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1., INTRODUCTION

The prevalence of a dry season in West Africa during
the months of Noveaber through April primarily derives from
the seasonal transport of the Saharan dust, otherwise known
a3 the Harsattan dust haze in Nigeria. The dust has attracted
the attention of many scientists from sany parts of the world,

The influence of the dust is felt seasonally in
many parts of the world as a result of its distant transport
trajectories into many parts of the world (See Fig. 1).
The following sre known important long-distance trajectories
of the Saharan dust plumes: the sucmer transport across
North Equatorial Atlantic and the Caribbean Island (e.g.
Carlscn and Prospero, 1972; Carlscn, 1975; Schutz, 1979; etc),
scross Southern Eurcpe and the Alps {Prodi and Fea, 1978, 1979)
the transport axis into the Middle East and Israel
{e.g. Yaalon and Ganor, 1979) and finally the winter
transport into West Africa mscross Nigeria and the Gulf of
Guinea Coast of Africa (e.g. Alna, 1972; Kalu, 1979;
Proapero, st al., 1981; etc)

In wost of these studies, not much has been said about
the microphysics of this strong global source of aoll=derived
asrosol from the Sahars and {ta impact on climate. However,
some works on the dust from the point of view, fér example,
of the physiclst have been given (e.g. Mublef, 1979), on a
synovtic basis (e.g. Aina, 1972; Morales, 197%9a; Kalu,

1979, 1983, etc) on the cnemical propertles (Rahn et al.,
1579; Cox et al., 1982} and on its sedical aspect (Adefolalu,
1984; Kalu, 1983).

A close study of the Ssharan duat aercaol is important
because the dust affects the radistion balance of the Earthe
Atmosphere System, especially in regions where duat transport
is strong seasonally as in West Africa.

eeesf2



- 2 =

At present the extent of this radiative impact is not
known quantitatively. It should be seriously addressed
by tropical modellers,

2. Chemical and Mineralogical
Composition of the Saharan Dust
a. Dust Source Reqlons
It may be necessary to have an lnsight into the dust

source regions of the Sahara as this will help us understand

the discussions that follow in this section. The Saharan
desert has several important sources for its aeollan dust
output into different parts of the world. These sources

affect different parts of the world at different times in

the year, depending on windflow pattern in the lower atmosphere,

However, the South-Eastern fringe of the Sahara covering
the semi-arid Sahel region, notably the Bilma = Faya Largeau
alluvial plain, west of the Tibesti Massif (Kalu, 1979),
constitutes one major source region of the dust forming the
Harmattan haze which affects Nigeria and nelighbouring
West African countries north of the Gulf of Guinea. There
are other sources which affect different regions of the
world as depicted in Fig. 1.

It will therefore be most useful for us to examine
briefly the chemical and mineralogical composition of the
Saharan dust in view of its observed strong influence on
solar radiation. At the moment, it is still verydlfficult
to assess or, in fact, ldentify a particular element of
the dust which therefore enhances its observed affinity
to solar radiation fluxes, Many workd on the composition

of the Ssharan dust have already been presented (e.g.

Goodman et al., 1979; Rahn et al., 1979, ete). It is however

not my intention here to repeat these works, but my main

objective 1s to summarize those physical/Chemical properties

...,3

Table“) . Chemical and Mineralegical Composition
of aeolian dust from the Sahara. Slightly
adapted from Yaalon and Ganor (1979),

mnineral {Clay-free) Clay Organlc Matter
Compon Somponent Component
Element %
Quartz 135 - 45 Montimorillonite pressntonly
) Calcite [30 - 40 aolinite in small fractions
Dolmite |10 - 20 11ite but very
Halite 1 Palygorskite fmportant in soil
Salt fertility
A Roughly 11y
(NH4)250¢ ;Vari- This glves the
CaCo yable characteristic
3 reddish color-
tion of the

ust and changes
to grey over its
over itz long-
distance
trajectories,
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of the dust which may be associated directly or indirectly
with their microphysical influence on cloud genesis and

hence its impact on climate,

b. Chemical Elements present in Aeolian Dust

Recent chemical analysis of the Saharan dust by means
of microscopic examination of dust filter samples
obtained in varfous dust concentrations in the Saharan
aerosol layer by Rahn et al., (1979} and others, reveal that
the following chemical (clay-free) elements are present in
the dust. These are: Fe, Ca, Al, Na, K, Mg, among others.

