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- 1 I. REPORT TO THE TENTH SESSION OF CCL (LISBON, 3-14 APRIL 1989) BY THE
CCI RAPPORTEUR ON DROUGHT AND DESERTIFICATION IN WARM CLIMATES
(DR. J.L. OGALLO, KENYA)

Terms of Reference
1.

To define the meteorological network density required to effectively
assist efforts to combat desertification.

2.

To study and summarize the existing drought probability indices.

3.

To describe the use of climate data to assess the ability of the arid
and semi-airid areas to support human activities.

4.

To describe the climatological and ecological effects of urbanization
and industrialization in the arid and semi-arid areas.

5.

To submit to the president of the commission annual progress reports,
and a final report not later than six months before the tenth session
of the Commission.

Introduction
The term desertification refers to the diminution or destruction of
the biological potential of land that can lead to desert-like conditions.
Drought however, refers to a situation where the "demand for water" by any
system exceeds the "water supply" from all possible natural resources. The
water demand and supply functions vary significantly from one system to
another making it very difficult to give a precise definition for the term
drought. The drought definition is not a major subject of this report, and
can be obtained from several publications including WMO 1975a,b,c.
This report includes five major sections corresponding to the various
terms of reference; these are preceded by a section summarizing the results
of a recent WMO inquiry on activities related to drought and desertification.
Summary of the information on drought and desertification derived from WMO
questionnaire (M/CCLA PR-4207 of 22 January 1988)
Eighty-three (83) Members responded to the questions raised on drought
and desertification. Although this represents more than 50% response from the
WMO membership, only about a third of the Members in Regions II, III and IV
responded to the questionnaire. The relatively better distribution of the
response from the other regions is shown in Table 1. The summaries obtained
from Table 1 are given Region by Region in the following sections.
Region_I_(Africa^
Drought is a common problem of Region I, and has caused a lot of
suffering to the people of the Region. The Economic Commission for Africa
(ECA) for example passed a resolution in 1983 requesting the Executive
Secretary of the Commission to organize a scientific roundtable to discuss the
climatic situation and drought in Africa. The scientific roundtable report
noted that although drought was a normal part of the climate in Africa, no
reliable method was available to predict the onset, cessation, continuation or

- 2 recurrence of the drought. One of the major constraints towards the analysis
and early warning of the drought in the Region is lack of reliable and
continuous data at a number of locations. Several positive national/regional
drought monitoring projects have however, been initiated in the Region within
the last few years. These include the ACMAD, AGRHYMET, SADCC, Drought
monitoring centre (Nairobi/Harare) programmes.
Region

Total
No.
No. responding
50
28
12
21
13
36

II
III
IV
V
VI
Table 1:

Legend:

A

28

23

10
4
9
6
26

9
4
7
4
14

£

H

16
1
0
2
2
12

6
2
4
3
12

6
2

19
5
4

1

4

2
10

6
4

12
4
0
4
6
21

SUMMARY OF THE WMO QUESTIONNAIRE ON DROUGHT AND DESERTIFICATION

A.
B.
C.
D.
E.
F.
G.
H.
I.
J.
K.

Affected by drought
Not affected by drought
NMS has drought monitoring/response activities
NMS has no drought related programmes
Small contributions from NMS, most drought information
from other department
No response on NMS contribution to drought activities
Affected by desertification
Not affected by desertification
NMS involved in desertification combat or control
programmes
NMS not involved in desertification combat or control
programmes
No response on NMS involvement in desertification
programmes.

Table 1 indicates that 28 of the 50 WMO Members in the Region
responded to the questionnaire on drought and desertification. The report
shows that some countries within the Region have made good efforts to wards
the minimization of the drought impacts through close collaboration between
the NMSs and other government agencies involved in drought-related
activities. A good example is in Ethiopia where the NMS and the drought alert
centre work closely together.
The table also shows that desertification is another major problem of
the Region through the degradation of the land surface by man and animals.
Most of the Members did not indicated the contributions of their NMS towards
the desertification control or combat activities. Some of the responding
Members seemed to indicate that the desertification control or activities were
under the ministries of Agriculture, Forestry and Environment, Natural
Resources, etc. with little collaboration with the NMS.

NMS:

National Meteorological Service

- 3 Regionll .(Asia)
Only 10 of the 28 WMO Members in this Region responded to the
questionnaire. Nine of them reported drought as a common calamity.
Desertification was also reported by five Members. Although the contributions
of NMSs towards desertification control or combat were not indicated in most
of the reports, a number of the NMSs provided regular long-range forecasts and
drought monitoring activities.
Region_III_(South America)
Only 4 of the 12 Members responded to the WMO questionnaire on drought
and desertification. Like in Africa drought and desertification are real
problems. Two of the four Members indicated that they provide some services
related to drought monitoring/response activities. None of them however,
indicated their specific inputs into the national desertification combat or
control programmes.
Region_IV ^North_and_Central_America2
Only 9 of the 21 WMO Members returned the questionnaires. Seven of
these reported drought occurrences while desertification was reported by only
four Members. Significant contributions by the NMSs in the drought
response/monitoring activities through long-range forecasts, real time
monitoring and collaboration with the other users of the meteorological data
were reported by about four Members.
Region_V_(South-west_Pacific^
The Region has 13 WMO members but only six responded to the
questionnaire. Like in all other Regions discussed above drought is a common
phenomenon. Only two Members indicated no severe effects of frequent
droughts. However, desertification does not appear to be a problem in this
Region since none of the six Members who responded, reported any
desertification activities.
Region_VI .(Europe)
Twenty-six of the 36 WMO Members responded to the questionnaire on
desertification and drought. Fourteen of these reported recurrences of severe
droughts, while no desertification was reported by 21 Members. The potential
of desertification which was reported by a few other Members like Portugal was
related to forest fires.
Although desertification is not a problem in this Region, some Members
have given their NMS inputs towards the minimization of any desertification
potentials. Such activities include joint programmes between NMSs and
institutions dealing with agriculture, water, forestry, rural and urban
affairs, etc.
It may be concluded from the questionnaire that although drought may
occur in most of the countries of the world, desertification is mainly a
regional problem of Regions I, II, III, and IV.

- 4 About 50% of the total number of NMCs which replied reported some
activities related to drought. The drought activities were associated with
long range forecasting, real-time monitoring and collaboration with other
departments which are generally involved in drought-related activities. The
desertification combat or control activities included the use of
meteorological information in environmental education, land use, training,
public awareness and other programmes in order to minimise land degradation.
The next section will discuss the meteorological observational network
density which may be required to effectively mitigate the severe impacts of
droughts and to assess the efforts to combat or control desertification.
Meteorological network density required to effectively assist efforts to
combat desertification
Desertification is threatening 35% of the earth's land surface (UNEP
1984a). Some of the patterns of the regional trends are given in Figure 1 and
Table 1. The information in Table 1 was derived from a WMO questionnaire
which was sent to the Member countries. Details of this information were
presented in the previous section.
Information on the current status and trend of desertification over
the high risk drylands is generally very inadequate due to the extreme weather
conditions of these areas. This has been one of the major handicaps in many
action plans to combat desertification.
Desertification assessment, monitoring and mapping have therefore been
subjects of many discussions (UN 1977, UNEP 1984a, 1988). The UN General
Assembly resolution 39/168,A, operative paragraph 11 endorsed the decision of
the UNEP Governing Council in paragraph 28 of its decision 12/10 to further
assess the progress in the implementation of the Plan of Action to combat
desertification.
Some of the methods which have been used in desertification
assessment, monitoring and mapping are given in UNEP 1984b and FAO/UNEP (1984)
publications. The Inter-Agency working group on desertification (UNEP 1988)
however, noted that simpler and cost-effective (low cost) indices should be
identified which can practically assess, monitor and thematically map the
desertification process of the individual areas. These simple indices must
however, be based on pilot case studies rather than theoretical desk research.
Table 2 gives some of the parameters which have been used to quantify
the desertification processes. It is clear from Tables 2 to 4 that several
meteorological parameters are associated with both climate and animal/man
induced desertification processes. The success of any action plans to combat
desertification would therefore require maximum use of the relevant
meteorological observations. These meteorological services cannot be provided
without a good network of observational stations. The desertification prone
dry areas however, have very poor networks due to the extreme climate
conditions and sparse population making data collection, instrument
maintenance and other operations very difficult. Some methods which can be
used to optimize the data observation system are briefly highlighted in the
following sections.
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In order to provide effective and accurate meteorological information
which may be required in the practical and cost-effective assessment,
monitoring and mapping of desertification, the meteorological network design
must consider the following among others:
(a)

The desertification problems of the individual regions.

(b)

Spatial patterns of the climatological characteristics. The unique
local/regional characteristics of the individual areas must be
represented in the network design. The local/regional factors include
those associated with topography, soil type, land/sea breeze and other
factors which may affect the nature of the surface.

(c)

Methods of observation and data collection.

(d)

Methods of data transmission, processing, dissemination, etc.

(e)

Integration of the meteorological network with other data required by
the various users, e.g. integrating meteorological, agricultural,
hydrological, land use and other observations.

Other factors which may be considered in the planning of the
meteorological station network can be obtained from Gandin 1979, Rodda 1969,
Dymond 1982, WMO 1965, 1972, 1974, 1983b and many others.
The basic principle of designing a meteorological network to assist
the effort to combat desertification is to have an optimum network design at
an optimal running cost which can adequately represent all climatological
characteristics of the regions. It is often hard to have an optimal network
design at all locations due to economic factors and the extreme climatic
conditions of some regions like the tropical forests, arid and semi-arid zones.
The principle of minimum network design has been used to obtain the
required meteorological observations in some of these areas. In this case the
minimum number of stations that must be included in the network design is
determined. These are usually a subset of the optimum network design.
Methods of determining the optimum and minimum network designs have
been discussed by a number of authors and will not therefore be a major
subject of this discussion. Some of the basic references include Gandin 1970,
Rodda 1979, WMO 1972, 1974 and Dymond 1982. The methods used have ranged from
simple statistical techniques based on distance-correlation analysis to
complex methods involving empirical functions. An example of the use of
empirical orthogonal functions can be obtained from Sneyers 1988, Ogallo 1988
among many others. Some of these are based on regional delimitation of the
spatial climatological characteristics.
It should be noted that many methods require past meteorological
records in order to determine the optimum or minimum network design. The
networks of the meteorological observations are however, very poor over many
desert prone dry regions, making it very hard even to satisfy the conditions
for minimum network design.

