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PREFACE

The cffects of blowing dust and sand have long been recognil~e as having a major influence on military operations.-;
A book p~iblished ir. (;reat Britain during World War 11. for example, noted that the presence ol large-scale militaryW
operation,. in thc .;iiaara andt the looseningi of' tlie desert surface had increased thc likelihood of duststormis
considerably (NAVENMPEDRS('IIFAC, 1980). A I.tIS. Armny manual states that "dust andi sand in the air may be
the single most dlestructive enivironmiental clemnent to military equipment" j1loock. 1984).

A great deal of infornmation on airborne dust and sandl has been published in periodical literature. most during the
las;t 20 years. This report uses that information, along with the atuthor's personal experience in the udescrt, to produce
what we hope to be a compfrehiensive and wiisflu handbook on the subject.

The area to be discus~sed here includes Iraq, Kuwait, Syria, eastern Jordlan, western Irar. andi the northern Arabian
Peninsula. Part I discusses the geography of the study area and totuches on seasonal climatology. Part 2 describes
the mfajor types of duststormns that octir across the Middle East. Part 3 gives specific source areas from which dust
andi sandlstorms% originate. Pan 4 provides somc (luststorm forecasting tips and rules of thtumb. Part 5 dliscusses
methods available for enhancing the appearance of' sand oin satellite imagery, while Pwrt 6-Il provide actual
examples of'satellite imagery showing airborne dust and sand.
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1. GEOGRAPHY

. 1.1 THE STUDY AREA DEFINED AND DESCRIBED

The area of the Middle East to ,e discussed here includes Iraq, Kuwait, Syria, eastern Jordan, western Iran, and the
northern Arabian Peninsula. Figure I -I is a map of the study area, which shows the four major regions into which it
is divided. The first of these, known as the "Syrian Desert," comprises that pan of Iraq southwest of the Euphrates
River, northern Saudi Arabia, eastern Syria, and eastern Jordan. This is primarily a "pebble desert," with little
vegetation except along seasonal wadis (dry stream beds). That part of Iraq that lies between th, Tigris and
Euphrates Rivers northwest of the city of Baghdad is known as "al jasrah" (or "Jazirah"), Arabic for "the island."
East of the Tigris river in northeastern Iraq and northwestern Iran are the foothills of the Zagros Mountains; this
region is known as "Kurdisian," for the large number of Kurdish people who have settled there. The last region lies
in the southeastern tip of Iraq and includes the western plains of Iran just north of the Persian Gulf to the est of the
Zagros Mountains; it is calied "Khuzistai,' for a province of Iran.

1.2 WATER FEATURES

Figure 1-2 gives the locations of rivers, lakes, and a few of the smaller mountain areas net associated with the
Zagros Mountains. These lakes and rivers are prominent in visual satellite imagery and therefore instrumental in
locating blowing dust and sand.

1.3 MAPS

A few good maps, with varying scales and differing degrees of resolution, are available for the region. Maps with
higher resolution are available, but for normal use these are best. They are all available from the Defense Mapping
Agency (DMA), 8613 Lee Highway, Fairfax, VA 22031-2137, DSN 287-2495, commercial 301 227-2495.O GNC 12 1:5,000,000 Middle Fast, Northeast Africa, South Asia. Excellent depiction of lava flows visible

on satellite imagery over Saudi Arabia.

JNC 35 1:2,000,000 Middle Fast. Good depiction of wadis and regional lakes.

ONC H4 1: 1,000,000 South Iraq, West Iram, Northeast Saudi ArabI,, Persian Gulf. Good terrain detail.

ONC G-4 1:1,000,000 North Iraq, Syria. Good terrain detail.

Another map (British) covers the Middle East in subsurntial detail and provides a superb look at regional geography
even though the orientation is at a strange angle. It is published by Her Majesty's Stationery Office (HMSO),
London, 1982. Ask for Series 1106, Sheet 3, Edition 5-GSGS.

*2



k • I o .o.... .. .. .. '

! ."°... 
. . . .

...... .......

; .:. ..................

.. .... ............... , ; •_ - : Y
00

.. . . . . . .. .......

..................................... .. . ." ...';" "• ....... ...-'

1~

--.. . . ..... ....

