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'Now the wind grew strong and hard ancl it worked at the

rain crust in the cornfields. Little by little the sky was dark-
ened by the mixing dust, and the wind felt over the earth,
loosened tlrc dust and carried it away.'

J. Steinbeck, Ih e Grapes ofWrath,1939

Wlrat is a des*rt?
'The deserts of the world, which occur in every
continent including Antarctica, are areas where
there is a great deficit of moisture, predominantly
because rainfall levels are low. In some deserts this
situation is in part the result of high temperatures,
which mean that evaporation rates aÍe high. It is
the shortage of moisture which determines many
of the characteristics of the soils, the vegetation,
the landforms, the animals, and the activities of
humans' (Goudie and Watson, 1990).

A desert environment has conventionally
been described in terms of its deficiencies - water,
soils, vegetation and population. Deserts include
those parts of the world that produce the smallest
amount of organic matteÍ and have the lowest net
primary production (NPP, page 306). In reality,
many desert areas have potentially fertile soils, evi-
denced by successful irrigation schemes; all have
some plant and animal life, even if special adapta-
tions are necessary for their survival; and some are
populated by humans, occasionally only season-
ally by nomads but elsewhere permanently, e.g. in
large cities like Cairo and Karachi.

Frgure 7: l

The lndex ofaridity

The traditional definition of a desert is an aLra

receiving less than 250 mm of rain per year. Whiie

very few areas receive no rain at all (Places 24,

page 180), amounts of precipitation are usuallv

small and occurrences are both infrequent and

unreliable. Climatologists have sometimes tried

to differentiate between cold deserts where forat

least one month a year the mean temperatureis

below 6'C, and hot deserts. Several geomorph.

ologists have used this to distinguish the land.

forms found in the hot sub-tropical deserts - our

usual mental image of a desert - from those
found in colder latitudes, e.g. the Gobi Desert

and the tundra.
Modern attempts to define deserts are moLe

scientifíc and are specifically linked to the water

balance (page 60). This approach is based on the

relationship between the input of water as pre.

cipitation (P), the output of moisture resulting

from evapotranspiration (E), and changes in
water held in storage in the ground. In parts

of the world where there is little precipitation
annually or where there is a seasonal drought,

the actual evapotranspiration (ÁĚ) is compared

with potential evapotranspiration (PI) - the

amount of water loss that would occur if suf-

ficient moisture was always available to the veg.

etation cover. C.W. Thornthwaite in 1931was

the first to define an aridity index using thrs

relationship (Figure 7.1).
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Íigure 7.2

Arid lands ofthe world
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On the basis of climatic characteristics, including
Thornthwaite's alidity index, one-third of the
worlcl's land surface can be classified as desett,

i.e. aricl and semi-arid. Alarmingly, this figure,
ancl thercfore the extent of dcserts, may be

increasing (Case Study 7).

As shown in Figure 7.2, the maiority of deserts
lie in the centrc or on thc \ /est croast of conti-
ncnts between 15' and .10' north and south of the
Equator. This is the zone of sub-tropical high pres-

surc where air is sr,rbsiding (the clesccnding limb of
thc Hadley cell, Figure 9.34). On page 226 there is

an explanation of how warm, tropical air ls forced
to rise at the Equator, ploducillg convectional rain,
and how latel that air, once cooled and stripped of
its moisture, descends at approximately 30'north
and south of the Equatot. As this air descends it
is compresscd, warmed ancl produces an area of
permanent high pressure. As the air nlarms, it can

hold an incleasing amount of water vapour which
causes the lower atmosphere to become very dry.
'l'he low relative hurniclity, combined with the fact

that there is little sut face watet for evaporation,
gives clear skies.

A seconcl cause of cleserts is the rainshadow
effect produced b1, high mountain langes. As
the prevailing wincls in the sub-tropics are the
trade wincls, blowing from the north-east in the
northern hcmisphere and the south-east in the
southern hemisphere, then any barriel, such
as the Andes, prevents moisture from leaching
the western slopes. Whele plate nlovetnents
have pushed up mountain ranges in the east of

a continent, thc rainshadow effect creates a

much larger extent of cleselt (e.9. 82 per cent of
thc lancl area of Australia) than when the moun-
tains are to the ÝVeSt, as in South America'

Aridity is increased as the trade winds blow
tou/aťds the Equator, becoming WaImeI and thele-
fole drier. Where tire trade wincls blow from the
sea, any moisture which they rnight have held
will be prccipitated on eastern coasts leaving little
moisturc for mid-continental areas. The three
maior deserts in the notthern hemisphere which
lie beyond the sub-tropical high pressure zone
(the Gobi and Turkcstan in Asia and the Great
Basins of the USA) are mlcl-continental regions far
r emoved from any rain-bearing winds, and sur-

rounded by protcctive mountains.
A third combination of cilcumstances giving

rise to deserts is also shown in Figure 7.2. Several

cleserts lie along western coasts where the ocean
water is cold. In each case, the prevailing winds
blow parallel to the coastline and, due to the
Earth's rotation, they tend to push surface water
seaward at right-angles to the wincl direction.
The Coriolis force (page 224) pushes air and
water coming from the south towards the left
in the southern hemlsphere and water from the
north to the right in the northetn hemisphere.
Consequentlý VeIy colcl watcl is drawn upwatds
to the ocean surface, a process called upwelling,
to rcplace that dtiven out to sea. An1, air which
then crosses this cold water is cooled and its

capacity to hold moistule is diminished. Whele
these coolcd winds from the sea blow onto a

walm lancl sulface, advcction fogs fblm (page 222

and Places 24).
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W rheAtacama Desert: climate
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Deserts provide a classic example of how easy it
is to portray or to accept an inaccurate mental
picture of different places (or people) in the
world. What is your image of a desert? ls it a land-
scape of sand dunes similar to those shown in
Figures 7 .I5-7 .1,8, perhaps with a camel or palm
tree somewhere in the background? Large areas