- 6 A network of automatic stations may appear as a solution, but the cost
of maintenance, servicing of instruments and other data collection problems in
the remote areas would reduce the effectiveness of such an observation system
in the long term programme to combat desertification.
The best option left for the remote areas therefore lies with the
reconnaissance and remote sensing techniques such as satellite applications.
Examples of satellite derived meteorological measurements can be obtained from
WMO 1983a, 1985a, 1986a, Tucker et al. 1984, 1985.
Although significant advances have been made in the quantification of
several meteorological parameters from satellites in recent years, several
problems still exist with some of these satellite observations. These include
the accuracy of some of the measurements, and ground truth (calibrations) for
some of the parameters. Also, most countries do not receive satellite data on
a continuous real time basis. Due to lack of trained manpower, computer
facilities, etc., some countries do not have the possibility of processing and
disseminating the required information, even if these records were accessible.
With some of these limitations minimised, satellite derived
information can be one of the best means of providing the users with the
relevant meteorological data which may be required to combat desertification
in the remote areas. For optimal use of these formations some relationships
between these meteorological parameters and the desertification process over
the various regions should be determined using empirical methods and/or
mathematical models.
Finally, attempts should be made to use any existing network to
provide maximum meteorological information to the users. These networks
should also be used to determine the gaps to be filled in order to satisfy
conditions for the optimum and minimum network density design over the dry,
desertification-prone areas.
In the next section climatological and ecological effects of
urbanization and industrialization in the drylands are highlighted.

Table 2: SOME PARAMETERS WHICH HAVE BEEN USED TO QUANTIFY
DESERTIFICATION PROCESSES (PARAMETERIZATION OF
DESERTIFICATION PROCESSES)

CODE

6

PARAMETERS
Degradation of vegetation,eg.use of vegetation index (Tucker et al
1984, 1985)
Water erosion
Wind erosion
Population pressure
Salinization/alkalinization
I Socio-economic indices, etc.

- 7Table 3:

SOME IMPACTS OF DESERTIFICATION

IMPACTS ON BIOLOGICAL POTENTIAL OF LAND
Encroachment and growth of dunes and sand sheets
Deterioration of rangeland
Deterioration of rainfed crop-lands
Deforestation & destruction of vegetation
Declining availability and quality of ground and surface water
Wind erosion
Water erosion
Soil constraints, e.g. nutrition, salinization, alkalinization, etc
Decline in wildlife population, tourism activities
Socio-economic impacts, e.g. decline in income, wealth, etc.

Table 4:

SOME OF THE REQUIRED DESERTIFICATION INFORMATION

REQUIRED INFORMATION

COMMENTS

1

Current Status

Indicates the existing condition in
space and comparison with the past.

2

Rate

Gives time change of the desertification
processes

3

Risk

Indicates vulnerability of the land to
desertification

4

Hazard

Gives combined interactions of 1,2,3,
animal and population pressures.

CODE

- 8 Climatological and ecological effects of urbanization and industrialization in
the arid and semi-arid zones
The effects of the large cities and industrialization on ecology,
local, regional and global climate have been discussed by several authors
including Chandler 1976, Gates, 1983, Klemes and Nemec 1985. The urbanization
and industrialization activities have been associated with:
(a)

Destruction of vegetation by construction of buildings and roads,
provision of energy, introduction of new agricultural systems in order
to provide food for the urban population etc.;

(b)

Change in the carrying capacity of the land (human beings, wildlife
and domestic animals);

(c)

Water erosion by increasing the surface runoff;

(d)

Air and water pollution originating from the industrial and automotive
sources;

(e)

Wind erosion of soil, and sand and dust transport;

(f)

Change in.land use practice e.g. from pastoral to irrigated commercial
farming, mining etc.;

(g)

Changes in the underground and surface water resources induced by
increasing water demand;

(h)

Demand for wood to supply fuel, charcoal, etc. to some urban areas;

(i)

Planting of new tree species, unsuitable for the climatic conditions;

(j)

Changes in the socio-economic factors, e.g. income, wealth, health,
recreation activities, employment, etc.

These, among others, may have severe impacts on the climate and the
ecosystems of the arid and semi-arid zones. Some of the impacts are
highlighted in the next two sections.
Ecological Effects
The disturbances of the ecosystems in the arid and semi-arid zones by
poorly planned urbanization and industrialisation activities generally have
significant effects on the population dynamics of the ecosystems (rate of
growth, reproduction cycles, fertilization processes, destruction of eggs and
young ones, extinction of some species, etc.). They also have significant
influence on the endocrine functions, spread and occurrences of some diseases
and pests, together with the spatial and temporal activities of the ecosystems
like the feeding, adaptation methods, pyschological and physiological effects.
Other severe impacts of urbanization and industrialisation include the
effects of water and air pollution originating from industrial and automotive
sources, together with wind erosion of soil and sand. Some of the pollutants
have a significant influence on metabolism, growth, nutrient cycling, water
and soil qualities, and many other damaging effects on the ecosystems. The
intensity of the damage by these pollutants depend on the concentration, time
of action, environment stability and conditions of the organisms.

- 9 These effects of urbanization and industrialisation can induce
significant imbalance in the ecosystems. The changes in the ecological
balance have been associated with some local/regional climate changes at a
number of locations.
Climatological Effects
The climate of any location is governed by the energy balance.
Meteorological conditions in the arid and semi-arid areas which may be
associated with changes in the local/regional energy balance include:
(a)

Large heat release by human activities;

(b)

Heat islands, which can induce high night temperatures, etc.;

(c)

Changes in the surface albedo by replacement of the natural dryland
surface with building materials, etc.;

(d)

Thermal heat release from energy use and production;

(e)

Urban/rural winds induced by urban/rural temperature contrasts;

(f)

Changes in quality of precipitation due to air pollution;

(g)

Changes in the local pattern of convective precipitation through
increase in cloud condensation (freezing) nuclei. More precipitation
has been reported downwind from urban areas (Chandler, 1976);

(h)

Changes in the water balance associated with the changes and
modifications of the atmospheric, surface and subsurface components of
the hydrological cycle;

(i)

Local changes in the mean surface temperature, evaporation, humidity,
heat storage and many other meteorological parameters (Oke, 1974;
WMO, 1970; Chandler, 1976).

The changes in the ecological balance and the local meteorological
conditions may have a significant impact on the local/regional climate since
they are capable of modifying the physics and chemistry of the boundary
layer. Poorly planned urbanization and industrialization activities have also
caused desertification at several locations.
In the development and expansion of urban and industrial centres, some
dryland farmers, pastoralists, wildlife, etc., are reluctant to stay close or
migrate to the urban areas. They prefer to move further into the drier
marginal areas leading to the expanded use of the marginal land,
desertification, and higher probability of their activities being affected by
droughts.
Changes in the local/regional climate induced by industrialization and
urbanization activities can be identified by subjecting the available
meteorological records to homogeneity tests. These tests are available in
many standard statistical references including Thorn 1966.
The next section will discuss the use of climate data in the
development and assessment of the dryland resources.

- 10 The use of climate data to assess the ability of the arid lands to support
human activities
Due to increasing population growth and other man-made factors, many
settlements, pastoral and other agricultural activities have been extended to
the marginal drylands without proper assessment of the climatic resources.
The rainfall characteristics in arid and semi-arid areas have high spatial and
temporal variations. The risks of drought and desertification are also higher
in these regions. In fact, the extension of human activities into such areas,
without taking climate into consideration has not only resulted in ecological
imbalance, but has also induced disastrous economic, agricultural, social and
other related consequences in several places.
Climatological records are therefore required in order to effectively
assess, plan and manage all weather dependent activities. Useful information
which can be obtained from the climate data concerns among others, the
following points:
(a)

Proper knowledge of the spatial and temporal characteristics of the
extreme climatic anomalies like the droughts and floods. The relevant
statistical parameters which can be derived from the climate data
include the frequency, probability of occurrence, chances of any
anomaly persisting for more than one season (year), etc.;

(b)

Regional delineation of the risk zones in order to determine the human
activity best suited for any given area;

(c)

The possibility of using alternative energy resources for some of the
remote dryland areas. Due to the lower amounts of cloudiness in the
drylands and large diurnal temperature contrasts, solar and wind power
can be utilized at a number of locations. The maximum and minimum
power expectations from these resources can only be determined from
climatological records;

(d)

The planning and management of water resources for industrial,
domestic and other uses;

(e)

Conditions for introducing new animal or crop varieties, farm machines
and other land use systems;

(f )

Development of the best mitigation methods for the impacts of the
severe weather anomalies e.g. the famine relief programmes, network of
centres for national food storage, transportation, telecommunication
systems, best irrigation methods, water management and planning, etc.;

(g)

Real-time monitoring of the climatic impacts in order to enable
comparisons to be made with some previous episodes. Climate data are
also fundamental in the determination of the best forecasting methods
for mitigation purposes.

The proper use of the climatological records will however, depend on their
availability, quality, accessibility and other factors related to data
collection, processing and dissemination.

