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What is a Desert?

William G. McGinnies
Office of Arid Lands Studies
University of Arizona

1984 (issued early 1985)

What is a desert? A quick answer that comes to mind is that
it is a region where there is little precipitation. This may be
satisfactory as far as it goes, but why is there little rain or
snow?

Aridity arises from a number of general causes acting indi-
vidually or in combination. One of these is the separation by
topography or distance from oceanic moisture sources. One
of the causes of aridity in the Takla -Makan and Turkestan
Gobi deserts in central Asia, for example, is their great dis-
tance from major moisture sources.

Another cause is the drying effect of air masses moving
over a mountain barrier, as is the case with the South Ameri-
can Patagonia desert in the lee of the Andes, as well as the
Great Basin desert in North America cut off from the Pacific
Ocean by high mountains.

Of greater regional extent is dryness due to descending air
masses which become warmer and very dry as they descend.
These produce the subtropical dry zones which include the
hot deserts of the world, located between parallels 20° and
30° both north and south of the equator. These are found
largely on the western sides of the continents. The Sonoran
desert is typical of these rainfall conditions. In addition the
Chihuahuan desert is affected by its location between the
Sierra Madre Oriental and the Sierra Madre Occidental
mountains of Mexico.

Aridity is relative, including a climatic range from semiarid
to extremely arid with only the drier portions usually called
desert. If you lived in Cairo, Egypt, you might say that a desert
is where there is less than an inch of annual precipitation,
where there may be years without any rainfall, and where the
entire year's supply may come in one storm. You might also
go on to say that it is a region where no living streams arise
within the desert area and vegetation is restricted to drain-
age places receiving runoff from the adjacent areas.

If you lived in Santiago, Chile, you might say that a desert is
an area along the Pacific Coast where there is practically no
rainfall because of the cold ocean currents, but where fogs
and dew are common. The annual rainfall at Iquiqui, Chile, is
3 mm little more than a tenth of an inch).

If you lived in Salt Lake City, Utah, you might say that a
desert is a region dominated by Sagebrush with annual
precipitation of 4 to 8 inches occurring as winter snows and
summer rains.

If you lived in Tucson, you might say that a desert is an
area with less than 12 inches of rainfall with the vegetation
dominated by Saguaro, Palo Verde, Mesquite, and Creosote
Bush, all widely spaced and all showing some modifications
to inhabit a dry region.

As all these answers can be considered correct, there could
be a problem in arriving at a universal definition of a desert.
As a matter of fact, scientists do have difficulty in agreeing on
what constitutes a desert. The first problem is in the basis for
classifying climates and the second, within the general classi-
fication of arid, is what portion should be designated as
desert.

While it was generally agreed that low rainfall was the
dominant factor, the early climatic divisions were based on
temperature. In the last part of the 19th Century C. Hart
Merriam, who based his climatic classification on studies at
the San Francisco Peaks and adjacent territory of Arizona,
thought temperature was the ruling element in the distribu-
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tion of plant and animal life. He based his classification on
the total heat received in a given area as determining the
upper or northern distribution, the mean temperature of the
hottest six weeks as limiting lower or southern distribution,
and showed that total heat and summer temperatures de-
creased as one climbed the Peaks.

He noted that all the vegetation types to be found between
Arizona and the Arctic region were represented in the San
Francisco Peaks area, and the names he applied to the vegeta-
tion reflected that observation. Starting with the lowest and
warmest areas the zones were termed: Lower Sonoran the
southern desert), Upper Sonoran (Sagebrush, woodland and
grassland), Transition (Ponderosa Pine), Canadian (Douglas
Fir), Hudsonian (Spruce and Alpine Fir) and Arctic (above
timberline). Although the temperature basis for Merriam's
classification is no longer accepted, the names applied to the
various plant communities have been found to be convenient
and are still in use.

About the same time Wladimir Köppen, an Austrian bota-
nist, established a world classification based on temperature
and vegetation. While his classification worked very well in
the humid portions of the world with only minimal reference
to moisture conditions, in arid areas he found it necessary to
recognize moisture conditions.

