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Abstract

A cut-off low is a closed low with a low value of geopotential height at the
upper atmospheric levels that has been fully detached (cut-off) from the westerly
flow and move independently. A cut-off low causes extreme rainfall events in the
mid-latitudes regions. The main aim of this paper is to investigate the cut-off low at
500 hPa over Iraq from a synoptic point of view and the behavior of geopotential
height at 500 hPa. To examine the association of the cut-off low at 500 hPa with
rainfall events across lIraqg, two case studies of heavy rainfall events from different
times were conducted. The results showed that the cut-off low at 500 hPa with a
low value of geopotential height will strengthen the low-pressure system at the
surface, leading to a case of atmospheric instability over Iraq and a significant
amount of rain will fall if the moisture is available.
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1. Introduction

A cut-off low is closed low at the upper level that has been fully cut off from the
main westerly stream and flows independently [1]. Palmen (1949) and Palmer (1951)
were the first to investigate the existence of a cut-off low with different
thermodynamic parameters based on its formation area [2]. As a result of the
deepening of a high-level trough, the cut-off low extends to the south of the mid-
latitude westerly mean flow [3]. The cut-off low system is a baroclinic system known
for its severe weather, which frequently results in heavy rainfall events [4]. For
example, the unexampled rain events that occurred over Irag on November 18-20,
2013 were produced by a cut-off low system, and the amount of rain that fell in
Baghdad of (89.6mm) was reported [5].

In other regions of the world, the cut-off low is linked to extreme rainfall events
which last for many days [6]. For example, unprecedented rain events in the western
parts of Iran on 1 April 2019 were caused by a cut-off low where the amount of rain
exceeded (100mm) [7]. In July 1998, a cut-off low system created a record flood in
northern China, causing significant infrastructure damage and social and economic
hardship [8]. A cut-off lows are responsible for 20% of floods in South Africa [9].
The southwest of South Africa got more than 500mm of rain in September 1968, due
to a cut-off low stationed over the region [10]. In the United States, the cut-off low-
pressure systems account for 2% to 32% of all annual precipitation [11].

Al Nassar et al. (2016) investigated the weather patterns that were connected
with heavy rainfall occurrences in lIraq, looking at fifteen cases of them, and they
found out that five of them are linked to cut-off lows [12]. AL Shouhani (2020)
studied the cut-off low systems over Iraq according to their life cycle, she pointed out
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that several dynamic factors influence the life of cut-off low [13]. Mastrantonas et al.
(2020) pointed out that the weather patterns at 500hpa (cut-off lows and troughs) are
strongly linked to heavy rainfall events in the Mediterranean region, and the effect is
influenced by other factors such as local orography [14]. Oakey and Redmond (2014)
looked at the cut-off lows in the northeast Pacific Ocean from 1948 to 2011 and
discovered that they occured more frequently during ENSO positive phases [15].
According to Azizi and Rezaei (2021), a high frequency of cut-off lows over Iran was
linked to ElI Nino, whereas a lower frequency was linked to La Nina [16].
Kouroutzoglou et al. (2012) investigated the vertical structure of extratropical
cyclones in the Mediterranean region in non-summer seasons to understand the role of
a disturbance at the upper level for the development of surface cyclones, they found
that about 57% of cyclones extend to the 500 hPa [17].

This paper aims to study the connection between the cut-off low at 500 hPa
geopotential height and rain events over Irag from a synoptic point of view.

2. Material and Methods

Iraq is located in Southwest Asia, between (29° 5' and 37° 22' N) latitude and
(38° 45" and 48° 45' E) longitude. It has a total area of (437072 km2). As seen from
Fig. 1, it is bordered by Turkey to the north, Iran to the east, Kuwait, and Saudi
Arabia to the south, while the west part of Iraq is shared with Jordan and Syria [18].
Iraq is regarded as a basin with steep mountains along its Turkish and Iranian borders.
The desert areas in the west and southwest of Iraq make up almost 40% of the
country's overall land area [19].
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Figure 1: The location of Iraq and the neighboring countries.