.4m

',, , :, . : ,

~~~% ....... !... .. .....
...... . .. ...

U •, . .. 
.. 

... .. 
.."

-"' --
t2.I.•s,., I,_ 

t

* O



2. MAJOR DUSISTORM TYPES

Although duststorms can take a vaniety of 7hapes and forms, there are three main types: sizamal. frontal, and
convective. The most common type across the Middle East is the shamal. Disliiictions betwecn types can be vague;
storm types often overlap.

2.1. SHAMAL

I he term "shamnal" means north in Arabic (Middleton, 1986). It refers to the prevailing wind direction from which
this type of (lusistorm is produced. Shama[ (histstorms occur across Iraq, Kuwait, and the Arabian Peninsula. They
generate a tremr idous amo)unt of dust in 6,e atmosphere. Shamal systems produce an impressive satdlhitc: image arid
severely redIuce isibilities at the surface. A variation 01 the shamal occurs in the interior of Iran, primarily ne-ar the
Lut and Margo Deserts. The winds travel across central and southern Iraq, picking up most of their dust loa('~ from
source areas in the southern portion of iiaq h),tween thie Tigris and Euphrates Rivers. There are two types of shamal:
summer and winter.

2.1.1 The Summer Shamnal

The summer shainal, or "wind of 120) days," blows almost daily (luring the summer months of June through
September. In Kuwait, the shamal. is known as the "simoon," which means poison wind (Middleton, 1986). The
synoptic feature that creates the potential for the shamal is a zone of convergence between the subtropical ridge
extending into the northern Arabian Peninsula and Iraq from the Mediterranean Sea and the Monsoon Trough across
southern Iran and the Seuthern Arab~ian Peninsula.

1 030* 609

Figure 2-1. Average climatis. gradient-levitl wlndflow In July (Atkinson, 1971).

As showa in the figw.e, the prc%%iurc pattern tend,; to be extremely flat acrosq the Arahian Peninsula: a detailed
streamline analysis of surface, gradient, and 850-mbh levels is generally the. best way to detect synoptic features. The
/one of convergence betweeni systems is catighi between the pressure systems and the Zagros Mountains or western
Iran, the orientation of which tends iti) force an acclelralion of tlie northerly low-level winds acronss soufihastern Iraq,
the western Khuioisian Plains of Iran. Kuwait. and the northern Persian Glulf. mind into the northeastern Arabian
Peninsula.

* 4



Although the pressure pattern is favorablc for raising dust into the atmosphere, it appears that the influx or co0 ~
alol't (Coies, 1938) adds, to the effects oif' the strong surface he.-ting. This stcepetrs the lapsc rate and creatc-s the
instability nccessary f~or lifting (lust particles andl keeping them suspiended.

The dry (lesert air and a high rate of thermai radiation at night forms an inversion !ietwcen IAMX) and _20N)~ feet soon
alter sunset. The presence of th~is in version, along %%ith the pressure pattern, gives rise to a strong wind mraximum
just above this inversion, knowvn as the 'nocturnal jet" (Menribry, 1983). The presence of the nocturnal jet has been
related to a iarge number of (luststorms; across this arca: miniimum visibility in summer duststorms has beecn showAn
to be proportional to the Fpced of the 1 00(1-foiot windl at Sh;,ibah (located in southern Iraq at 300 25' N. 470 15* E 1.)
the west of B.asraht at 09N0. (Coles. 19381. In more than half the cases,, this wind maximum tended to decreas
from the nichttime to the (daytime sounding.

During the s;ummer, thermal turbulence across, the Arabian Peninsula extends, above 12.0M( feet (Marcai. 1990). The
summer shamal takes a characteristic shape from the windflow pattern: a~sbsossn in Figure 2-2. it followq a similar
life cycle through each episode

START MAXIMUM AFTEK CUTOFF SUSPENDED DUST
* # MOVE5 SOUTH

* Source Area D7ih1I
Figure 2-2. Typical dust plume life cycle.

As convergent windilow across% central and southecastrn Ira moves over the dust soitrc areas, it lifts dust into a
characteristic plume WKain. 1979)j. Within a few hours, the plume stretchei stwithwad across Kuwait and the
northern Persian G;ulf. As the dust enters the northeastern Arabian Peninsula, the windflow becomes divergent: the
plume becomes. wide on the front edlge, tapering back to a jv~int at the source area and taking on a triangular shape.
By late afternoon. the winds begin to ilecrease at the source area: the plume becomecs more rounded and skies no(