The prevailing winds in the Atacama, which

lies in the sub-tropical high pressure belt,

blow northwards along the South American

coast.These winds, and the northward-

flowing Humboldt (Peruvian) current over

which they blow, are pushed westwards (to

the left) and out to sea by the Coriolls force

as they approach the Equator. This allows the

upwelling of cold water from the deep Peru-

Chile sea trench (Figure 'l .12) that provides

the rich nutrients to nourish the plankton

which form the basis of Peru's fishing industry,

The upwelling also cools the air above which

then drifts inland and over the warmer desert,

The meeting of warm and cold air produces

advectlon fogs (page 222)which provide

sufficient moisture for a limited vegetation

cover. Inland, parts of the Atacama are alleged

to be the only truly rainless desert in the world,

but even here the occasional rainfall event

ooes occur.

of dunes, known as erg, do exlst - but they cover

only about one-quarter of the wolld's deserts.

Most deserts consist either of bare tock, knoun at

hammada (Figure 7 .4), or stone-coverecl plains,

called reg (Figure 7.5). Deselts contain a great

divelsity of landscapes. This diversity is due to

geological factors (tectonics and rock type) as \\'tll

as to climate (temperature, rainfall and wind) and

resultant weathering processes.
Figure 7.5

A slony (reg) desel !,rrr,

I

I

11

Figure 7.3

The Atacama Desert

tigure 7.4

A rocky (hammada)

desert, Wadi Rum,

lordan

i
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tigure 7.6
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In their attempts to understand the development
of add landforms, geographers have come up
against three main difficulties:
I How should the nature of the weathering

processes be assessed? Desert weathering was

initially assumed to be largely mechanical
and to result from extreme diurnal ranges in
temperature. More recently, the realisation
that \ /ater is present in all deserts in some
form or other has led to the view that chem-
ical weathering is far more significant than
had previously been thought. Latest opinions
seem to suggest that the major processes/ e.g.

exfoliation and salt weathering, may involve
a combination of both mechanical and chem-
ical weathering.

2 What is the relative importance of wind and
\ /ater as agents of erosion, transportation and
deposition in deserts?

3 How important have been the effects of cli-
matic change on desert landforms? During
some phases of the Quaternary, and previ-
ously when continental plates were in dif-
ferent latitudes, the climate of present arid
areas \ r'as much wetter than it is today. How
many of the landforms that we see no\,/ are,

therefore, relict and how many ale still in
the process of being formed?

ffi **ka g,.a ž ce $ w*m*k*r# m g
Traditionally, weathering in deserts was attrib-
uted to mechanical processes resulting from
extremes of temperatute. Deserts, especially
those away from the coast, are usually cloud-

Anexfoliationdome: Uluru less and are characterised by daily extremes of

tempeÍatules to fall to ZeIo. Although in some
colder, more mountainous deserts, frost shat-
tering is a common process, it was believed that
the major process in most deserts was insolation
weathering. Insolation weathering occuts when,
during the day, the direct rays of the sun heat
up the surface layers of the rock. These surface
layers, lacking any protective vegetation cover,
may reach 80"C. The different types and colours
of minerals in most rocks, especially igneous
rocks, heat up and cool down at different rates,
causing internal stresses and fracturing. This
process was thought to cause the surface layers
of exposed rock to peel off - exfoliation - or
lndividual grains to break away - granular
disintegration (page 41). Where surface layers
do peel away, newly exposed surfaces experi-
ence pressure release (page a1). This is believed
to be a contributory process in the formation
of rounded exfoliation domes such as Uluru
(Figure 7 .6) anď Sugarloaf Mountain (Figure 2.3).

Doubts about insolation weathering began
when it was noted that the 45OO-yeal-old
ancient monuments in Egypt showed littie evl-
dence of exfoliation, and that monuments in
Upper Egypt, where the ciimate is extremely
arid, showed markedly fewer signs of decay than
those located in Lower Egypt, where there is a
limited rainfall. D.T. Gt'iggs (1936) conducted
a series of laboratory experiments in which he
subjected gÍanite bIocks to extlemeS of tempera.
ture in excess of 100'C. After the equivalent of
almost 250 years of diurnal temperature change,
he found no discernible difference in the rock.
Later, he subjected the granite to the same
temperature extremes while at the same time
spraying it with water. Within the equivalent
of two and a half years of diurnal temperatule
change, he found the rock beginning to crack-
His conclusions, and those of later geomor-
phologists, suggest that some of the weathering
previously attributed to insolation can now be
ascribed to chemical changes caused by mois-
ture. Although rainfall in deserts may be limited,
the rapid loss of temperature at night frequently
produces dew (175 nights a year in lsrael's
Negev) and the mingling of warm and cold air
on coasts (e.g. of the Atacama) causes advec-
tion fog (page 222). There is sufficient moisture,
therefole, to combine with certain minerals to
cause the rock to swell (hydration) and the outeÍ
layers to peel off (exfoliation). At present, it
would appear that the case for insoiation weath-
ering is neither proven nor disproven and that
it may be a consequence of either mechanical
weathering, or chemical \^/eatheÍing, or both.

(formerly called Ayers

Roď), UIutu-Kata T.iuta

National Park, Australia

temperature. The lack of cloud cover can allow
day temperatures to exceed 40'C for much of the

(omparewithFigure2.3) year; while at night, rapid radiation often causes
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|ígure7,7

(arvings in desert

varnish, Wadi Rum,

J0r0a n

The second mechanical process in desert
environments, salt weathering, is more readily
accepted although the action of salt can cause
chemical, as well as physical, changes in the rock
(page 40). Salts in rainwater, or salts brought to
the surface by capillary action, form crystals as

the moisture is readily evapotated in the high
temperatures and low relative humidities. Further
evaporation causes the salt crystals to expand and
mechanically to break off pieces of the lock upon
which they have formed (page 40). Subsequent
rainfall, dew or fog may be absorbed by salt min-
erals causing them to swell (hydration) or chemi-
cally to change their crystal stÍuctule (page 42).