The percentage composition of some of these slements is

- ]

composition of aeolfian dust from the Sahara has been sub-
divided into the following three basic components, samely:
(a) mineral component,
(b} clay component {which is mineral-free), and
(€) organic matter comprising of vegatable and animal
tissues in very minute forms only identified by
microscoplc examlnation of dust samples,
The various components and thelr constituent elements are
given in Table 1.
As may be noticed from Table 1, the Saharan dust can

appropriately be described as "aggregate” aerosol particles

indicated in Table 1, consisting mostly of quartz, mica and clay minerals. Also

Alot of studies on the chemical composition of the important in dust constituent elements are large amounts of organic

Saharan dust iz svailable in the litecature, For example, detritus elements averaged about 11 percent in composition,

but it is highly variable. The amount of organic matter as

mineralogical anslysis of Saharan dust samples collected
on mesh at Barbados by Prospero and Carlson (1970), a
microscopic analysis at the Imperial Institute, London
(Hamilton and Archbold, 1945), the slectron microscopic
analysis method of dust filter samples obtained by means of
flying of 1ight aircrafts within a dust plume layer (Rahn
et al., 1979) using an acid - washed 1icm - Whatman No, 41
cellulose and nuclepore filter paper samples,

Results of the various chemical and microscopical
analysis of the African dust indicate that the Saharan
aerosol 1s typical of known global aerosols (Yaalon and
Ganor, 1979) and constitutes a major aeolian dust aerosol
content of the Trade wind air over the North Atlantic,
for example.

Present estimates indicate that the Saharan dust accounts
for about 79 percent of the s8rosol mass of the troplcal
atmosphere. (Yaalon and Ganor, 1979}, It alsa includes
aome quantities of ammonium sulphate and organic matter.

In our present discussion, the chemical and mineralogical
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determined chemically is rel-tively low compared with the
other major clements of the aerosol and is usally asso-

clated with the coarse grain size of the dust.

The comnosition of ferric oxide (Fe203) - an important
constlituent of the mineral dust generally - is fairly close
to the core mean of the dust content (Eriksson, 1979),

This is probably due to the coating by iron oxide observed

on many of dust grailns. There is therefore a marked increase
in the iron oxid2 content of th- dust aerosol from the

Sahara, It is the high percentage content of Fe203 that
glves the dust its reddish calour, especlally near the

Source of maobilization, but bezcmes grey at long distances
devnviind,

It is perhaps the clay conponent of the dust especially
the presence of montimorillenite, haslonite, illite, etc
which may be responsible for its observed active thermal

and radiative response, Tals is not yet very clear and needs

YTy,



further investigatlon,

€. Economic Inportance of Sgharap Dust

Furthermore, it is pertinent for me to draw your
attention to the economic importance of the presance of
plankton in the aeolian dust from the Sahara., This evidence
from detalled study of the Saharan dust may be of great
economic importance especially in fishing industry, This
is because plankton is an important food substance for fishes
{Kalu, 1983) and is found in the Harmattan dust haze, in

view of & large amount of loess depositlon over the cosstal

(for the winter dust transport) and the Camary Islard off

Some of the useful economic aspects of the Saharan
dust transport across West Africa,establlshed through research
on the Saharan dust, for example, soll.enrichment through
Eclid and wet deposition of the dust as liplds (Cox et al,,
1982), provision of food for fishes and hence making loess
deposition as fertile grounds for large-scale fishing and,
of course, the pronounced cooling of the air through active
attenuation of incoming solar radiation, should be further
1nvestigated,eapec1ally 23 a means of profitable fishing
and agricultural activities in regions of intense Sahsran

dust transport.

