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A case of Khamsin type weather in north Africa

M. M. ABDEL WAHAB*, A. SALAH EL-DIN** and Z. METWALLY
Cairo University, Egyp!

(Received 25 September 1982)

AT — ST STHET § IOl AR 9T TEqHId AaET UEH qad] &1 SauEal § a9 § 00 J99g a9 g 99
& o wzaTlET A § ST OF IO F9AT IOL-AfE 9a 2T (A GEaATan # ST agdr ¢ a1 9" it g
AT F YA A O TEAATATHT B AT Agat g | Sy i e ww oF F framar a , F s oA @l s
¥ T A W U AT A5 § | T SFARAL TN ATHGTT T WAHC T TN & AV R QT AT § (ARG 1940,
HrAN 1958) | THT § @RI HIEW BT TFOTAT IO AHIET F g F AYaw & v a9r 996 ¥ o# e
TNETET A AN g | O dASIE & WAl a1 IO ae gt & g F g ¥ g d a7 J L1 £
et & % geqi I gE & |

7g W T AT & NG 9T AFATT T gaet afafafami § s 1 og=rT 510w sa g

ABSTRACT. Inmostcases, desert depressions over north Africa form in the lee of the Atlas mountains. Such
occurrences are found when a north or northwest air stream from over the Atlantic moves toward the Atlas range,
or when a northeasterly wind blows over the westorn Mediterranean towards these mountains, As shown in Fig. 1,
these depressions may follow numerous tracks during their eastward movement. These depressions usually
produce severe heat waves and sandstorms (EL Fandi 1940; Soliman 1958). The phenomenon of
Khamsin weather in spring is one of the main problems associated with weather analysisand forecasting m the
area of north Africa. In recent years, several formulations of these types of desert depressions have been discussed
from the point of view of their sources and supply of heat and energy.

‘The present paper is an atiempt 0 identify the effect of cyclogenetic activity on the trajectory of these dep-
ressions.

1. Introduction usually formed as a lee wave of the Atlas mountains

The p s of cyclogenesis is regarded as the mani-35 either when north or northwest air streams from the

© - : " Atlantic move towards the Atlas range, or when north-
festation of the amplification of a small perturbation "' easter]y winds blow over the western Mediterranean
which is superimposed on an unstable zonal current. "

For a perturbation to amplify, it is clear that the basic
flow must give up potential and/or kinetic energy to
the perturbation. In baroclinic instability it turns out
that the potential energy of the basic stateflow is con-
verted to potential and kinetic energy of the pertur-
bation. The relationship between the development
depressions and the horizontal gradient of temperature
(horizontal baroclinicity) has been discussed by nume-
rous meteorologists from various viewpoints.

2. The case under study

The phenomenon of Khamsin weather in _spring 1S
one of the main problems in weather forecasting in the
area of north Africa. Khamsin is a southerly wind
blowing over Egypt in front of depressions passing
eastwards along the Mediterranean or north Africa,

towards these mountains. There are different patterns
for the classification of Khamsin behaviour given by
Kung and Baker (1975). In this study, we are only con-
sidering type (C,) according to that classification (a
closed low at 500 mb and developing cyclonic circulation/
low pressure area at the surface).

In view of the scarcity of observations in this region,
the study of desert depressions is not easy. A particular
case of Khamsin weather, 10-14 March 1976, was
selected for the purpose of this study when the surface
and upper air data were most complete,

3. Formulation of the problem

On the basis of Lytfilli (1966), the thermodynamic
equation can be written as :

while pressure is high to the east of the Nile. As this

wind blows from the interior of the continent, it 1s o y )

hot and dry and often carries much dust. Khamsin ar e % . E )
is frequent from April to June. These desert depressions dt gp dt pCp _
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Fig, 1. Tracks followed by depressions originated south

In local terms of temperature and pressure, the equation
becomes :
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The term due to local variation is neglected by order
of magnitude and assuming AE =0 for simplicity :

2oL — % B Aar —re) =0 @
From definition of thermal wind
oy & oT
9z ST ox
ouy _ g T
0z ST oy
By differentiation and addition we get :
Q2
AT= —Jg %z—" 3
Then from Eqgns. (2) and (3) we get :
0 9% _ R A (dp—rw) @

~ jH,

where
{2, is the geostrophic vorticity.
R is the universal gas constant,
/=2 wsin @ is the coriolis parameter.
w is the vertical velocity.

H, is the height of the pressure level (RT/g).

Temperature advection (A7) can be expressed as :

9
Cp
Aq is the temperature advection.

Ap= .%J(H, T)— &)

g is the acceleration of gravity.

T is the temperature at the pressure level.
H is the geopotential height.

g is the non-adiabatic effects.

J (H,T)=1Jacobian of H and T.