-
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Figure 1 . Regional trends of desertification within land-use
categories and major natural resources (UNEP 1984a)
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- 12 Summary of the drought probability indices
A variety of indices have been used to parameterize the spatial and
temporal characteristics of droughts. The drought characteristics of great
interest include (i) the current status, (ii) the chances of the drought
persisting for a longer duration, (iii) frequency, (iv) recurrence period, (v)
probabilities associated with the various impacts, etc.
22.
The indices which have been used in drought parameterization have
ranged from the use of a single meteorological parameter like rainfall to
complex methods involving several meteorological variables (Palmer, 1968).
Others have been based on the water balance equation for the individual
systems. The use of the drought impacts like the conditions of crop,
livestock, pasture, wildlife, etc. is also quite common. Details of these
indices can be obtained from WMO 1975a,b,c, Annex I to this report, and
several standard references. The classical and conditional probability
theories can then be used to describe the probability associated with any
particular drought condition. The advantages and weaknesses of some drought
probability indices are discussed in the next sections.
Rainfall indices
Rainfall is the major factor affecting water availability for many
systems due to its large variations in space and time. Several indices have
therefore been based entirely on rainfall conditions. The rainfall conditions
which have been used to parameterize drought include (i) the comparison
between the rainfall received with the central value (mean, median, etc.);
(ii) the use of measures of dispersion like the standard deviation, ranges,
etc., (iii) the characteristics of the dry/wet spells; (iv) use of some
rainfall limits associated with some known critical levels of water
requirement by the system, etc.
The use of_central_values
Some drought indices compare the amount of rainfall received with the
central value (mean or median). The difference between the two indicates the
severity of a drought episode at a given location. In order to compare
drought characteristics between locations, the indices are usually normalised
using central values, standard deviations, etc. Examples of the spatial
patterns of the normalised indices based on arithmetic average are shown in
Figure 2.
The central value is a climatological figure which may be more useful
for planning purposes. Indices based on the central values cannot, however,
adequately qualify the large temporal variations in the actual water demands
by the system during the water use period. Some attempts have been made to
use cumulative anomalies to represent the carry-over effects of water stress
on the system (Figure 3).
Another major problem with the use of the central value is related to
skewed data where the normal distribution cannot adequately fit the rainfall
observations.
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Use of_dispersion .(.variability^ measures
Drought probability indices based on measures of dispersion use the
standard deviation, quartile, decile or percentile range together with other
variability measures to define some critical rainfall limits for the drought
severity (Foley 1957, Gibbs and Maher 1967, WMO 1975a). Examples of these are
given in Figure 4 and Table 4.
Problems associated with the central values are still inherent in the
measures of dispersion since the variability parameters indicate the degree of
spread of the observations about the average (central value). These problems
include the statistical distribution of the rainfall observations. Although
other statistical distributions can be utilized with the skewed data, the
physical interpretation of some of these results are sometimes very difficult.
Alternative methods transform the obervations to fit a normal
distribution. The transformation functions are, however, not known in advance
and are often quite complex.
The use of non-parametric (distribution free) methods have been
preferred by some authors. These methods are generally simpler to apply but
are less efficient.
In some applications the variability parameters have been used to
categorize drought severity into classes without considering the water
requirements of the system. The impacts of the individual drought events
cannot be effectively reflected with these grouping methods. Details of some
of these methods may be obtained from WMO 1966, Thorn 1966, WMO 1975a among
others.
In the next section, drought indices based on some water requirement
limits are presented.
Use of_some critical_water_use_levels
The most realistic of the rainfall derived indices have considered
some optimum and minimum rainfall amounts required by the system for normal
water use operations. Due to the large temporal variations in the water use
activities several authors have used the mean weekly, monthly or seasonal
water expectations by the system as the reference levels for the drought
parameterizations, e.g. weekly rainfall < half of normal, monthly rainfall
<^ 60% of normal, seasonal rainfall < 20 inches (Glover et al. 1954, Kenworthy
et al. 1958).
Some examples of these are given in Figure 5 using seasonal rainfall
requirements for some agricultural activities in East Africa. The use of
daily or 5-day rainfall events has been recommended by some authors as one of
the best ways of parameterizing the short period impacts of water stress.
Use of_daily_rainfall events
Daily rainfall events have significant effects on the day-to-day
operations of all rain-dependent activities including planting date, growth,
yield, etc. They also influence the occurrence and spread of many diseases
and pests. Several drought probability indices have therefore been derived
from daily rainfall events. Some of the drought parameterization schemes
include the use of (i) 15 days without rain; (ii) less than 2.5mm of rainfall
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in 48 hours; (iii) 21 days rainfall < T normal; (iv) Onset and
withdrawal dates; (v) Length of dry/wet spells (vi) Chances of some wet/dry
spells persisting for a given period, (vii) Statistical distribution of the
dry/wet spells (Markov chains, etc.). Details of these may be obtained from
WMO 1975a, Stern and Dale 1983, and many other standard references.
Examples of the probabilities related to the daily rainfall events are
given in Figures 6 and 7 and Table 6. Stern and Dale (1983) among others have
recommended the use of daily rainfall information since it can represent a
wide range of drought indices. They also noted that for an extremely varying
parameter like rainfall, much information may be lost through the accumulation
of the daily rainfall records to 5-,7-,15-day, monthly, seasonal or annual
totals.
The methods based on daily rainfall however, have several
disadvantages which should be highlighted:
(a)

A rainy day is often defined as any day with rainfall > 0.1mm. The
threshold value of 0.1mm may not be realistic for many water use
operations. Indices based entirely on the distribution of the wet/dry
spells must therefore be used with care;

(b)

Many systems have storage facilities or mechanisms which can be used
to effectively adjust the water use activities during some period of
water stress without affecting the normal activities of the system.
These may not be reflected in the direct use of daily rainfall;

(c)

There are several factors affecting water availability apart from
rainfall at any location, A good example is at Garissa (Kenya) and
other marginal areas where the daily évapotranspiration greatly exceed
precipitation during most parts of the year. There are also some
areas with alternative water such as underground resources. The use
of only rainfall as a drought index will therefore not be realistic in
these locations;

(d)

The carry-over (cumulative) effects of water stress may not be
reflected effectively by the use of daily rainfall events. Some
methods have used cumulative daily rainfall totals to parameterize the
daily carry-over effects of water stress;

(e)

The use of daily records requires good data processing facilities to
handle the large amount of data involved. Its advantages over the
cumulative 5-,7-,10-,15-day, monthly and seasonal totals must
therefore be evaluated first.

It may be noted that the use of duration and distribution of the
dry/wet spells can be one of the best methods of parameterizing the drought
probability indices especially when only rainfall information is available.
The optimum number of daily events and the critical water levels to be
included in the parameterization scheme are, however, dependent on the
temporal characteristics of water use by the system.

- 15 -

Other drought probabilité indices
Due to the large variations in the water demand and supply for the
various water use activities, and the various problems associated with the use
of ONLY rainfall indices, many drought parameterization schemes have been
based on the individual water use activities by a system, or on the impacts of
drought. The parameters which have been used in these schemes include
conditions of the crops, livestock or wildlife, biomass production, land use
activities, crop yield, famine, etc.
The most accurate drought probability indices can, however, be derived
from the water balance equation which basically describes the balance between
the water supply and demand for the individual system. An example of the
water balance equation is given below for the plant-soil environment.
R = Q + V + E + P + W
where R is the precipitation, Q the run-off, V the drainage beyond the plant
root zone, E the évapotranspiration component, W the change in the soil water
storage and P the water storage within the plant.
For severe persistent drought, the terms R, Q and V are close to zero,
and the balance between W, P and E will qualify the severity of the drought
episode.
A practical example of the water balance equation is the Palmer Index
(Palmer 1968) which can be used to qualify weekly soil moisture conditions.
The Palmer Index (I) may be expressed as:
12

I = I

A

*=rz

/(0.31T+2.69)

< E•C )/ <R•L >
T= 1

where C is the recharge factor, L the loss and P the water balance factor.
It may be noted that although the most realistic drought probability
indices can be derived from the water balance models, there are several
problems which often restrict the use of such methods at a number of
locations. These include the difficulties associated with the accurate
estimation of some of the model parameters. The observational network design
for some of the parameters required in the water balance models is also very
poor in some areas compared to the normally good rainfall network designs.
Details of the water balance models together with the various weaknesses have
been discussed by several authors including FAO 1979, WMO 1983b.
The final part of this report will be devoted to drought response
plans.
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- 19 Table 5.

P r o b a b i l i t y of below normal r a i n f a l l p e r s i s t i n g f o r q years (x100)
i n Swaziland.
(Ogallo and Sambo 1988)

Below normal r a i n f a l l l a s t i n g q y e a r s .
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F i g . 5a:

Glover e t a l (1954)
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Fig. 5b:

Glover e t a l

(1954)
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Wet spells in Tanzania
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- 26 Model for drought response plans
It was noted from the introduction that drought is a function of the
water supply and demand. The large variations in the spatial and temporal
characteristics of the water demand and supply for various systems determine
the importance and priorities of the data required from the NMSs from one
location to another. The basic components of a good drought response plan
should however, include:
(a) Observing system
The success of any drought response plan depends on its ability to
provide timely and accurate information on the current status of the drought,
and to forecast expected future anomalies. These require a good observation
system which may include remote sensing methods, e.g. satellite-based systems,
to monitor the ground and surface water resources, mapping drainage patterns,
land-use systems, erosion, vegetation, and related activities. Some
requirements for the optimum observational network design were highlighted in
the relevant section above.
(b) Data_processing
. This includes quality control of observations and data, evaluation of
the current status of drought, forecasting the expected future
characteristics, etc.
(c) Users'_services
This section deals with the determination of the requirements and
priorities of the various users, evaluation of the feedback from the users in
order to determine any new data requirements and the general improvement of
the services.
(d) Researçh_and_ap_pliçations
In order to improve the services given to the users, details of the
spatial and temporal characteristics of the drought must be known together
with their causes and impacts. These cannot be achieved without strong basic
and applied research.
(e) Data_archiye
A data base containing previous observations is a fundamental part of
a good response plan. This will enable comparisons to be made between the
current status and some previous values. It will also provide the basic
statistics which are often required by many users e.g. the chances of any
given drought episode to persist for some period. Regional and global data
should also form part of the data base since some systems causing these
droughts are regional or global in nature.
(f) Telecommunications
For timely data collection and distribution a good telecommunication
system is required.