Where salts accumulate near or on the surface,

?he imp*rtanc* cťw&ncj effid Wmteř

Geomorphologists working in Africa at the
end of the last century believed the wind to be
responsible for most desert landforms. Later
fieldwork, carried out mainly in the higher and
wetter semi-arid regions of North America, recog-
nised and emphasised the importance of running
water and, in doing so, de-emphasised the role of
wind. Today, it is more widely accepted that both
wind and water play a significant, but locally
varying, part in the development of the different
types of desert landscape.

É,coiian {w!nd} přsťesses
řra*sporť
The movement of particles is determined by
several factors. Aeolian movement is greatest
where winds are strong (usually over 20 km/hr),
turbulent, come from a constant direction and
blow steadily for a lengthy period of time. Of
considerable importance, too, is the nature of the
regoiith. It is more likely to be moved if there is no
vegetation to bind it together or to absorb some of
the wind's energy; if it is dry and unconsolidated;
if particles are small enough to be transported;
and if material has been loosened by farming

particles may become cemented togethel to
form duricrusts. These hard crusts are classified
according to the nature of their chemical compoý.

tion. (Students with a special interest in geology
or chemistry may wish to research the meaning
of the terms calcretes, silcretes and gypcretes.)
Another form of crust, desert varnish, is a hard,

dark glazed surface found on exposed rocks which

have been coated by a film composed largely of

oxides of ilon and manganese (Figure 7.7) and,
possibly, bacterial action. It is hoped that the
dating of desert varnish may help to establish a

chronology of climatic changes in arid and sem"

arid environments.

practices. While such conditions do occur locall.v

in temperate latitudes, e.g. coastal dunes, summits

of mountains and during dry summers in arable

areas, the optimum conditions for transport by
wind are in arid and seml-alid environments.

Wind can move material by thlee processes:

suspension, saltation and surface creep. The
effectiveness of each method is related to oarticle

size (Figure 7.8).

Suspension Where material is very fine, i.e,

less than 0.15 mm in diameter, it can be picked

up by the wind, raised to considerable heights
and carried great distances. There have been
occasions, though perhaps recorded only once

a decade, when red dust from the Sahara has

been carried northwards and deposited as'red
rain' over parts of Britain. Visibility in deserts is

sometimes reduced to less than 1000m and this

is called a dust storm (Figure 7.9). The number
of lecorded dust storms on the margins of the

Sahara has increased rapidly in the last 25 yeais

as the drought of that region has intensified. In

Mauritania during the early part of the 1960s,

there was an average of only 5 days/yr with dust

storms compared with an average of 80 days/yi

over a similar period in the early 2000s.
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dust storm

land surface is lowered

leaving desert pavement: a coarse mosaic of stones
resembling a cobbled street, which protects against
further erosion

Cl St or

Saltation When wind speeds exceed the
thr eshold velocity (the speed required to initiate
grain movement), fine and coarse-grained sand
particles are lifted. They may rise almost verti-
cally for several centimetres before returning to
the ground in a relatively flat trajectory of less
than 12" (Figure 7.8). As the wind continues
to blow, the sand particles bounce along, leap-
frogging over one anotheÍ. Even in the worst
stoÍms, sand glains ale lalely lifted highelthan
2m above the ground.

Surface creep Every time a sand particle,
transported by saltation, lands, it may dislodge and
push forward larger particles (more than 0.25 mm
in diameter) which are too heavy to be uplifted.
This constant bombardment gradually moves
small stones and pebbles over the desert surface.

Figure 7.1 I

The proces oí def|ation

silt and sand removed by wind, leaving stones

D2 '!r

4x4 vehicles are being accused olclarnaging the
ecology of the Sahara Desert and contributing to the

world's growing dust storm problem. Since the
I 990s, 4xzl Land Cruisers have replaced the camel as

the vehicle oťchoice (a process r.eÍ-erred to irs
'Toyotarisation'). These vehicles. according to
ProÍ.essor Goudie, are gradually destroying the thin
layel oť lichen and gravel that keeps the desert
surface stable in high winds. In the worst-affected
re-9ions, estimates suggest that 1210 million tonnes
oIdtrst are th'rown un eauh u 1cltt. len limes morť
than half a century ago. The dust, whicl-r rray contain
harmful nricrobes ancl pesticides, is transported high
into the atmosphere during stolnrs and deposited
(known as blood rain in certain places) as Íar afield
as the Alps (seen as a red layer on top of the snow),
the Caribbean (where fungal pores caried with it
have been blamed Íbr destroying coral reefs) and on
cars and propeny in southem England.

tigure 7.9

Dust storms (reated nv frumln activitv

#rmsřgm
'lhere are two main processes of wind erosion:
deflat ion and abrasion.

Deflation is the progressive removal of fine
mateÍial by the wind leaving pebble-strewn desert
pavements or reg (Figures 7.10 and 7.11). Over
much of the Sahara, and especially in Sinai in
Egypt, vast areas of monotonous, flat and coiour-
less pavement are the product of an earlier, v/etter
climate. Pebbles \,vere transpolted by water fuom
the surrounding highlands and deposited with
sand, clay and silt on the lowiand plains. Later,
the lighter particles were removed by the wind,
causing the lemaining pebbies to settle and to
interlock like cobblestones.