His delineation of deserts was arrived at in two steps. First
he segregated arid regions on the basis of the relationship
between annual temperatures and total precipitation. He
made allowances for areas with winter precipitation, summer
precipitation, and where rainfall is evenly distributed between
winter and summer. On the basis of these calculations he
outlined the arid areas of the world. In the second step he
arbitrarily set as limits for deserts one -half the amount
separating arid climates from humid climates. His classifi-
cation, which has been widely used in atlases and geography
books, with some modifications is still in use.

Another temperature /precipitation approach was initiated
by a French scientist, E. de Martonne, who used a formula to
denote dry climates based on precipitation in centimeters
divided by 2X mean annual temperature in degrees centi-
grade. De Martonné s classification has been widely used,
also with some modification, and his idea of using precipita-
tion in comparison with the annual temperature has been
incorporated in a system of charts of precipitation and
temperature which show the portion of the year in which
precipitation is greater than 2X temperature or reverse. Dry
periods are indicated when the temperature curve is above
the precipitation curve.

The temperature -precipitation approach has been ques-
tioned by some scientists who insist that water loss is the
important factor in arid climates and that temperature is only
one of the elements that determines water loss. They have
maintained that dry climates occur where evaporation losses,
including transpiration from plants, are greater than precipi-
tation.

In 1931 C.W. Thornthwaite, an American geographer -
climatologist, published a classification based on precipita-
tion, mean temperature, and evaporation. His index was
based on what he termed the precipitation effectiveness ratio
derived from experimental studies in Oklahoma. He pub-
lished a world map which appeared to show major relation-
ships between climate and vegetation, but showed discrepan-
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cies where conditions were different from those in Oklahoma.
Later (1948) Thornthwaite, not satisfied with his earlier

classification, published what he called An approach toward
a rational classification of climate. This was based on poten-
tial evapotranspiration which represented the total moisture
loss from an area completely vegetated and with an unlimited
water supply. On the basis of this he set up criteria for various
humid climates where precipitation was greater than losses
from evapotranspiration, and arid climates where losses from
evapotranspiration exceeded precipitation. As complete plant
cover and continuous water supply are not found under
desert conditions, his classification was hypothetical result-
ing in some discrepancies on a worldwide basis.

In the same year H.L. Penman in England published an
index based on air turbulence and energy exchange involved
in evaporation. His classification has worked out fairly well
on a global basis and recently has been used as one part of the
classification developed in the UNESCO Man and the Bio-
sphere (MAB) program.

Peveril Meigs, with support from UNESCO, adapted and
enlarged Thornthwaité s classification to produce worldwide
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maps that also indicate mean temperature of the hottest and
coldest months and seasonality of precipitation. Meigs divided
the arid zone into: semiarid, arid, and extremely arid. The arid
was designed to show deserts in general, and the extremely
arid the very dry deserts such as the Sahara. This is the classi-
fication used in our book, Deserts of the World.

Many other scientists interested in the identification of
deserts have proposed classifications, most based on the pre-
cipitation moisture loss theme but some on such things as
irregularity of rainfall, there being at least a general correla-
tion between paucity of precipitation and irregularity from
year to year. Others are based on the number of wet and dry
months or dry days during the year. A dry month or dry day is
defined as a month or day where precipitation in millimeters
is less than 2X temperature in degrees centigrade. This
works out pretty well as the drier the climate the fewer rainy
days or months.

In the late 1970's when desertification became a popular
topic it was thought that existing indexes were not suffi-
ciently accurate to provide a basis for changes brought about
by desertification. It was deemed desirable to establish a
theoretical natural climate- vegetation relationship in order
to evaluate the degree of changes. Therefore, under auspices of
the UNESCO MAB Program (UNESCO, 1979), a worldwide
map was developed using precipitation divided by evapora-
tion as determined by the Penman method. The map also
shows the number of dry months and the text makes uses of
the precipitation -temperature charts mentioned above, so it
appears that the authors wanted to be sure that by one means
or another they could identify all conditions of aridity.