- 27 (g) Computing facilities
The data processing, telecommunication, research and many other basic
activities related to the drought response plan require good computing
facilities. A variety of cheap and simple computer compatible methods are now
provided as part of the CLICOM system which uses micro-computers (PC)) to
store, process and retrieve climatological information.
(h) Training_and_education
Adequate manpower training and education programmes all form the basic
components of a good drought response plan.
(i) Collaboration
The impacts of some droughts often extend beyond the boundaries of
several nations, and affect a variety of weather dependent activities. A good
response plan must therefore incorporate some multidisciplinary and
multinational regional co-operation programmes. A number of regional drought
projects have been initiated in the last few years e.g. AGRHYMET and ACMAD in
Niger, and the SADCC early warning project for Southern African countries
based in Harare.
(j) Involvement of_poliCY makers_and_planners
No drought response plan can be effective without initiative and full
co-operation of the planners and policy makers. Their involvement will also
ensure proper planning of the emergency food supply systems (strategic
storages, management, transport and distribution)',' and enable proper
consideration, assessment and management of all weather related calamities.
Following the discussion on drought response plans at CC1-IX (1985), a
model drought response plan (based on the plan used in the state of Colorado,
U.S.A.) was distributed to all Members of WMO in 1986 (WMO, 1986b). In view
of the wide interest it represents, this model plan is reproduced as Annex II
to this report.
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ANNEX I
EXAMPLES OF DROUGHT PROBABILITY AND ARIDITY INDICES

AUTHOR

DROUGHT/ARIDITY INDICES

SYMBOLS

Lang (1915)

P/T

P
T

Koloskov (1925)

P/lT

P - annual precipitation
JT - cumulated mean daily
temperature during
vegetation (-5- 100)

de Martonne (1926)

P/(T+10)

P
T

- monthly precipitation (mm)
- mean monthly temperature

Reidel (1928)

NP/(T+10)

N
T

- number of precipitation (P) days
- temperature

Selyaninov (1930)

P/jT/lO

Symbols identical to de Martonne
(1926)

Thornthwaite (1931)

I 1.65[P/T+12.2]10/9

P
T

Thornthwaite (1948)

[(P/Ep)-l]100

P - precipitation
E p - potential évapotranspiration

Emberger (1932)

100P/[(M-m)](M+m)

P
M

- precipitation (mm)
- temperature (°C)

12

m

- mean annual precipitation
- mean annual temperature

- precipitation (mm)
- mean maximum temperature in the
hottest month
- mean minimum temperature in the
coldest month

David (1936)

V 2 (E-e)

E - saturation vapour pressure
e - water vapour pressure

Bova (1941)

10(H+Q)/jT

H

Conrad (1941)

(£p-P)/n

P

Popov (1948)

2g/2.4(t-t')r

£g - annual effective precipitation
r - factor of day length
t-t' - annual mean wet-bulb
depression (°C)

- productive soil moisture in the
top 100cm in spring
Q - precipitation amount in spring
before drought
^T - sum of temperature above 0°C
- precipitation
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AUTHOR

DROUGHT/ARIDITY INDICES

SYMBOLS

Ivanov (1948)

P/E

Prescott (1948)

P/[E07]

P
E

Skvortsov (1950)

Ea/E«

E a - actual evaporation
E s - standard evaporation

Budyko (1951)

R/LP

L
R
P

Budyko (1970)

P/0.1820

I
i

P
!E
t
a

-

precipitation
0.0018 (25+t)2(100-a)
mean monthly temperature, °C
precipitation in inches

- precipitation in inches
- moisture deficit

- latent heat of evaporation
- radiative balance
- annual precipitation

| £© - sum of daily mean temperatures
j
above 10°C
| P - annual precipitation

P
i2pi
- [ — + — ]
2
T+io
ti+e

P
Pi
T
ti

-

mean annual precipitation
monthly precipitation
mean annual temperature
monthly temperature

Kostin (1952)

P/Et

P
Eo
d
n
t

-

precipitation
4 * (l+0.004t) 2
mean humidity deficit
number of days
mean air temperature

Turc (1954)

P/[0.9+(P/L) 2 ] 0 ' 5

P

- annual precipitation

P
V
L
T
a

=
-

Capot-Rey (1951)

Turc (1955)

P + a + V

jRFI

O.S"

precipitation for 10 days
crop factor
300+25T+0.05T 3
mean air temperature
10 days evaporation

Bailey (1958)

P/U.025) T + X

P
T
X

- annual precipitation
- mean annual temperature
- empirical coefficient

Nesterov (1958)

ltd

t
d

- air temperature at 13.00
- humidity deficit (mb) at 13.00

Buchinsky (1958)

10jP/Jt

P - precipitation
Jt - monthly mean temperatures

Moral (1964)

t -t+20

t

- monthly temperature

-

AUTHOR
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DROUGHT/ARIDITY INDICES

Palmer (1965)

t
i P~P'
I

(PÊ+R)/(P+L)

T= 1

Herbst, Dredenkamp,
and Barker (1966)

SYMBOLS

Pt+WtPf!

- monthly temperature

(0.31T+2.69)

PE P *P'T L P
Wt

potential évapotranspiration
precipitation
water balance term
number of months
loss, R - recharge

- precipitation anomaly in
month t
- weighting function for
carry-over effects

= 0.1[l+l(12Pt/P)]
Pt - mean rainfall for month t
P

- mean annual rainfall

Yao (1969)

E/PE

E - actual évapotranspiration
PE - potential évapotranspiration

Sly (1970)

P/[P+SM+IR]

P - growing season precipitation
SM - soil water available at
beginning of growing season
IR - Irrigation requirement

Priestly & Taylor
(1973)

E/Eq

E - évapotranspiration
Eq - equilibrium évapotranspiration
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MODEL DROUGHT RESPONSE PLAN

I.

Purpose

To provide an effective and systematic means to deal with emergency
drought problems which may occur over the short- or long-term.
II.

Description of the Plan

Drought affects many aspects of the social and economic life of a
country, especially activities such as agriculture, municipal water supply,
industry, commerce, tourism, wildlife preservation and wildfire fighting.
Shortages of water and the possibility of a subsequent drought arise because
of significant changes in the expected conditions of water supply and demand.
The recent widespread drought has resulted in severe adverse effects
on food and agricultural production in many parts of the world leading to low
market prices, a depressed economy, and population displacement. The real
response to drought therefore should aim at making available timely and
accurate data and information to enable government authorities to take
remedial decisions. These data and information should include not only
climatological information, but also information of the social and economic
impacts. A systematic description of important problem areas and the
potential solutions is necessary for effective and frugal government response
in order to avoid over or under reactions. There is also the need to
integrate the response of various private, public and governmental bodies, and
maintain proper channels of communication and responsibility as the drought
intensifies.
In developing a drought response plan, it is necessary to design a
system that would avoid past problems, reflect needs that are pertinent to the
current and expected conditions and ensure effective management of drought
response in the long run. The system should not only incorporate lessons
learned and the capability to take definitive, action, but it should also be
flexible enough to adjust quickly to new or unexpected impacts. It should be
able to cope with worsening conditions facing an unaware public or intensive
pressures emerging from a public sense of urgency or frustration. Finally it
should be capable of either mobilising actions and resources energetically and
monitoring the changing conditions.
III.

Development of the Drought Response Plan

In order to deal with the complexities of emergency drought response
management, an assessment system should be established, separate from the
response system.
1.

Assessment System

This system depends on a variety of data and information from
a broad range of sources. It collects and evaluates data and provides
for the delineation of the various problem areas. It should be
composed of representatives of concerned agencies comprising a number
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of task forces (Water Availability Task Force, Impact Task Forces,
Review and Reporting Task Force). These task forces expedite the
collection, processing and dissemination of water availability and
impact information through:
(a)

Drought monitoring
-

(b)

Drought identification
-

2.

measurement of precipitation, riverflow, lakes, groundwater,
snow
description of effects on hydro-electric energy production,
agriculture, water supply
assessment of health and other problems
provision of long-range forecasts of water resources.

Application of monitored
Establishment of drought
activities (agriculture,
Declaration of existence

information
threshold indices for various
water supply, energy, etc.)
of drought conditions.

Response System

For this system to function effectively, it is necessary to
identify specific impacts of drought by various sectors - agriculture,
water supply, energy, industry, transportation, economy, etc. As the
impacts are identified by the appropriate task force, they are
reported to the concerned government departments. Response consists
of any action to be taken to solve the particular drought problem.
This includes decisions to make media announcements, funding and .
co-ordination of effort and resources, public education and alerts.
The government department or agency most concerned by each impact
is assigned the responsibility of lead agency, and enlists the
co-operation of other agencies as necessary. Some possible lead
agencies are the department of agriculture, forestry and water supply,
municipal and local authorities, agencies responsible for energy,
commerce, industry, tourism, and ministries of economic planning and
health.
It is desirable to designate within each department concerned a
Departmental Drought Co-ordinator who would be responsible for making
news releases concerning its activities.
A Review and Reporting Task Force determines when response
problems require extra-ordinary management.
3.

Disaster Emergency Services Office

This office deals with all drought-related problems and is
responsible for issuing any press releases covering overall status and
direction of drought response. It should comprise senior management
representatives of all departments concerned (departmental
co-ordinators or representatives of lead agencies). It acts in
concert with or through a department and reviews unmet needs
identified by the task forces or lead agencies, identifies and
recommends means to meet them and ensures inter-agency co-ordination.
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4.

The Inter-Agency Co-ordinating Group

This Group should consist of senior management representatives
from the leading drought response agencies and be chaired by the head
of the Disaster Emergency Services Office, created to deal with the
drought problems. The main tasks are:
(i)

To review Impact Task Force statements of unmet needs in order
to recognize and identify alternate choices for response;

(ii)

To develop, co-ordinate and recommend solutions to impact
problems involving:

(iii)

5.

(a)

Executive Branch (Government) actions, including
inter-departmental or external support;

(b)

Legislative or legal action, e.g. requests for funding;

(c)

Programme approval, implementation and monitoring

To ensure inter-agency co-ordination e.g. in the form of press
releases.

Plan Activation Criteria

The drought response plan will be activitated on the basis of a
water availability index. This numerical description of drought
conditions, normally based on the Palmer Drought Index (see Figure 1 ) ,
can be general in nature and will be developed through the Water
Availability Task Force. This index should be published on a monthly
basis throughout the drought period and be used as a trigger point to
activate various levels of the drought response plan. A drought
emergency is declared when the Palmer Index reaches -2.0.
Impact Task Forces are activated when detailed assessments have
been developed. The Review and Reporting Task Force decides when the
Inter-agency co-ordinating body should be activated.
IV.