=y, —y1is a parameter due to stability of the
atmosphere.

va is the dry adiabatic lapse rate,
y is the actual lapse rate.

£\ represents Laplacian

{ = Relative vorticity.

From Eqn. (4) the dynamical cyclogenesis-anti-
cyclogenesis can be defined by the aid of the advection
of temperature, vertical velocity of air and atmospheric
stability. . These in turn are directly related to the for-
mation of the atmospheric fronts.

Itis obvious that the variation of (44, w, r)inthe verti-
cal are considerable, while the horizontal variations
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. TABLE 1
Cyclogenesis factor (units 10-%/sec?)

Time Csfc Caso C 10 C 500
(GMT)

—4.938
+0.605

—0.475
+1.842

0001 +76.618
' 1200 +99.288
0001 +446.055

0001 —50.507
1200 —23.590

+9.383
0001  —6.159
1200 +4.399

0001  +1.803
1200 —6.331

—0.910 —.0.725

—4.751 —3.981

—3.062
—5.512

- —5.565
—4.950

—4.926
—4.190

—5.865 —3.324
—19.846 —12.094

—6.064
—0.498

0001 —25.151
—T76.853

are so small compared with that in the vertical. There-
fore, Eqn. (4) shows the local variation of relative vorti-
city with height, what we call frontal cyclo-anticyclo-
genesis.

If we consider cyclogenetic processes in the tropo-
sphere, Eqn. (4) can be written as :

alz alz R )
e ] j (Ap — Arw) dz (6)
z

- where aa—!iz = -ngz?i and z = height of tropopause.
As a boundary condition, if one disregards the variation

of fz with time, then one can derive :

From this equation, the rate of change of vorticity at
any level can be computed.

From scale analysis, the temperature advection is in
the order of 102 while the term (rw) is of the order
of 1018, From Eqn. (7) we can see that the second
term on.the R.H.S. is small as compared with the first
one, which means that 4, can give a good approxima-
tion for the cyclogenetic factor (C.F.).

In the present study, 4, was calculated by the aid of
Eqn. (5) for the sake of simplicity, neglecting the second
term due to the effect of the non-adiabatic heating.
The computations were performed at the centre of the
surface depression during its life time, and also at the
centre or the lows at the isobaric levels 850, 700 and
500 mb during the same period.

4. Discussion

The results are summarized in Table 1. From
these values it can be interpreted that : '
(a) Cyclogenetic factor (C.F.) has a large positive
value in the lower layer (surface to 850 mb
level) during the passage of the depression

over the north Africa coast.

When the surface depression crossed the coast,
C.F. began to exhibit negative values in the
lower layer. At the same time the depression
suffered a splitting at these two levels.

(b) C. F. began to take positive values again in
the lower layer when the depression approached
the Cyprus Island and south coast of Europe.

(c) At the upper levels (700, 500 mb), cyclogenesis
always exhibited a negative value whenever
the lows at these two levels did not split.

(d) After reaching the eastern coast of the Medi-
terranean and during the travel over land east
of the Mediterranean, C. F. is decreased rapidly
at all levels.

(e) The movement of the depression in areas of
positive cyclogenesis was slowly [from 0001
GMT on the 10%h to 0001 GMT on the
11tk and from 1200 GMT on the 12%h to
0001 GMT on the 13th] (see Table 1).
While the movement of the depression in areas
of negative C.F. is more rapid [from 0001
GMT on the 1I*» to 1200 GMT on the
12th] (Table 1).
Such findings are in complete agreement with our day
to day experience in analysis. When depressions ap-
proach the area south of the Gulf of Sidra or the area

of Cyprus Island, its motion becomes slower than in
the areas before and after. '

5. Results

From the previous remarks, we can conclude the fol-
lowing :

(i) Cyclogenesis depends largely upon the oro-
graphic effect. Because it took positive values
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while the centre of the depression was approa- ressions at the two areas [Gulf of Sidra and
ching the coast line either from land to water Cyprus Island].
(at the north coast of Africa) or the reverse
from water to land (south coast of Europe).
C. F. became largely pass on crossing the north
African coast where the subtropical front

was located. This can be interpreted as the EiFead: Mtk 1946, *Tis 1 s 55 ) =
ssult of a great difference in temperature SRS, ARG ’ S JOEMAton: OF doppeaticns. ok’ e
real o Sre et Khamsin type”, Quart. J. R. met. Soc., 26, 286, pp. 323-336.

caused by the relatively colder sea water and
the hot land surface of the Sahara, which is Kung, E. G. and Baker, W. E., 1975, “Energy transformations in
) middle latitude disturbances”, Quart. J. R. met. Soc.,

in fi for t epen-
}hought to be the main factor for the deepen 101, pp. 793-815.
ing of these depressions over that area.
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