Diagnostic study of a severe thunderstorm over Jeddah
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ABSTRACT
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In-this—paper—sSeveral aspects of the interaction between ryidﬁ

)
systems are investigated using a case study and within-a potential

using-a-case-study-analyses. Our case study occurreds on 25 Novembe

other regions in Western Saudi Arabia; were hit by heavy ‘rains

nd subtropical
i ty (PV) framework
09"; where-Jeddah and

s. The analysis of absolute,
relative, and potential vorticity implies the significance of thg lower level dynamics in the
Y

ere convective weather process

in just four hours. The analysis ef-our

trough in the Eastern Mediterranegl warm blocking high is—situated over en—the
.

southeastern Saudi Arabia and the A ea. In addition, an evident low level shear line set up

in the northwest of Jeddah, and the

AN RGP 1ot TOVETIENT O TIe STiedl TNE Lallset ByNaimis g
and unstable energy release ®yer Jeddah. The water vapor transport occurred mainby-happened
Pa, aQa;Jow-_level jet transporteds the water vapor from the Red Sea to

. Furthermore, the blocking high in southern Saudi Arabia wasis

. Z
primarily below 70
.

central Saudi Arafia
favorable ? main
has-played a

ing water vapor passage for a long time. The topography of Jeddah also

in the enhancement of convection.
.

1. Introductic‘)n

Potential vorticity (PV) diagnostics have been used extensively to gain a better
understanding of the life cycles of cyclonic storms through case-studies and idealised
simulations (e.g. Hoskins et al. 1985; Davis and Emanuel, 1991; Stoelinga, 1996; Huo et al.,
1999; Plant et al.,2003; Agusti-Panareda et al., 2004; Ahmadi-Givi et al., 2004). The results of

these studies have contributed to the introduction of new conceptual models of cyclogenesis.
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However, their focus is mainly on extratropical cyclones and hurricanes. Cyclogenesis over the
central Mediterranean region has become the subject of considerable research (Prezerakos, 1991,
1992; Prezerakos et al. 1999; Karacostas and Flocas, 1983; Flocas and Karacostas, 1996). Such ;
sinee-these-significant synoptic-scales significant-events cause intense winds, precipitation, and
temperature drop. Because of the intimate connection between the phenomena and local weather
prediction, interest in understanding the characteristics of cyclogenesis over this region is
enormous and ongoing. —— -

___ The structure of cyclones is often conceptualised in terms of three types ‘of ano us PV
(Davis and Emanuel, 1991; Huo et al., 1999; Plant et al., 2003; Ahmadi-inig‘&ZO . These

.
consist of upper-level PV (UPV) anomalies, considered to be of strat origin, lower
.

tropospheric PV (LPV) anomalies, generated by diabatic effects o surface potential

.
temperature anomalies, which can be viewed as a thin layer of PV e surface. Ahmadi-Givi
et al. (2004) found that strong latent heat release in a cyclor&e pr ed a negative UPV anomaly

in addition to a positive LPV anomaly. Since diat?tic effects ¢an reduce PV at upper levels,

stratospheric origin{JR\). According to Hoskinswefal. (1985), the potential vorticity analysis

ofn an isentropic surface summari‘u mbined effect of the vorticity and temperature

advection and allows the estimation ertical motion. In addition, Besides—the conservation

of the isentropic poterN%: tici ‘in adiabatic processes allows the identification and
examination of non--conservative processes, such as latent heat release and friction, while the
inevitability princi allow'Qe quantitative estimation of the effect of these processes. The
objective of the e ork IS to diagnose a case of cyclogenesis in the context of isobaric
vorticity :rw/pe‘?vorticity analysis; in order to examine in detail the key dynamical
aspects Q@i elopment.
2. Data and n‘wethodology

A) Data

The data used in this study have been taken from the archives of the European Center for

eastward, v-northward), the temperature (T) and the geopotential height (z) on regular latitude-

i
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longitude grid peints-resolution of 2.5° x_x-2.5° for the isobaric levels 1000, 850, 700, 500, 400,

T T I T T T LT T T S

300, 250, 200, 150, and 100 hPa. The data used was recorded is-at 0000, 0060, 1200, and 1800
GMT during the period 23 to 26 November 2009. The domain of study extends from 10° W to
60° E and from 10° N to 70° N.

