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ABSTRACT: North African climate is analysed between 1979 and 2010 with an emphasis on August using the European
Center for Medium-Range Weather Forecast (ECMWF) global dataset to investigate the effects of the subtropical anticyclones
over North Africa and the Arabian Peninsula on the African easterly jet (AEJ). It was found that the AEJ encloses a core with
a local wind maximum (LWM) in both West and East Africa, in which the west LWM core has a higher zonal wind speed.
The strength of both cores is distinctly different by way of thermal wind balance. As found in previous studies, the AEJ is
formed through baroclinicity with influence from Saharan lower level heating along and to the north of the Intertropical Front
(ITF). As there are two separate anticyclonic centres, the AEJ is maintained by the anticyclonic systems in West Africa, East
Africa as well as the Arabian Peninsula. The presence of these two anticyclonic centres provides the AEJ with two separate
core maxima with the western LWM located at 15∘ W, 17∘ N and the eastern LWM located at 35∘ E, 15∘ N for August.
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1. Introduction
The African easterly jet (AEJ) is a synoptic feature over
North Africa, which is a localized wind maximum embedded in an easterly wind flow in the mid-troposphere at
600 mb. Several questions regarding the roles played by
the AEJ contributing to North African climate and weather
have been raised in the past. A number of studies have been
devoted to achieve a better understanding of the formation
and maintenance of the AEJ, but most of the research has
been performed in West Africa. For example, Cook (1999)
examined the dynamics of the AEJ whereas Thorncroft and
Blackburn (1999) and Chen (2005) investigated the maintenance of the AEJ. Very few studies of AEJ are focused
on East Africa, which is the focus of this study.
Dezfuli and Nicholson (2010) investigated the structure
of the AEJ over a 56-year period and examined a second wind maximum of the AEJ located in East Africa
around 20∘ E, whose amplitude varies per year for the
month of August. A careful inspection of the 56-year long
mean of the AEJ in Figure 1 from Dezfuli and Nicholson
(2010) reveals that a second maximum exists further east of
30∘ E; however, the authors noted that a second maximum
does not exist in the long-term mean of the AEJ. In contrast, Cook (1999) did a comparison of the European Centre Medium-Range Weather Forecast (ECMWF) 40-Year
Reanalysis (ERA-40) (Uppala et al., 2005) and National
* Correspondence to: Y.-L. Lin, 302H Gibbs Hall, EES, North Carolina
A&T State University, 1601 E. Market St., Greensboro, NC 27411, USA.
E-mail: ylin@ncat.edu
© 2014 Royal Meteorological Society

Center of Environmental Prediction (NCEP) reanalysis
(Kalnay et al., 1996) data analysing the AEJ and there
was a second wind maximum located around 40∘ E in the
ERA-40 data, but the author did not address the second
wind maximum.
In this study, we will address the AEJ and its two wind
maximums over East Africa, West North Africa and the
Arabian Peninsula for 32 years of August between 1979
and 2010 and 2006 as a case study. We will also explore the
dynamics of the Saharan and Arabian Highs, and why the
East local wind maximum (denoted as LWME hereafter) is
weaker than the West LWM (denoted as LWMW hereafter).
August was chosen because it is the peak rainfall month
over East Africa.

2.

Background

The AEJ is located between dry Saharan (20∘ –35∘ N) and
moist tropical (5∘ –20∘ N) regions. The AEJ lies between
600 and 700 mb and exists as a result of the thermal wind
balance with positive meridional temperature gradient
(Cook, 1999; Thorncroft and Blackburn, 1999; Parker
et al., 2005). Grist et al. (2002) observed the mean speed
of the LWMW for the month of August to be 10–12 m s−1 .
Another observation was from the Jet2000 project (Thorncroft et al., 2003) that examined the LWMW as a synoptic
event to have a much stronger zonal speed of 21 m s−1 ,
which was higher than the climatological average value of
15 m s−1 (e.g. Reed et al., 1977). Dezfuli and Nicholson
(2010) observed the LWMW to have a mean speed of
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Figure 1. The 600 mb zonal wind is depicted to show the local wind maximum east (black circle) in different datasets. The shade is for easterly
winds every 1 m s−1 , the contours are easterly winds every 3 m s−1 , and the stippling indicates grid spacing of respected dataset for westerly winds.
(a) The European Centre Medium-Range Weather Forecast Intermediate reanalysis on a 0.75∘ grid with zonal averages for the month of August
between 1979 and 2010. (b) The European Centre Medium-Range Weather Forecast 40-Year reanalysis on a 2.5∘ grid with zonal averages for the
month August between 1958 and 2002. (c) The Climate Forecasting System (version 1) reanalysis on a 0.3∘ grid with zonal averages for the month
of August between 1948 and 2010. (d) The National Center of Environmental Prediction reanalysis on a 2.5∘ grid with zonal averages for the month
of August between 1979 and 2010.