I
areas of liest Africa, e.g. the Gulf of Guinea Coast of Africa b
:

the Cape Verde Islandy of Senegal (for the Summer dust i
L
trajectory into North Atlantic). See Fig. 1. ! 3.  CLIMATIC IMPACT OF THE DUST

Th
Another aspect of the economic importance of the e impact of the Harmattan dust on clinate may Le

Sahoran dust Ln West Africs and over major trajectories of discussed in terms of the radiative response of the dust on
incoming short-wave radiation, This 1s because, as has been
pofnted out by Junge (1975,199), mineral aerosol particles

can affect climate primariiy through their effacts on the

the dust, especially over land, is the soll-enrichment factor L
of the Saharan dust through solid and wet deposition of
the dust along its trajectories. This is true when it

is remembered that chemical salts 1like CeCoy and (NH,),S0,, radiation budget of the Earth-Atmosphere System (EAS), The

radiative interaction between solar radiation and suspended

important in sdil fertility, are alsc present in sizeable

quantities in the Harmattan dust aeposol, Observations

in Israel on the deposition of asolian dust i{ndicate that

the dust has a constant accretion identifiable in the soil

and has s significant influence on the nature and fertility

of solls in Israel (Yaalon and Ganor, 1973), Removal processes
of the dust from the atmosphere through dry deposition and
rzin=out mechanism add large quantities of soil materials

of some nutritive importance to the soll. The parformance

of cereal crops in Northern Nigeria may be attributible to

this seasonal enrichment of the soil through both solid and

wet removal processes.,

000,6

dust particles in the atmospheric boundary layers (amL}
below 700 hpa is therafore important in our effort to
understand the role of dust acrosols on the microphysics of
ABL clouds, on the one hand, and their impact on climate
dynamics, on the other hand.

During the 1977 Gothernburg Workshop on the Saharan Dust
transport (which the author participated), three mechanismg
vere identified relating to the microphysics of clouds and

rainfall processes. These are summerized thus (Morasles, 1979):

ee??
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1. radiative effects in a cloud-free air,
2, effects on cloud albedo, and

3. effect on the microphysics of rain formation,

In the above, (1) is a direct effect which occurs through
attenuztion procesaes in the atmosphere accomplishad by a
combination of scattering, reflection and absorptlon of
incoming solar radlation (Kalu, 1983), while (2) and {3)
are collectively considered as an indirect effect achieved
through the modification of the optical properties of the
€loud, particularly atmospheric albedo (Junge, 19793,

While the direct effect has so far received a consider-
able attentior in the ISfterature, this is not the case with
the indirect effect (in West Africa, for exanple} which seems
more relevant to clinmate problems. This is probably because
the development of low clouds and weather aystems resulting
therefrom during the northern winter dry season in West
Africa is m1n1m¢1~espec1a11y north of the Inter-Tropical
Discontinuity (ITD) and therefore does not readily catch

the imaglination of reseszrch netcorologists.,

Evidence is stil) lacking in supdort of the hypothesis
for an enhicerent of rainfell and its formative processes
through nucleation process by soil-dust acrosol particles
in vest Africa or any other parts of the worle for that
matter. This 1s because avallable observational evidence
in Nigeria - a country lying along e major winter dust
trajectory {Kalu, 1979; Frospero Eﬁ.ii'- 1981 - 1s

instesd in favour of an anhydrous non-hygroscopic behaviour

of the dust, This non-hygroscoipdc property of soll-dust serosc
—————————
particles gencrally gives a clear distinction between

sea-salt aerosol particles and aeolian dust particles,

I.,B

However, an important influence o the dust particles
i3 on the stability of boundary layer cumulus clouds in
humid and clcudy reglons where dust transport is intense.
Kalu (19C3) has identified that a most significant process
through which dust can affect climate is on ita gtabllizing
Anfluence in the boundary layers of the atmosphere where
dust transport is strong in West Africa. An extensive
study has been made by Kalu (1983) on the possible atmosg-
pheric mechaniams through which sofl-dust aerosol particles
can influence climate in West Africa. His stucies reveal
that the most significant feature which is relevant to
Climate dynamics is a pronounced stable boundary layer
where a south-westward dust transport 1is atrong clina-

tologicalily,

This eff ct for a dust-laden atmosphere is more clearly
observed In regions with persistent cloudiness than areas
with a high frequency of clear skies. The pronounced
stability of the Planetary boundary layer in dusty atmos-
pheric conditions meay Le identified by the following cbservati-
onal synoptic processes:

@ & low=level cepring inversion (Fig. 2) and

b. a rapld dissipation of cumulus clouds along a

dust plume trajectory.