Execution

As stated above, the assessment system deals with the collection and
dissemination of water availability and impact information. The response
system deals with current and unmet needs as impacts are identified. The
Inter-agency Co-ordinating body or group takes action to resolve emergency
issues which are unusually complex.
V.

Tasking for Impact

The tasks to be carried out by various agencies are listed under both
Assessment and Response Systems.
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Assessment

All Departments concerned should designate Departmental Drought
Co-ordinators and provide personnel and resources to a number of
Drought Task Forces. Some examples are given below:
1.

Water Availability Task Force

This task force collects and evaluates water availability data,
namely snowpack, soil moisture, reservoir levels, ground water levels,
precipitation, temperature, stream flows; makes assessments as to
changes from historical normals (based on frequency analysis) in
availability and makes projections on further development; identifies
key areas of. water shortage; and reports its findings to appropriate
bodies.
The National Weather Service should be represented by a
climatologist and a weather forecaster on this task force.
2.

Municipal Task Force

Based on data provided by the systems engineer, this task force
assesses impacts on municipal water supply sources, such as
reservoirs, direct stream flows, groundwater and determines the
capability to withstand the impact and to prevent or resolve the
problems associated with drought. The analysis of municipal fire
fighting capacity at low water pressures or low supply level is
included.
3.

Agricultural Industry Task Force

The objective of this task force is to describe the system for
agricultural drought-damage and impact assessment; define procedures
and responsibilities of all government agencies in collecting and
evaluating data, especially precipitation data; make assessments and
projections of impact on food and agricultural production; identify
sources of assistance and response action; and report and make
recommendations to concerned public and appropriate authorities to
enable them to take remedial action. The assessments should emphasize
soil erosion, crop and livestock losses, insect and pest problems as
well as extension of financial credit for farmers.
The effect of drought on agricultural industry differs from other
types of natural disasters in that it is progressive in nature, and
shows its effects often well after its occurrence, so that its
presence may not be recognized until it has reached a severe level.
4.

Commerce and Tourism Task Force

Some tourist industries, such as the ski industry, are highly
dependent on an availability of substantial snowpack and waterbodies.
Some of the assessment measures are locally generated information on
decrease in sales tax revenues, increase in unemployment and decrease
in lodging receipts and visitation levels as well as reports from
other agencies, such as chambers of commerce. The task force also
identifies major commercial and industrial problem areas.
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5.

Economie Task Force

This task force develops the procedures and organization for
actual and potential economic impact assessment involving all major
sectors of the economy e.g. revenue, labour and employment,
agriculture, social services, commerce, finance and economic planning,
budgeting, banking and treasury, transport and communication etc. It
should identify resource gaps and necessary measures for effective
assessment procedures and make recommendations for mitigation and
response to the actual and potential economic drought impacts. It
should involve experts with knowledge in economic simulation modelling,
6.

Energy Loss Task Force

This task force organizes and initiates assessment activities,
especially on potential reduction in hydroelectric energy production,
overall loss of energy (oil) production and impacts on major user
groups.
7.

Health Task Force

This task force should organize and initiate activities on health
problems relating to drought such as epidemics and malnutrition and
make appropriate recommendations.
8.

Wildlife Task Force

This task force will collect impact data related to wildlife e.g.
losses of game, fish and non-game wildlife and evaluate these data;
make assessments as to severity of impact and make impact projections;
identify sources of assistance and plan preventive measures; and
report the assessments to facilitate necessary action.
Special emphasis will be placed on (i) assessment of losses in
wildlife, fish hatcheries, and changes in reservoirs, streams,
terrestrial wildlife habitats and associated recreational areas;
(ii) measures to prevent wildlife losses or mitigate the loss;
measures to conserve pools, stream flows, guzzlers; pond construction,
fish salvage, etc.
9.

Wildfire Protection Task Force

Drought conditions increase the severity of wildfire threats and
strain normal fire defenses. Therefore this task force assesses and
identifies potential short- and long-term fire protection needs,
especially in forest areas. Basic data used by this task force
include the Palmer Drought Index, monthly and annual precipitation
data and reports by the water availability task force.
10.

Review and Reporting Task Force

This task force will receive reports from the Water Availability
and other Impact task forces, collect and summarize the assessments
and projections, evaluate overall conditions and trends, develop
recommendations for drought response and make timely reports to higher
authorities and decision makers, the information media, response
system managers and heads of other agencies. It should, as far as
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possible the Departmental Drought Co-ordinators. Its major task is to
ensure inter-task force and inter-governmental co-ordination during
drought.
B.

Response

All government departments are normally involved in task organization for response to drought. The departments should address the
drought-related problems through their normally established programme
activities and co-operate with the respective lead response agencies,
act as lead drought response agency if so designated by the government, and consider and recommend water conservation practices to the
lead agencies as necessary.
The main function of lead agencies is to identify, to higher
authorities and decision-makers and to the Inter-Agency Co-ordinating
Group (IACG) if established, any unmet needs resulting from drought
impacts and responses. Some lead agencies and their responsibilities
are given below:

1.

Department/Agency

Sector of Lead Responsibility

Local Authorities

Commerce and Tourism, Municipal Water
Systems, promotion of conservation
practices

Natural Resources

Wildlife, Water shortages, promotion of
conservation practices

Agriculture

Agriculture, promotion of conservation
practices

Chief Forester

Wildfire protection

Office of Planning
and Budgeting

Economy

Health

Public health

Power/Energy

Energy shortages and interruptions,
promotion of conservation practices

Division of Disaster
Emergency Services

Life threatening or other high priority
emergency situations, including
officially declared disasters.

Drought Response System for Municipal Water Systems

This includes the lead agency and other bodies dealing with water
conservation or development and emergency water and sewer
grants/funding for the provision or hauling of water supplies and/or
waste water treatment, repairing lines, etc.
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Drought Response System for Water Shortage/Promption of
Conservation Practices

This system involves the department responsible for water supply
as lead agency and a number of other co-operating agencies concerned
with the use and management of several natural resources such as
water, land, soil, mines, wildlife, parks and forests. At the time of
drought emergency, all these agencies are activated to take various
measures such as purification, transportation and distribution of
drinking water, water conservation, resolution of conflicts of
interest (e.g. agriculture vs. fisheries; agriculture vs. power
production), manpower and budgetary requirements to administer various
drought-related programmes.
3.

Drought Response System for Agriculture

This system involves all agencies dealing with agricultural
industry, each addressing various aspects of the problem, e.g.,
addressing emergency water hauling and feeding operations for
livestock, surveillance of animal health and care (insect and pest
problems), co-ordination of economic market outlook reporting,
emergency plans to agricultural and food industries, rehabilitation of
food, agricultural and related agri-business facilities, arrangements
for land conservation (reducing run-off and soil erosion by wind
storms and water) and others.
4.

Drought Response System for Economic Losses

This involves all government agencies, public and private
organizations and individuals concerned with response to impacts of
drought, especially those associated with the financial aspects.
5.

Drought Response System for Energy Shortages

This deals with problems related to emergency response actions
associated with shortages or disruptions of energy (fuel,
hydroelectric power, rural electrification etc.).
6.

Drought Response System for Commerce and Tourism

The response programmes may include expediting financial aid to
business and developing public information for distribution to
tourists, for maintenance of essential supply of goods, etc..
7.

Drought Response System for Public Health

This includes action to counteract epidemics, health problems,
and other such as rural exodus and migration.
8.

Drought Response System for Wildfire Protection

The system deals with procedures for utilising existing fire
suppression mechanisms, evaluating needs and setting resource priorities, and implementing all emergency programme actions such as wildfire prevention, detection, readiness, and suppression measures. It
also addresses problems relating to abnormal fire starts, unusual
control problems and funding.
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Drought Response System for Threats to Life

The lead agency is the Division of Disaster Emergency Services
together with almost all government, public and private agencies,
relief and volunteer groups, commercial and industrial groups and
associations. They deal with all government funding and assistance
programmes and monitor and facilitate the implementation of these
programmes.

FIGURE 1
WATER AVAILABILITY INDEX
CHARACTER OF WEATHER

INDEX
4.00 or more

Extremely wet

3.00 to

3.99

Severely wet

2.00 to

2.99

Moderately wet

1.00 to

1.99

.50 to

.99

.49 to -.49

Near normal

-.50 to -.99
-1.00 to -1.99
-2.00 to -2.99

Moderate drought

-3.00 to -3.99

Severe drought

-4.00 or less

Extreme drought

[Based on Palmer (1965) - Meteorological Drought USWB Research Paper 45, Washington, 1965]
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LECTURES ON DROUGHT
A.