extendl all the way back to the source (%ec Figure% 7-1 through 7-7). Suspended dust in the plume continues. to move
alongt with the winds at the gradient level. if there is a cyclonic circulation center in the Mmosovnn Troigh, the (lust
circulatcs into it through the night f %cc FVigircs 9- 1 through 8-3). The (lust remains in suspension as king as the
upward vertical component in ith atmnosphere is preater than the minimum required to hold the particles aloft
a011ite. 1979).

Summer shamal dluvtstornns move intoanmarea like a giant wall ofidust. The height of tihe wall averages, 3,ANI)-X.(EKI
feet, but in extremely strong stormis they can reach 15,0(1018.09) feet (FExtrcmci heights are based on
satellfit derived tentuieratures of the %andl signature as c~ompared to climatic norma~l temperalttes. at stimlard flyv'rs
of the aonmophere across the Middle F3%t1. Visihiltieis ait the suirface rap~dly go froun tnrestrctedCo neaw/roi insa
matter i if minutes, sta ying low for I A hi urs bx fielo beginning to increawe slowly. As th s.uspe-wlcduust is advctc'lc
away from the area, visibilitivs rapidly improve throtigh the night. If the winds; aloft ha%. diminli-hed to the point at
which thez suspendel dust is not advected ,.way. visubulities improve Jlowly to I or 4 wtut before 7tornise. then drop
again a% sunrise brings incrca%erl ref ract lon in dthe dutst and the weakenedl inversion alkvw% the denser dust tosetttue.



A simple rule of thumb lor the time required for (lust particles to settle after the wind has diminished is I,(XX) feet
per hour. Suspended dust particles have a bimodal size distribution (Hoock, 1984). Smaller particles are only a few
microns in diameter, but most range from 20 to 40 microns. Particles capable of traveling long distances usually
have diameters of less than 20 microns (Gillette, 1979). The preliminary results of a .4oil analysi.; conducted on a
Saudi Arabian sample taken just west of Dhahran (luring DESERT STORM revealed that more than half (56.17%)
of the sample was smaller than 250 microns in diameter, and that more than 28% was smaller than 125 microns.
The sample content was 60% sand, 40% silt, and 0% clay. Chemical content included quartz (SiO2), calcite
(CaC03), and gypsum (CaSO4) (Henley, 1990). Soil textures, as classified by Hoock, 1984, arc as follows:

Clay - less than 0.(X)2 mm (2 microns) in diameter

Silt - 0.(X)2 mm to 0.074 mm (2 to 74 microns) in diameter

Sand - greater than 0.074 mm (74 microns) in diameter

Sand grains are usually assumed to start at about 74 microns in diameter (Hoock, 1984). Sand generally never
achieves true suspension; instead, sand grains travel either by saltation (bouncing along the ground) or surface creep

(this is how sand dunes move). The differences between sand and dust travel are shown in Figure 2-3.

me

Suspension Saltation Surface creep

Figure 2-3. How dust and sand travel.

The actual strength of the wind required to lift (lust into the atmosphere has been .,tudicd extensively. Estimates
range from I I mph/9.6 kts (Bagnoid, 1984), to 12 kts (M-rales, 1979), and 18 mph/15.6 kts (Coles, 1938). While
sand particle movement has been observed at speeds of 8- 10 klts, most large scale duststorms require about 15 kts to
get started. Winds aloft (at 1,(XX) fect) need to be about 30 mph/26 klts over Hinaidi, Iraq (Now known as llindiyah,
at 320 32' N, 440 14' N, south of Baghdad) (Coies, 1938) and 30 kts over Bahrain (Membery, 1983). Vxout half of
all duststorm occurrences had surface wind speeds of 11-20 kts, while about a quarter had speeds greater than 20 kts
(Awad, unkn). Winds avera:gc from 15 to 25 kts, with occasional gusts to 30 or 35 kts.

A rough estimate of vertical upward velocity can he obtained by dividing surface windspeed by five; that is, 25 kts
of horizontal wind speed would result in about 5 kts of upward vertical motion (Bagnold, 1984). This value is useful
in determining the required lift for dust particles of various sizes, as well as the height to which the dust might be
carried. Greater windspeeds increase the probability that dust will be lifted and substantially reduce visibilities.
Winds, however, must blow ovet an area susceptible to erosion in order to produce a major duststorm.

Duslstorms ass(xaated with the summer shamal can have varied durations. They can last just I dlay or from a week