The climatological implications of (a) and (b) will
how be considered in detafl, The synoptic significance
of the presence of a low-level atmospheric capping
inversion to w:ather development Ls not new, It had been
discussed by Riehl (1954), among others, especially as
it concerns the reduction in the convective liability of
the lower tropical atmosphere (Palmen .nd Hewton, 1969),
Pasquill (1974) has also discussed the influence of aeroso]

particles on the stability of the atmospheric environment,
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Recent studies of the dust-climate relationship by
Kelu {1983) indicate that the influence iz temperature-
related, A €limatolojical signiflcance of such peculiar
temperature characteristics of a dust-laden atmospheric
bsundary layer has bean revealed through a three-dimensional
thermodynamical analysis of the tropical atmosphere under
cases of severe dust eplsodes. ‘See Fig, 3 . When the
dust plume moves into the Trade wind confluence zone,as is

the case over the North-Equitorial Atlantic over the

coastal areas of West Africa, the observed effect is normally

to reduce the effectiveness of the ascending branch of tha
Northern Hemispheric Hendley Circulation (Newell and Kidson,
1977)+ See Pig, 4 . This suggests, following our concept
of the stabilizing influence of the Saharan dust, that the
vertical overturning of cumulus ciouds on which hangs the
whole precipitation machinery of the tropical atmosphere,

is seriocusly checked dynamically. 1In other words, we are
saying that convection of the atmosphere is reduced
resulting from the radiative response of dust cloud.

This is extensively observed in Nigeria where, as a result
of a strong transport of dry Saharan dust, the microphysical
processes of cumulus clouds 1s considerably weakened, As

& result rain does not fallyespecially north of the ITD

or its frequency and intensity south of the ITD 18 reduced
and we have the dry season in the reglon overlain by the
Saharan aerosol layer (SAL),

It i3 the view of the author, that the primary
meteorological cumponent of the causes of the recent Sahel

drowght of 1968 - 1973 and beyond, when the tropical general

circulation was such that there wasg an cquatorward displacement

of the major climatologlcal pressure system, e.q. the

Northern hemi%pheﬁc subtropical high, otherwise known as

YN
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the Saharan High Pressure (3HP) (Kalu, 1985) and the
Equatorial Trough sometimes tagged Monsoon trough. This,
a8 noted by Lamb (1982}, is the cause for the unusual
persistence of the sub-Saharan drought and its equatorward

extension into Northern Nigeria (Kalu, 1984).

Now, we shall consider the second factor - the observed
rapld clearance of cumulus cloud clusters., This is a most
reliable synoptic indication of the {nhibitive property of
the Saharan dust on cumulus cloud growth and 30 on the
precipitation forming processes of the tropicsl atmosphere,
It 1a in this respect that we shall examine the climatic
implications of the microphysics of cumulus clouds in a
dust-laden atmospheric environment. Kalu (1983) has shown
this by wmeans of satellite images over regions of intense
asclian dust transport from the Sahara, for example ,along
the North Equatorisl Atlantic (Carlson and Prospero, 1972),
The presence of the dust in large concentration:seasonally,
as is climatologically the case over West Africa, affects
climate and weather in many ways, some of which are still
unknown to us (Carlson and Caverly, 1977}, and in fact, on
the dynamics of the troplcal atmosphere over areas where

dust transport is pronounced seasonally,

This effect is a microphysical phenomenon which is
distinctly noticeable in the cloud pattern of a region
1lying along the trajectory of the African dust plume
{Kalu, 1979). Not much is at pPresent known about this
property of the dust and {ts impact on cumulus cloud
dynamics and so on climate, but Kalu (1983) has dra.n
attention to this very intriguing feature of the tropical
atmosphere. Although much has been written about the
Saharan dust generally (Morales, 1979), not much is known

about its climatic influence,
/11
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The very fact that cumulus clouds dissolve as scon as
tha Mm‘ arrives at a place shows precisaly that
the process does not enhance the growth of cloud droplets,
This means that asolian dust is not hygroscopic.,

The effect is better observed from an alrcraft altitude
when flying above the haze top as haz been observed by
Dublef {1979), The author himself has photographed sn
sxtensive dust cloud over Southarn Sahara in December
1980 during a dust outbreak (See Plate A), The strongly
“aroded® cumulus eloud towers appear 1ike Rigwn domes of
clowd trying to break through the extenaive thick blanket
of grey dust,

The vertical development of the hot concective cloud towers

which has been wel} described by Riehl and Malchus (1958},
Stephen and Wilson, 1980) and Stephens (1980), are strongly
chacked {n dusty anvironment, 1In fact, the esargence of
the dry season in West Africa is g3 a result of the fncreased

transport of aeolian dust across the sub-region as soon as the
ITD withdraws equatorward, following the astronomical movemant

of the Earth relative to the sun in October.