Elsewhere in the desert, dew may collect in
hollows and material may be loosened by chem-
ical weathering and then removed by wind to
leave closed depressions or deflation hollows.
Closed depressions are numerous and vary in size
from a few metres across to the extensive Oattara

red'Saharan'
dust deposited
in southern
Europe and
occasionally
even the UK
(also known
a5 toess)

'& i$

transport process

suspensron

saltatio n

surface creep
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Figure 7,12

Landshore yardangs,

Western Desert, Egypt

tiguÍe 7 13

The movement of

a crescent-snaped

barchan

a in plan

prevailing wind

Depression in Egypt which reaches a depth of
134 m below sea-level. Closed depressions may
also have a tectonic origin (the south-\ /est of
the USA) or a solution origin (limestone aÍeas

in Morocco). The Dust Bowl, formed in the
American Mid-West in the 1930s, \ /as a conse-
quence of deflation following a severe drought in
a region where inappÍopliate farming techniques
had been introduced. Vast quantities of valuable
topsoil were blown a\ /ay, some of which was
deposited as far away as Washington, DC.

Abrasion is a sandblasting action effected
by materials as they are moved by saltation.
This process smooths, pits, polishes and wears
away rock close to the ground. Since sand par-
ticles cannot be lifted very high, the zone of
maximum erosion tends to be within 1 m of the
Earth's surface. Abrasion produces a number of
distinctive landforms which include ventifacts,
yardangs and zeugen.

Ventifacts are individual rocks with sharp
edges and, due to abrasion, smooth sides. The
white rock in the foreground of Figure 7.10 has a

long axis of 25 cm.
Yardangs are extensive ridges of rock,

separated by grooves (troughs), with an align-
ment similar to that of the prevailing winds

(Figure 7 .12).In parts of the Sahara, Arabian and

Atacama Deserts, they are large enough to be

visible on air photographs and satellite imagery.

Zeugen are tabular masses of resistant rock
separated by trenches where the wind has cut vetti.

cally through the cap into underlying softer rock

ffiepcsďťgom
Dunes develop when sand grains, moved by salta-

tion and surface creep, are deposited. Although
large areas of dunes, known as ergs, cover about 25

per cent of arid regions, they are mainly confined
to the Sahara and Arabian Deserts, and are virtualll'

absent in North America. Much of the early field-

work on dunes was carrled out by R.A. Bagnold in

North Africa in the 1920s. He noted that some, but

by no means all, dunes formed alound an obstacle

- a rock, a bush, a small hill or even a dead camel;

and most dunes were located on surfaces that wete

even and sandy and not on those which were

irregular and rocky. He concentrated on two typer

of dune: the barchan and the seif. The barchan is

a small, crescent-shaped dune, about 30m high,

which is moved by the wind (Figures 7.13 and
7.15). The seif, named after an Arab curved sword,

is much larger (100km in length and 200m in
height) and more common (Figure 7.1.7), altl'tough

the process of its formation is more complex than

initially thought by Bagnold. Textbooks often over.

emphasise these t\ /o dunes, especially the barchan

which is a relatively uncommon feature.
While Bagnold had to travel the desert in spe-

cially converted cars, modern geographers detive

their picture of desert landforms from aerial
photographs and Landsat images. These new
techniques have helped to identify several types

of dune, and the modern classification, sti1l based

on morphology, contains several additional types

(Figure 7.Í4).Dune morphology depends upon

the supply of sand, wind direction, availabilityof
vegetation and the nature of the ground surface,

b in profile

prevailing wind
..,,,,:,::li!.

saltation and surface

eddying helps to maintain
sreep sropes

gentle,
slightly
concave

barchans migrate, moving forwards by up to 30 m/yr

creep on gent|e jT''-lÍĎ}

x;ž .....*,.v

horn moves faster than
centre of dune as there
is less sand to move

A steep, upper slip slope of coarse grains and with continual sand

avalanches due to unconsolidated material (unlike a river, coarse

grains are at the top)

B gentle, basal apron with sand ripples:thefiner grains,as on a beach,

give a gentler gradient than coarser grains

height 30 m
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individual dunes, crescent

shape with horns pointing

downwind (Figures 7.13

and 7.1 5)

asymmetrical, oriented at

rlght-angles to wind, rows

of barchans forming parallel

ridges

oriented at right-angles to

wind but lacking barchanoid

structure, resemble ocean

waves (FÍgure 7.16)

dome+haped (height

reÍricted bywind)

longltudinal, parallel dunes

with slip faces on either side,

can extend for many km

(Figure 7.'17)

hairpin*haped with noses

pointing downwind, a type of

blowout (eroded) dune where

middle section has moved

forward, may occur in clusters

complex dune with a star (star-

fish) shape (compare arétes

radiating from central peak)

(Figure 7.18)

appreciable strong winds limit height

amounts oí ofdune

coarse sand

constant direction, al

right-angles to dune

(onstant diÍeCtion, at

Íight'angIes to dune

steady wlnds (trades),

constant direction but with

reduring speeds, at right-

angles t0 dune

peÍsistent, steady Winds

(trades), with slight seasonal

or diurnal changes in direction

effective winds blow from

several directions

winds ofequal strength and

duration from opposite

directions

highly mobile

vegetation sand checked by baniers,

stabilises sand Iimited mobility

virtually no movement

regular (even) surface,

virtually no movement

limited

limited

abundant

(thick) sand
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tigure 7.1 7

5eií (|inear) dunes,

Sossusvlei, Namibia

It has alreacly becn noted that, in arid areas,

moistule must be pÍesent for.plocesses of
chemical weathering to operate. We have alscl

sccn that often rainfall is low, irregular and infre-
quent, \'\,ith long-term fluctuations. Aithough
most deSelt rainfal1 oc]cuťs in low-intensity
stolnls/ the occasiona1 sudden, moÍe iSo1ated,

hear,ry downpout, does occttt. 'l'here ale recorcls
of several cxtreme desert rainfall events, each
equivalcnt to the three-monthly mean rainfall of
l,onclon. The impact of nlateÍ is, therefore, very
significant in shaping desert landscapes.

Rivels in arid environments fall into three
main CatcgoÍies.