A proliferation of terms has resulted as a spinoff from these
many classification schemes. These include: arid, semiarid,
extremely arid, hyper -arid, perarid, steppe, semidesert, desert,
extreme desert, with the various authorities differing in the
use of these terms and the designation of climatic boundaries.
Perhaps the most outstanding difference is in the application
of the term "desert." European and African scientists generally
state that the upper limit of precipitation for a desert should
not be more than 4 inches. That means that of the regions we
consider as desert in North America, Death Valley and a small
area around the head of the Gulf of California would qualify,
but that under this definition, our so- called desert areas in
North America would not be considered as desert. Americans,
however, are not about to give up the desert classification for
the Great Basin, Mojave, Sonoran and Chihuahuan deserts,
feeling that these designations have been too well established
to be changed now.

Forrest Shreve (1931), long time director of the Carnegie
Desert Botanical Laboratory in Tucson and a premier desert
ecologist, advocated that the term desert be used in a broad
way to include everything from the extreme deserts of Africa
and Asia to the comparatively luxuriant deserts in southern
Arizona. He pointed out that we use the term forest for every-
thing from the Ponderosa Pine forest of nothern Arizona with
a precipitation of about 20 inches to the tropical rain forest
with precipitation in excess of 100 inches, so why not allow a
range in precipitation for deserts with a spread of less than 2
inches to as much as 16 inches? Many of Shreve's contribu-
tions, including a description of North American deserts, are
discussed in Discovering the Desert: Legacy of the Carnegie
Desert Botanical Laboratory (McGinnies, 1981).
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Ray Turner, co- author of The Changing Mile (Hastings and
Turner, 1965), a discussion of vegetational changes predating
the introduction of the term "desertification," considers the
area in southwestern Arizona to be desert, although he points
out the resemblance to the thorn forest in Sinaloa.

Frank and Carol Crosswhite, writing in the Reference
Handbook on Deserts of North America (1982), recognize the
Sonoran Desert as being a typical desert.

Hornaday, in Campfires on Desert and Lava (1925), speaks
of the desert between Tucson and Ajo as the "arboreal desert,"
a term that has considerable merit. On the other hand, Hein-
rich Walter, who spent a year at the Carnegie Desert Labora-
tory, has written a book entitled Vegetation of the Earth
(1973) that designates most of the Great Basin as steppe; and
Neil West, a scientist at Logan, Utah, has termed most of it
semidesert or steppe (1983). Walter also restricts the term
desert to the drier portions of the warmer deserts.

The term "steppe" conjures up to many of us a scene com-
monly depicted in geography books of a snowy Russian
landscape with a heavily laden vehicle drawn by three horses
and pursued by a pack of hungry wolves. Scientists would
probably consider such an area steppe but they would also
include the dry grassland of North America as steppe. In fact,
the term is widely applied to semiarid situations worldwide.

Climate is not the only factor responsible for deserts.
Unfavorable soil conditions, unstable sands, heavy clay soils,
shallow soils on rocks, and saline soils all play a part and,
where rainfall approaches desert climatic conditions, unfa-
vorable soil characteristics result in desert vegetation. This is
especially true of many Asiatic regions and Australia. In fact,
Walter states there are no strictly climatic deserts in Australia,
only desert conditions resulting from a combination of
subdesert rainfall and a sandy terrain.

The concept of deserts being great areas of moving sand
dunes needs to be modified. Less than 10 percent of the Sahara
is sandy, and sandy areas make up less than 1 percent in our
North American deserts. There are sandy deserts such as the
Kyzyl -Kum (meaning red sands), the Kara -Kum (meaning
black sands), and the Takla Makan in Asia, but there are also
deserts such as the Gobi with little or no sand.

Animals including man also have an important role in the
desert environment. Native animals are an important ecolog-
ical component of deserts and need to be considered along
with vegetation in the biological reaction with climate. The
vegetation may have greater visibility, but the animal life is
equally well adapted to desert conditions.