*Dust-front 1s defined 48 4 boundary betwsen the forward

¢dge of a dust plume anig dust-free ambient air, It is
Created essantially by the existence of a visibility
gradient along a horizontal axis and is defined with
fespect to 1km visibility isoplet which defines a severe
dust outbreak in west Africa (Kalu, 1983),

ve/12

Table 2‘_ An illustemtion of the Fapid clearance of low and

ssdium clouds on arrival of a dust plume at Calabar,

1200GMT, December, 1380.

represent aky obscu}rod by dust.

The figure "9= ang x

Date Total Low Cloud . H.d.lu-ﬂvluhluty Signifi-
(December | Cloud Amount|Type Baseim) | Cloud] (km) |cant wea-.
1960) below 2500m ther at =«
1200Gm7
L ] s Cusc| 450 0 8.0 oD
10 7 cusc| 450 0 15,0 o0
11 € cusc| 4so 0 10.0 o0
12 0 0 - 0 2.0 oo
13 9 X X x 0.1 s
14 9 X x x 0.1 s
15 0 0 - o 0.4 s
16 0 0 - ] 1.0 s
17 o 0 - 0 2.0 o
i8 2 sc 100 0 4.0 o0
19 5 sc 450 ] 2.0 o0
20 0 0 - 0 2.0 o0
21 0 0 - 0 2.0 o0
22 0 0 - 0 2.0 o0



Table 2 b As Table 2 on » except for Ikefa,

Date Total Low. - Clouds [medium| visie | sipnifi-
{December,| Cloud Amount Cloud| billity| cant weatt

1980) below 2500m Type [Basa(m) (km) | er(ww.cod:

9 6 cuse | 450 0 20.0 Nil

10 7 cuse | 420 () 15.0 N1

11 7 cuse | 480 0 8.0 oo

12 6 cusc | S$10 0 15.0 | ©O

13 9 X x X 0.1 &

14 (] 0 - o 0.4 s

s 0 () - 0 0.4 sb

16 0 0 ° (3 0.6 ]

17 ) 0 0 0 1.2 | OO

18 0 o ° o 2.0 0

19 0 o 0 [ 2.0 o

20 o 0 0 0 2.0 €0

21 0 0 ) o | s.o o0

= 12 =

4, THE THERMODYNAMICS OF CUMULUS CLOUD IMHIBITION

It will be necessary for us to consider briefly the
thermodynamics of the microphysical process which gives
rise to the observed inhibition of cumulus cloud growth
in a dust-iaden atmospheric enviromment, or its total

repid clearance on arrival of the dust-front as defined

Since aerosol particles cen sbsorh and retain a
certain amourit of the incoming solar radistion (Kellog,
1978; Kalu, 1983), the upper part of a low-lying serosol
layer, as has been observed by Kellogg (1975), will be
warsed in proxi. The process is schematically illustrated
in Fig. 5.

The observed phenomenon of s rapid dissipation of
cloud clusters on the arrival of a dust-front over an
area with a high frequency of cloudiness {low and medium
clouds) 1s purely a microphysical process. ¥hen an aerosol
absorbs energy from the sun, it becomes warmer and there-
fore heats its surrounding eir (Fig. 5). In a smilar
manner, the heat which the dust particles absorb from
solar radiation which is incident upon them 1s used to
warm the air in the imsediate neighbourhcod of the dust
Plume, Literally, this implies raising the mean local
temperature of the cloud droplets. Thus, the water droplets
become thermally agitated and unstable and so cannot grow
such further. Consequently, they evaporate, leaving
a generally clear sky or a conspicuous decreases in
thickness of the cloud cluster, This whole process is
depicted in Fig. 5. This sisple illustration explains the
degradation of cumulus clouwd banks into cumulus humilis
cloud species with greatly reduced vertical growth, or
in some severe cases of dust concentration, a total

clearance of the available clouds (See Table 2 ). /3
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This ig what happens as the dust Plume moves into an areg
of towering cumulus clouds. Ag g result of this thermal
erosion on clouds by dust Particles, the dust Plume creates
4 clear boundary between the dust-front and tropical cumulus
¢loud benks ag can be seen in Plate B.