B) Estimation of potential vorticity

Potential vorticity fields were calculated from the available meteorological Parameters,
namely temperature and the horizontal wind components on constant pressure su Y Forln
isobaric coordinates the potential vorticity was approximated by the Rrodﬁ? thewvertical

. . . -
components of absolute vorticity and potential temperature gradients gs:
.

(PV), =[N M g RIVAT _udT )} o6 s )
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Wwhere f is the Ceoriolis parameter, 6 is the potential tempergtlf€, u is the wind in x-direction
of the grid (W-E in principle) and v is the wind in yRljrection. -E®llowing the WMO (1986), the

ith P= 1.6 x x-10" Kpa™ s* = 1.6
itPVU) is defined to be xx 107 Kpa™ s°

dynamic tropopause is defined by the potential

PVU, where, for convenience, the potential vorticity u

Cantered finite differences wele 0 compute horizontal derivatives and all vertical

Lealltereud e Uttiererices weit UsEdyty LOTTIPULE TIOT1ZUTal UeTivallves allu all verltal

100 hPa_levels, where non-centered differences were

derivatives except those at the 1000
employed. The vertical rﬁ ion, eomputed using the Q-vector representation of the quasi-
geostrophic ® equation by ﬂ the relaxation method (Krishnamurti and Bounoua, 1996). The

vorticity advection have been calculated from the actual data

relative vorticity an sol
using the &wfml ifferences method. , )

3. Syno discussion
On November 25, 2009, heavy rainstorms hit Jeddah, Makah, and other regions in
western Saudi Arabia. More than 90 millimeters of rain fell in Jeddah in just four hours. This

amount-is nearly twice the average amount for an entire year and the heaviest rainfall in the

Kingdom of Saudi Arabia (KSA) in a decade. A case of winter cyclogenesis over the

Mediterranean
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is considered in the present study. Based on 1000 hPa and 700 hPa charts, the life cycle of this
cyclone can be divided into two periods. The first period (growth) is from 23/00 to 25/12
November; while-the second period (decay) is from 26/06 to 27/12 November. Charts for 1000
hPa and 700 hPa charts-at 0000 and 1200 GMT on each day of the period 23/00 to 26/12 are
shown in Figures 1 and 2, respectively. The 1000 and 700 hPa charts depict contours of height
with 20 geopotential meters (gpmGPM) increments. The isotherms in the charts of the two levels

are analyzed with 5°C increments. -At 23/00 November, Ffigure 1a shows that a theSsybtropical

high pressure dominates over North Africa and the Mediterranean area_and
easterly to cover the north of the KSA and eastern Mediterranean cogntré?e

A Y
illustrates that the Sudan low and its associated inverted v-shaped tro
.

ed Sea trough)

oscillate northward to cover eastern the-east-of-Egypt and the entire R

.
thermal gradient associated with the northward oscillation of the Re trough extends zonally
to cover the southern portion -of the KSA and northern e Sudan. During the next 12

hours (23/12), the subtropical high weakens and ‘moves astward, while the Red sea trough
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November a thermal gradient lies al
the formation of an uppek level ‘Iow. AtSn 24/00 November a strong development occurs

at the surface and at upper where the Sudan low at the surface and its associated Red Sea
/

%r the northern portion of the Eeastern Mediterranean, Egypt, and
the KSA. The Sudan low centers becemes-over Red Ssea at 15°N and 37.5°E; while
the geopotzwe t at the center reaches 100 gpm. In the upper air (700 hPa) the cut-off low
deepens s@\d\) es slowly eastward to a point just north of Egypt; the geopotential height at the
center reathes 33‘00 gpm (Fig-Figure 2c). During the next 12 hours (24/12) the inverted v-shaped
trough associated with the Sudan low oscillates northward and in the upper air (700 hPa) the cut-
off low also moves eastward to a point just northeast of Egypt. During the period 24/18 to 25/12
November (the rainy period), a strong interaction occurs between the inverted v-shaped troughs
extending from the tropical region and from the middle latitude region;; the two cyclones

mergejein. The most interesting features are the strong northward warm advection from the



tropical region associated with the air flow around the Sudan low and the strong southward cold

advection. The interaction between these two air masses causes a strong instability over the

Eeastern of-Mediterranean and western atthe-west-of Saudi Arabia.

