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Abstract

Saudi Arabian subtropical high pressure is a major system affecting general circula-
tion of the atmosphere of west Asia. Its annual relocation affects the relocation of
other systems in the area, such as Mediterranean cyclones, Sudanese low pressure
areas, and west wind waves. This system is known to relocate to the south and north
in response to outward solar relocation, but the reasons behind its eastern and west-
ern relocation have not been studied thoroughly. The present study examined 1000
and 850 HPa levels over the course of 66 years (1948-2015) to determine a pattern of
latitudinal and longitudinal relocation of the system using synoptic maps. The re-
search showed that, after 2008, high pressure latitudinal and longitudinal swings
were larger than in previous years and the annual high pressure relocation was not in
concord with the apparent motion of the sun. At the onset of autumnal moderation,
the high pressure core was positioned to the north of Saudi Arabia (22° - 30° north
latitude and 42° - 50° south longitude). Southern movement continued until the end
of March, when the core again relocated to the north. These relocations first oc-
curred slowly, but the northern relocation occurred very quickly from May to June,
such that the core moved northward 22° to 30°. After June, the core did not relocate
much until the end of September. After September, it relocated strongly south in all
time periods. It was noted that high pressure over Saudi Arabia had two cores from
June to September in some years; in others the high pressure core was in southwes-
tern Iran and Iraq. In still others, a southwest to northeast high pressure tab entered
Iran from the southwest (Khuzestan) and continued northward with a core forming
in the northern Caspian Sea.
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1. Introduction

In the recent past and according to recent studies, subtropical high pressure, especially
that over Saudi Arabia, is considered to be a factor that intensifies drought, dryness,
and stability of the weather of Iran. Climatological and meteorological events, especially
synoptic events, are relative. For example, a system with 1050 HPa of central pressure
could be a low pressure system on a map at a specific time and place or a high pressure
system when compared to adjacent areas at another time and place. Although the dy-
namic mechanisms of an anticyclone or a cyclone are stable over a short period of time,
its performance will differ under different geographical and topographical circums-
tances.

Like all anticyclones, the dominant mechanism in the subtropical high pressure of
Saudi Arabia is the same dynamically. The dominant mechanisms in an anticyclone are
subsidence, stability, great thickness, tangible heat, and high potential, but the anticyc-
lone of Saudi Arabia performs differently on different occasions. When the Saudi Ara-
bian anticyclone turns toward the east under specific circumstances and resides over the
warm Arabian Sea, Sea of Oman, and the Indian Ocean, it operates very differently from
the time it turns west and resides over the Arabian Peninsula and the Red Sea. Iran falls
into a dry climate belt and features a dry and semiarid climate in response to its geo-
graphical location and topography and relative position in the general movement of the
atmosphere. Because of its geographical location, the greater part of Iran lies in the path
of subtropical high pressure swings (23° to 40° east latitude). Saudi Arabian high pres-
sure forms as a major subtropical high pressure cell on the Arabian Peninsula and moves
upward and downward in latitude according to the apparent motion of the sun. This cell
is dominant in Iran during the hot period of the year; its long term persistence causes
hot and dry summers. In the hot period of the year, this cell moves toward the upper la-
titudes and resides in northern Saudi Arabia, the Persian Gulf, and occasionally in
southern Iran and eliminates the instability in the region [1]. Research shows that there
is an obvious difference in the establishment of the center of subtropical high pressure in
the lower, middle and upper levels of the troposphere. The subtropical high pressure
over the Azores in the northeastern Atlantic Ocean is in the lower level; the high pres-
sure in northwest Africa and Saudi Arabia is in the middle level; the high pressure of Ti-
bet is in the upper level of the troposphere; these are independent centers. The center of
high pressure in Iran lies in both the middle and upper levels [2].

Galton coined the word anticyclone in 1861 for pressure centers with different cyc-
lonic features [3]. He states that subtropical high pressure lies in a belt at 30° north la-
titude in the upper troposphere and is considered to be a Hedley heat cell [4]. Gurtjohn
believes that subtropical high pressure lies in a transitive zone between the tropical
areas (convection formation place) and middle latitudes (frontal cyclone dominance)
and states that subtropical high pressure has a strong effect on the adjacent regions [5].
These high pressure are dynamically hot at all levels. As the elevation increases, the axis
of high pressure slants to the southwest coincident with the warmer weather in the up-

per troposphere caused by air subsidence in the upper levels as discussed by Berry and
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Carlton [6].