to 10 (lays. Generally, since winds diminish at night, the dust source is cut off. But at Hinaidi, Iraq, most nighttime
duststorms are in July and most late evening storms are in May. Most early morning storms at Hinaidi and Shaibah
are in June (Coles, 1938).

6



Sincc the sumrncer sharnal is created by a synoptic-scale pressure system, t ILsdally iists about 3 days. In late July
and August. cyclonic circulations in the Monsoon Trotigl, bccomc evident a-. dust wraps, into these systems and
provides a strong satellitc signature, particularly in the morning and evening whecn the sunl angle is low and shadows
on top of the dlust cloud become visible (See Figures 7-6 and 8-1 through 8-3). Fg,-ure 2-4 gives mean surfacc a
positions of the Monsoon Trough in July ar'ý! Augist.

JU I

Dolled lines are fragrnersed or discontinuous
Monsoon Trough posilions. 

'1

Figure 2-4. Mean surface positions of the Monsoon Trough In Jugy and August. Dotted lines over the
Red Sec'Cuulf of Aden corridlor represent fragmented or dliscontinuous posatim (from IJSAF*ETAC/TN--9 1#102).

2.1.2 The Winter Shamral

Figure 2-5 shows mean airflow across the study region in January. A large number of winter shamnal duststorms
occur as cold frontal systems cross the area; these will he. discussed in 2.2. Thle few winter shamals not associated
with frontal systems are creatcd by the funneling or very cold air masses fromn Turkey or Syria towa-rd the south
down the Tigris/Euophrates River Valley in Iraq and over the Persian Gulf. These systemns react in the same manner
as % fall wind: the air masses are so cold that the rail in elevation does not adiabatically warm them to fth
.surrounding temperature. Fall winds result in a thermal discontinuity and a narrw longue of cold, dry and gusty
winds.

300

Figure 2-5. Average climatic gradlont-level wlndf low In January (Atkinson, 1971).
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The tongue of cold air forms what is called a "density current head" (Lawson, 1971). This river of denser air flows
downhill, forcing anything in its path aloft. As a stream of hackward-flowing warmer air is forced alofl. dust and. debris are lifted (Compton, 19771 See Figure 2-6 for illustrations of both processes. Within the colder air, the
movement creates both vertical and horizonta. ,olenoidal circulations along the leading edge of the gust front; these
circulations lift and mix the dust particles. This solenoidal circulation is also found in the horizontal vortex that
occurs in thunderstorm downrushes or microbursts (Fujita, 1986). This type of shamal continues until the influx of
mass (the cold air) has stopped.

S•Cloudo

WaterStemn

Height 4/ Solenoidal Dcw
C "%,,fCirculation Water

•'•DisplacedDersFo
' % .............. Back Over
Distance Snout

Figure 2-6. Lawson's Density Current (A) and Compton's Turbidity Current (B).

Examples of fall winds include the mistral of the western Mediterranean Sea that occurs around the Gulf of Leon,
and the bora of the eastern Mediterranean Sea, which usually extends out of the Black Sea through the Dardanelles
and over the Aegean Sea. If the terrain has not been dampened by a preceding frontal system, a duststorin may be
gene ated as these winds pass over source areas.

2.2. FRONTAL DUSTSTORMS. The frontal duststorm is on a larger scale than the others. Frontal storm-, are dynamic synoptic systems that mix the
dust in the air and carry it for great distances. The three types of frontal duststonns are prefrontal, pos.frontal, and
shear-fine. Each occurs at a specific time in !he life-cycle of a migratory low-pressure area with a frontal system,
and each has its own local name.

2.2.1 Prefrontal Duststorms

Prefrontal duststorms occur across Jordan, Israel, the northern Arabian Peninsula, Iraq, and the western Khuzistan
Plains of Iran as low-pressure areas move across the region. Antecedent factors include a hand of winds generated
by the low-pressure area that presses against either a stat;onary high-pressure center in Saudi Arabia or into the
western slopes of Iran's Zagros Mountains. The polar jet stream (P.) behind the front and the subtropical jet stream
(STJ) in front of it often converge into a single jet maximum that translates to the surface northeast of the
upper-level maximum. In addition, the overlapping of these jet cores and coupling of secondary circulations in the