13.5 m s−1 and the LWME to have a mean speed of
12.7 m s−1 .
The North African climate during summer includes
synoptic features that influence the AEJ patterns on
the continent, which consist of the Tropical easterly jet
(TEJ) in the upper troposphere, the Saharan High in the
mid-troposphere, Saharan thermal low in the lower troposphere, and the Inter Tropical Convergence Zone (ITCZ)
(Wu et al., 2009). There is also a low-level convergence
zone located at 20∘ N in North Africa, which is also known
as the Intertropical Front (ITF). The maximum vertical
motion associated with the ITF is tilted toward the south
with height into the mid-troposphere between 10∘ and
15∘ N, which is collocated with the ascending branch of the
Hadley Cell. The location of the Hadley Cell ascending
branch is where the highest rainfall occurs and is often
referred to as the ITCZ.
Warm low-level temperatures dominate the continent
causing a rather unstable atmosphere. The cooler temperatures in the tropical region are a result of temperature
advection from the Gulf of Guinea due to the African monsoon westerlies. Northward flow onto the continent across
the Guinean coast curves eastward to form the equatorward section of cyclonic flow about a thermal low centred
over Saharan Africa (Cook, 1999; Lavaysse et al., 2009).
The Saharan planetary boundary layer (PBL) affects the
© 2014 Royal Meteorological Society

troposphere from the surface up to about 600 mb and
can be found along and to the north of the ITF where
buoyancy produces vertical motion forcing warm air into
the mid-atmosphere and causing convergence at lower
levels (Wu et al., 2009). The low-level convergence and
upper level divergence over the continent constitute a secondary circulation that concentrates cyclonic vorticity at
the lower levels and anticyclonic vorticity at the upper levels (Holton, 2004; Lavaysse et al., 2010).
Chen (2005) described the role that the Saharan High
plays on the LWMW intensity by observing the circulation patterns over Africa. The lower tropospheric monsoon southerly flow over West Africa is established by the
lower branch of the Hadley circulation. The TEJ in the
upper troposphere is located aloft over the equatorward
branch of the Hadley circulation, whereas the LWMW is
placed over the southward branch of the Saharan circulation. The upward (hot) vertical motion driven by the thermal low heating and the downward (cold) branch of the
Indian monsoon form a strong divergence centre. The link
between the upper and lower tropospheric circulation over
North Africa can be established through this divergence
centre. The Saharan High covers most of North Africa
between 20∘ W and 20∘ E between 700 and 400 mb.
This paper is organized as follows: Section 3 will provide
the data information used for this study; Section 4 will
elaborate the AEJ dynamics and investigate the LWME and
Int. J. Climatol. 35: 733–745 (2015)
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Arabian High in relation to previous research by authors
who investigated the LWMW and the Saharan High. This
will provide better understanding on the behaviours of the
AEJ during its most unstable month of August as well as
offer insight on the variability of the synoptic environment
that surrounds and affects the AEJ. Concluding remarks
can be found in Section 5.