GENERAL
Definitions

It is necessary at the beginning to differentiate between the terms
drought, aridity and desertification.
Drought is generally viewed as a sustained and regionally extensive
occurrence of appreciably below average natural water availability, either in
the form of precipitation, river runoff or groundwater. It is a temporary
feature caused by climatic fluctuations. The basic cause of drought is not
only inadequate precipitation. Depending on the definition used, such as one
based on available water, the arid zones of the world would be regarded as
almost permanently drought-stricken, but by reference to normal rainfall, they
could be classified as no more subject to drought than some heavy rainfall
areas. Drought is possible in other rainfall or temperature regimes.
Aridity is usually defined in terms of low average precipitation or
available water and, ignoring the possibility of climatic change, is a
permanent climatic feature. Thus aridity is by definition restricted to
regions of low average rainfall and usually of high temperature, such as
deserts. Activities in the arid zone are geared to meet the consistent
dryness but a drought situation results in at least some interruption of
normal activities in all zones affected by the temporary decrease in normal
water availability. Lettau (1969) has described a simple index of aridity
also known as Budyko's radiational index or dryness ratio D as D = — ,
where R = mean annual net radiation at surface, P = mean annual precipitation
and L = latent heat of vaporisation of water. Examples of drought and aridity
indices are given in the annex to Dr. Ogallo's report contained in this
Technical Document.
Hare (1983), defines a desert as a region from which perennial life is
excluded or, at best rendered sparse mainly due to deficient precipitation.
This occurs with dryness ratios of 10 or more. Except at groundwater or
riverine oases, where other water may be available, desert regions are not
largely settled by man. Since these regions are already deserts they are not
subject to desertification.
There are also different approaches to the concept of
desertification. The FAO/UNEP adopted the definition of desertification as a
process involving all forms of degradation (natural or man-induced processes
disturbing the equilibrium of soil, vegetation, air and water) of land
vulnerable to severe edaphic or climatic aridity, leading to the reduction or
destruction of biological potential of the land, deterioration of the living
standard and intensification of desert-like conditions (WMO, .1985). In the
Soviet Union, by desertification is meant "a combination of physiographic and
anthropogenic processes leading to the destruction of the ecosystems in arid

- 42 and semi-arid areas and the degradation of all forms of organic life, which in
turn, leads to a reduction in the natural and economic potential of those
areas" (Kharin and Petrov, 1977). A special case of desertification, but with
comparable socio-economic consequences, is the salinization of soils in
irrigated areas, through inadequate drainage. In this paper the term
desertification is used to mean the "diminution of the biological productivity
of the land leading to the spatial extension of desert-like conditions of soil
and vegetation into marginal areas outside the climatic desert and the
intensification of such conditions over a period of time". Emphasis is placed
on desertification process, taking place in arid and semi-arid zones bordering
the deserts under average annual rainfall less than 500 mm and "biological
productivity" refers to the naturally occurring plant and animal life, as well
as to the agricultural productivity of a given area.
There are many definitions for the term drought. (See WMO 1975 a,
b). Most of these definitions can be classified according to a number of
criteria involving several variables, used either alone or in combination:
rainfall, temperature, humidity, evaporation from free water, transpiration
from plants, soil moisture, wind, river and stream flow, and plant condition.
The definition based solely on precipitation is called meteorological drought
and refers to short-period droughts or dry spells, when precipitation received
is far below the expected normal, e.g. 21 days with precipitation less than
one-third of the normal, or 15 days with no rain. Percentiles are also used
to define drought especially in the drier areas. For example, Bates (1935)
considered that a state of drought exists when annual rainfall is 75% of the
normal or when monthly rainfall is 60% of the normal. A list of some of the
definitions is given in Annex I.
There are other ways of describing drought. Agricultural drought for
example, is related to physiological drought determined from conditions of
natural vegetation, crops, livestock, pastures, and other agricultural
systems. It is defined by measure of the availability of soil water to plants
or animals. In this case, radiation (heat), drying wind and evaporation
become important factors. It is usually measured by the effects of water
deficit in terms of economic losses to agriculturists. The economical loss
terms can include factors like drop in crop production, livestock deaths,
industrial losses, plants not planted or replanted, changes in land use,
emergency relief expenses, as well as losses incurred after the agricultural
drought (e.g. losses through wind and water erosion). Agricultural losses
from economic terms may be very difficult to assess or compare with some
previous episodes since similar patterns of drought may have a different
economic impact at various stages of development to the.agriculturist. For
example, a drought episode may cause a drop in agricultural production similar
to some earlier ones, but a sharp rise in the market prices of the products
during the drought period may result into higher profits to the
agriculturist. Atmospheric drought is sometimes used to indicate an abnormal
dryness of the air in which the saturation deficit becomes important. Other
definitions involve the use of some measure of soil water, e.g. water balance
equation or évapotranspiration.
Hydrological drought is the deficit in the runoff of rivers and other
surface water resources and in groundwater resources. It involves the
description of availability of water, in the form of precipitation runoff,
evaporation, infiltration, river systems, and other surface/ground water
inflow/outflow systems, which may be included in the hydrological water
balance equation as follows:
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where W = available water for the system use
G = total incoming water of the system (precipitation,
infiltration, storage, etc.)
L = total water loss (evaporation, runoff etc.)
Drought is, by definition, a sustained period of water deficit in a
particular area, perhaps lasting a few months or even many years. Conditions
within a drought may vary considerably in space and time in accordance with
the spatio-temporal irregularity of the rainfall distribution, with the
heterogeneity of the hydrological response of the river basins that are
affected, and with the response of the natural vegetation, agricultural and
crop production.
Climate change and drought
Drought is normally regarded as a normal component of climate and dry
zones of the world are more prone to drought than other parts. Anomalous
weather phenomena, such as drought, are explained in terms of anomalies in the
general circulation patterns.
Drought is a recurrent phenomenon inherent to climates with great
variability. Climate change is likely to be gradual and hence very difficult
to detect, particularly when the natural variability of rainfall is high. In
arid and semi-arid areas (also called marginal areas), a sufficiently long
record of rainfall is required in order to establish its distribution. The
usual 30-year climatological normal may not be adequate in regions of high
variability and differences in the normals may be due to sampling effects. In
these areas, there exists no firm evidence of climatic change during the
rather brief period of existing rainfall records.
These marginal areas are located at the edges of large sub-tropical
high pressure cells, where precipitation is ordinarily adequate for
agriculture, riverflow and water supplies. The fewer the average number of
days of precipitation in these areas, the greater the interannual
variability. This number depends on prevailing large scale atmospheric
circulation. The boundaries of the arid zones fluctuate with normal rainfall
variability and the surrounding marginal (semi-arid) areas are also subject to
periods that can be classified as arid. Shifts in the general ciculation may
cause precipitation deficits which may lead to drought conditions. In these
areas which are affected by drought, and where vegetation is mostly in an
ecologically fragile balance, agriculture is very precarious. This does not
imply however, that occurrence of drought in marginal areas is the result of
climate change. Drought should rather be regarded as a normal climatic
occurrence in such areas.
Drought indices
Drought incidence can be quantified using a variety of relationships
(see Annex I) involving annual climatic values and the long-term normals.
There have been many objections to the use of meteorologically derived drought
indices on the grounds that the problem of drought is so complex that no
single index can possibly take full account of all the pertinent physical and
biological factors. An index of agricultural drought expresses the degree to
which growing plants have been adversely affected by an abnormal moisture
deficiency, which may result either from an unusually small moisture supply or
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the growing season may result in partial or complete lack of crop yield. But
the rainfall amount below which a crop is considered drought-stricken depends
on the degree to which a reduced crop yield can be tolerated by the
community. This also depends on the economic situation of the area
concerned. Similarly the amount of water considered to be the optimum for
urban and industrial requirements depends very much on the standard of living
and life-style of the community and the nature and extent of its agricultural
and industrial activities.
Although many factors are involved in describing availability of
water, the most useful single index for assessing drought and water
requirements of plants and water supply is rainfall. Since rainfall is
non-continuous in time and space, its statistical description is very complex,
but any attempt to combat drought and desertification will have to take into
consideration the rainfall of the area, especially in arid and semi-arid
areas. In an arid or semi-arid rangeland where grazing by domestic animals is
at its critical limits, a succession of dry years can induce long-term
desertification processes. Dry ecosystems that are only slightly disturbed
often have the capacity to recover from natural events, in the absence of
man-made exploitation. However, such ecosystems often do not recover from the
combined effect of dry years and overplantation, which may lead to wind and
water erosion. These effects will then lead to permanent or temporary
desertification. Since rainfall is a limiting factor in semi-arid areas,
monitoring rainfall data is very important in order to assess the status of
vegetation and potential desertification in these areas.
The most common rainfall statistic used to estimate meteorological
drought is the mean (or normal or average), but by itself the mean is not a
sufficient statistic to describe important differences in rainfall patterns.
The distribution of many annual totals is not significantly different from
normal but monthly and daily totals show marked departures from the normal (or
Gaussian) distribution. Gibbs (1964) has shown that the square roots of daily
and monthly (and even annual) rainfall totals in Australia are almost normally
distributed; hence the mean and standard deviation of the square roots can
give an adequate description of the entire rainfall distribution. The
percentile and decile methods are also often used. The fifth decile or the
median is the amount not exceeded on 50 per cent of occasions. The first
decile range (i.e. the range of values below the first decile implies an
abnormally dry condition while the tenth decile range (i.e. above the ninth
decile) implies very wet conditions.
Other indices used in describing drought are Rain Factor Index (ratio
of annual amount of precipitation (P) and temperature (T), Index of Aridity
(P/T + 10), and P/E ratio where E is annual evaporation. The most elaborate
and perhaps most satisfactory indices are the drought severity index derived
by Palmer (1965) and his Crop Moisture Index (1968).
Agriculturalindicesof drought
Several indices have been used to quantify the severity of
agricultural droughts. Most of these are used to express the degree to which
the agricultural system has been affected by water deficit. For example, in
the evaluation of Water Status and Stress in plants, one can refer to the Crop
Water Stress Index. There are many indicators that the plant is suffering
from physiological drought, which is related to agricultural drought, such as
wilt, leaf colour change and loss of rigidity, leaf shedding and change in
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the complex physical processes involved in the response of the agricultural
systems to water deficit, it may be very difficult to quantify the effects of
agricultural droughts accurately. Agricultural droughts have therefore been
derived from numerous parameters. These parameters have ranged from single
meteorological parameters (e.g. Palmer index) to more complex functions
involving combinations of soil moisture, crop parameters and many other
factors.
Some of the commonly used indices have been derived from actual and
potential evaporation methods. Other indices have considered the major
agrometeorological factors which are severely affected by moisture deficits.
Such parameters have included biological conditions of the plants, soil type,
nutrient constraints, stages of plant development, final crop yield and
several other agrometeorological factors. Many of these methods have been
discussed by Bova (1941), Turc (1954, 1955), Kulik (1958), Sly (1970), WMO
(1971, 1975a, b, c, 1983) and several others. A few of these indices are in
the annex to the first paper in this technical document.
The energy and water balance equations have also been applied to
agricultural systems in attempts to quantify the moisture deficits. The water
balance equation for the plant-soil environment may be expressed as:
P = Q + V + E + W
where Q is the run-off, E actual évapotranspiration, P water available through
precipitation, irrigation etc., V the drainage beyond plant root zone and W
change in soil moisture storage.
During the period of persistent severe drought the terms P, Q, and V
may be zero. The balance between W, E and the potential evaporation terms may
be used to quantify the severity of the drought episode. Methods of
computations of some of these terms together with the weakness of some of the
models are discussed in FAO (1979), WMO (1983).
Hydroloqical drought indices
Hydrological drought occurs when the actual water supply is less than
the minimum required for the hydrological operation. The hydrological
droughts are often characterized by low stream flow, low precipitation, fall
in the levels of lakes, wells and reservoirs, depletion of soil moisture,
lowering of groundwater tables, changes in runoff and evaporation rates etc.
Changes in these parameters together with several other hydrological factors
have been used to quantify the severity of hydrological droughts (Chow, 1964;
WMO, 1969, 1983a). Some of the principles used here are identical to those
discussed under the meteorological and agrometeorological indices. These
include the use of residual mass curves on hydrological parameters. Water
balance indices can also be derived for the hydrological system. It should be
noted that topography, geology, soil characteristics, vegetation and many
other factors may introduce complications to the principles used in deriving
hydrological drought indices.
Methods of analysis
The characteristics of drought can be determined from the spatial and
temporal patterns of the drought indices. The temporal components are:
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(i)
(ii)