The climate of Iraq is arid to semiarid, with an annual rainfall of about 213 mm
that falls during non-summer seasons; there is a gradient in rainfall with a substantial
portion of this rain falling in the northern region. The rainfall occurs between October
and April [20]. the relative humidity in Irag is low and ranged from 20.6% to
28.6% [21].
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To investigate the association of 500 hPa geopotential height with rainfall events
over Irag, two case studies of heavy rainfall events were conducted. The weather chart
for this study was taken from the National Oceanic and Atmospheric Administration
(NOAA) (https://psl.noaa.gov/data/composites/day/), which has a large collection of
archived maps from around the world. The chosen chart covers the domain of
latitudes 10°N to 50°N and longitudes 10°E to 60°E; the geopotential height at 500
hPa chart was selected to identify the weather patterns at the upper level, the sea level
pressure charts, which illustrate weather systems at the surface, the relative humidity
at the surface, surface vector winds, omega at 850 mb, and temperature at 500 mb.
The satellite image was obtained from the National Aeronautics and Space
Administration (NASA) (https://wvs.earthdata.nasa.gov/). The amount of rain for this
study was obtained from the Iraqi Meteorological Organization and Seismology. The
threshold of rainfall intensity is classified as shown in the Table 1 [22].

Table 1: lllustrates the rainfall intensity.

Rainfall intensity Rate (mm/day)
Trace 0.1-0.9
Very light rain 1-2.49
Light rain 2.5-7.49
Moderate rainfall 7.5-35.49
Heavy rainfall 35.5-65.49
Severe rainfall More than 65.5

3. Results and discussion
3.1 Synoptic Analysis (23-25 December 2012).

The period (23-25/12/2012) was characterized by unsettled weather over lIraq
where heavy rainfall events occurred.

On 23 December 2012, the 500 mb geopotential height map illustrated a cut-off
low over the southern Mediterranean (30-35N) latitudes, while there was a ridge
extending from lower latitudes towards the Arabian Peninsula and Iraq as shown in
Fig.2(a). At the surface, the sea level pressure map shows a low-pressure system over
the Mediterranean region known as Mediterranean low pressure, while a high-
pressure system over central Asia, Iran, Turkey, and Iraq as illustrated in Fig.2(b).
The wind was easterly with a speed of about (3-6m/s) over Iraq (Fig.2(c)), the relative
humidity varied between (45% to 65%) in the middle and southern parts of Iraq while
in the northern parts of Iraq the relative humidity was more than 70% (Fig.2(d)), a
cold advection was associated with cut-off low in the Mediterranean region (Fig.2(f)).
The weather in Iraq was clear to partly cloudy.

On the next day, the cut-off low moved eastward and affected the northern red
sea as illustrated in Fig.3 (a), this led to intensifying low pressure from the red sea
which represents the extension of Sudanese low pressure and merged with
Mediterranean low pressure to form one system and covered the Arabian peninsula
Jordan, and southern parts of Irag, while the middle and northern parts of Iraq were
under the influence of the high-pressure as depicted in Fig.3(b). The surface wind
map indicates south easterly wind with cyclonic flow covering a wide area, Fig.3(c),
the relative humidity fluctuated between (40% to 80%) over Iraq, Fig.3(d), the
negative value of omega at 850 hPa can be observed in the western parts of Iraq,
Fig.3(e). The weather in Iraq was partly cloudy to cloudy with little to moderate rain
in the southern region of Iraq, where the amount of rain that fell in Nasiriya was about
(10.1 mm) and Amara station reported (10.6 mm).
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Figure 2: The weather chart for 23 December 2012, (a) 500 mb geopotential height (m),
(b) sea level pressure (mb), (c) surface wind (m/s), (d) surface relative humidity (%),

(e) 850 mb omega (pa/s), and (f) temperature (k) at 500 mb.
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Figure 3: The weather chart for 24 December 2012, (a) 500 mb geopotential height (m),
(b) sea level pressure (mb), (c) surface wind (m/s), (d) surface relative humidity (%),
(e) 850 mb omega (pa/s), and (f) temperature (k) at 500 mb.