Hejazizadeh studied the synoptic effects of subtropical high pressure in Iran on sub-
tropical high pressure swings during seasonal changes. She believed that as the pressure
center of the polar cell decreases in elevation, the difference in energy increases between
the polar cap and the southern bound, which intensifies the slopes of lines at the same
elevation and the western currents in the upper latitudes. The center of the cold weath-
er at the polar cap will be pushed to the southern latitudes, which pushes back the sub-
tropical high pressure and causes rainfall in Iran. She has described the 584 decameter
geopotential contour as the northern border of the subtropical high pressure [7]. Sa-
deghinia studied local changes in summer rainfall in southern Iran using subtropical
high pressure in the Azores. He chose six pervasive rainfall patterns and he recognized
two general patterns. In the first pattern, the rotary movement of the seasonal system
transports humidity from the Indian Ocean and adjacent seas to the lower levels of the
troposphere. The TAB center of subtropical high pressure will be western-eastern in
response to the western hod spreading in the middle levels toward western Iran. For
this rainfall pattern, a maximum reduction in altitude occurs at 300 and 500 HPa be-
cause of subtropical system debilitation in the lower levels of the troposphere and be-
cause the thickness of the convection layer reaches 500 HPa. In the second pattern, the
seasonal system spreads to the south and, when seasonal cyclones approach, heavy
rainfall occurs. In this condition, penetration of the seasonal weather to 700 HPa
transports the subtropical high pressure to a higher level and results in convection
rainfall. In this pattern, the maximum reduction in geopotential height occurs at 700
HPa and the thickness of the convection layer rises above 700 HPa [8].

Lashkari studied in the patterns of intense rainfall in southwestern Iran by examining
50 systems that caused flooding. He believed that the rainfall was caused by Sudanese
low pressure and the Red Sea convergence area and identified four patterns in which
the Sudanese system led to rainfall that caused flooding in southwest Iran. He carried
out synoptic analysis of sample flood systems in western and southwestern Iran and
found that the characteristics of western Iran caused both severe drought and heavy
rainfall leading to flooding. The system’s synoptic and thermodynamic features pro-
duced intense instability, heavy rainfall, and rainfall in the cold period of the year.
There was high potential for storms from 20 to 24 January in the south and southwest
that was reinforced by the Sudanese low pressure [9]. Kianipour studied El Nifio and
anomalies in western and southwestern rainfall and believed that El Nifio caused the
reduction in rainfall in southwestern Iran. He showed that the position of the Saudi
Arabian subtropical high pressure cells at 300, 500 and 700 Hpa in the cold period of
the year over the Red Sea, Sea of Oman, and the Indian Ocean caused longitudinal os-
cillation. This oscillation ranged from the Horn of Africa to the Persian Gulf. He also
indicated the position of the Saudi Arabian high pressure zone [10].

Khosh-Akhlaghetal studied winter drought and wet synoptic systems in southwes-
tern Iran and concluded that movement of the subtropical high pressure belt played an

important role winter rainfall oscillations in southwestern Iran. These produced
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drought, accompanied by movement southward. It location over the peninsula and an
increase in geopotential height during these periods are accompanied by movement
eastward and settlement of a high pressure system over the Arabian Sea and a decrease
in geopotential height. Khoshakhlagh (1977-1998) studied pervasive droughts in Iran
using synoptic analysis and compared them with wet periods. He recognized movement
of the Azores high pressure belt, Siberian high pressure, and subtropical high pressure
meridian to be causes of the droughts and wet periods in Iran [10].

Lashkari and Mohammadi studied the effect of the Saudi Arabian subtropical high
pressure on rainfall systems in southern and southwestern Iran. They showed that in all
rainfall systems, the orbital components of the wind over the Arab Sea and eastern Sea
of Oman and their meridian components spread heat and humidity from these seas to
the Sudanese low pressure. The maximum humidity occurred over Ethiopia and the
southern Red Sea; this was transported to Iran by the southern currents of the low
pressure hod at sea level and the air currents at the front of the hod at higher levels
[11]. National studies in this field include [12]-[17].