In Nigeria, this rapid and general clearance of jow
tlouds is the wost ¢®asily cbaerved lafcrence on the arrival
of a dust plume at o station with sufficient cloud cover
and has a hignh Prediction potentisl for dust outbreaks,

It utcmi_lly reveals complex thermodynasical and

alcrophysical processes taking place within the ¢loud ensemble

unseen by an unaided viaion. This is the case over the
Southern part of Nigeria during times of Severe dust outbreaks
Such that the coagtal areas become affected by the dust, a
long-time observation of dust episodes by the author in
Nigeria seems ¢, Suggest that aeolisn ayst Sannot coexist
comfortably with water droplets,

According to g discussion by Pouquart (1985), rediation
in boundary layer clouds should be addressed frog tasentially
two OPpositely«directed Points of view, namely:

on the dynsmics or cumulus clouds ip Weat Africa resulting
from asolian dust inflyence on the l.lcrophyucnl Processes,

Owing to their high albedo combined with their low
altftude, boundary layer clouds (mainly cumulus clouds apecies)
considerably reduce the net radiative energy input at the
top of the atmosphere, Their impact on the surface radiation
budget 1s also quite significant since they considerably
Teduce the availgble solar energy at the ground surface
(ECMWF, 1984), Yl

- 1 e

In this respect the main problem in the derivation of their
radistive impact is to adequately characterize their radiative
properties in terms of predictable quantities such as 1liqusd
water content and to determine to what extent and how their
spatial structure affect' their radiative properties in relation
to strongly polluted atmosphere,

We should stress the fact that the microphysical influence
of the Saharsn dust on the dynamics of boundary layer clouds
in Veat Africa (1.e, cusulus clouds) is essentially a radiative
process. For exasple, a state of equilibrium of a cloud
topped aerosol layer Ray result from a competition between
rediative cooling, entrainsent of ware and dry air from above
the cloud,since the dry ssharan air is usually found above
much more dense cumilus clouds in most severs dusty atmospheric
conditions, Entrainment is itself dependent on the radiative,
fluxes, which, in turn, depends on thermodynamicel ang
microphysical properties of clouds ss well as on small
scale horizontal inhomogeneities of the cloud layer itself,

5. LONG-DISTANCE CLIMATIC INFLUENCE OF SAMARAN DUST
e e L S OV OAHARAR  DUST

The climatic effect of t.. Saharan dust may be important
on a global basis in view of the observed long-range transport
of the dust from the Sahara into many parts of the world ==
Eastern Mediterranean snd Israel (Yaalon and Canor, 1979),
Western Europe and Scandinavian countries (Prodi and Fea,
1978,1979; Eriksaon, 1979), North Equatorial Atlantic and
the Caribbean (Carlson and Prospero, 1972) and West Africa
into the Gulf of Guinea {Aina, 1972; Kalu, 1979, 19833
Prospero et al., 1981},

seas/15
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The coincidence of the peaking of the Sub-Saharan drought

in 1972/73 period now tagged the Sahel drought in West
Africa snd the observed increased transport of dust from
Africa (Prospero and Nees, 1977) which has been estimated at
about 60 = 200 million metric tonnes Per summer asason
during the early 1970s (Morales, 1979), suggests a cﬁusll
relationship between climate and dust transport, The
increased dust tranaport is caused by the extremely dry
condition which prevailed in the dust source region (Kalu,
1979) from the early part of 1968 and culminated in the

near catastrophic drought of 1972/73 in West Africa and which
is still continuing in varying degrees in some parta of the
Sub=Ssharan region of Africa (Lamb, 1982).

In Section 3 we had considered the climatic implications
of the microphysical précesses in the atmoaphere by examining
the dynsmics of low clouds along major long-distance traj-
ectories of the Ssharan dust Plume. The weather and climate
of the British Isles are significantly affected when the
staospheric cirulation system, for example, the prevalence
of a blocking condition, is such that socutherly dust-laden
winds affect the Midlands of the United Kingdom (Berry, 1979).

