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Introduction

The study of desertification is hampered by the normal
variability of dryland areas, as outlined briefly in the Introduc-
tion. Accurate indentification of the causes of desertification,
and thus suitable strategies for its treatment, can only be made
by paying close attention both to the human use and possible
mismanagement of resources and also to the way in which
dryland ecosystems and their resources respond to climatic
variations. While this atlas concentrates on human-induced soil
degradation, it is important to note the dynamic nature of some
of the natural environmental elements in the dryland equation.

The inherent variability of dryland environments is very
largely governed by the variations in climatic parameters that
characterize such regions. Chief among these climatic parameters
is.precipitation, the input of moisture into the desert ecosytem.
While many dryland areas receive important inputs of moisture

CLIMATIC VARIABILITY IN DRYLANDS

from dew, and some others from fog, rainfall is the key source of
moisture in most of the world’s dryland regions. However, the
“effectiveness” of rainfall, that is the amount available for plant
rowth or other uses, is also dependent upon the main output
rom the ecosystem, evapotranspiration, which is governed by
parameters such as vegetation cover and type, wind speeds, and
perhaps most importantly temperature. Hence in this section a
closer look will be made at the variability of rainfall and
temperature in the world’s drylands as a contextual background
to the preceding pages on dryland degradation. The graphs and
maps shown on these pages are supplied by the CR{J.

Rainfall

Figures 1 to 3 show time series graphs of annual rainfall for
three dryland regions: the Sahel from the Atlantic coast to 35°E;

the northeastern region of Brazil from 44°W to the Atlantic coast
and from the Equator to 10°S, and North China from 100°E to
the China Sea coast and from the borders with Mongolia and
Russia to 35°N.

The graphs for each area have been derived as follows: the
annual rainfall series for each station in the area is normalized
by taking away the long-term mean from each value and the
difference is then divided by the long-term standard deviation.
The long-term period on which the mean and standard
deviation are based in each area is 1951-1980, the period of the
climate surfaces used for the annual Aridity index which has
given the dryland area boundaries throughout the giobal and
continental Africa sections of this atlas.

Normalizing gives a set of data series that are more readily
comparable as each series will then have a mean close to zero
and a standard deviation close to one. The spatial mean rainfall
anomaliés are then found by averaging the values for all stations
in the area with data. Although the number of stations with
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Fig. 2. Schematic diagrams showing the resistance networks of the three models (height axis not to
scale).

Penman-Monteith equation is assumed to hold for the bushes across acrodynamic
resistance 755 and for the herbs across 74, + 73, to'a point z = zp with vapour
pressure deficit Dg. AFE is determined from (2) where

AAg 4+ P2DB o ‘Hwés%wl ebalf / &@5»*}
Th |
AEB = B (4)

A+7(1+3§€)
Thp
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VEGETATION-ATMOSPHERE TRANSFER MODELS 415
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~ Fig. 5. Stomatal response of bushes and herbs to (a) vapour pressure deficit, (b) solar radiation and
(c) soil moisture deficit as determined using the Two Layer Model.

bush evaporation rate was optimized first, then the herb response a4,, should be
regarded as the optimization adjusting to compensate for a4, taking unexpected
values.

Allthough it is recognised that the confidence limits on the a4 values are large,
the different values of a4, may be indicating something important about the aero-
d¥natmc resistance networks. Suppose 7,, in the Penman-Monteith equation is
%gﬁ ially mcreased. To maintain a good fit of AE, the value of rs must change

RERE 5 F 1

the amount by whlch it must adjust depends on the other variables in the

Xgﬁ&te S with the highest variation is the available energy R, — G
onnd" ma?%smaﬂer the value this takes, the smaller rs must be to

Ic' energy shows an almost identical dlumal trend to the
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1993. It might therefore reasonably be assumed that the drying of the soil profile in the
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5404 was 151 mm, equivalent to 28% of the 1993 annual rainfall. Of this water loss,
59% (89 mm) was from depths greater than 2 m. In the absence of the deep-rooted G.
senegalensis, this water would otherwise have contributed to ground-water recharge
below the site.
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