right rear of the PJ anti left front of the STJ enhance upper vertical velocities anti increase the lifting force for
blowing dust.

The two best-known names for these prefrontal winds are the Sharki in Iraq and the Kaus in Saudi Arabia
(Middleton, 1986). Others are the Shlour in Syria anti Lebanon anti the Khamsin in Egypt. Most are southeasterly
or southerly, but the Shlour, Kaus, and Khamsin can also he southwesterly. The dry southwesterly Suahili (Soltani,
I9")) occurs after the Kaus, which, in extreme cases, can he postfrontal and extend across Jordan, northern Saudi
Arabia, Iraq, and Kuwait. At Baghdad, the Sharki and Kaus winds cause more than a third of all instances of
blowing dust; easterly to southerly are the favored directions from October to April (Awad, unkn). Figure 2-7
diagrams the prefrontal and postfrontal Kaus wind. For typical Sharki and Kaus satellite imagery signatures, see
Figure 2-10A on page 12.
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Figure 2-7. Prefrontal and postfrontal kaus winds diagrammed.

TABLE 1. Percentage frequencies of wind directions durdng dust disturbances at Baghdad
(annual averages), 1950-1960 (Awad).

Quadrant Quadant2 uadrant3

( 1-.90° (9 I-1!80 j (1I 1 1270o) (271 -_60 )
11.9% 27.7% 7.3% 53.0%

TABLE 2. Percentage frequencies of wind speeds during dust disurbances at Baghdad (annual
averages), 1950-1960 (Awad).

u toIakts II - tod20akts More tha u2arkts 4

27.0% 46.4% 26.5%

TABLE 3. Average number of days with duststorms at Baghdad (Awadl.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1.1 2.4 2.5 2.0 1.5 3.3 2.0 1.4 0.7 1.7 1.0 0.9 20.5

TABLE 4. Percentage frequencies of wind directions during dust occurrences at selected stations
(annual averages), 1973-1989 (ISMCS, 1990). The map (Figure 2-8) give% locations (by number) of stations
in the tablc.

Quadrant I Quadrant 2 Quadrant 3 Quadrant 4
(1-900) (91-180°) (181-270u) (271-3600)

I. Baghdad, IQ 21.8%t 31.2% 4.2% 22.8%
2. Mosul, IQ 16.4% 19.5% 33.6% 30.5%
3. Basrah. IQ 14.8% 23.2% 222% 39.8%
4. Dayr Az 7awr, SY 18.8% 18.9% 21.3% 41.0A,
5. Damniasus, SY 15.8% 27.6% 31.1% 25.5%
6. Kuwait City. KW 21.4% 22.6% 19.1% 36.90A
7, Ahwa7, IR 9.1% 20.4% 26.6% 43.9%
8. Dhahran, SD 33.4% 12.91' 12.4% 41.3%
9. Riyadh. SD 25.00% 19.4 91 26.6% 29.0%
10. Jcddah, SO 21.0% 31.5% 35.1% 12.4%
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2.2.2 Postfrontal Duststorms

Postirontal (lut~sttorms are referred to as, winter shamals across mnost of the Middle East. bit thcy have other kwal*
names, such as the Blat (Soltani. 1990) or the Belat tNliddlcton, 1980) in southern Saudi Arabia. These dusýtstormls'W
mnove in association with a (lynamic weathor feature and arc very active. See Ftgure 2-1l13 for a typical satellite
Signature.

If there is a lot of cloudiness oiver thc surface fro~ital boundary, the (lust signatuire may be obscured: but in most
cases, the (lust is the best way of locating the leadling edge of thc coldl frontal airmass Visual s;atcllite imagery will
show a large area of uniform shading as the cloud signature. while infrared imagery will show a dome 01 dust/sand
covering a large part of the Arabian Pentinsula. Tne pr;oblem with visual imagery is that utnless one is completely
familiar with the terrain. the (lust may not appear obvious unless it travels over a darker water surface. Since a front
is a &~nsity cUrrent, vortical motions, lik? those shown in density current surges are also genieratedt along the surlace
.rontal 7one. These horizontal and vertical vortices (solenoidal circulations) lift mid suspend dust and sanil particles.
Thvy also create the turbulence needled to genehule large scale duststorms. Heights of postifrontal dusts-torms arc
between 8.00E and 15O(X) feet. but dust andl reduced visibilities over the American southwest have been reported
above 30O(E) ft by UISAF pilots debriefed at Holloman AFB, New Mexico.

Zcro visibilitics arc not uncommon in -,ostfrontal stortms. Surface winds% are 15-230 W~, but gusts can be- over 40-5(0
ir~kis, in stronger systems. According to Peer (1994). intens;ity of a winter shamil outbreak can be determuinedl using

thermal contrast across Iraq. A contrast of 1(00 C equates to 34) kts, 150 C to 35 kis, 200 C to 40) kts, and 215" C to 45