1,{r

Exogenous F,xogenous rivers are those
like thc Colorado, Nile, Inclus, 'l'igris and
Euphr:ates, which rise in mountains bevond the

desert rnargins. These rivers continue to flow
thror,rghout the year even if their discharge is

reduced by evapolation when thcy cross the atid

1and. (The last four rivets mentioned provided
the location for some of the earlicst ur:ban set-

tlements - page 388.) 'l'he Colorado has, for or,et

300 km of its course, cut clown vettically to fotm

the Grand Can1,on. lihe canyon, which in places

is almost 2000 m (over 1 mile) deep, has steep

sides partly due to rock stlucture and partly
due to insufficient ralnfall to degrade them
(Figure 7.19).

i:a i; arr 1
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figuteT.l9

Ihe 6rand (anyon,

Arizona, U5A

Endoreic Endoreic dlainage occurs where
rivers terrninate in inland lakes. Examples are the
RiverJordan into the Dead Sea and the Bear into
the Great Salt Lake.

Ephemeral Ephemeral streams, which are

more typical of desert areas, flow intermittently,
or seasonally, afteÍ IainStolms. Although often
shortlived, these streams can generate high levels
of discharge due to several local characteristics.
First, the tbrrential nature of the rain exceeds
the infiltlation capacity of the ground and so

most of the water drains a\ /ay as surface runoff
(overland flow, page 59). Second, the high tem-
peratures and the frequent presence of duricrust
combine to give a hard, impermeable surface
which inhibits infiltration. Third, the lack of
vegetation means that no moisture is lost or
delayed through interception and the rain is able
to hit the ground with maximum force. Fourth,
fine particles are displaced by rainsplash action
and, by infilling surface pore spaces, further
reduce the infiltration capacity of the soil. It is

as a result of these minimal infiltration rates
that slopes of less than 2" can, even undet quite
modest storm conditions, experience extensive
overland flow.

Studies in Kenya, Israel anci Arizona suggest
that surface runoff is likely to occur within 10
minutes of the start of a downpoul (Flgure 7.20).

This may initially be in the form of a sheet flood
where the water flows evenly over the land and
is not confined to channels. Much of the sand.
gravel and pebbles covering the desert floor is
thought to have been deposited by this process;
yet, as the event has rarely been witnessed,
it is assumed that deposition by sheet floods
occulred mainly during earlier wettel periods
called pluvials.

Very soon, the collective runoff becomes con-
centrated into deep, steep-sided ravines known
as wadis (Figure 7.221 or arroyos. Nolmally dry,
wadis may be subjected to irregular flash floods
(l'igure 7.2O and Places 25). The average occur-
rence of these floods is once a year in the semi-
arid margins of the Sahara, and once a decade in
the extremely arid interior. This infrequency of
floods compared with the great number and size
of wadis, suggests that they were created when
storms \,/ere more frequent and severe - i.e. they
are a relict feature.

s*ďÉmegr*s *x#přmyms
Stretching from the foot of the highlands, there is
often a gently sloping area either of bare rock or of
rock covered in a thin veil of debris (Figures 7.21

and 7 .24). This is known as a pediment. l'here is
often an abrupt break of slope at the junction of
the highland area and the pediment. Two main
theories suggeSt the orígin of the pediment,
one involving \ /ater. This theory proposes that
weathered material from ciiff faces, or debris
fiom alluvial fans, was carried during pluvials by
sheet floods. 'l'he sediment planed the lowlands
before being deposited, leaving a gently concave
slope of less than 7' (Figut e 7 .24). Tlne altetna-
tive theory involves the parallel retreat of slopes
resulting from weathering (King's hypothesis,
Figure 2.24c).
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Wadis: Í|ash floods

Note the absence of base flow

Figure 723

Typical storm hydrograph

for a flash flood in a wadi

l)layas are often found at the lowest point
of the pedirnent. They are shalloq ephemeral,
saline lakes folmed after rainstorms. As the raln

water rapidly evapoÍates, flat layers of either clal,

silt or salt are left. Where the dried-out surface

consists of c1ay, large desiccation cracks, up to

5 m deep, are formed. When the surface is
salt-covered, it produces the 'flattest landform
on land'. Rogels Lake, in the Mojave Desert,
California, has been used for spacecraft landings,

while the Bonneville saltflats in Utah have been

the location for land-speed lecord attempts.

figure 7,21

Pediment atfoot of

highlands, Wadi Rum, Jordan

Camping in a wadi is something that experienced

desert travellers avoid. lt is possible to be swept

away by a flash flood which occurs virtually
without warning - there may have been no rain at

your location, and perhaps nothing more ominous

than a distant rumble of thunder. Indeed, the
first warning may be the roar of an approaching
wall of water. One minute the bed of the wadi is
dry, baked hard under the sun and littered with
weathered debris from the orevious flood or from

the steep valley sides (Figure 7.22), and the next

minute it is a raging torrent.

The energy of the flood enables large boulders
to be moved by traction, and enormous amounts

of coarse material to be taken into suspension
some witnesses have claimed it is more like a

mudflow. Friction from the roughness of the bed,

the large amounts of sediment and the high rates of

evaporation soon cause a reduction in the stream's

velocity. Deposition then occurs, choking the
channel, followed by braiding as the water seeks

new outlets. Within hours, the floor of the wadi is

dry again (Figure 7.23).

The rapid runoffdoes not replenish groundwater

supplies, and without the groundwater contribution

to base flow characteristic of humid climates, rivers

cease to flow. At the mouth of the wadi, where

the water can spread out and energy is dissipated,

material is deoosited to form an alluvial fan or cone

(Figure 7 .24).lf several wadis cut th rough a hig h land

close to each othel their semi-circular fans may

merge to form a bahada (bajada), which is an almosl

continuous deposit of sand and gravel.

;! , ',1';:.

