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Abstract 

Iran located in arid and semiarid area of the earth with low precipitation. Iran's rainfall is mainly received in the 

cold period of the year. Although the total annual precipitation is low but sometime, the country receives heavy 

rainfall. One of the conditions that lead to heavy rainfall is cut-off low patterns. Cut-off low-pressure systems 

are defined as closed lows in the upper troposphere that have become completely detached from the main 

westerly current. The characteristics of Cut-off Lows in Iran are studied for the period of 1976–2015. To 

identify these systems, the Raul Nieto algorithm was used with automatic detection capabilities. The systematic 

identification of Cut-off Lows is realized by applying an original automated scheme using mean daily geo-

potential height, wind and air temperature at 500 hPa NCEP. Cut-off Lows are more frequent during spring in 

the Iran, with a maximum of frequency in March. Over the period of 1976–2015, the annual Cut-off Lows 

frequency exhibits a weak positive trend. In this study, the most cut-off lows lasted only 2 days. Simultaneous 

precipitation with cut-off low pressures was compared with annual precipitation of stations. Northwest of Iran 

has a larger share of Cut-off low precipitation. Different Cut-off Low patterns were identified under 6 separate 

patterns. The highest frequency of cut-off lows are the eastern arm of omega pattern. 
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1. Introduction 

Cut-off Lows (COLs) are hazardous atmospheric systems that have a significant impact on society because of 

their association with tempestuous weather. They are defined as mid and upper tropospheric cold lows, which 

generate and develop in the westerlies (Alice favre, 2012). COLs are upper-level low-pressure areas formed on 

the equatorward side of the maximum westerly winds in the polar or the subtropical jet stream (Fuenzalida. 

2005). Cut-off lows are isolated cyclonic vortices that form as a result of meridional excursions of jet streams. 

They are synoptic-scale features, typically a thousand kilometers across (Price and Vaughan, 1992). Two 

mechanisms are possible for mixing the stratospheric air into the troposphere-isentropic filamentation of air 

away from the low followed by mixing outside it, or mixing across the tropopause within the low itself (either 

by convective penetration or clear-air turbulence) (Gouget, 2000). A cut-off low is an atmospheric phenomenon 

of mid and high latitudes that can have various impacts on the climate of regions under its influence. About 50% 

of the low-pressure area is usually covered by different types of clouds, with a higher percentage in the front 

area (Delgado and Lorente, 2007). In similar studies, which have investigated the impacts of cut-off lows in 

several regions of Australia, South Africa, Europe, quantitative and qualitative methods have been implemented 

for the identification of these systems.  

According to a theory presented by Kleinschmidt (1950), cut-off low is formed due to permeation of 

stratospheric air potential vorticity in the polar region, to the upper troposphere. This theory was developed by 

Hoskin (1985), and showed that cut-off low is caused by an isolated pool of potential vorticity in the mid and 

upper troposphere, which has been accompanied by tropopause descent. Telgard (1985) studied the status of cut-

off lows in South Africa for ten years and investigated their properties, prevalence and relation to precipitation. 

On average, he identified 11 cut-off lows every year, with the highest number in the spring and summer seasons. 

Parker et al. (1989) showed that the frequency trend of cut-off lows at 500-hPa level decreased from 1950 to 

1970 and increased from 1971 to 1985. Similarly, Prize and Wagan (1992) and Kentarchos & Davies (1998) 

developed a climatological analysis of cut-off lows in the northern hemisphere. These studies were generally 

carried out for a short-term period, such that Prize's study was conducted for a one-year period (October 1982 to 

September 1983). Kentarchos and Davies (1998) studied the climatology of cut‐off lows at 200 hPa in the 

Northern Hemisphere during a 5-years period (1990-1994). They explored every closed geopotential cyclonic 

curvature at a 200 hPa pressure level. They concluded that all the COLs that lasted for 2 days or more have 

formed more often in summer than winter and in preferred geographical regions and about 50 % of cut-off lows, 

which last longer than three days, travel a significant distance (more than 600 km). Prize found that almost half 

these systems have considerable movement. Nieto et al. (2008) introduced the northern hemisphere, 

southwestern Europe, northeast of the pacific coast and northern China and the Siberian region as the main 

occurrence sites for cut-off lows. Reboita et al. (2010) examined the climatic properties of cut-off low systems 

in the southern hemisphere and showed that the highest frequency of them is at 300-hPa level, followed by 500 

and 200 levels. They revealed that their seasonal distribution is also different at various levels and their 

frequency at these levels in summer; autumn and winter were higher than in spring. During these seasons, they 

are mostly situated around the continental areas such as the area between southeastern Australia and New 