On 25 December 2012, the cut-off low moved southeastward as shown in
Fig.4(a), the low pressure deepened as shown in Fig.4(b), the wind was southeasterly
in the southern parts of Iraq and turns northwesterly in the western parts of Iraq, the
relative humidity reached more than 85% across Irag, Fig.4(d), a negative value of
omega at 850 hPa about (-0.06 pa/s) indicated upward motion in the middle and
southern parts of Iraq, Fig.4(e). Moderate to heavy amounts of rain fell in the middle
and southern parts of Iraq, while scanty rain fell in the northern parts. Baghdad station
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reported heavy rainfall (67.5 mm), in Nasiriya station the amount of rain was
(29 mm), Basra station (23.8), and Najaf station (18.2), while the amount of rain that
fell in the Kirkuk station was about (1.9 mm). Fig.5 illustrates the satellite images that
show cloud over Iraq during the period (23-25 December 2012).
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Figure 4: The weather chart for 25 December 2012, (a) 500 mb geopotential height (m),
(b) sea level pressure (mb), (c) surface wind (m/s), (d) surface relative humidity (%),
(e) 850 mb omega (pa/s), and (f) temperature (k) at 500 mb.
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3.2 Synoptic Analysis (3-5 November 2018)

The period (3-5/11/2018) was marked by atmospheric instability over Irag, with
a cut-off affecting the weather in Iraq and caused unstable weather. The value of
geopotential height at 500 hpa has dropped during this period. This case represents a
case of cyclogenesis in the midlatitude where the upper pattern influences the low
pressure at the surface.

On 3 November 2018, the 500 hPa geopotential height map, Fig.6(a), depicted a
closed low with a low value of geopotential height as well known as the cut-off low,
this cut-off low propagated from Europe and was situated over Turkey, Syria, Jordan,
Irag, and northern parts of Saudi Arabia, with the lowest value of geopotential height
in its core about (5710 m) over Turkey and Syria, while there was a high value of
geopotential height over the western Mediterranean and Iran. On the surface, there
was a low-pressure system over Sudan and Saudi Arabia, and there was a high-
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pressure system over central Asia while over Iraq there was a relatively high-pressure,
Fig.6(b). The wind over Iraq was south-easterly, Fig.6(c), and the relative humidity
fluctuated between (25%-40%) while in the southwest of Irag was about 60%,
Fig.6(d). The weather in Irag was partly cloudy to cloudy as shown in Fig.7, with
little rain across some parts of Iraqg.
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Figure 6: The weather chart for 3 November 2018, (a) 500 mb geopotential height (m),
(b) sea level pressure (mb), (c) surface wind (m/s), (d) surface relative humidity (%),
(e) 850 mb omega (pa/s), and (f) temperature (k) at 500 mb.
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Figure 7: The satellite images illustrate the cloud over Iraq during the period (3-5
November 2018).

On the next day, the cut-off low deepened and penetrated southerly to about
20N, Fig.8(a), the value of geopotential height decreased to reach about (5650 m) in
its core over most parts of Iraq, meanwhile, there was a high value of geopotential
height at the same latitude over Iran of about (5800 m). The decrease in the value of
geopotential height when compared to other location at the same latitude was a sign of
unstable weather over the area that has a low value of geopotential height. The
penetration of cut-off low to lower latitude transformed the Sudanese low-pressure to
active low pressure that moved northward and affected the Arabian peninsula, Jordan,
Syria, and Irag, Fig.8(b), the southeasterly wind transported moist and warm air
towards Irag, Fig.8(c),which led to an increase in the relative humidity which
exceeded 80% in most parts of Iraq except the southeasterly parts of Iraq, the relative
humidity was about 40% Fig.8(d), while cut-off low advect cold air at the upper,
Fig.8(f), the presence of humid warm air at the surface and cold air at the upper led to
destabilizing the atmosphere, where the omega value indicates high ascending motion,
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as shown in Fig.8(e). The weather in Irag was cloudy as illustrated in Fig.7 with
rainfall across most parts of Iraq, the amount of rain that fell at Tikrit station was
(50.6 mm), while the amount of rain over Baghdad station was (38.4 mm).
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Surface Relative Humidity (%) Composite Mean

11/4/18 10 11/4/18
NCEP/NCAR Reanalysis

Figure 8: The weather chart for 4 November 2018, (a) 500 mb geopotential height (m),
(b) sea level pressure (mb), (c) surface wind (m/s), (d) surface relative humidity (%),
(e) 850 mb omega (pa/s), and (f) temperature (K) at 500 mb.