3. Data
Over the years, climatological analyses of the AEJ were
carried out using global model data with relatively low
spatial resolutions. Cook (1999) investigated the AEJ and
its formation using the NCEP reanalysis data for the month
of July between 1957 and 1996. This dataset consists of
a resolution of 2.5∘ × 2.5∘ globally. Chen (2005) used the
NCEP reanalysis data for June, July, and August between
1979 and 2002 to study the AEJ in relation to the Saharan
High. Chen (2006) also used the ERA-40 dataset with a
2.5∘ × 2.5∘ global grid for the summer months of June,
July, August, and September between 1991 and 2000 to
examine African easterly waves (AEWs), the AEJ, and
Saharan High. Dezfuli and Nicholson (2010) analysed the
AEJ using the NCEP reanalysis dataset for the month of
August between 1948 and 2003 on a monthly time scale.
In this study, we will use the ECMWF-Interim (ERA-I)
reanalysis data with a spatial resolution of 0.75∘ × 0.75∘
global for the month of August between 1979 and 2010
(Dee et al., 2011). The investigation of the AEJ structure
and intensity from previous studies that used the NCEP
reanalysis or the ERA-40 may vary from this research.
Limitations of the NCEP data and ERA-40 would include
their lower spatial resolution and the discrepancies of the
AEJ intensity.
Figure 1 illustrates the LWME at 600 mb from various datasets to confirm consistency in this feature. The
ERA-I and Climate Forecasting System Reanalysis version 1 (CFSR) at 0.3∘ (Saha et al., 2006) show a clear
depiction of the LWME in East Africa (Figure 1(a) and (c))
for the month of August between 1979 and 2010. There
is an indication of a very small and weak LWME in the
ERA-40 (Figure 1(b)) and NCEP reanalysis (Figure 1(d))
datasets. The weak resolution of the LWME from these
respected datasets is due to the size of the LWME. On
the basis of ERA-I and CFSR, the LWME is about 10∘
(∼1100 km) in length and 3∘ in width. With the spatial resolution of the ERA-40 and NCEP reanalysis being 2.5∘ ,
this would leave about four grid points for the ERA-40
and NCEP reanalysis to resolve the LWME . The LWME
is prominent in all of the presented datasets at 550 and
500 mb (not shown).

4. Results
4.1. Synoptic features and circulation over North Africa
To explore the circulation of subtropical anticyclones, we
use streamfunction as a diagnostic variable. For the month
© 2014 Royal Meteorological Society
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of August between 1979 and 2010, the major atmospheric
features are depicted in Figure 2. As seen in Figure 2(a),
the TEJ axis is located on the southern rim of the Tibetan
high with the TEJ intensity decreasing from east to west.
The maximum intensity of the TEJ is located to the south
of the Tibetan anticyclone centre and extends into the
southwestern Arabian Peninsula and East Africa.
At 600 mb (Figure 2(b)), two high pressure systems are
shown: the Saharan High around 10∘ W, 25∘ N and the other
is the Arabian High around 37∘ E, 22∘ N. The AEJ axis is
located to the south of the anticyclonic circulations around
17∘ W–45∘ E, 10∘ –20∘ N. The intensity of the LWME at
35∘ E, 15∘ N has a zonal wind speed average of 9.81 m s−1
and the intensity of the LWMW at 17∘ W, 18∘ N has a
zonal wind speed average of 13.41 m s−1 . Note that the
LWMW and Saharan High are much stronger than the
corresponding LWME and Arabian High.
At 925 mb, two major anticyclonic systems are located
over the Atlantic and Indian Oceans. In Figure 2(c),
the ITF can be depicted using upward motion (−𝜔 > 0)
where there is strong baroclinicity along the convergence
zone. Across North Africa at 20∘ N, the converging winds
from the Guinea Monsoon and the northerly Harmattan
flow are effects from the generation of the Saharan thermal low (15∘ W, 20∘ N). Several intense upward motion
regions exist across North Africa as part of the ITF heating. There is a strong vertical motion on the lee (west)
side of the Darfur Mountains around 20∘ E, 20∘ N, on
the lee side of the northern most part of the Ethiopian
Highlands around 35∘ E, 20∘ N, and another over the Asir
Mountains around 43∘ E, 20∘ N. The vertical motion over
the Arabian Peninsula is associated with the Arabian
thermal low.
Exploring the east–west circulation will provide insight
on how the anticyclonic systems are maintained. The
streamlines on a zonal and meridional vertical cross
section of North Africa depicts the east–west circulation (Figure 3(a)) along the ITF approximately 20∘ N,
the north–south Hadley Circulation over West Africa
(10∘ –15∘ W) (Figure 3(b)), and the north–south Hadley
Circulation over East Africa (35∘ –40∘ E) (Figure 3(c)).
The east–west circulation was computed using the magnitude of zonal winds (u) and negative omega (−𝜔).
Figure 3(a) illustrates the upward motion caused by the
Saharan thermal heating and Arabian thermal heating
along the ITF. Warm air is lifted into the mid-troposphere,
in which it will converge with the sinking cooler air from
the upper troposphere. The strong divergence from the
vertical flow can be seen at the mid-troposphere located
between 600 and 400 mb in West Africa and 600–500 mb
in East Africa. This indicates that the Arabian High is
shallower in comparison with the Saharan High. Similar
divergent flows can be found on meridional cross sections
averaged between 10∘ –15∘ W (Figure 3(b)) and 35∘ –40∘ E
(Figure 3(c)). Figure 3(b) is a vertical cross section over
the Saharan thermal low and Figure 3(c) is a vertical
cross section over the Arabian thermal low. Figure 3(b)
and (c) is the magnitude of meridional winds (v) and
negative omega (−𝜔). The ITCZ is located between the
Int. J. Climatol. 35: 733–745 (2015)
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Figure 2. August 32-year (1979–2010) average of (a) 200 mb streamfunction (𝜓) (×106 m2 s−1 ) contoured every 2 m2 s−1 and zonal velocity shaded
every 6 m s−1 , (b) 600 mb streamfunction contoured every 2 m2 s−1 and zonal velocity shaded every 3 m s−1 , and (c) 925 mb streamfunction contoured
every 2 m2 s−1 and averaged 925–825 mb vertical velocity (3 × 103 Pa s−1 ) shaded every 10 Pa s−1 . The stippling is positive values for streamfunction.