Zealand, south of South America and south of Africa. Tando et al. (2010) investigated the link between cut-off 

low and Rossby wave breaking in the southern hemisphere. Amy Hodgson (2012) analyzed cut-off lows in 

northwestern Africa in April 2011 and analyzed heavy precipitation in Morocco with the localization time of 

these systems. Chuanxi et al. (2013) examined the dynamic and chemical properties of cut-off lows in 

northeastern China. They stated that tropospheric ozone analysis shows evidence of transmission and 

incorporation of stratospheric ozone rich air into the upper troposphere and in the frontal area of cut-off low 

center in this region. Oakley and Redmond (2014) studied the climatology of closed low altitudes in the 

northeast of the Pacific Ocean in the 1945-2011 period. These researchers showed that the event frequency of 

these systems in positive phases of ENSO is more than average. 
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In this paper, the impacts of cut-off lows systems have been investigated on precipitation in Iran. Generally, 

short term and long-term periods have been studied through qualitative and quantitative methods, respectively. 

In this study, the quantitative method has been used to detect cut-off lows. After identification of these systems, 

cut-off lows affecting Iran were discriminated from cut-off lows that were identified in the studied region but 

traveled a path other than Iran. In this paper, in addition to cut-off low detection, the geographical position of 

formation sites and routes, as well as the precipitation effect of these systems on the selected stations have been 

studied. Finally, dominant patterns of these systems were identified and studied. Due to the particular 

importance of cut-off lows and their role in precipitation, and considering the fact that a comprehensive study on 

these systems has not been conducted in Iran, the present study attempts to fill this void by investigating them 

and answering questions regarding their effects on precipitation in Iran. As the initial steps, the detection and 

identification of these systems are critical 

 

3- 1 Data and method 

 

Data for a period of 40 years (1976 to 2015) were extracted from the National Center for Atmospheric Research 

with a resolution of 2.5 to 2.5 degrees for the latitude range of 10 to 60˚N and longitude 0 to 80 ˚E. In this study, 

cut-off lows were studied at the levels of 500 and 600 hPa. To identify cut-off lows, the method of Nieto et al. 

(Nieto et al., 2007) and Robita et al. (2010) were used. According to this method, to identify a cut-off low 

system, it is necessary to identify four features. To identify these features, an algorithm was written in 

MATLAB software to automatically detect cut-off lows systems by examining the conditions in the algorithm 

after receiving the data. The data used in this algorithm to identify cut-off lows are geopotential height at the 

levels of 500 and 600-hPa, thickness between these two levels, zonal wind (u) at the level of 500-hPa and finally 

temperature at the level of 500-hPa. 

 

In the algorithm, the cut-off low must have four properties, which are as follows: 

 

 •Closed cyclonic circulation (closed cell): This step involves identifying the minimum height of the 

geopotential point at the desired level (500 mm). To do this, any point in the network whose geopotential height 

is less than at least six points (of 8 points) around them is selected. Then those points, whose geopotential height 

difference with the surrounding points is at least ten meters, are kept for the next step and the rest are removed 

from the algorithm. 

 

  • Isolation of the closed cell from the main zonal current (cutting): To do this, a change in the zonal wind 

direction should occur at the desired level. That is, at least one of the two points north of the adjacent point 

(minimum point of geopotential height) must have the opposite sign. 

 

  • Equivalent thickness: which is the thickness of the atmospheric layer between two pressure levels. At a cut-off 

low this characteristic is characterized by a greater thickness at the front of the low. Therefore, in the algorithm, 

the thickness equivalent to the east of the center point must be greater than the center point. For a layer of 

thickness 600-500 hPa, the difference between the values of the geopotential height of these two surfaces is 

calculated and the value of the point east of the center point should be greater than the center point. 