,;111,,

discharge
(cumecs)

100

rainfa | |

(mm)

100
high peak discharge
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landworn backtoform W

wadis: íeep-sided valIeys
with ephemeral streams \

inselbergs (in semi arid areas)
or mesas and buttes (á

Figure 7.24

Pediments and playas

ligure 7.25

l\,1esas and buttes,

l\4onument National

furk, Arizona, U5A

steep back wall, often 40.
.;- . -- (both chemical and

;.. ,.1 
t ,. mechanical weathering)

pr0n0unc

possibly I

Occasionally, isolated, flat-topped remnants
of former highlands, known as mesas, rise sheer
from the pediment. Some mesas, in Arizona,
have summits large enough to have been used
as village sites by the Hopi Indians. Buttes are
smaller versions of mesas. The most spectacular
mesas and buttes lie in Monument Valley Navajo
Tribal Park in Arizona (F'igure 7.25).

&efia&9grns&?Íp he€w**aŤ w$$j{& ffi{Ť* Wčeéeť

Sonre desett aťeas ale dominated by wind, othels
by water. Areas where wind appears to be the
dominant geomorphological agent are known as

aeolian domains. 'l'he effectiveness of the wind
increases where, and rvhcn, amounts of rainfall
decrease. As rainfall decreases, so too does any
vegetation covel. This allows the wind to trans-
poÍt mateIial unhindered, and tates of erosion
(abrasion and deflation) and deposition (dunes)

playa: an ephemeral lake,

. . 
- '., surface may be desiccated

'. ' " clay or a salt crust

'.
'dépósitioň ói sands ánd
gravels by sheet floods

(flat)

to increase. Fluvial domains are those where
water processes are dominant or, as evidcnce
increasingly suEJgests, have been dominant in
the past. Vegetation, which stabilises material,
incrcases as rair-rfall increascs or where coastal fos
and dew are a regular occurrence.

Evidence also suggests that wind ancl water
can interact in arid environments ancl that land-
forms produced by each do co-exist within the
same locaiity. However, the balance between
their relative importance has often altered,
mainly due to climatic change either over
lengthy periods of time (e.g. the 18 000 years
since the time of maximum glaciation) ol during
shorter fluctuations (e.g. since the mid-1960s in
the Sahel). At present, and especially in Africa,
the decrease in rainfall in the semi-arid desert
fringes means that the role of water is probably
declining, while that of the wind is increasing.



[:lSure 7"26

Extent oísand dunes
jn Aírica

There have alleacly been lefelencres to pluvials
within the Sahara Desert (pagc 1[31). Prior to thc
Quaternar-v era, thcsc may havc occullccl rvhcn
the Aflican lrlate lay further to thc south and
tl're Sahala was in a latitudc cquivalcnt to that
of the present-dav savannas. In the Quaternarv
era, thc advancc of tl-rc ice sheets lesulteci in a

shift in winclbelts which caused changes in pre-
cipitatiorl patteÍns, tenlpeÍatuIes ancl el,apora-
tion rates. At the time of maximum glaciation
(18 000 years ago), clesert conditions appear tcr

havc beerr moťe extenSlve than they are today
(Figure 7.26). Since then, as sr.rggested bv radio-
carbon dating (page 2'iB), there have been

b today

areas of sand dunes

frequent, relatlrrelv sholt-livecl pluvials, thc lasl

occurring abont 9000 years ago. Lvidence for a

once-\\retter Sahala is given in ligure 7.27.
Hcrodottrs, a historiar-r living ir-r ;\ncient

Greece, clesclibecl the (lalamantes civilisation
rvl.ticlt f-lourished in the Ahaggar Mountains -1000

vears ago. This people, who lecorcleci their exploits

in cavc paintings at Tassili cles Ajlers, huntecl
clcphants, giraffc's, lhinos ancl antc.lope.'l wentv
centuries ago, Nor:th Africa was thc 'granar), of the

Rornan linpire'. Wadis are too lar:gc and deep and

alluvial concs too widcsprcad to have been folmerl

by toclay's occasional storms, r,vhile sheet fkrocls

are too lnflequent to havc mor,'cc1 so much
materiaI ovel pcdimcnts. Radiating fi-orn the
Ahaggar ancl'l'ibesti Mountains, aclial photo-
graphs ancl satellite irnagely have levcalcd manr
clr1, v611.tt n'hich once must have hclcl pcrmanent

rivers (cornpare l.'igur:e 6.r14). Lakcs wcrc also once

nruch lar5Jel and deeper. Around Lakc Chacl, shoL+

lines 50m above the present 1cvcl arc visible, anrl

lesearch sLlggests that lake levels might oncc havt'

been over 100 rn higher. (l.ake llonnevillc in thc

US.'\ is onl,v clne-tenth of its folmel rnaximum sizt'

ancl, like Lake Chad, is ch'ying up rapiclly.) Small
crococliles founcl ir-r the'l'ibesti must havc bccn
il apped in the slightly \ /etter uplands as the deseLt

ach'ancecl. Also, pollen analysis has shown that
oak ancl ceclal forests aboundecl in the sarne region

l0 000 vears ago. C}'ounciwater in tlic Nr"rbian

sanclstone has been clatecl, by radio-isotopc
rnethocls, to be over 25 000 lrear s old, and niav
have accurrrulatecl at about the sarne tirnc as fossil

laterite soils (page 32 l).

a | 8 000 years ago

l
l

L'l
il

t.
liI

t\

One of the granaries / F[guro7"27

of Ancient Řome. 
Fossi| |aterite soi|'s and fossiI Evidence of pIuvia|s

approximatenorthernlimitof Saharatoday 1----- -:,'^:' I water25000yearsold. intheSahara

' 1,-Ňtu'Mountalns + / ,/
/ \ - -' Eovotidn Desert

Fossil ergs, possib
formed by water as Ahaggar Mountains Tassili des Ajjers *-_,- Numerous wadis.

well as by wind ---\ Relict radial drainage. \ Tibesti l\4ountains southern Egypt and

approximate southern |imit of AncÍent Garamant)s '- 
Po||en from oaks northern Sudan

Sahara today -.' giýer civi|isation of pastora|ists 1l.ii".lli'.o''", ^: Sand,shown by Co|umbus space

\ $ . who |eít cave paintings. *.'.'n. 
"'"- '- shutt|e to be 5 m deep, coveti.g

\- I - ruurru 
: numerous river channels cut in

t Chnrj * underlying bedrock.

l,l ,. once3OoOOokm2inarea, -., 
\!--., , 12Om deeperthan today \ \L Volta i ano rarge enough to floí \ \

/ southwards intá the sea, \ \
Drought since 1974has dried up headwaters now virtually dried up. tt\ \ \
of theR.Volta.LakeVolta,anartificial lake Laketerraces \.-_=\ Early2oth-century

. created in the I 960s, is decreasing in size. 50 m high. forests and farm and
0 600km now desert.