2. Materials and Methods

The range of the study was first chosen. The probable movement of high pressure over
a 1-year time span at 20° to 80" east longitude and 0° to 60" north latitude was chosen.
Topographical maps for 700, 850, and 1000 HPa at 5 curved geopotential meter dis-
tances were taken from the NCEP website (www.ncep.noaa.gov). Image (1) shows ex-

amples of topographical maps and the range studied. The average map for each month
in a 66-year time span was extracted. Next, 2376 maps for the three levels were down-

loaded from the NOAA website (www.esrl.noaa.gov) Figure 1.
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Figure 1. Topographical maps of study area and range studied.
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Next, the central core of each Saudi Arabian high pressure was delineated on the
map. The latitude and longitude of the cores were entered into Excel and this Excel file
was used in ARC GIS to transform the cores into raw maps.

As shown, the transformed points on the maps show the longitudinal and latitudinal
ranges. In Figure 2, the expansion of the central core for each month of the year for a
10-year time span was designated using the latitudinal and longitudinal points to trans-
form the maps.

In Table 1, the density of the centers were identified using geographical longitude
and latitude for each month of the year. Local changes in high pressure were analyzed

using the longitude and latitude values over the 1-year time span. Time changes for the
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Figure 2. Designation of central cores on ARC GIS map.

Table 1. Designation of longitudinal and latitudinal points.

LON APR LAT APR LON MAY LAT MAY LON JUN LAT JUN

1948-58 53 22 47 23 56 46
1958-68 54 22 50 22 55 41
1968-78 55 20 46 19 56 43
1978-88 57 20 48 22 57 41
1988-98 56 20 47 23 60 49
1998-2008 57 21 47 23 52 44
2008-2014 58 19 46 23 52 43
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high pressure was analyzed using the longitude and latitude for each month of the year.
Analysis of all maps and tables for all three levels was time-consuming and voluminous;
thus, the 800 and 1000 HPa levels were excluded from this essay. The reason for this
exclusion was the incoherence of the cores at these levels compared to the other two le-
vels. In some years, no closed centers occurred at the 1000 HPa level, or the long time
span for closed centers made identifying the exact characteristics of the center impossi-
ble.

3. Findings
3.1. Analyzing Local Changes of Saudi Arabian High Pressure

Table 2 shows the range of latitude and changes in the Saudi Arabian central core for

different months of the year at the 850 HPa level for the ten year time span.

3.1.1. Autumn
The first row of Table 3 shows the expansion of the central cores of the high pressure
for the 10-year time span. Shows changes over the three months of autumn for the
10-year time span. Diagram 1 for the first ten years (1948-58), subtropical high pres-
sure centers expanded from 24° to 30° north latitude. Their minimum latitudinal ex-
pansion in the following years oscillated between 22° and 24°, but the maximum range
of expansion in the next three decades was to 27° north and then increased 2° to 3° to
29° - 30° north latitude.

In November of nearly all decades, the southern limit of expansion decreased 2° to

20° north latitude. The upper limit of expansion decreased 2° to 25° north. Over three

Table 2. Range of latitude and changes in Saudi Arabian central core in different months at 850 HPa.

1948-58 1958-68 1968-78 1978-88 1988-98 1998-2008 2008-2014
Latitude
min max min max min max min max min max min max min max
January 20 25 17 25 17 22 19 23 18 23 19 22 20 23
February 20 27 15 25 18 25 18 24 17 24 17 23 17 23
March 17 25 8 15 15 25 15 25 15 23 18 23 20 25
April 18 23 16 24 16 21 17 22 19 21 17 22 15 23
May 19 24 21 24 19 23 19 24 19 24 20 24 19 23
June 43 51 38 45 41 45 34 45 43 51 44 47 42 48
July 44 47 39 40 40 50 39 47 36 49 43 52 43 49
August 44 49 43 47 43 49 40 47 40 45 43 50 41 47
September 40 45 40 46 38 50 37 44 40 52 43 47 40 47
October 24 30 22 27 24 27 22 27 24 29 24 30 25 29
November 20 27 22 25 20 25 20 25 19 25 22 25 22 37
December 21 27 20 25 20 25 20 25 22 25 18 26 22 25
1085
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Table 3. Expansion of central core of Saudi Arabian high pressure.

min Oct max Oct min Nov max Nov min Dec max Dec
1948-58 24 30 20 27 21 27
1958-68 22 27 22 25 20 25
1968-78 24 27 20 25 20 25
1978-88 22 27 20 25 20 25
1988-98 24 29 19 25 22 25
1998-2008 24 30 22 25 18 26
2008-2014 25 29 22 27 22 25

autumn season 850 hpa level
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Diagram 1. Changes in high pressure core over 10-year time span in autumn.

decades (1968-78; 1978-88; 1988-98), the lower limit oscillated between 19° to 20°
north, but in the last two decades increased it 2° again to 22° north. This incoherency in
the last decade (post-2008) was greater than in other decades and the centers expanded
to 22° to 27° north latitude. In other words, the core of the high pressure centers was
higher than in the other decades. In December, the core movement showed no special
changes compared to November. In many decades, the centers were similar to those for
November. Those for (1968-78) and (1978-88) were the same as their counterparts in

November.

