prov-
inces. The 24-hour average cloudiness maps of Iran
in the 40-year period of 1980-2020 were separately
averaged and produced in 8 phases, the purpose of
which is to verify the effects of the Madden-Julian
fluctuation on various atmospheric parameters and
a more detailed analysis of the studied indicators. In
this group of maps, the amount of cloudiness in the
24-hour period was checked on average, which was
compared with the OLR maps and a conclusion was
drawn (Figure 9). In the phase 1 model cloud cover
can be seen in most regions of the country, which is
consistent with the phase 1 precipitation maps and is
a seal of approval in the verification of precipitation
maps. In the phase 2 model, the amount of cloudi-
ness in the country is more limited than in phase 1,
and most of the cloudiness is seen in the northern
half of Iran. In the phase 3 model, which indicates
phase 3, the cloudiness is partially reduced from its
previous phase and the cloudiness level of the Ira-
nian sky is more limited. In models 4 and 5, which
indicate phases 4 and 5, exactly in line with the pre-
cipitation maps of the country, the sky does not have
the cloud cover caused by the Madden-Julian oscilla-
tion, and in these two phases, it is not much affected
by the MJO. In model 6, which is related to phase
6, again with the change of the activity of the Julian
oscillation from a positive to a negative phase, the
cloudiness level has significant changes in the sky of
Iran. And it is proven to be exactly in line with the
precipitation maps of MJO activity in Iran in phas-
es 6, 7 and 8. In model 8, which represents the 8th
phase, cloudiness has intensified and strengthened
while spreading in the sky of Iran in the western re-
gion of Iran in the provinces of Kurdistan, Kerman-
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shah, Ilam, Hamedan, Lorestan and the western area
of Alborz.
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Figure 1. Iran’s rainfall anomaly map in phase 1 of Madden-Ju-
lian Oscillation.
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Figure 5. Iran’s rainfall anomaly map in phase 5 of Madden-Ju-
lian Oscillation.
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Figure 6. Iran’s rainfall anomaly map in phase 6 of Madden-Ju-
lian Oscillation.
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Figure 7. Iran’s rainfall anomaly map in phase 7 of Madden-Ju-
lian Oscillation.
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Figure 8. Iran’s rainfall anomaly map in phase 8 of Madden-Ju-
lian Oscillation.

Interpretation of the mutual effects of the currents
and the eight phases of the MJO

In this part of the article, we intend to interpret
the mutual effects of jet streams and the eight phases
of MJO, which is one of the most important factors
of rainfall anomalies in the region. Figure 10 shows
the long-term average of the orbital wind component
at the level of 200 m bar for DJF months from 1980
to 2020. In these maps, Iran is located between the
two rivers of Asia and North Africa. And the connec-
tion and discontinuity between these two rivers can

have a very important effect on Iran’s rainfall ',
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During the occurrence of positive phases and
when convection takes place in the region of Indo-
nesia, the occurrence of abnormal events at the peak
of convection with the divergence and anomalies
of the upper levels winds cause the connection and
continuity of the Asian and North African jets .
Due to the importance of the entry and exit of the
rivers, which have positive and negative convection

effects, these conditions can have a great effect on
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the behavior of phase precipitation in the region
of Iran. In these situations, when the jets are con-
nected to each other discretely or continuously. The
impact of the behavior of the jets and the effects
caused by them are weakened or strengthened. As
can be seen in Figure 11, the different phases of
Madden-Julian have an effect on the wind field of
the upper atmosphere and as a result on the winds
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-OLR IN PHASE 8
S .

Phase 7 Phase 8

Figure 9. Clouds map of Iran during Madden-Julian oscillation phases (1980-2020).
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Figure 10. Long-term anomaly (between 1980 and 2020) of wind orbital component at 200 hPa level for DJF months and subtropical jet

stream climatic position and average wind orbital component in the positive phases of MJO. (NOAA Physical Scinces Laboratory).
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jet stream climate position and mean wind orbital component in the negative phases MJO. (NOAA Physical Scinces Laboratory).

The analysis of the anomaly of the meridional
wind component at the level of 200 m bar (Figure 9)
fully confirms that during the occurrence of positive
phases of the MJO, the North African anomaly in
the exit region of the jet and the wind fields in this
region caused the jet to expand to the Indian region.
The final connection of these two rivers has brought
about this issue, which will cause Iran to leave the
area of influence of the North African jet stream and
the unstable conditions in Iran will disappear, in
which we are witnessing a calm and stable pattern in
Iran’s air. But on the contrary, as Figure 10 shows,
when the anomalies of the upper atmosphere and the
winds of this region are disturbed by convection in
the negative phases of Madden-Julian, Iran is again
located in the exit region of the North African Wind.
It becomes favorable for the occurrence of precipita-
tion in Iran, and in the conditions of the presence of
precipitation systems, we will witness the strength-
ening of their precipitation behavior in Iran.