© 2014 Royal Meteorological Society
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southern Hadley Cell (south of 10∘ N) and the northern
Hadley Cell (north of 10∘ N) with divergent flow in the
upper troposphere. This is consistent with Chen’s (2005)
findings on the divergent flow from the northern and
southern Hadley Cell interaction. The cross section in
Figure 3(c) reveals similarities of a divergent flow present
in the upper troposphere. There exists a Hadley Cell to the
north and south of the ITCZ in the eastern African region.
The ITF in East Africa starts in the lower troposphere
around 20∘ N, and then tilts to the south around 12∘ N in
the mid-troposphere where the strongest vertical motions
are located.
To get a better understanding of the flow field across
North Africa at 600 mb, the streamfunction (Figure 2(b))
and velocity potential fields (Figure 4) have been compared. The streamfunction field shows the rotational flow
of the Saharan and Arabian Highs. Between these two anticyclones is a trough located around 25∘ N, 30∘ E. On the
east side of the Saharan and Arabian Highs are northerly
flows that advect hot and dry air into latitudes lower than
20∘ N. The velocity potential maxima are located to the
southeast of the Sahara Desert centre and south of the
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Arabian High centre (Figure 4). These divergent centres
are formed and maintained from the east–west differential
heating induced by the upward branch of the Saharan thermal low and Arabian thermal low heating and cooling from
the downward branch of the TEJ, as shown in Figure 3(a)
from the east–west circulation. This east–west differential
heating serves as a maintenance mechanism for the Saharan and Arabian Highs.
The divergent centre over the Arabian Peninsula is more
intense than the divergent centre over Central Sahara as
the temperatures and vertical velocities over the Arabian
Peninsula are higher than the Saharan Desert (Figure 5).
The Arabian thermal heating influences the northerly
‘Shamal’ wind (e.g. Rao et al., 2003; Lin et al., 2013)
and is affected by the southwesterly Somali jet (Hurlburt
and Dana Thompson, 1976) from Northern Indian Ocean.
These winds converge on the east side of the Asir Mountains in the vicinity of the ITCZ. The vertical motion from
the Arabian thermal heating is just as intense as the vertical motion associated with the Saharan thermal heating,
but with the exception of higher temperatures over the Arabian Peninsula.