 

  • Temperature front parameter (TFP): which indicates temperature changes along the gradient line. In the 

algorithm, the value of TFP in the east of the center point should be higher than the value of TFP in the center 

point. Because the cut-off lows are characterized by an area with a high-pressure gradient in front of the cut-off 

low that is connected to a forward cloud band. The mathematical definition of TFP is as follows (Nieto et al., 

2007): 

TFP =−∇ | ∇T |· (∇T/ |∇T|) 

The phrase of −∇ |∇T| shows change of temperature gradient and the second part (∇T / | |T |) shows an increase 

or decrease in the sign of the temperature gradient. In this study, the seasons of the year are defined as follows: 

winter including December, January and February, spring including March, April and May, summer including 

June, July and August, autumn including September, October and November. Regarding the method of 

identifying cut-off lows affecting Iran, cut-off low must have at least one of the following conditions (Figure 1): 

 

1  - All or part of the cut-off low`s closed cells settled on a part of Iran. 

 2- Areas of Iran should be located in a radius of about 1000 km (10˚ longitude and latitude) from the cut-off 

low center. 

For this step, manual survey of maps and GIS software were used. 
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Figure 1: An example of a cut-off low that has affected Iran (January 15, 1980). 

 

After identifying the cut-off low centers by the algorithm during the 40-year period and separating the effective 

and ineffective cut-off lows on Iran, the place of formation of each system and the frequency of their occurrence 

in different regions of Iran and in different seasons were identified. To analyze the precipitation associated with 

COLs, data of daily precipitation from the 23 stations were used. These daily precipitation data of the studied 

stations were acquired from Iran Meteorological Organization. 

 

3- 2 Results and discussion 

3- 1 Area of formation 

Although cut-off lows located in the west and north of Europe cannot have any direct influence on precipitation 

in Iran, these regions could be the origin and birthplace of cut-off lows, which may also have a direct impact on 

Iran along their way. Nevertheless, regions outside of the selected area in this study are not even the origin and 

place of creation for systems affecting Iran.  

The Geographical distribution of cut-off lows which coincided with the rainfall or affected the rainfall over Iran 

show that the generative zones affecting Iran are include a large areas, most of which are located east of the 

Mediterranean Sea and south of the Black Sea between 25˚E - 50˚E and 32˚N – 38˚N. The detail can be seen in 

Figure 2, the generative zones affecting Iran are Greece, east, west and south of Turkey, center and east of the 

Black Sea, Caspian, and north of the Mediterranean Sea, Jordan, Syria, Iraq, Aral and Turkmenistan area.  

 

 

 
Figure 2. Geographical distribution of cut-off lows, which coincided with the rainfall or affected the rainfall 

over Iran. (The blue box shows that the most of them are located east of the Mediterranean Sea and south of the 

Black Sea). 
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Due to cut-off low scales being synoptic and their considerable movement, it is expected that the area of 

appearance and genesis of these systems be mostly outside of Iran. Therefore, recognizing the area of genesis 

and the main travel route of these systems through Europe and the Middle East is of importance.  

 

3- 2 Temporal distribution 

  

 Monthly and seasonal distribution  

In this study, Seasons are defined as winter (DJF), spring (MAM), summer (JJA) and fall (SON). During the 

forty-year statistical period, overall 628 cut-off lows affecting Iran with at least one-day persistency were 

identified. Their monthly frequency is shown in Figure 3. According to the figure, the month of March shows 

the highest frequency, with 93 events of cut-off lows during forty years. As can be seen, most frequencies 

occurred during the colder months. Due to the geographical location of Iran, it is possible for the western winds 

to spread over Iran in the cold period months. For this reason, the cut-offs are also more concentrated in this 

period. Regarding seasons, the months of spring with 240 cases had the highest cut-off low events, which is 

consistent with the definition of cut-off low system formation based on jet stream attenuation in spring. Studies 

show that seasonal changes of cut-off lows are associated with jet stream, such that cut-off lows have more 

tendency to appear when jet streams are weak (Ndarana and Wag, 2010). After spring, winter with 223 cases 

had the highest number of occurrence, due to the frequency of cut-off low systems and domination of western 

winds in this season. In autumn 124 cut-off low events were observed. In the earlier of autumn, these systems 

are still observed in higher latitudes, While until the end of the autumn season, by moving to lower latitudes, 

they are in a position that is more suitable for creating precipitation over Iran (September 13, October 46 and 

November 65 cases). due to latitudes covered Iran (15-40N), The lowest frequency of cut-off lows effected Iran 

occurred  in summer which is the exact opposite of the European region and in general the higher latitudes of 

the northern hemisphere that the highest frequency of cut-off lows is in summer season. This despite the fact 

that the most cut-off low events in the mid and upper latitudes of the northern hemisphere occur during summer. 