Not infrequently in conditions of intense anticyclonic
blocking over the Mediterranean, continental tropicel air
mass originating from the Sahara desert which therefore nay
be dust-laden, particularly in winter, can make northward
incursions into Southern Europe, The presence of the African
dust has been reported by observers in various physical forms,
for example, PRed Rain®, *Yellow Snow® (Laskoy et 1., 1979)
through rain-in and rain-out processes (Kalu, 1983) or its cut-
off effacts on radic-wave communication and television
transmission. This is especially the case in winter when,

cea/16
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resulting from the meridionally displaced climatological
pressure system, following the apparent movement of the sun,
as has been discussed by Kalu (1985}, the Saheran High
Pressure and its dust-laden winds affect Southern Europe, the Unite«
Kingdom Midlands (Berry, 1979). Under such a weather situsation,
coloured precipitation in the form of snow flakes caused

by the interaction of the grey African dust particles with
cloud droplets may be observed. This type of improved
weather condition which therefore gives a big relief from

the characteristic cold and clohdy British winter atmosphere
with snow covered grounds to s few days of increased sunshine
is usually welcomed by people in the widdle latitudes
generally. In fact, the prevalence of the British summer is
related in some extent to an increased persistence of anti-
cyclonic circulation associsted with the sub=tropical high
pressure vhose centre of action is displaced further poleward
during northern summer.

Kalu (1985) has considered a long-distsnce climatic
influence of the Saharsn dust over Europe as an atmospheric
teleconnection process in Europe/West Africa zone. Two
types of atmospheric teleconnection processes discussed are
summarized as follows:

i) Teleconnection process with extratropical forcing for
which the mobilization phame of severe Harmattan dust
outbreaks over West Africa has been used to 11lustrate
the middle latitude forcing (MLF)

11) Teleconnection process with tropical forcing (TF)
11lustrated by means of poleward surges of Saharan
dust plumes with characteristic atabilizing influence
on the effectiveness of rain~producing systems over
Western Europe and so on the prevalence of good (ary)
weather in this area.

vseaf17
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A typicsl 1lluatration of tropical teleconnection process
over Europe/Nest Africa with significant climatic implications
is polevard surges of Saharsn dust into the North Atlantic
snd extending over the British Midlsnds. This is especially
the situstion when the low=level subtropical anticyclone
becones Meridionally aligned ,thonby strengthening the
influence of dusty southerly winds over Western Eurcpe.

Under this type of aynoptic situation, satellite imsges are
most helpful in delineating the configuration of African
dust plumes. The cliastic impact of such extended Saharan
dust transport into Europs is an inhibition of the micro-
Physical rain-besring processes as bas been presented in this
Paper. The result ia usually a reduction in the vertical

growth of clouds or their clearance in soms severe cases giving
rise to increased sunshine.

Kalu {1985) has considered this generstion of remote
atacspheric influences in one reglon by synoptic weather
systems in ancther region Temotely separated as an essential

characteristic of teleconnectivity which demands further
investigation,

6.  FORECASTING DUST OUTBREAK BY SATELLITE IMAGES TECHNIQUE

One of the important Practical applications of the
observed strong influence and affinity of asolian duat on
solar radistion and moisture content of the lower atmosphers
is in forecasting the arrival of a dust plome downwind of

its source of lob.lnzatlon,npociany in cloudy and humid

environments. Satellite images are thersfore very useful in this

type of saynoptic oxorciau,gapechlly in view of the identified
influence of asolian dust on the microphysics of cumulus clouds
and rain formstion. This is particularly the cese if satellite
image dats are available on real-time basis as to enable the
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Tome 3

Daily variation of relative humidity, temperature and visibility

L - at the ground surface during dust outbreaks, 1200GMT, Kano.
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monitoring of the downwind progression of the dust plume
from its source of mobilization.

Since it hes been clearly established that the dust
exerts a strong influence in the complex nicrophysical
pProcesses associated with cumulus cloud comvection, it is
hereby suggested that this response can be applied as a
predictor variable for forecasting dust outbreaks in humid
areas. When a dust plume arriveg at a Place previcusly
without any trace of the dust, the fblloving three synoptic
situations sare often observed to occur simultanecusly,
These are:-

8) A rapid clesrance of cusulus clouds or a reduction in the
vertical growth of cloud clusters,

b) A marked fall in visibility as a result of the presence
of dust particles, and

¢) A drop in air temperature.