F

(
(
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nthe mid 
,1970s, desertification, not qlobal

warm ng, was perceived as the world's

major environmental issue. Since then

the nature, extent, causes and effects of

desertiflcation have become shrouded tn

controversy. Ta ken litera I ly, desertification

means'the making of a desertl More he p

fu y, it has been deflned as'the turning of

"e drd oitpr . hrough pl'vsical p'oce(ce5

and human mismanagement, into desertl

Even so, although the term has been in use

for over half a centu ry, few ca n ag ree on

exactlywhat it means.The diversity of defi-

n tlons - there are over 100 is due largely

.o r'-e"taii .y over its t auses.

worst areas

1 Ethlopia
2 Sudan
3 Chad
4 Niger
5 Somalia

Percentage of
population at risk

18
23
30
42
26

Level of risk

K u"ryseuete

t* seuute

moderate

slight

Goudle says that'the questron has been

asked whether this process is caused by

temporary drought periods of high magni

tude, is due to longer term climatic change

towards aridity, is caused by man-induced

climatic change, or is the result of human

action through man's degradation of the

biological envlronments in arid zones. Most

people now believe that it is produced by

a combination of increasing human and

animal populations, which cause the effects

of drought years to become progressiv.'ly

more severe so that the vegetation ls

placed under increasing stressl

Sahel
cou ntries

'1o\e pIa.eS peILe'' pd ro be at orÓdTosI

risk from desertifrcatlon are shown tn

Figure 7.28. n 2005 the UN claimed that

desertification directly affected over 250

million people and threatened anotfter

1 bi lion living in at risk countries. lt

is genera ly agreed that the desert is

encroaching into semi arid, desert

margins, especially ln the Sahel a broad

belt of land on the southern side of the

Sahara (2-4 in Figure 7.28).

Some of the main interrelationships

between the believed causes of desertifrca

tion are shown in Figure729.

trgure 7,28

Areas at risk from

desertification

ligue?.29

iauses ďdesertifi-

nlronrntheSahel

climatic change

0 5000 km

less rainfall (total amounts and
reliability), increased drought
(frequency and intensity)

rivers and water
holes dry up

global warming: higher
temperatures, increased evaporation,
reduced condensation

in some areas,livestock numbers
increased by 40 per cent in wetter
(pluvial) years precedlng mid-1 960s

increased demand for wood for
cooking, heating, building

\cannot . \L-,/re-establishL-,2 +-

less rainfall

overgrazing: soil
depleted of nutrients,
land stripped of its
protective grass cover
(Figure 7.30)

deforestation
(page 543)

vegetation
dies

ve9etailon

itself

U

population growth:

t high birth rates ffi@

increase in animals
(above carrying
capacity, page 378)

2 immigÍants
including
refugees from
civil wars
and droughts

farmersforcedtochangetraditional I \ overcultivation: ------\ -*:--\
methodsoflanduseasmoreland [: i)166u..6soil fertility, l- 

-> 
L-)

"""1:9"'l::o:'oo:!9lu"o'-':9n"ouol. il|ffj;:il*t, veserarion l

remove0

increase in

evaporatron
fromsoil wp

increased :
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in protective
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cover
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soil exposed
to wind and
rain
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ffi Desertification: fact or fiction?

Figure 7,30

Desertification and

a overgrazing

b overcultivation

In 1975, Hugh Lamprey, a bush pllot

and envrronmentalrst, claimed that,

since his previous study 17 years earlter,

the desert in the Sudan had advanced

southwards by 90 I0O km. ln 1982 and

at the height of one of Africa's worst-ever

recorded droughts, UNEP (Unlted Nations

Envjronmental Programme) claimed that

the Sahara was advanclng southwards by

Ó l0 km a year and that, 9 oba||y, 21 mi||ion

hectares of once productive soilwere
be ng reduced each year to zero produc

tivity, that 850 million people were berng

affected, and 35 per cent of the wor d's

surface was at risk (figures quoted by UNEP

řigure 7.31

Scientific evaluation

in the mid-1990s

Researchers at the University of Lund' 
1n..-,--u

l;;;", calTied out iielc1 SuÍveys and examtneo

]ui"iiir"'pi.nttts t'rf sudan i' an attempt tt'r

.;;íl;L".p.ey.s Íindings. In a repon

ilň'il;i'",.'-'i.t.lggo. they statecl 'no ma]or

"-*ut-i",f-l" norlhern cultivation limit' no malor

.'onJaun" transtbnnaticm' no major changes tn

;il;;" cover beYond the drarnatic but

;il.";;;ottts .,t variable rai'tzrll' A belt of

r*nJdun.t that Lumprey.suirl formcJ the 
: ...