The seasonal difference of these events in Iran compared to Europe and other regions located in higher latitudes 

is due to the constant presence of subtropical high pressure during the summer season in Iran, which does not 

grant entrance to these rainfall systems. Therefore, Iran does not benefit from summer-time cut-off lows, which 

have the highest frequency in the northern hemisphere.  

Figure 4 shows the frequency percentage of cut-off lows during different seasons. Spring with 38.2 % has the 

highest frequency. Winter with 35.5 %, autumn with 19.7 %, and finally summer with 6.5 % frequency are in 

the next ranks.  

 

 

 
Figure 3. Monthly distribution of the COLs, which coincided with the rainfall in Iran or affected the rainfall in 

Iran 
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Figure 4. Seasonal distribution of the COLs, which coincided with the rainfall in Iran or affected the rainfall in 

Iran 

 

 

 Annual distribution 

Figure 5 illustrates the annual frequency distribution of cut-off low systems affecting Iran during the study 

period (1976-2015). As can be seen in Figure 5, Iran has not been equally affected by these low pressures in 

different years. The frequency of occurrence has changed from 24 cases (1982) per year to nine cases (1976) per 

year. As mentioned, the highest frequency occurred in 1982 with 24 events and the second one in 2012 with 20 

events. Also in these years, Iran has had one of the wettest years in its statistical period, which seems to be 

related to the occurrence of El Niño. Another noteworthy point is that the year coincides at least with the 

occurrence of La Niña. The trend line shows the occurrence trend of this phenomenon during the forty-year 

statistical period, which has a weak positive slope. This indicates that the frequency of cut-off low events during 

these years has had a weak, ascending slope. 

 
Figure 5. Annual frequency distribution of cut-off low systems affecting Iran during the study period (1976-

2015). 
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 Duration 

In this research, cut-off lows with at least one-day persistency were taken into account. The longevity of cut-off 

lows affecting Iran was shown to be between 1 and 23 days. Figures 6 show the frequency distribution of cut-off 

lows with various duration affected Iran. 

From the 628 identified cut-off lows, which affected Iran during the forty-year statistical period, cut-off lows 

with duration of two days were the most frequent, such that they constituted 107 events (16.2 % of total 

frequency). After that, three-day duration is the most frequent with 13.4 %. Four-day longevity with 12.8 % and 

one-day longevity with 12.4 % frequency are in the next ranks. Longevity of five days and above are 

sequentially and decreasingly in the next ranks, in regards of frequency percentage. Overall, 67 % of cut-off 

lows have had a 1-5 day life span. 

 

 
Figure 6. Percentage of COLs occurrence with different duration of 1 to 23 days during the statistical period 

(1976-2015) 

3- 3 Precipitation associated with COLS in Iran 

When moisture is available, COLs can lead to moderate or heavy rainfall over large areas (Knippertz and 

Martin, 2005). In order to study the effect of cut-off lows on precipitation in Iran, 23 synoptic stations were 

considered across the country. These stations were selected so that daily precipitation statistics during the forty-

year statistical period would be available, and their spatial distribution in Iran would cover most regions of the 

country as much as possible. Figure 7 shows the location of these stations throughout the country. 

After identification of cut-off lows for the statistical period, their route and the days which these systems were 

present in Iran or effective on Iran were specified. On days, which were accompanied by cut-off low events, 

precipitation rate in stations affected by these systems (systems comprising one of the two conditions mentioned 

above) was obtained and the cumulative precipitation of all days, which were accompanied by cut-off lows for 

each station, was calculated for the statistical period. Afterwards, average forty-year precipitation of cut-off 

lows was calculated and compared with average annual precipitation of the station. Figure 8 shows the 

precipitation percentage associated with cut-off lows, as compared with total precipitation for each station. 

According to results, 28.3 % of annual precipitation in Urmia is recharged by cut-off lows, which is the highest 

value among all studied stations. Other stations such as Saghez with about 25 % and Zanjan with 24.5 % are in 

the next ranks. The common denominator between these stations is being located in north-west of the country. 