3.1.2. Winter

Table 4 shows the expansion of the central core of the high pressure in winter. In Jan-
uary at the beginning of the first decade, changes in the core were not significant
(Diagram 2). The core remained 20° - 25° north latitude; in the following decades, the
centers relocated toward the lower latitudes and the center relocated 1° - 3° in latitude
toward the equator. The difference between the maximum expansions of points was

greater than for the minimum expansion and relocated to 2° - 4" in latitude. In this
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Table 4. Expansion of central core of high pressure in winter.

min Jan max Jan min Feb max Feb min Mar max Mar
1948-58 20 25 20 27 17 25
1958-68 17 25 15 25 8 25
1968-78 17 22 18 25 15 25
1978-88 19 23 18 24 15 25
1988-98 18 23 17 24 15 23
1998-2008 19 22 17 23 18 23
2008-2014 20 23 17 23 20 25

winter season 850 hpa level
o == min Jan
E
% == max Jan
=== min Feb
=i Max Feb
° % % % S S u == min Mar
o) © o) 2 Q N
& & & & Q& N N
'\Qb( '\QV.) '\Q@ \Q’\ '\Q‘b q‘bﬂ/ Q%ﬁ/ —@- max Mar
&) Q
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years

Diagram 2. Changes in central core of 3-month high pressure over 10-year time span in winter.

month, as in other months, the changes were smaller than for other decades and the
cores were at 20° - 23° north latitude.

In February, the central cores of the high pressure relocated toward the lower lati-
tudes. In the first decade, these changes were not obvious, but changes in the following
decades to the lower latitudes to the south were evident. The greatest relocation oc-
curred for the lower limit of the center in 1958-68, which expanded to 23° - 25° north
latitude. In March, the cores relocated southward, especially for the lower limit of the
center, which moved 2° - 3° south. In the first decade (1948-58), this month, unlike
other months, did not relocate southward. In the second to fifth decades, the lower lim-
it of the centers was at 23° - 25° north latitude. From 1988-98, the cores began to move
northward, but this relocation was greater at the lower boundary of the cores. As seen,
the southward movement of the centers ceased after January and the high pressure
centers were transmitted to higher latitudes in accordance with the outward movement
of the sun. Relocation of the general circulation systems did not occur and the Saudi

Arabian high pressure continued to move southward.

KD
+%%, Scientific Research Publishing

1087



H. Lashkari et al.

3.1.3. Spring

In Table 5, in April during most of the first four decades, the lower limit of core ex-
pansion moved 1° - 2° northward, meaning that they moved toward Iran. In Diagram
3, in 1988-98, this reversal toward the north was more impressive at up to 4°. In the last
decade, however, the lower limit of expansion has remained southward. The higher
limit of expansion moved southward in all of decades to 21° - 24° north latitude. This
means that the centers turned toward Iran. The higher limit of the cores did not return
the March conditions; they remained below 25° in latitude at 19° - 24° north.

In June, impressive upward movement was seen for all decades. The lower limit of
expansion of the high pressure cores was above 41° north latitude, except in 1958-68
and 1978-88. In these two decades, the core was positioned above 34° north latitude.
This meant that the lower limit of expansion of the high pressure core moved 15" in
comparison with the previous month of May. In other decades, it moved primarily 22°
north. This demonstrates that reversal of the Saudi Arabian high pressure core reversal
toward north began in April. It is interesting to note the intense northward movement
in June, which is the turning point for relocation of the high pressure core northward.

Real summer in Iran starts in June [17].