Figure 3. August 32-year (1979–2010) average of (a) zonal vertical cross section at 20∘ N of u and −𝜔 (3 × 102 Pa s−1 ), (b) meridional vertical
cross section of v (m s−1 ) and −𝜔 (3 × 102 Pa s−1 ) along 10∘ –15∘ W, and (c) meridional vertical cross section along 35∘ –40∘ E of v (m s−1 ) and −𝜔
(3 × 102 Pa s−1 ).
© 2014 Royal Meteorological Society
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Figure 4. August 32-year (1979–2010) average of 600 mb velocity potential (𝜒) (106 m2 s−1 ) shaded and contoured every −1 m2 s−1 starting at 0
with irrotational wind vectors to show divergence.

Figure 5. August 32-year (1979–2010) average of 925 mb temperature (K) shaded every 2 K and contoured every 4 K.

4.2. Characteristics and formation of the LWME and
LWMW
Figure 6(a) depicts the potential vorticity field over North
Africa at 600 mb. The intensity of the north–south potential vorticity gradients increases from east to west starting
around 40∘ E. This is directly correlated with the growth
of the AEJ and AEWs from the potential vorticity gradient. In Figure 6(b), the reversal of the meridional potential
temperature gradient can be seen between 600 and 500 mb
levels for both LWMs. The AEJ is a response to the surface baroclinicity and reversal of the temperature gradient
that displaces the AEJ in the mid-troposphere (Burpee,
1972; Cook, 1999; Thorncroft and Blackburn, 1999). The
dynamics of this have been well observed in previous literatures for the LWMW . Similar dynamical processes hold
true for the LWME except that the LWME is displaced at
slightly higher levels around 550 mb, but is still present at
600 mb. This includes the Darfur Mountains between 20∘
© 2014 Royal Meteorological Society

and 25∘ E, the northern portion of the Ethiopian Highlands
between 35∘ and 40∘ E, and the Asir Mountains between
43∘ and 50∘ E. The TEJ in the upper atmosphere around
100 mb also exhibits the same dynamics as the AEJ with
the negative meridional potential vorticity gradient and
reversal of the meridional potential temperature gradient.
In the literature, the anticyclonic systems have been presented using streamfunction to show circulation. The negative meridional gradient of streamfunction (not shown)
will result in zonal wind with near real zonal wind estimations for the AEJ. In this study, we want to show how close
the zonal geostrophic winds are to real zonal wind using
the thermal wind relationship because the understanding
of it will help distinguish the differences of the LWME and
the LWMW .
The baroclinicity is strong in West Africa, East Africa,
and the Arabian Peninsula (Figure 7(a)), but the LWME
is weaker and smaller than the LWMW . This raises the
Int. J. Climatol. 35: 733–745 (2015)
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Figure 6. August 32-year (1979–2010) average of (a) 600 mb Ertel’s potential vorticity (×10−7 K kg−1 m2 s−1 ) field shaded every 1 K kg−1 m2 s−1
from 1 to 5 K kg−1 m2 s−1 and contoured every 1 K kg−1 m2 s−1 from 0.5 to 5.5 K kg−1 m2 s−1 , (b) vertical cross section at 16∘ N of the meridional
potential vorticity gradient (shaded) and meridional potential temperature gradient (K) [contours] with a contour interval of [−1, 0, 1].

question we want to address: Why is the LWME weaker
than the LWMW ? We hypothesize that the intensity of the
weak LWME is caused by a weak mid-tropospheric high.
Figure 7(b) illustrates the connection with the geostrophic
wind maxima, which are associated with the Saharan High
and Arabian High induced meridional geopotential gradients, respectively. The LWMs are located around 600
and 550 mb directly over the zonal geostrophic maxima in
West Africa and East Africa. As the Saharan High is more
© 2014 Royal Meteorological Society