Other stations that have experienced cut-off low associated precipitation of over 20 % are Khorramabad (21.9 

%), Ahvaz (21.9 %), Tabriz (21.1 %), Rasht (20.9 %), Tehran (20.8 %), Kermanshah and Arak (about 20 %). 

Moving from the north-west of the country to east and south, the rate of precipitation associated with these 

systems decreases. Babolsar station, for instance, receives a less portion of cut-off low associated precipitation 

compared to western stations, despite its high annual precipitation. The least percentage of Precipitation 

associated with COLs was also observed in the southeast quarter of the Iran as well. Therefore, stations such as 

Iranshahr and Bandar Abbas (8.2 %), Kerman (9.3%), and Zahedan (9.5 %), which have the least precipitation 
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associated with cut-off lows, are all located in this region of Iran. It is evident that Bandar Abbas has higher 

annual precipitation compared to stations such as Birjand in the Northeast or Isfahan in center of Iran, but has 

less share of the precipitation associated with COLs compared to these two cities, due to being located in the 

southeast region. 

 

Figure 7. Geographical distribution of the selected meteorological stations 

 

Figure 8. The precipitation percentage associated with cut-off lows, as compared with total annual precipitation 

for each station. 
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troposphere as a double jet detectable over more than 45° in longitude and persisting for more than 10 days 

(Barriopedro et al., 2006). 

In this study, by visual investigation of daily weather maps during the statistical period, six pattern types of cut-

off lows affecting Iran were identified which, will be reviewed below: 

 Eastern arm of Omega 

Omega (Ω) is one the most well-known forms of blocking. In this pattern, a very strong ridge advances to higher 

latitudes and there are two troughs or cut-off lows on sides. Each of its sections is accompanied by different 

weather conditions on the earth's surface, such that under the ridge and on the earth's surface, weather is clear, 

sunny, and warmer than usual, whereas at its lateral arms, due to establishment of a low altitude system, 

conditions on earth's surface are unstable and generally accompanied by precipitation. Blocking can affect 

precipitation systems due to its persistence, and increase their longevity more than usual as well as change their 

path by blocking the west to east route of eastern winds. At times where a cut-off low is formed at the right arm 

of the Omega pattern, the eastern arm of Omega pattern takes form (Figure 9: L2). 

Centers of Omega block ridges affecting Iran are mostly located at latitudes of 40-65 degree north and in the 

center and east of Europe. However, considering that Iran is located east of the region of maximum block 

occurrence, it is affected mostly by cut-off lows on the right side of these blocks, which are largely of the 

Omega type. Hence, eastern arms of Omega blocks influencing Iran are developed in Europe. When Iran is 

positioned in front of the eastern arm of the Omega block, if other conditions exist, substantial and heavy 

precipitation will gradually be witnessed from the west. The cut-off low on the right side of Omega is 

accompanied by a low-pressure system on the earth's surface, and the deeper the cut-off low, the stronger the 

low-pressure system on the earth's surface will be, with longer life span and more powerful fronts, resulting in 

good continuous precipitation. Since the Omega block acts as a barrier, movement of the low-pressure system 

on the earth's surface decelerates, and the formation, strengthening and weakening of the front decelerates, 

leading to continuous precipitation. Generally, precipitation of the cut-off low patterns on the right side of 

Omega bear more intensity and persistence compared to the left side, and stronger low-pressure system is 

dominant on the earth's surface due to down flow of cold air from higher latitudes to the back part of the cut-off 

low. Given that in this pattern, air initially flows on the ridge of Omega and guides cold air to the eastern arm of 

Omega, this leads to strengthening of the cold front. Cut-off lows are deeper in strong blocks and atmospheric 

systems move to lower latitudes. Therefore, this pattern is influential even on the atmospheric systems' routes, 

and in the absence of the Omega pattern, most atmospheric systems move through more northern routes. 

 

Figure 9. Schematic representation of omega East arm pattern (L2).  