Table 5. Expansion of central core of high pressure.

min Apr max Apr min May max May min Jun max Jun
1948-58 18 23 19 24 43 51
1958-68 16 24 21 24 38 45
1968-78 16 21 19 23 41 45
1978-88 17 22 19 24 34 45
1988-98 19 21 19 24 43 51
1998-2008 17 22 20 24 44 47
2008-2014 15 23 19 23 42 48

spring season 850 hpa level
55
50—~ ——————
45 \K\\‘ ‘ %/
o 40 = - : - ; —o— min Apr
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Diagram 3. Changes in central core of 3-month high pressure over 10-year time span in spring.
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3.1.4. Summer
During the three months of summer, northward relocation was trivial. In most of the
six decades, the high pressure cores oscillated between 37° - 52° north latitude. Overall,

there was no significant oscillation of the core during the summer [11].

3.2. Changes in Saudi Arabian Longitudinal High Pressure

Table 6 shows the longitudinal changes in the Saudi Arabian subtropical high pressure
the last six decades by season. Studies show that eastward movement of Saudi Arabian
high pressure and its position over the hot and humid Sea of Oman and Arabian Sea,
especially in the lower levels, increased rainfall in Iran. The westward movement of the
high pressure zone decreased rainfall in Iran because it prevented the Sudanese low

pressure and the Mediterranean hod from dispersing into the lower latitudes [11].

3.2.1. Autumn
Diagram 4 shows the longitudinal changes in the Saudi Arabian subtropical high pres-
sure in the autumn. It was expected that in October, being the first month after autum-

nal temperance, that the Saudi Arabian subtropical high pressure would exit Iran and

Table 6. Longitudinal changes in Saudi Arabian subtropical high pressure over six decades.

min Oct max Oct min Nov max Nov min Dec max Dec
1948-58 46 50 50 55 49 52
1958-68 44 50 48 58 48 52
1968-78 44 51 49 53 46 52
1978-88 43 51 48 56 48 55
1988-98 45 51 48 55 48 60
1998-2008 42 51 50 58 46 68
2008-2014 44 48 55 55 52 52

autumn season 850 hpa level
70

65 /\
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== min Nov
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Diagram 4. Longitudinal changes in Saudi Arabian subtropical high pressure in autumn.
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move southward to the lower latitudes allowing entry of rainfall systems. In this month,
the central core of high pressure oscillated between 42° - 51° east longitude. The eastern
boundary oscillated between 50° and 51°, but the western boundary showed greater os-
cillation and moved between 42° - 46° east longitude. In 1958-68, the cores moved sig-
nificantly eastward and in 2008-14 it showed a significant westward relocation.

In November, the high pressure core dispersed significantly eastward in all decades.
The western limit of core dispersion was 45° - 50° east longitude and the eastern limit
of dispersion was 53° - 58° east longitude. On average, the core moved westward 5° in
comparison with the previous month. In November, the western-most position of the
core occurred in the first decade (1948-58); the other decades were similar and change
was not significant. In December, the changes were also not significant. In some years
the movement was 1° - 2° westward and sometimes eastward. On average, the central
core of high pressure was location at 48° - 55 east longitude. The most dispersion was
observed in 1998-2008.

3.2.2. Winter
Table 7 and Diagram 5 show the expansion of the central core of high pressure in

Table 7. Longitudinal changes in Saudi Arabian subtropical high pressure in winter.

min Jan max Jan min Feb max Feb min Mar max Mar
1948-58 48 55 50 60 55 62
1958-68 48 53 50 60 51 58
1968-78 48 52 50 60 52 62
1978-88 48 54 50 60 53 58
1988-98 48 55 52 60 50 60
1998-2008 50 58 50 60 52 59
2008-2014 50 56 52 55 50 60

winter season 850 hpa level
70
65
60 ‘\ /‘\ _ .
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Diagram 5. Longitudinal changes in Saudi Arabian subtropical high pressure in winter.
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winter. In January and February, the movement of the core was more orderly. The cen-
tral core was positioned at 48° to 55” east longitude in January. In the last decade, the
core has moved toward the east. The order is more obvious in February and, except for
the most recent decades, the central core was positioned at 50° to 60° in longitude. In
March, the movement of the central core became slightly disordered. In general, the
center was positioned between 50° to 60° east longitude, which is a difference of 2°

eastward from February.

3.2.3. Spring

Table 8 and Diagram 6 show the longitudinal movement of the central core in spring.
April is the first temperate month and the high pressure core moved slightly to the
west. In general, the location of high pressure core was sporadic at between 52° to 62°
east longitude. In comparison with the winter months, it showed no intense eastward
or westward movement. Impressive westward movement was observed in May; in most
decades, the center was positioned between 44° - 48° up to 50° east longitude. In other

words, the core moves strongly northward 10°.