intense and broader than the Arabian High, the Saharan
High produces a much stronger meridional geopotential
gradient in West Africa, thus making the LWMW stronger
than the LWME . The AEJ will be formed at 600 mb with an
elongated easterly zonal geostrophic flow generated from
baroclinicity. The presence of the Saharan and Arabian
Highs will increase easterly flow to the south of the anticyclonic centres because of the increased meridional geopotential gradient. This geopotential gradient along with the
Int. J. Climatol. 35: 733–745 (2015)
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Figure 7. August 32-year (1979–2010) average of (a) the meridional temperature gradient (10−4 K) averaged between 1000–600 mb shaded every
2 K starting at 0 and meridional geopotential gradient contoured every 1 gmp starting at 0, and (b) vertical cross section between 14∘ and 19∘ N of
geostrophic wind (m s−1 ) shaded every −2 m s−1 starting at 0 and zonal wind (m s−1 ) contoured every 2 m s−1 . The terrain is crossed at 16∘ N.

dominant influence from baroclinicity helps give the AEJ
two distinct zonal maxima in East and West North Africa.
The geostrophic wind maximum explains the locations of
the LWME and LWMW .
The local easterly zonal wind extends into the Arabian
Peninsula along with a strong meridional temperature gradient, but a weakened meridional geopotential gradient.
There is no LWM present over the Arabian Peninsula
region. The AEJ decreases in intensity as a result of
the meridional geopotential gradient decreasing, but the
meridional temperature gradient remains intense across
the southern Arabian Peninsula primarily because of the
land-sea temperature contrast.
© 2014 Royal Meteorological Society

4.3. Case study for 2006: evolution of the anticyclones
and LWMs
In the following, we will be looking at the LWM’s dynamics over a 32-year period for August to a smaller time scale
for 2006 while highlighting August for a 6-hourly time
scale analysis. It is important to observe evolution of synoptic features to examine when the LWME is formed.
Figure 8 emphasizes the correlation of the Saharan
High/LWMW and Arabian High/LWME using daily averages for the entire year of 2006. The maximum geopotential and zonal wind values are calculated for each
variable respectively in West Africa and East Africa
Int. J. Climatol. 35: 733–745 (2015)
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Figure 8. 2006 daily averaged curve of maximum zonal wind (m s−1 ) (thin line) and geopotential (gmp) (bold line) for (a) the Saharan High/LWMW
and (b) the Arabian High/LWME .

into the Arabian Peninsula. The results indicate how
the LWMW and LWME intensities are dependent on the
strength of the anticyclonic induced pressure gradient.
Figure 8(a) shows strong positive correlation (0.80) of the
Saharan High and LWMW . The intensity of the LWMW
fluctuates with the Saharan High intensity. As the Saharan
High and LWMW are present all year long, the variation
of intensity occurs simultaneously. The LWME and Arabian High are not present all year. The correlation (0.70) of
the LWME and Arabian High is weak throughout the year,
until May. In Figure 8(b), the LWME has an increase in
strength, as well as the Arabian High during mid-summer
and begins to decrease in the fall (September, October, and
November).
© 2014 Royal Meteorological Society

The formation and evolution of the LWME and Arabian
High are depicted in the monthly averages of 2006 using
600 mb zonal winds and streamfunction (Figure 9). During
the winter month of January, the subtropical high stretches
from the Africa to India with a jet maximum located to
the south of each anticyclonic centre. Over Africa, the
LWMW exists between 5∘ and 10∘ N with no presence
of the LWME in East Africa or Arabian High over the
Arabian Peninsula. In March and April, the Arabian High
begins its formation stage. In May, the Saharan High
centre is displaced poleward and a secondary anticyclonic
centre forms over the Arabian Peninsula along with the
LWME, which reaches the mature stage of the Arabian
High. The coexistence of the LWME and Arabian High
Int. J. Climatol. 35: 733–745 (2015)
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Figure 9. 2006 monthly averages of 600 mb streamfunction (m2 s−1 ) contours and zonal wind (m s−1 ) shaded every 3 m s−1 .