kis. (Just speeds will be 10 kts higher than -sustained winds: peak gusts will be ptqo 2(0 kts higher.

There are two types of winter shamal. The first lasts for 24-36 hours an a frontal -system migrates through the
region: the shamnal winds and blow ing./sus;x-nded (lust move across thc length of the Persian Gulf in 12-24 hours
andt can be along the southern coast of the Arabian Peninsula and Iran within 48-72 hours (.ee Figures 6-1 and 6-2).
The second type persists for 3-5 (lays when a front stalls out and becomes swakumay (Perrone. 1979). Frequently,
the longer shaiaal has cyclogenesis (iccurr ing along the frontal boundary with apxallet ict strcam mRiving the frontal
wa'es to the east-northeast.0

2.2.3 Shear-line Dusistorms

Thec final type oif dtislstormn assocaiaed with frontal systems is the shear-linc tpe--Sec Figure 2-9 for Alkinson's
model of a surface shear line and Figure 2- lI~(' fv a typical shear line duststorn .Wellitc signature. Shear lines are
frequent in winter across the Arabian Peninsula, the Red Sea, and thioughout equatorial Africa.

~)0 %.

200- -0
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Shcar line. are created by convergence of northeasterly windliow to the south of a polar high-pr.ssure c•il and the
easterly trade-wind flow. Along the shear line there is a narrow hand of t1xaimumi1 wmids[ thai lifts loose dust
particles into the air as the shear line moves slowly southward and extends back to the west. Visual satellite imagery
shows some traces of the (dust as opaque white: infiared imagery will show plumes of dust in the cold air side and
along the shear line. A Irequeni ;ight acrocs north Africa is (lust funneling through and between mountains, leaving
a rainshadow-t)pe image (sce Figure 6-6). A common sight in visual imnagery is that of dust advecting oil' h•.e
western coast of Africa. The same shear-line pattern (ocurs over the Arabian Sea as the cold Iront weakens across
Pakistan or northwestern India anti Icaves a shcar line across ;he sea. The addition of noisture here will also create a
narrow hand of rope clouds aMong the convergent frontal zone, with blowing dust to the northern side of the cloud
(see Figure 6-2).

A Sharki B C

Sharki/Kais Type Shamal Type Shear line Type

Figure 2-10. Comparisons of signatures In satellite Imagery.

Wind speeds along a shear line arc titally 10-25 kts with gusts of 30-40 kLts. Across n•rth Africa. the shear Lae and
associated (fuslstonns become almot .emilp.rnanent features. They becomc temporarily stronger if the ridge mnoves
southward or builds, or if it is reinforced by frontal intrnsion- from the north. The climatological pattern across
central Africa has converging winds between the high pressure to the rc;'h and the tropical easterlies to the south.
Blowing (lust generally (ldos not o.. ur with this pattern, primarily bec',use there isn't enough lilt. Temperature
contrast, along with temperatures 1,)wer than normal and pressures higher than normal arc good indications of shear
line existence. There are many similarilies with the traveling microburst FFujila, 1916) and wind maxima that can be
tracked it) the west along the shear line: the mcroburst, however, is shown with divergent flow and (decreasing
winds, whereas the shear line ha% converging winds. These maxima are accompanied by duststorms anti low
visibilities as they move over sources oif loose surface material. Visibilities can fall to less than I/2 nru, but arc
usually in the 1-3 nm range.

2.3 CONVECTIVE DUSTSTORMS

These features are normally of a much smaller scale than frontal or shear-line storms, and Iherefore more difficult to
forecast. Their ellects on dewert operation,, however, are still signilicant. There are two types 0f convective
duslslorin: The hahnoh and ihe duiv devil. The halboo has received considerable altenlion in tlie past I) years,
primarily due to its involvement in the failed Iranian hostage rescue attempt (-i '19)1( (Ryan, 1985), as well as several
aircrafl c•ashes related to microbur,;t, (Fujila, 1986), one of the features that generate habox.bs.

2.3.1 The K;tboob

The habooh is a dust•otorm generated by downrush winds front a thunderstorm. It gets its name from its frequent
o•murrence over the deens ol northern Africa, but it also owcturs and has been stulied in the American southwest

1(Ido Cl al, 1972).
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