Onset, cessation and duration
Trends

(iii) Periodicities or recurrence
(iv) Persistence
(v) Extreme episodes.
The above factors are very important to the farmer. There are various
methods for determining these factors. One simple method, described by Ogallo
(1984), is by plotting decile limits to define onset, cessation and duration
of drought. A period with continuous occurrence of decile limits less than 3
for example followed and preceeded by larger decile limits is then defined as
one of drought. The beginning and end of run are therefore the onset and
cessation. Tables 1 and 2 explain the methodology described.
Drought monitoring
It is necessary to monitor drought on a real-time basis in order to
decide on efficient irrigation practices and emergency food and water relief
operations for crop and animal production . This requires an efficient
network of meteorological and agricultural stations. Meteorological
information required includes soil moisture, evaporation, transpiration
(évapotranspiration), radiation, temperature, humidity, wind, as well as field
reports of the management of water, crops and livestock, etc. Remote sensing
techniques can also be used. In addition efficient systems for data
collection, processing and dissemination are essential.
Crop-weather modelling
Weather has significant influence on the growth phases and the final
yield of all crops. Weather also influences the day-to-day agricultural
operations like seedbed preparation, weeding, fertilizer application and many
other land use systems, together with the occurrence and spread of many animal
and plant diseases, and pests. The various influences of weather on crops
have been investigated by many agrometeorologists using crop-weather models
(WMO, 1983). These models have been used to study the various crop parameters
which are affected by weather changes. These crop parameters have included
the date of maturity and the final production. The crop-weather models have
been used to simulate and estimate the degree of influence of some specific
weather episodes on the various crop stages of development and final yield.
The crop-weather
of weather anomaly which
to forecast the maturity
information is necessary
They can also be used in
processing of perishable

models can be used to detect the early warning date
might be harmful to the crops. They can also be used
date and the expected final harvests. This
for good planning and food distribution purposes.
crop zoning, land use planning, growing and
food, etc.

Crop-weather models have ranged from simple models using simple
meteorological parameters as inputs to sophisticated non-linear models
involving several agrometeorological parameters as inputs. Such models have
been discussed by Baier (1977, 1979), WMO (1983) and many others. These
models have been classified by Baier (1979) into three major categories viz.
crop growth simulation models, crop-weather analysis models and empirical
statistical models.
The crop growth simulation model may be defined as a simplified
representation of the physical, chemical and physiological mechanisms
underlying the plant growth processes. These simulation models are generally
experimental methods which provide an insight to the crop-weather
relationships.

- 47 -

Table 1.

DECILE RANGES (Gibbs & Maher 1967)

DECILE CLASS LIMITS
FOR RAINFALL

WEATHER CLASSIFICATION
-

1
2
3
4-7
8
9

Very much below average
Much below average
Below average
Average
Above average
Much above average

10

Very much above average
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- 49 The crop-weather analysis models have been defined by FAO (1979) as a
product of two to more factors, each representing the (simplified) functional
relationship between a particular plant response (e.g. yield) and the
variation in selected variables at different plant development phases. These
models reguire agroclimatological records which can be used to derive the
functional relationship between the plant response and a few selected
agrometeorological factors.
Empirical statistical models described the empirical relationship
between crop responses (e.g. yield) and one or more variables representing the
agrometeorological parameters.
The most common operational weather-crop model especially in the
developing nations is the FAO/WFP model. This is a simple soil water balance
model which can be grouped under the crop-weather analysis models. It is used
to monitor rainfall during the growing season, and to detect the space and
time anomalies which may be harmful to crops, and to estimate the expected
harvests. The model has been very simplified in some developing tropical
nations due to scanty, late and often low guality of the input data. Unlike
the developed nations where high yield levels have been achieved through high
input levels and the use of improved varieties, the input levels are still
very low in many developing nations. In the tropical regions, rainfall is the
weather parameter with highest variability in both space and time. Simple
crop monitoring models based on cumulative rainfall anomalies as the major
input parameter have been applied in some tropical regions where precipitation
variance dominates over the other weather parameters.
B.