Table 8. Longitudinal changes in Saudi Arabian subtropical high pressure in spring.

min Apr max Apr min May max May min Jun max Jun
1948-58 53 60 44 47 45 57
1958-68 51 59 36 51 50 55
1968-78 54 60 46 49 40 58
1978-88 53 58 46 51 54 58
1988-98 53 57 44 51 55 63
1998-2008 51 59 45 48 49 53
2008-2014 50 62 45 47 49 55

spring season 850 hpa level

70
65

== min Apr

Longht

== max Apr

== min May

== max May

=== Min Jun

=@ max Jun

: & o )
K K K K3 K3 \Q‘b

years

Diagram 6. Longitudinal changes in Saudi Arabian subtropical high pressure in spring.
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3.2.4. Summer

Table 9 and Diagram 7 show the longitudinal changes in the central core of the Saudi
Arabian subtropical high pressure in summer over the course of 66 years. July is the be-
ginning month of summer in the northern hemisphere. The core of the high pressure
was positioned at 50° to 56° east longitude in first three decades (1948-78). In 1978-88,
the core moved slightly eastward to a position at 54° to 66° east longitude. It returned
to the previous condition in the next decade (1988-98). It is interesting to note the im-
pressive movement of the high pressure core westward in 1998-2008. In this decade, the
core was positioned at 41° to 53° east longitude and the western boundaries moved sig-
nificantly westward. This phenomenon has also occurred in the last decade. In August,
the core was more orderly and the central core expanded to between 50° and 60° longi-
tude with little oscillation. In September 1968-98, the western boundary of the core
moved eastward east 3° to 4°.The core of the Saudi Arabian high pressure in the lower
levels (below 850 HPa), especially when all or part of the high pressure area was posi-

tioned over the warm Arabian Sea and Sea of Oman, moved humidity into the Arabian

Table 9. Longitudinal changes in Saudi Arabian subtropical high pressure in summer.

min Jul max Jul min Age max Age min Sep max Sep
1948-58 50 54 50 55 52 55
1958-68 51 54 52 55 54 60
1968-78 50 56 53 58 56 57
1978-88 54 60 53 60 56 59
1988-98 51 59 54 57 55 61
1998-2008 41 53 52 54 50 54
2008-2014 48 51 50 53 53 54

summer season 850 hpa level
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Diagram 7. Longitudinal changes in Saudi Arabian subtropical high pressure in summer.
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Peninsula and Iran. If this condition were accompanied by unstable swings in the high-
er layers, it caused intense convection rainfall in the area. If the atmosphere was stable

in the higher layers, sultry conditions increased in the area, especially in summer.

4. Conclusions

High pressure over Saudi Arabia is the determinative factor for weather in the Middle
East. Its annual relocation defines daily atmospheric conditions in the area. Its eastward
movement increases rainfall in Iran, Saudi Arabia and Iraq, and its westward move-
ment causes stability in most west Asian countries (Figure 3).

Westward movement of the Saudi Arabian high pressure causes expansion of west-
ern winds and brings about penetration of rain systems. Movement northward causes
intense stability in the area and decreases western winds. This study of the central core
of the system at sea level 700, and 850 HPa over the course of 66 years shows that:

1) The central core of this system lies between 22° - 30" north latitude and 42° - 50°
east longitude (northern Saudi Arabia). Image (3) shows an example of core dispersion
in October.

2) The westward relocation of the high pressure core continues until the end of
March; in this month, the core lies at 15° to 25° north latitude and 50° to 66° east lon-
gitude. This means that it is incorrect to expect southward movement of the high pres-
sure center to continue to January and that with outward movement from the sun, the
center will move toward north to higher layers.

3) The Saudi Arabian high pressure reversal northward begins with the onset of April
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and by June this reversal is impressive and unexpected. The density of the core in June
is between 34° to 51° north latitude and 45° to 58° east longitude. In other words, the
core moves suddenly 20° - 30° northward. June is the turning point for seasonal change

and rapid transformation of the high pressure centers to higher latitudes.

The second rapid relocation occurs in October. The relocation of the central core in

September and October occurs suddenly and October is the second turning point for

the Saudi Arabian subtropical high pressure (Figure 3).
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