indicates that both systems are formed during this time.
In June, the Saharan High and LWMW occupy most of
North Africa while stretching into East Africa and part of
North Arabia. There is no LWME present during June and
July according to the monthly averages of streamfunction
© 2014 Royal Meteorological Society

and zonal wind. This is due to the Arabian High being
very weak and unable to produce a geopotential gradient to
form the LWME . In August, a second anticyclonic centre
develops over the Arabian Peninsula. The development
of the Arabian anticyclonic centre induces the LWME by
Int. J. Climatol. 35: 733–745 (2015)
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Figure 10. August 2006 Hovmoller diagram of (a) geopotential (gmp) at 27∘ N shaded between 43 600 and 44 000 every 100 gmp and contoured
between 43 000 and 43 500 every 100 gmp and (b) zonal wind (m s−1 ) at 17∘ N shaded −16 to 0 every −4 m s−1 and contours for 12 and 8 m s−1 .

forming from the meridional geopotential gradient. By
October, the Saharan High is weakened along with the
LWMW and the Arabian High is dominant over the Arabian
Peninsula.
The Saharan High/LWMW and Arabian High/LWME in
August are depicted by a Hovmoller diagram every
6 h (Figure 10). The latitudinal cross section for
© 2014 Royal Meteorological Society

geopotential and zonal wind are based on their location
during August 2006 (Figure 9). The AEJ is on the southern rim of the subtropical anticyclones, so the latitudinal
cross section of geopotential is at 27∘ N (Figure 10(a))
and the latitudinal cross section of zonal wind is at
17∘ N (Figure 10(b)). In August, the highest geopotential
values are located between 20∘ W and 20∘ E, which is
Int. J. Climatol. 35: 733–745 (2015)
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directly related to the Saharan High and between 40∘ and
50∘ E, which is directly related to the Arabian High. In
between these highs is a trough that is associated with the
subtropical westerly jet stream over the Mediterranean
region (Gaetani et al., 2011). Observations from the Hovmoller diagram of geopotential, the Saharan High shows
propagation between August 11 and 21. The zonal wind in
Figure 10(b) can be compared with Figure 10(a) to see the
relationship of the easterly winds and the high pressure
systems. On a 6 hourly time scale, the LWMs can respectively be depicted in the same region of the high pressure
systems. As the Hovmoller diagram does not consist of
any averaging, the LWMs reach zonal magnitudes higher
than the climate average presented in Section 2. The
LWMW has a zonal wind speed of 16 m s−1 or greater and
the LWME has a zonal wind speed of 10 m s−1 or greater.

5.

of the Arabian High and LWME can also be investigated
with the El Niño Southern-Oscillation (ENSO) to determine weather changes over East Africa.
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Conclusion

The AEJ was analysed for the month of August between
1976 and 2010 as well as 2006 as a case study to demonstrate a second maximum core located in East Africa
centred at 15∘ N, 35∘ E. Once this maximum was identified, there was a series of examinations that explained the
dynamical interactions of the LWME and the East African
synoptic circulations. Similar to the LWMW found and
discussed in previous studies, the LWME exhibited very
similar mechanisms in formation and maintenance. The
LWME is located to the south of the Arabian High much
like the LWMW located to the south of the Saharan High.
The increased intensity of the LWMs associated with AEJ
is due to the maximum meridional geopotential gradient
from the Saharan and Arabian Highs, which causes the
AEJ to be mainly geostrophic. This was explained utilizing the thermal wind relationship to differentiate between
the LWMW and LWME .
The formation and maintenance of the Saharan and Arabian Highs was also discussed. From the east–west circulation, there are two distinct divergence flows in the
mid levels that are located over Africa and the Arabian
Peninsula. The upward vertical motion is associated with
the ITF heating in which the Saharan and the Arabian
thermal lows are located. The rising of warm air converges with the sinking cooler air forming divergence centres over Africa and the Arabian Peninsula. This differential heating from the divergent centres help maintain the
anticyclones.
The LWMs and anticyclonic systems were investigated
on a smaller spatial time scale for the year 2006 using
monthly averages. The formation and evolution of the
Arabian High begins in March reaching peak intensity in
May, August, and October and the LWME is at maximum
intensity during August.
The presence of the LWME can offer better understanding of rainfall distribution and interactions with easterly
wave maintenance and propagation in East Africa. More
research is needed to understand this interaction, such as
high resolution numerical modelling. Climate variability
© 2014 Royal Meteorological Society
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