About one -fifth of the land area of the world is generally
considered to be desert, and desert conditions can be found on
all the continents except possibly Europe.

One can start in the Sahara Desert in western Morocco and
travel across Africa through the Arabian peninsula, Iraq and
Iran, to the That Desert in western India and be in subtropi-
cal desert all the way, or take a more northerly route in Asia
across the USSR to the Takla -Makan and Gobi Deserts in
China and outer Mongolia.

African deserts in southern Africa include the Namib on
the west coast and the central Kalahari designated by the
natives as desert in the south and semidesert thirstland in
the north.

Much of Australia, including large areas in the western
interior is dry. As precipitation varies upward from 4 inches,
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the term desert is applied variously by different writers. The
designated desert areas usually have physiographic features
that are at least partly responsible for desert conditions.

The desert environment is usually considered to be harsh,
but in some ways the effect of low precipitation may not be
as severe as some think. Heinrich Walter ( 1973) pointed out
that if we consider inches of rainfall in terms of gallons of
available water, we get a different viewpoint. For example, if
an area receives 10 gallons of water per square yard and sup-
ports 10 plants and another gets 1 gallon and supports 1
plant, in each case the plants get the same amount of water.
Thus, widely- spaced desert plants may not be living under
drier conditions in terms of gallons of water available per
plant. They are, however, subject to greater evaporation stress
than plants in more humid climates.

Plants in dry climates generally have adaptations for the
rapid intake of moisture following rains, as for example, the
cacti with a wide root system near the surface of the soil and
storage of moisture. Shrubs and trees such as the palo verdes

have other means of offsetting transpiration losses, such as
dropping their leaves and depending on green stems for photo-
synthesis. There are many more adaptations that could be
listed, so that it appears that high evaporation rates are to
some extent offset by plant responses.

H.L. Shantz, an internationally recognized botanist and
president of the University of Arizona from 1928 to 1936,
shed a great deal of light on the subject of soil moisture.
Before his time, it was thought by many that soils could hold
varying quantities of moisture, but Shantz showed that fol-
lowing adjustment after rains, all soils of similar texture
retained the same amount of water, the only difference
between regions of heavy rain and light rain being in the
depth of penetration of moisture. From this point of view
desert soils may be just as wet at times as humid soils but the
wetted part is more shallow and recharged less often.

There is strong evidence that desert plants had their origin
in moister climates. The desert plants are not in the desert
now because of a last choice for a place to grow, but rather it
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A landscape in the Sahara Desert. Photograph by William G.
McGinnies.

may seem that they moved out of more crowded moister
climates for more living room and a chance to be different, or
it may be that as climates became drier it was a case of
adapting to survive. In any case, they are living in what to
them is not an unfriendly environment.

Plants that came to live in deserts throughout the world
have many common characteristics, although they developed
from different ancestors. The cacti of North American deserts
and the look -alike euphorbias of Southern Africa are a good
example. These similarities are clearly shown in an exhibit at
the Arizona Sonora Desert Museum (near Tucson, Arizona)
labeled "Convergent Evolution."

The case with animals is much the same. Their problem
was not a matter of food but rather how to live with less
water. Like the plants, they solved their problems in various
ways: escaping the heat by living in cool underground bur-
rows and carrying on life activities at night, and by conserv-
ing water or manufacturing it from the food they eat.

While the deserts are not generally considered suitable for
crop production, the Hopi Indians raise corn by taking advan-
tage of the characteristics of sandy soils, which absorb all the
rainfall with no runoff and, unlike heavier soils, give up
nearly all they accumulate. By planting the seeds deep and at
the right time, the Hopis avoid losses from surface soil dry-

ing, and in most years there is enough moisture to produce a
crop -maybe praying for rain helps.

The Papago Indians work it another way by utilizing runoff
captured in bottom lands made possible by natural or artificial
catchments (Nabhan, 1983). They thus obtain sufficient
moisture for corn, beans, melons and other crops. The Papagos
have had many generations of success living in the desert.
Farming has been an important part of their existence. In
contrast to this, the Israelis moving into an arid environment
have rediscovered similar enhancement methods to support a
limited rainfed farming in an arid climate. Recent studies
conducted by the University of Arizona's Office of Arid Lands
Studies are aimed at the same goal (Karpiscak et al, 1984).