Each of the above three synoptic observations lends
itself easily to the application of satellite image data on
real-time basis. This 1s the background of the usefulness
of satellite images in atsospheric air pollution probless,
The response of the dust is particularly very interesting
in view of the relevance of the appearance and texture
of cloud surfaces on satellite photographs generally.

Any variation in cloud structure is readily observed on
satellite images covering that region,

In the above item (a) has been fully discussed in this
Paper. Item (b) is a quantitave indication of the presence
of the dust in large concentrations as 1t tends to impair
the transparency of the ataosphere and (c) is a reflection
of the strong attenu;:ioa,?f solar radiation by the suspended
dust. As shown inTable Jl_each of the three synoptic

assef/19
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phenomena 1llustrated above responds sctively on arrival
of the dust plume at location downwind of its source of

mobilization, A change in atmospheric convection is
immedistely reflected i; the variation of surface visibility,
& dzop in air temperature and & clearance of clouds present
within the dust plume layer on its arrival at a place,

This method of forecasting dust by satellite technique
using the microphysical response of the dust may also be
used to forecast the clearance of a dust spell, It is known
that as socon as the dyst Plume withdraws from a place, following
the establishment of favourable synoptic features (Kalu, 1983),
the visibility fleld, the temparature/radiation field and
low cloud dynamics will be found to cover to their pre-dust
Btage. A successful prediction of these phases of dust
transport depends very much on the professionai ability of the
meteorologist to master these symptomatic synoptic features of
the lower atmosphere which are clearly revealed on synoptic

weather charts usually available in Meteorological Forecast Offices,

2y CONCLUDING REMARKS:

A general conclusion, thecefore based on our discussion,
is that, since the radiative effect of the Saharan dust is
80 pronounced as has been established on aynoptic basis by Kalu
(1983) and others, in reglons of the world where the transport
of dust is strong, realistic climats models of the Earth-
Atmosphere System should, as a matter of scientific necessity,
take into consideration the presence of the African dust and
its radiative response. This is hecessary especially when modelling
the dynamics of the tropical atmosphere over these regions of
strong aecliesn dust transport as in african Sahars and adjoining
lands and Middle Cast and Caribbean Islands, ete,
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In mey studles, however, this nas not been done. 1In
West Africa for gxample, ihe overall effect of the Saharan
dust on climate has not been fully surveyed, Tnis is because
some of the radiative characteristics of the African du:t are
not fully un-erstood ouwlng to lack of actnometric data,
However, the resulte of the work by Kalu (1983) hag shown
that studles directed towards this type of environmental
problem may yield some very significant results which will
be imnortant for a better undzrstanding of climate dynamics
in SubuSaharan Afric: and othar arear 5f the world where
dust transport 1s pronounced seasonally. Perhaps this nay
5ive a clue to the present meteorological problem facing
African meteorologlists = the ongoing climate variability
in Africa, especially in relation to droughts and desartie
flcation in Sub-Saharan Africa,

Furthermore, a better understanding of the climatic
implications of the microphysical response of cumulus clouds
under conditions of custy atmosphere is by examining the
response of the cloud ensemble in humid atmospheric engiron-
ment overlain by dust clouds, The behaviour of the clouds

in the presence of a pPelluted atmosshere wil] indtcate the
impact of dust aerosol Particles on climate since Clouds are
visible dynamical pProcesses taking place within ‘he atmosphere,

The observational evidence of the rapid dissipation of
cumulus clouds in a dusty atmosphere hag baen fully 1llustrated
a8 an inter:c> climatic influence of aeclfan dust and if this
dust per-ists over a given region as has been observed along
the major world-wide trajectories of the Saharan dust plumes,
low cloud development will be greatly affected and this implliea
the prevalence of a dry climate, A typical exampie of this
clear climatic impact in West Africa is the prevalence of a
dry season with essentially clear skles north of the ITD and
during the dry season in the sub-region,

Finally, a consideration of the climatic influence of the
Saharan dust over temote regions of the world sujgests that
atmospheric teleconnection processes can olay a leading role
in controlling the climatic features of remote creglons of
the world through an ative impact on atmospheric boundary
layer cloudiness.

-
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