"it 
.".ta* l rtrnt ol the Srhrru had \ho\^ ll no \lgll

;;;;;;"- since 1962, noť was there any

liiail ;;"tches of clesert growing around

í",'', *'"'.i'"'es or villages - o !h"lo.*-'.^
ilil"ri; claimed to be the result of ovetgrazrng
'n"i"rot 

""tttle 
lPlaces 65l The report'ended

;l' .t""t;t * neecl for recordings of a high

scientihc stmoaro'

at the 
,l992 

Rio Earth Summit). Since then

scientlflc studies usinq satellite itnaqery

and more detal ed fieldwork (Figure 7 31 )

have thrown considerable doubt on the

caL-rses, effects and extent of desertification

Today, certain ear y statlstics regarding its

advance have proven to be unreliable. lt

is beLieved that overgrazing is no longer

considered so important, fuelwood has

not become exhausted as p'eviously pre

dicted, while famlne and drouqht are more

like y to result from poverty, poor farm ng

technlques, civil unrest and war than írom

natural causes (page 503). n contrast, tne

extent and effects of sa inisatlon (page 273

and Figure 1ó.53) appear to have increased

The semi arid ands are a fragi e envi i

ronment whose boundaries change due

to variations ln rainfa and and use. t ls

often difficu t to separate natural causes

from human ones and short term fluctua- l

tlons from long term trends (Figure / 32).

The effects of g oba warm ng are as yet

an unknown factor, although computer

modeis suggest that the c imate wil get

even drler' 
tiguÍe7:32

a Desert retreator

b desert advance?

a
The southern Sahara Desert is in letl.ei'lt. rrraking tirrnling again viable in pafts 0lthť

Sahel. Satellite images taken this summer show that sand clunes are rctreating therilnr

6000 km acl'oss the Sahel region between Mauritania to Efitrea. Nor-cloes it appemrLr

be a sl-rort-term trend - analysts claim it has been happening r.rnnoticed since the

mid- | 980s. In parts of Btukina Faso, devastated by the drouglrts clť the l980s. some l:

the lanc.lscape is now showing green' with more trees Íbr.trrewoocl ancl nlore glasslmi

for livestock. Farmers also claim their yields oť sorghum ancl mil]et have nearly
doubled, though this may paÍly be due to irnproved farming rnetl-ttlcls [Figure J0'+L1'

Adaoted from New Scientist,2002

b
Or.rr 21st-centurv civilisation is bein-q squcezed between trclvancing clcsert ancl risirtr

seas. leavin-e less land to support a growing human population. This is illustrate{b1,
hg1.ry losses oťland to advancing deserts in Nigeria ancl China' the most popttloL,.

countries in AÍiica irnd Asía respectively. Nigeria is losing 3500 krn2 a year, u'hcLell

china, which lost on average 1500 km'z a yeal betwcen I 950 ancl 1 975. has bee n lr,r:

3600 km2 a year since 2000. satellite images have shown two deserts in Inner
Mongolia and Gansu plovinces expancling ancl merging, as are two larger oncs t.rhi
west in Xinjiang province. To the east the Gobi Dese rt has advanced to withjn l.50l,r

of Beijing. Chinese scientists leport that sorne 24 000 villagcs in the north ancl u,crrL,

the country have been abandoned or pa'tly clepopulated as they were ovenun br,

driÍting sand.

Adapted from Earth Policy lnstituťe,2006
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1 a Describe the characteristics that define a hot desert 2
climate (4 marks)

b Study Figure7.2 (page 179) and describe the location
of the world's deserts. (4 marks)

c Explain two causes of a desert climate. (4 marks)

d Write a paragraph to explain to someone why the typical
vlew of a desert as a 'sea of sand'is often not tru e.(4 marks)

Í

What is'exfoliation' weatheri nq? (4 narks)

Explain one other denudation process that operates
in hot desert areas.

6 $ € 4 & 4 e & * & * 4 é e & 6 $ a * * & ě 6 & É s * e 6 & 6 s * * 6 &*

Describe and name an examole of a wadi (4 marks)

i Sometimes a'flash flood'rushes throuqh a wadi
Explain what a flash flood is. (3 marks)

ii Why is there little or no warning that a flash flood is
about to happen? (3 marks)

iii Why do rivers stop flowing very soon after a flood in a
desert area? (3 marks)

In the area where a wadi ooens onto lowland there is
often an alluvial fan. Describe an alluvial fan and explain

(5 marks) how it is formed (6 marks)

d Describe a playa and explain how playas are formed.
(6marks)

&6 6 e s 9 * e * @ ó s 4 & s 6 r & s * s 6 ó + & 6 9č t Ó Ó * á ee&9* 6

a On a sketch or copy of Figure 7.25 page 189, add labels to
show: caprock; free face; bare rock; rectilinear slope; loose

a

b

"Y? x nlŤ Ť t 
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3 a Describe how wind transports material in a desert 4
envtronmenr. (6 marks)

b Why is wind transportation a more important method of
movement in deserts than in wet environm ents? (3 marks)

c Choose one type of saňd dune.

i Draw an annotated diagram to show its main features.

ii Explain how the dune has been formed. (B marks)

d Choose one desert landform created by wind erosion.

i Describe its shape and size.

ii Explain the processes that have formed it. (B marks)

scree; gently sloping plain. (6 marks)

b Explain why the loose material you can see in the
photograph has not been moved away. (5 marks)

c i In the Sahara Desert in North Africa there is
evidence that the climate has not always been like
this. Choose one oiece of evidence to show that
the climate has changed, state it and explain how it
shows climate change. (7 marks)

ii Choose one piece of evidence to suggest that the
climate of North Africa is changing now. State it and
exp|ain how it shows c|ímate is changing' (7 marxs)

Ěxanx pre€*&ťe: střexc.ř$ř€d qtxextioť? eř}d €gseys
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5 aWhvdoaridconditionsoccurincontinentalareasinthetrooics? 6 'Semi-aridlandsarefraoileenvironmentsi

Discuss this statement with reference to semi-arid areas that
you have studied. (25 marks)

Using Figures 7 .3,7 .4 and 7.5 (page 1 B0), describe and account
for the range of surface conditions found in desert areas.

(25 marks)

(10 marks)

b Making good use of examples,describetwoways in which
plants adapt to drought conditions in desert a reas. (B marks)

c Explain the term'water balance'used to identifiT the extent of 7

tropical desert climates. (7 marks)
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