4. Conclusions

Phases with a sequence of 7 days and a compo-
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nent above 1 were used as the basis for clustering all
eight phases, and by calculating the abnormality of
each phase compared to its long duration in the DJF
time frame and by passing the data through the 30-
60 day intermediate filter, zoning each phase was
produced in latitude 25 to 40 degrees north and lon-
gitude 44 to 63 east. With the investigations carried
out and the output of the models and finally the pro-
duction of zoning related to Iran’s rainfall anomalies
in the eight phases of the MJO, the country’s daily
rainfall data were analyzed in the period from 1980
to 2021, which finally after applying data optimiza-
tion filters, Iran’s precipitation zoning output using
Arc Gis software were produced separately for all
eight phases. According to the outputs, the distri-
bution of rainfall in the conditions of phase one can
be seen with a variety of fluctuations, among which
the share of rainfall and rainfall anomalies is greater
in the southwestern and southern regions of Iran,
especially in the regions of Fars, Hormozgan, West
Kerman and Bushehr provinces. It is significantly
different from other regions of Iran. In the region of
the Caspian coast, the main reason for the rainfall is
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different from the rainfall in other regions of Iran,
and it is not discussed in this analysis. Iran’s rain-
fall anomaly in phase 2 has weakened compared to
phase 1 rainfall, and it can be felt that the anomaly
is weaker in most areas. Iran’s rainfall anomaly in
phase 3 of Madden-Julian Oscillation has shown, we
have significantly limited rainfall and almost locally.
In phase 3, there is no rainfall in Iran, and obvious-
ly, with the beginning of the positive phase of the
Madden-Julian Oscillation, which includes phases
3,4, 5, and 6, the changes in precipitation in Iran are
different from the negative phases 1, 2, 7, and 8, and
their changes can be considered in relation to each
other. Eliminating the boundary between spatial-tem-
poral scales and a deeper understanding of distant
planetary systems is always an important challenge
that the scientific community is facing. Undoubted-
ly, progress in medium-range and seasonal weather
forecasting and our understanding of large-scale
weather patterns and the identification of specific
causes of their occurrence rely on our deep under-
standing of the behavior of atmospheric-oceanic
patterns and their relationship with each other. Based
on the direction of this research, the investigation
of precipitation anomalies associated with the eight
phases of MJO during the period of December, Janu-
ary and February 1980 to 2020 showed that the pre-
cipitation behavior of each of these phases is differ-
ent from each other. These abnormalities are variable
in each phase. At the end of this research, the results
were obtained that the effect of MJO on Iran’s rain-
fall is clear and according to the filters applied in this
research, it can be concluded with a high percentage
of confidence that this phenomenon is formed in the
west of the Indian Ocean and towards the east. It is
most active in the Indonesian region (phase 5) and
weakens and gradually subsides in the middle of
the Pacific Ocean (phase 8). The existence of strong
and negative anomalies of the long wave radiation
of the OLR output from the top of the atmosphere
in the MJO convection zone. These anomalies are
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mainly due to the fact that in the convection zone,
very huge convective clouds are formed and spread,
whose peaks extend to the east and have weak long-
wave radiation, which is evident in the path of OLR
images. The presence of two rotating cells at the 850
hpa level on both sides of the equator and around the
convection zone. These two cells in the convection
zone cause the convergence of western winds, and
the eastern winds located in front of the convection
zone also help to strengthen this convergence .
Based on the results, it seems that the effects of the
MJO include the regions of Iran, which is the result
of the interaction between the MJO and other large-
scale atmospheric circulations, especially the North
Atlantic Oscillation (NAO) . This fluctuation in
phases 1, 2, 7, and 8 is clearly effective in some ar-
eas of Iran, and in phases 3, 4, 5, and 6, which are
known as positive phases, it has a debilitating effect
and rainfall is significantly limited. Considering the
problem of water shortage in the country and the im-
portance of planning in this area, it is very important
to reveal the zoning pattern of the various effects
of this fluctuation in the country. To complete these
results, the frequency of dry and wet periods with
positive and negative phase events respectively MJO
is correlated. Thus, in the positive phase, the possi-
bility of drought and in the negative phase of MJO
is more likely to occur periodically. Finally, it can be
concluded that Madden-Julian Oscillation indirectly
and in the form of an intensifying and modulating
engine has an effect on Iran’s climate elements such
as precipitation, humidity, cloudiness, wind and
drought, and each of its phases in different ways in
the water and Iran’s weather are influential. Consid-
ering the outstanding research of this research on the
effects of the Julian Oscillation on Iran, it was tried
to examine the effects as purely as possible and the
effects of other systems were removed from it, and
this result was achieved to a high extent. In the end,
it is hoped that the analysis of different phases and
zoning produced by this research will be a light for
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the country’s macro-planning and development in
the direction of territorial improvement and sustaina-
ble development.
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