After 25/12 November, the inverted v-shaped trough of the Sudan low moved in a
southwesterly direction ward-and whie-the upper air trough retreated westward toward where-the
associated cut-off low centered over northwestern Nerth\Aest-of-Egypt;; and-the interaction
between the two troughs vanishes. During the next day (26 November) the depressibn starts to
weaken and its central pressure increases gradually. On the other hand, thg subtrggi€al high
pressure over North Africa and the Wxwestern Mediterranean is extended ‘Wit@‘?jor idge that

joinst the Siberian high on 27 November. In other words, no more cqld a‘d igh is permitted to
.

the cyclone. While the Siberian high pressure propagates westward, tl 1zontal extension of

.
the cyclone decreases and moves slowly eastward. It becomes a sta y vortex rotating above
the northeastern portion of the Mediterranean (Figs. 2g and-h2h .\&imally the cyclone drifts slowly

northeastward and leaves the area by 28 November. 2

4. Isobaric vorticity analysis -

It has been recognized that cgntral

eastern Mediterranean cyclogenesis is usually

.
forced by a variety of upper-level trép: ic features;: While-the lower tropospheric physical
79; Prezerakos, 1992; Prezerakos et. al., 1992). This is

and dynamic processes f(grllow (Karei
heltz’_theory (Petterssen, 1956), which that-supports the

associated with

controlling of the~felation een the-low-—level baroclinicity and the-upper-level forcing of

surface cyclogenesi®

Y
4.1 Genﬁ& the initial disturbance at the upper levels
.

It is known that the subtropical jet and polar jet reach maximum speeds has-Hs-maximum

speed-at approximately around-200 and the-pelarjet-areund-300 hPa, respectively. Therefore, to
show the behavior of the subtropical and polar jets during the development of the events

involved in this case study, we focus on Se—we-display-the 2300 and 3200 hPa isotach fields in

the following discussion—te—shew—the—behavior—of-the—polar—and—subtropicaljets—during—th

development-of-this-case-study. Figures 3 and 4 display the isotachs (wind speed) at 200 and 300
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hPa from 24/06 to 26/00 November 2009, respectively.—TFhey—show—the—behavior—of-the

At 24/00 an omega-shaped blocking over the Northeast Atlantic and Wwestern Europe
dominated the large--scale upper tropospheric circulation with a strong nNorthwest--southeast jet
stream on its eastern flank (Figure 4). Because of the warm advection in the region of the jet
streak, the ridge propagated slowly northeastwards, resulting in the amplification of the long
wave. On 24/12 November 2009 (Figure 3b) the wind direction over North Africa is almost
zonal and the maximum speed of the subtropical jet wasis 45 m/s and wis | d over

northeastern ef-Africa (everLibya, Egypt, and the northern portion of the Re&?Th olar jet
a

A Y
extended from northwest England to southeast Spain and north of Italy ximum wind

A Y
greater than 60 m/s at 300 hPa;; its extension at 200 hPa hads a maxi ind greater than 50
.
m/s.

As the polar jet streak is—moved southeastwardi t

inuously advected cold air
southward. Consequently, in the following twenty-fo‘ur hour aroclinicity ahead of the ridge

situation at 300 hPa at 24/18

increased and the jet streak moveds southwa

November and 25/00 November (Figures- 4c and 4d) is particularly

important for the subsequent development. On 8 November, the subtropical jet moveds
slightly te-northeastward, i.e., over

m/s at 300 and 200 hPa:

Its maximum center became emes-greater than 40
. At the same time, h#e-the polar jet is

moved southeastward to malg With the subtropical jet, and its maximum value became

beeemes—greater than 60 m/s 300 hPa At 25/00 November, the-system-becomes—cut-offat-all

, ociat |th relative vorticity maximum of 10 *?ﬁ,,l,Q,,,,S,,@I,,5,90,,,,*,‘,9@,@“@,,-
14 xx 10 stat no shown); and increased baroclinicity at these levels, the system

became cut at al¥isobaric levels. Atthesurface—-Ahead of and parallel to the polar jet stream,
a frontal ow located over Italy becaesmes very pronounced-and-located-over-Haly,—-a-head
j . Fherefore—w\When this type of atmospheric circulation

dominates at the upper levels, intense surface cyclogenesis over the central Mediterranean is

likely to be initiated, assuming ef-eourse—underfavourable low_-level conditions (Prezerakos,
1992).

On 25/06 November 2009, the subtropical jet was-shifted to the southeast. The front-of
the—polar front jet reached reaches-northern efAlgeria, and its jemaximum wind value wasis
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