In the great sandy areas, especially those of the USSR and
China, a great amount of effort is being expended to stabilize
sands by afforestation, and to produce forage and food crops
where moisture is sufficient.

Living in the desert has its problems because of dryness, and
in most localities high temperatures, but many believe the
desert also has its advantages as so aptly described by Mary
Austin in her book The Land of Little Rain (1950).

Forrest Shreve, who loved the desert, summed up his
thoughts as follows (1931): "To know the desert involves an
acquaintance with all its aspects and all its physical features,
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Desert of northern Arizona and southern Utah. Photograph by
William G. McGinnies.

as well as all the animals and plants that have learned how to
find it a congenial place to live. The most significant lesson
that the desert dweller can learn from a familiarity with its
plant and animal life is to regard himself not as an exile from
some better place, but as a man at home in an environment to
which his life can be adjusted without physical or intellec-
tual loss."

The Sagebrush deserts with their somewhat monotonous
Purple Sage are familiar to readers of Zane Grey who de-
scribed them so well, but the clear skies and clear air and
outstanding beauty are demonstrated as well in such locales
as Bryce Canyon where the underlying rocks break through,
and the Wonderland of Rocks in southern Utah and northern
Arizona, all of which along with many many other desert
areas have an almost mystical attraction for us all.

To others, the warm deserts with their broad valleys and
jagged peaks and their cacti, interesting trees and shrubs are
the basis for desert life.

Or as stated by Joseph Wood Krutch whose The Desert
Year (1951) should be required reading for everyone living in
the desert, "Love me or hate me, the desert seems to say, this
is what I am and this is what I will remain!"

John C. Van Dyke (1976) in his vivid description in the
book The Desert expressed it as: "It is stern, harsh and at first

repellent. But what tongue shall tell the majesty of it, the
eternal strength of it, the poetry of its wide -spread chaos. The
sublimity of its lonely desolation. And who shall paint the
splendor of its light? And from the rising of the sun to the
going down of the moon over the iron mountains, the glory of
its wondrous coloring!"

I differ from some of my botanical friends who apply the
term "desert scrub" to desert plant communities. To me the
scrub part we can do without. I simply can't see how anyone
can call a tree -covered landscape dotted with Saguaros "scrub."
In the winter -spring season of 1984 our southwestern desert
was exposed to one of the longest drought periods on record.
It was disastrous for the winter annual flowers, but the trees,
shrubs and succulents found moisture left over from the
excessively rainy autumn and put on a flower show featuring
yellow patches of Brittle Bush early in the year followed by
great islands of golden color from the Blue Palo Verde in late
April and these followed by masses of lemon yellow Foothill
Palo Verde in early May. All this was punctuated with waving
wands of Ocotillo flowers and scattered red to orange flowers
of Cholla and the bright yellow flowers of Prickly Pear, and
this followed by the waxy -white flowers of the Saguaro and
the velvety white clusters of the Soap Tree Yucca. Where else
can you find such a brilliant and prolonged flower show? And



A landscape in the Sonoran Desert. Photograph by Paul
Mirocha. ©1982.

they call it desert scrub!
In the southwestern United States we have conquered the

heat of the desert with air conditioning. We can go from our
air conditioned homes by air conditioned automobile to our
air conditioned places of business, comfortable all the way,
and returning to our comfortable homes in the evening. But
in doing this we have lost a little of the charm of the desert.
Before air conditioning we moved out of our heated houses at
the end of the day to enjoy soft June evenings and July post -
thundershower Creosote Bush fragrance, and many times in
the hot portion of the year we slept out in the yard to enjoy
deep blue skies punctured with stars. All that is changed now
but the enjoyment of the desert is still available to those who
seek it. We hope there will always be enough left so that its
charm will not be forgotten.
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