On 5 November 2018, the cut-off low moved eastward, Fig.9(a), the
southeasterly wind, Fig.9(c), continued to push humidity, where it fluctuated between
60% to 90%, Fig.9(d), and the weather was partly cloudy to cloudy with rainfall that
intensity fluctuated across Irag, the amount of rain that fell on Nasiriya station was
(35.7 mm) and Kirkuk station was (23.8 mm).

Figure 9: The weather chart for 5 November 2018, (a) 500 mb geopotential height (m),
(b) sea level pressure (mb), (c) surface wind (m/s), (d) surface relative humidity (%),
(e) 850 mb omega(pa/s), and (f) temperature(k) at 500 mb.
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4. Conclusions

Iraq's weather like the mid-latitude countries is strongly connected to the
weather pattern at the upper level. A cut-off low is a major weather pattern that causes
active weather over Iraq and may lead to extreme rainfall amount. The results
revealed that a cut-off low is associated with a decrease in the value of geopotential
height, when propagates from Europe towards the eastern Mediterranean, it intensifies
the low-pressure system at the surface and causes instability, which leads to
significant rainfall events if humidity is present.

Acknowledgments

The authors would like to thank the National Oceanic and Atmospheric
Administration (NOAA) for providing the maps that used in the case studies and the
Iragi Meteorological Organization and Seismology for their cooperation.

Conflict of interest
Authors declare that they have no conflict of interest.

References

1. Tsuji H. and Takayabu Y.N., Precipitation enhancement via the interplay
between atmospheric rivers and cutoff lows. Monthly Weather Review, 2019.
147(7): pp. 2451-2466.

2. Quispe-Gutiérrez N., Aliaga-Nestares V., Rodriguez-Zimmermann D.,
Bonshoms M., Loayza R., Garcia T., Mesia J., Duran R., and Olivares S., Cutoff
low over the southeastern Pacific Ocean: A case study. Journal of Southern
Hemisphere Earth Systems Science, 2021. 71(1): pp. 17-29.

3. Nieto R., Sprenger M., Wernli H., Trigo R., and Gimeno L., Identification and
climatology of cut-off lows near the tropopause. Annals of the New York
Academy of Sciences, 2008. 1146(1): pp. 256-290.

4.  Muofhe T.P., Chikoore H., Bopape M.-J.M., Nethengwe N.S., Ndarana T., and
Rambuwani G.T., Forecasting intense cut-off lows in South Africa using the 4.4
km unified model. Climate, 2020. 8(11): pp. 129.(20-1)

5. Al-Nassar A.R., Pelegri J.L., Sangra P., Alarcon M., and Jansa A., Cut-off low
systems over Iraq: contribution to annual precipitation and synoptic analysis of
extreme events. International Journal of Climatology, 2020. 40(2): pp. 908-926.

6. Mufoz C., Schultz D., and Vaughan G., A midlatitude climatology and
interannual variability of 200-and 500-hPa cut-off lows. Journal of Climate,
2020. 33(6): pp. 2201-2222.

7. Ghavidel Y. and Jafari Hombari F., Synoptic analysis of unexampled super-
heavy rainfall on April 1, 2019, in West of Iran. Natural hazards, 2020. 104(2):
pp. 1567-1580.

8. Zhao S. and Sun J., Study on cut-off low-pressure systems with floods over
Northeast Asia. Meteorology Atmospheric Physics, 2007. 96(1): pp. 159-180.

9. Ndarana T. and Waugh D.W., The link between cut-off lows and Rossby wave
breaking in the Southern Hemisphere. Quarterly Journal of the Royal
Meteorological Society, 2010.136 (649): pp.869-885.