 Western arm of Omega 

Anytime a cut-off low is developed in the left arm of the Omega block pattern, the western arm of Omega takes 

form (Figure 9: L1). When centers of Omega blocks are located at latitudes of 40-65 and longitudes of 50-70 

degrees east, the cut-off low of their western arm affects Iran's weather. Although the frequency of this pattern is 

less than the previous pattern, but sometimes it affects Iran for a long time and for several days, and causes 

continuous precipitation in some regions. The western trough, in collision with the high and strong ridge of the 

Omega block, is bound to persistency and southward advancement, making it deeper and often transforming to a 
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cut-off low. The western cut-off low of Omega is not always symmetrical to its eastern type and each may have 

different depths. 

 Inverted Omega 

In this pattern, which is shaped as a reversed Omega a deep trough between two ridges, is pulled to low latitudes 

forming a closed curve. In fact, the current is cut off and in this state, cold air flows to lower latitudes and 

becomes confined (Figure 10). Inverted Omega patterns with low altitude centers located at latitudes of 25-45 

degrees north and longitudes of 30-60 degrees east are effective on Iran's weather. 

 

Figure 10. Schematic representation of the Inverted Omega pattern.  

 Rex pattern 

The Rex pattern is one of the most important blocking patterns, which identified in 1950 by Daniel F. Rex and 

named after him. Most often, this pattern is developed by the destruction of the western arm of Omega. In this 

pattern, a strong ridge is located in the north or north-west of a strong low-pressure region. In this system and in 

the path of the western winds, ridges are located first and then troughs, where flow initiates around the ridge and 

then moves around the trough such that air is taken through a curved path and in a longitudinal range, from high 

latitudes to low latitudes. Occurrence of this pattern leads to the development of cold and persistent air in high 

latitudes in the ridge zone, and warm and non-persistent air in low latitudes in the trough zone. The normal 

temperature gradient decreases, leading to slow eastward movement of the system. This pattern is shaped as a 

reverse S, and wind flow decelerates due to moving around this shape, which leads to its persistency in the 

region (Figure 11). A cut-off low usually develops in the southern trough of this pattern. When a ridge is 

developed on the tilted south-west/ north-east axis, sometimes a cut-off low develops in the southeast of it, 

resulting in the formation of a Rex pattern. Generally, when the ridge center of this pattern is developed in the 

latitudes of 40-65 degrees north and in the east of Europe, the cut-off low located in the southeast of it affects 

Iran. 

 

Figure 11. Schematic representation of the Rex pattern. 

 

 S pattern 
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This pattern is often formed by destruction of the eastern arm of the Omega pattern. In this pattern, a ridge is 

located at the north or northeast of a trough. This pattern is the exact opposite of the Rex pattern, such that the 

western winds, following their path, first reach the trough, flow around it, and then encounter the ridge (Figure 

12). In this pattern, the warmer air of latitudes lower than east of the trough moves around the ridge and flows to 

higher latitudes. This pattern resembles the letter S and cut-off lows usually develop in its southern trough. 

When a ridge is developed on the tilted north-west/ south-east axis, in some cases a cut-off low develops 

underneath it, resulting in the formation of an S pattern. Usually, when the ridge center is developed in the 

latitudes of 40-65 degrees north and longitude of 50-70 degrees east, the cut-off low located in the south-west of 

it affects Iran.  

 

Figure 12. Schematic representation of the S Pattern.  

 Dipole pattern 

When a high altitude center is located north of a low altitude center, the dipole system develops. In this pattern, 

the main jet stream current is divided to two branches, one moves from its north side and the other from its 

south side (Figure 13). Systems reaching this region from the west side attenuate in the ridge and trough regions, 

but if they pass from in between these two branches, their movement slows down or relatively stops. This type 

of pattern is observed mostly on the western coasts of Europe and North America (Bluestein, 1993). Typically, 

in the dipole pattern, the low latitude southern system appears as a closed curve or a cut-off low. Anytime the 

region is under unstable circumstances caused by lower cut-off lows, conditions for instability and persistent 

precipitation are provided. In the dipole pattern, the high altitude center is located in higher latitudes, while the 

cut-off low is located in lower latitudes. The center of the 500 hPa level low latitude is accompanied by a low-

pressure system on the earth's surface. Cut-off lows located in the south of dipole patterns with their high 

altitude center located at latitudes of 40-65 degrees north and from east of Europe to Central Asia, influence 

Iran's weather.  

 

Figure 13. Schematic representation of the Dipole Pattern. 