83



Iragi Journal of Physics, 2022 Vol.20, No.3, PP.76-85

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Singleton A. and Reason C., A numerical model study of an intense cutoff low
pressure system over South Africa. Monthly Weather Review, 2007. 135(3): pp.
1128-1150.

Abatzoglou J.T., Contribution of cutoff lows to precipitation across the United
States. Journal of Applied Meteorology Climatology, 2016. 55(4): pp. 893-899.
Sangra P. and Alarcon M. Extreme precipitation events and related weather
patterns over Irag. in EGU General Assembly Conference Abstracts. 2016. EGU
General Assembly 2016.

Alshouhani H.J., A comparative study between short life-cut off low and long
life-cut off low Accompanied by Heavy Precipitation Storms Over Iraq: Case
Study. Al-Mustansiriyah Journal of Science, 2020. 31(2): pp. 1-14.
Mastrantonas N., Herrera-Lormendez P., Magnusson L., Pappenberger F., and
Matschullat J., Extreme precipitation events in the mediterranean:
spatiotemporal characteristics and connection to large-scale atmospheric flow
patterns. International Journal of Climatology, 2021. 41(4): pp. 2710-2728.
Oakley N.S. and Redmond K.T., A climatology of 500-hPa closed lows in the
Northeastern Pacific Ocean, 1948-2011. Journal of Applied Meteorology
Climatology, 2014. 53(6): pp. 1578-1592.

Azizi G. and Rezaei H., Cut-off low patterns and its simultaneous precipitation
over Iran. Theoretical and Applied Climatology, 2021: pp. 1-14.

Kouroutzoglou J., Flocas H.A., Keay K., Simmonds I., and Hatzaki M., On the
Vertical Structure of mediterranean explosive cyclones. Theoretical Applied
Climatology, 2012. 110(1): pp. 155-176.

Al-Lami A.M., Al-Timimi Y.K., and Al-Shamarti H.K., Spatiotemporal analysis
of some extreme rainfall indices over lraq (1981-2017). Scientific Review
Engineering Environmental Studies, 2021. 30(2): pp. 221-235.

B. AL-Taie K., Rajab J.M., and Al-Salihi A.M., Climatology and classification
of aerosols based on optical properties over selected stations in Iraq. AIP
Conference Proceedings, 2020. 2290(1): pp. 050041.(12-1)

Al-Ansari N., Ali A, and Knutsson S., Present conditions and future challenges
of water resources problems in Irag. Journal of Water Resource Protection,
2014. 6(12): pp. 1066-1098.

Attiya A. and Jones B.G., Climatology of Iragi dust events during 1980-2015.
SN Applied Sciences, 2020. 2(5): pp. 1-16.

s @) o thaY) Jsha g JSulygisa 500 JI B g3l gL Y) die adal) (adidia

Nl ;\ubd

2omin ales 2aal b asa ) ae 2
Gl ealots q I aa 5 g padl ] iU daled] Ligglf
Gloall calay ¢ &y peaiiveall Aaslal) caslall LIS paff o gle and®

dadAll

Oe Alad a3 M) (g slall (5 sall DR (5 gl die (gagall Sl DU Anilic dad aa Blie (aidia ga adadll ddia
S ot ) Crngl oo ) gl 3 8 5130 el Iyt o il i e JS o s il i

84



Iragi Journal of Physics, 2022 Mohammed Abdul Raheem Jabbar and Ahmad S. Hassan

gV @loluy A8 sila i Aga s (e Glall 558 JSulisiSa 500 s siue (J pdaill (aidie (o @8l g Gl 1
G oaeY) Jsha Slaal pe KL 5S0 500 die adaill (aidie Ll )l e @iaill JSul 58 500 sise die sl
500 ie adail) (i of gl @ jelal |3 jadl eladl paan (85 5ad) UadY) Jshaa Claal Al il ) ¢l sal) & (3) el
Gt Y axe e Ala ) g5 Lae crhandl o Gmidia) Ll 5o gaeall gl 00 diaidic ded e JSuly 58

bl A dlla 35 5 jladl Jshaa 5 Gl el

85