  

3- 5 Annual distribution of patterns  



12 
 

Figures 14 and 15 show the frequency and percentage of occurrence for various cut-off low patterns during the 

forty-year statistical period in Iran. It is evident that out of the 1436 days accompanied by cut-off low in Iran, 

the eastern arm of Omega pattern has the highest frequency with 374 days (26 %). The Inverted Omega pattern 

with 330 days (23 %) is in the next rank. After these two patterns, the Rex pattern with 296 days of cut-off low 

(20.6 %) ranks third, while the dipole patterns with 181 days (12.6 %), the S model with 135 days (9.4 %) and 

finally the western arm of Omega pattern with 120 days (8.4 %) are in further ranks. 

 

Figure 14. Long-term occurrence frequency of various cut-off lows that have affected Iran's rainfall.  

 

Figure 15. Percentage frequency of various cut-off lows patterns that have affected Iran's rainfall during the 

studied period. 

4. Conclusion 

During the forty-year statistical period, overall 628 cut-off lows affecting Iran with at least one day persistency 

were identified. The Geographical distribution of cut-off lows which coincided with the rainfall or affected the 

rainfall over Iran show that the generative zones affecting Iran are include a large areas, most of which are 

located east of the Mediterranean Sea and south of the Black Sea between 25˚E - 50˚E and 32˚N – 38˚N . 

In terms of monthly occurrence, because cut-off lows are part of the western winds and the western winds can 

expand to lower latitudes in the cold period of the year, the effect of these low pressures is mainly significant in 

the cold period of the year. Among the seasons, spring has the highest share with more than 38% (spring + 

winter about 74%) and only about 8% of events are observed in summer. These results are consistent with the 

some studies that show the seasonal changes of cut-off lows are associated with jet stream, such that cut-off 

lows have more tendency to appear when jet streams are weak (Ndarana and Wag, 2010.) 

These low pressures have not equally affected Iran in different years. The frequency of occurrence has 

changed from 24 cases (1982) per year to nine cases (1976) per year. It is noteworthy that the year with the 

maximum frequency coincides with the El Nino event and the year with the minimum occurrence coincides with 

the La Nino event. The trend in the frequency of cut-off lows over the last 40 years shows a weak positive trend. 
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The lowest frequency for presence of cut-off lows effected Iran is that of summer which is the exact opposite 

of the European region and in general the higher latitudes of the northern hemisphere, since in these regions, the 

highest frequency of the COLs occurred in summer. The seasonal difference of these events in Iran compared to 

Europe and other regions located in higher latitudes is due to the constant presence of subtropical high pressure 

during the summer season in Iran, which does not grant entrance to westerlies systems. 

From the 628 identified cut-off lows, events, which affected Iran during the forty-year statistical period, cut-

off lows with duration of two days, were the most frequent, such that they constituted 107 events (16.2 % of 

total frequency). Overall, 67 % of cut-off lows have had a 1-5 day life span. 

Moving from the north-west of the country to east and south, the rate of precipitation associated with cut-off 

lows systems decreases. Just as different blocking patterns cause anomalies in Iran`s temperature (Azizi and 

khalili, 2011, Azizi et al, 2008, Azizi et al, 2015, Jafari et al., 2020) so also different blocking patterns cause the 

formation of various cut-off patterns and precipitation anomalies (Azizi and Khalili, 2013). 

The frequency and percentage frequency of occurrence for various cut-off low patterns during the studied 

period made evident that out of the 1436 days accompanied by cut-off low in Iran, the eastern arm of the Omega 

pattern with 374 days has the highest frequency (26 %). Then The Inverted Omega pattern with 330 days (23 %) 

and the Rex pattern with 296 days (20.6 %), the dipole patterns with 181 days (12.6 %), the S model with 135 

days (9.4 %), and finally the western arm of Omega pattern with 120 days (8.4 %) are in further ranks. 

In Iran, late cold period and spring have the highest frequency of heavy precipitation related to blocking highs 

pattern, According to results, 67% of high intensities and 64% of normal cases of the precipitation coincides 

with Cut-off Lows, which belong to blocking highs patterns. According to studies on the temporal distribution 

of blocking highs affecting precipitation in Iran, the highest incidence of normal precipitation related to 

blocking highs occurred in winter (Azizi et al, 2012).  
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