CASE STUDY - THE SAHEL
Effect of drought on agricultural production

The effect of drought on agricultural production in the Sahel has been
very well discussed by Glantz (1985) at a seminar in Addis Ababa, organized by
WMO and co-sponsored by FAO, ECA, UNEP and ACSAD. This excellent report on
the case study of the Sahel appeared in the USDA report on Food Problems and
Prospects in Sub-Saharan Africa, 1981.
The schematic diagram (ine Annex II) suggests that the most important
impact of weather is on crop yields. Yet, weather (especially drought) also
affects several other factors shown on the schematic diagram such as
migration, labour supply (urban and rural), acreage planted, farm storage of
grains, home consumption, food imports, export crop acreage, and (in some
instances) land guality. Weather, or more specifically drought, is far too
important a factor in food production to be relegated to such a minor
consideration with other food-balance factors in sub-Saharan Africa. While
the importance of the direct and indirect impacts of drought on the food
balance situation will vary greatly from one location to another and from one
time to another, and while drought is but one factor among many others that
reguires consideration, its importance must not be underestimated. Some of
these factors that have not been well represented in the chart or in the
supporting text of the USDA report are briefly discussed in the following
paragraphs. As these are not mutually exclusive factors, the discussion
within the following sections will in some instances overlap.
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In the years before the outbreak of the Sahelian drought in the late
1960s, when rainfall in the region was more abundant, the wetter prevailing
conditions masked the adverse effects of inappropriate land use practices on
land quality . Wetter conditions also prompted governments and farmers to
encroach and to cultivate parts of the seemingly seldom-used rangelands. In
addition to depriving the pastoralists of their sorely needed dry - as well as
wet - season pastures, these former rangelands would in the long run be unable
to sustain agriculture, as a direct result of climate variability and an
inevitable return to drier conditions in that semi-arid or arid region.
With the onset of the multi-year drought in the late 1960s, many of
the impacts of those inappropriate practices became visibly exposed. The slow
process of environmental degradation, encompassing such factors as wind
erosion, firewood-gathering, reduced fallow time and salinization, became
accelerated by prevailing drought conditions. Drought not only exposes and
accelerates existing land quality problems, it can also initiate new ones.
The cultivation of arid and semi-arid lands subject to a high degree of
rainfall variability, for example, makes the land extremely susceptible to
wind erosion (and desertification) during prolonged drought episodes, as the
bare soils lack the density of the vegetative cover necessary to minimize the
effects of aeolian processes.
As the fertility of the land declines and crop yields decline along
with it, cultivators search for new farmland. Assuming that the best rainfed
agricultural land is already in production, farmers are forced to cultivate
lands considered increasingly marginal from the standpoint of soil quality,
terrain slope, and rainfall (see Glantz et al., 1985). Thus, newly cultivated
lands are in the long run high risk areas for rainfed agricultural
activities: high risk from the standpoint of soil fertility and minimal
fallow time and from the standpoint of their proneness to the adverse effects
of prolonged droughts. The relationship between drought and environmental
deterioration and agricultural stagnation is still too often ignored in the
formulation of agricultural development strategies.
Acreage planted
Drought conditions directly affect the amount of seeded acreage.
Farmers often make several attempts at planting. If rain does not fall within
a certain time following the sowing of seed, the seeds die or germinate and
then die. Each time the farmers reseed, they draw down their seed reserves.
At some point, believing that the growing season is lost, they stop planting
and perhaps even consume their seed. There will be no harvest for that season.
Successive failures reduce the reserves and seed becomes scarce. The
farmer must then decide whether to plant the remaining seed or to use it for
consumption. Eventually, there is nothing left for planting and little for
consumption. The farmer is then obliged to borrow, offering his labour and
perhaps a portion of his future harvest in payment for the loan. In the event
of prolonged drought, the farmer may drift to the urban centres in search of
work or the entire family may abandon their land in search of food supplies in
famine relief centres. Those who remain to farm the land in the event of the
return of the rains are operating under conditions where there will be fewer
and weaker family members to till the land and where most, if not all, of the
necessary draft animals might have perished. Clearly, drought conditions
affect acreage as well as home consumption of locally produced grains.
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quality. The poorer the land, the lower the yields and therefore the more
land that must be brought into production to maintain a certain absolute level
of production. To maintain the same level of production, there is
considerable pressure to bring even more land into production. This means
forcing farmers to cultivate climatically marginal lands. As a result of the
movement into these areas, human activities become vulnerable to an increase
in the probability that a drought will occur, not because people will have
undertaken activities more appropriate to higher rainfall areas. And so the
amount of acreage planted will be the result, in part, of a push into the
margins during wet phases and the inevitable return to drier climate
conditions some time in the future.
Export crop acreage
One activity generally considered to be insulated from the impacts of
drought is the production of agricultural commodities for export. Governments
usually give these commodities favoured treatment, allowing them to be grown
in the relatively better watered and most appropriate areas. They receive
costly but necessary inputs such as preferred seed varieties, technology,
water resources (including irrigation and well-drilling technology),
fertilizer and so forth. They earn foreign exchange and, as a result, are
perceived to be essential for long-term development. In fact, the export of
cash crops continued or increased during the droughts and famines in the Sahel
and Ethiopia in the early 1970s and 1980s (e.g. Lofchie, 1975; Shepherd, 1975;
Hancock, 1985). Yet, in many instances the record shows that foreign exchange
does not often feed back into the development process and, more particularly,
into agricultural development. It is often diverted to support other
non-development oriented government programmes, such as the military, or it is
used to feed the urban populations by importing non-traditional food supplies
for their consumption. De Wilde (1984) notes that "Widespread, repeated
droughts may reverse, for some time, a trend toward the growing of cash crops,
particularly if no effective steps have been taken to provide food relief,
even if the prices of cash crops appear attractive". Thus, even cash crops
grown in relatively fertile and better watered areas are not immune from the
secondary effects of prolonged droughts.
Labour supply, migration and urbanization
As climate variability or, more specifically, drought is a common
feature of arid and semi-arid parts of sub-Saharan Africa, so too is
migration. Migration has been a mechanism for survival resorted to for
centuries by regional inhabitants, herders and farmers alike, on a seasonal
basis as well as during prolonged drought episodes. More recently, there has
been an increase in the migration of rural populations into urban areas in
search of jobs and improvement in their quality of life. This process of
migration has been accelerated as a result of socio-economic and political
changes associated with colonization, liberation, and independence. These
changes include an upgrading of the priority given by the government to cash
crops as opposed to food crop production, the decline in the fertility of crop
and range lands, and the breakdown of cultural and economic practices that
enabled inhabitants of the arid and semi-arid areas to cope with recurrent
droughts and dry spells. To these one can add the natural recurrence of
prolonged severe droughts in various parts of sub-Saharan Africa. Along with
these and other contextual changes, the basic causes of population migration
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inhabitants of the region more dependent on migration as a viable response to
the societal and environmental impacts of drought as well as to the societal
and environmental impacts of economic policies pursued by governments and
donor nations.
Drought affects labour supply in the agricultural sector. Migration
strategies are varied and depend in large measure on the duration and
intensity of the drought and the degree of its impacts on food production
processes. With the advent of major droughts, men often leave their villages
in search of income-producing labour. This robs the rural areas of the needed
labour supply and the burden of the agricultural activities falls on the
shoulders of the women, children, and the elderly. This is an example of how
drought can accelerate a process already underway, even in normal rainfall
years, as some borrow money for seed and supplies in order to get through the
"seasonal famine" that precedes the annual harvest. Large segments of the
rural population must repay their lenders with labour or with a percentage of
their crops.
Food imports
During extended drought periods, food imports, either as aid or as
trade, are required to sustain at least minimal nutritional needs of the rural
and urban populations. Even when food imports are primarily geared to the
needs of the urban populations, drought still comes into play. It is during
such periods that there are influxes of migrants into urban areas in search of
food or employment.
Increased rates of urbanization not only deprive the rural areas of
agricultural producers but stimulate the need for increasing the imports of
food for the growing urban populations. Because urban areas are the centres
of power, governments tend to supply urban populations with inexpensive, often
subsidized, food either drawn from the rural areas or imported from abroad.
In either case, it is at the expense of the inhabitants of the rural areas,
where incentive to produce greater quantities of food for urban centres has
been blocked by government pricing policies that discriminate against them.
Food imports for urban populations are usually the kind that are easily
prepared convenience foods such as wheat and rice. Foreign exchange is often
used to purchase such grains. In fact such imported foods frequently become
favoured over the more traditional ones such as millet, sorghum and cassava.
Thus, inexpensive, subsidized food imports alter the tastes and,
subsequently, the food preferences of the urban population away from the
traditional crops grown in the countryside. As noted earlier, the urban
population is constantly expanding as a result of the influx of migrants from
rural areas. As this population swells and individuals develop a preference
for and a dependence on wheat and rice, this situation takes on the appearance
of a vicious circle. As a response to this particular situation, some
governments have resorted to import substitution by growing such grains in
their own country. To do so is not without cost and sacrifice in many cases,
however, as it requires costly inputs of fertilizers and irrigation equipment
and leads to the displacement of traditional crops, from certain cultivated
areas.
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As stated earlier, drought is a common occurrence in many parts of the
tropical and sub-tropical areas of the world. The general meteorological
causes of drought are well-known, but the specific quantitative conditions
necessary for the onset and cessation are not yet fully understood. A lot of
research is in progress, and further efforts are necessary to explain the
causal mechanisms.
Studies with numerical models of the atmosphere have supported the
hypothesis that changes in surface properties such as in the albedo
(reflectivity) or in the soil moisture may contribute to the persistence of
drought. An increase of albedo caused by decrease in vegetation due to
overgrazing or deforestation produces a relative cooling of the land surface
and atmosphere and a reduction in precipitation. A reduction in soil moisture
could also produce reduction in rainfall.
Other models have tried to explain the role of atmospheric dust in the
production of drought. A layer of dust can reduce the downward radiative flux
while at the same time warming the atmosphere. This produces a stabilizing
effect on the lower level temperature lapse rate, thus leading to a positive
feedback mechanism, in that convective activity is suppressed and hence the
thermally stable situation persists. This hypothesis requires confirmation.
Another important area of research is the effect of sea surface
temperature anomalies on the general circulation pattern such as that of the
El Nino/Southern Oscillation (ENSO) phenomenon. It has been observed that
ENSO often coincided with dry summers in some parts of the world, such as the
Sahel. The role of increased CO2 and other greenhouse gases also has to be
studied.
In view of the above, there are no known methods for predicting the
onset or cessation of drought. Also recent experiments have shown that
rainmaking does not offer a reliable solution to the problem of drought.
However, the knowledge of agrometeorology can be usefully applied to alleviate
the effects. Some of the uses are summarized below:
(i)

To assess the impact of drought on crop yields to enable an
early warning of potential food shortages to be given. This
will help plan the distribution and marketing of the nation's
food supplies;

(ii) To estimate the probable length of the rainy season in order to
advise the farmers on selection of best seed varieties, and
among various intercropping practices and also on adoption of
alternate crops;
(iii) To advise farmers on daily availability of water to meet the
requirements of various crops as well as provide operational
agricultural weather forecasting services to assist in the
choice of best time of planting, weeding, irrigation, fertiliser
application, crop protection, measures against pests and
diseases, and of water harvesting;
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and pasture grasses in order to help estimate the carrying
capacity and hence avoid overgrazing;
(v)

To provide an input into the development of sustainable
agroforestry systems in order to ensure availability of
fuel-wood without deforestation leading to desertification;

(vi) To provide an
establishment
monitoring of
activities on

input into the wildland fire control operations,
of drought control and response plans including
drought occurrence and the study and research
drought.

The above examples identify some of the ways that drought affects
crops and livestock components of the food balance system. Drought is a
problem which has important implications and involves not only meteorologists,
but also hydrologists, agriculturists, economists and many policy-makers in
government. Although there can be rain and even floods in places that
formerly suffered from drought, one must not forget that drought is a
component of the climate of all semi-arid and sub-humid areas. It will
certainly come back again and one should always be ready to respond to it when
it comes.
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I

Some D e - f i n i t i o n s o f Drought based on R a i n f a l l

Author

Definition of drought or associated concepts

Region and comments

Brounov
(early 20th century)

Ten days with rainfall not exceeding 5 mm.

Ref. Tannehill (1947).

Henry (1906)

31 days or more when rainfall is 3 0 % or less
of average for the time and place. Extreme
drought when rainfall fails to reach 10% of normal for 21 days or more.

U.S.A.

Cole (1933)

IS days with no rain.

VSA.

Bates (1935)

When annual precipitation is 75 % of normal or
when monthly precipitation is 6 0 % of normal.

U.S.A.

British Rainfall
Organisation (1936)

Absolute drought: at least IS consecutive days
none of which received as much as 0.2S mm.
Partial drought: at least 29 days during which
mean rainfall does not exceed 0.25 mm per day.
Dry spell: 15 consecutive days none of which has
received as much as 1 mm.

Britain ; inapt in normally
drier regions.

Hoyt(1936)

Any amount of rainfall less than 85 % of normal.

U.S.A.

Baldwin-Wiseman (1941)

Engineers' Jrought in Australia is three or more
consecutive months with deficit of 50 % from
mean rainfall.

Australia.

Blumenstock (1943)

Less than 2.5 mm in 48 hours.

Ref. Thornthwaite (1941)

Conrad (1944)

A period of 20 (or 30) consecutive days or more
without 6.4 mm of precipitation in 24 hours
during season March to September inclusive.

U.S.A.

Tennessee Valley
Authority

When no interval of 21 days received precipitation greater than one-third of normal

Tennessee, U.S.A.

Ramdas (19S0)

When actual rainfall for a week is half of normal
or less.

India.

Fitzpatrick (19S3)

Period terminated by at least 6.4 mm during any
48 hours.

Australia (based on
Blumenstock). Evaluated
probability that dry
spells of any length
would occur at any time
throughout the year.

(WMO, 1975b)
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Author

(continued)

Definition of drought or associated concepts

Region and comments

Foley (1957)

Computed residual mass curves of rainfall. Divided
values by average annual rainfall to give "index of
severity".

Australia. Dividing by
annual average makes
comparison between
stations more reliable.
Index is dimensionless.

Gibbs and Maher (1967)

State that rainfall is the best single index of
drought and use rainfall deciles to demonstrate
temporal and spatial distribution. Areas where
rainfall in first decile range roughly coincides with
drought areas.

Australia. Provides a
useful presentation of
area! distribution of
drought.

(WMO, 1975b)

- 57 Annex

II

Interaction Among Food Balança Factors, Sub-Saharan Africa
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LECTURES ON DESERTIFICATION
A.

GENERAL
Definitions

In the earlier lectures, desertification was defined as "the
diminution of the biological productivity of the land leading to the spatial
extension of desert-like conditions of soil and vegetation into marginal areas
outside the climatic desert and the intensification of such conditions over a
period of time". This implies that the emphasis is on events in arid and
semi-arid zones bordering the deserts where the average annual rainfall is
less than 500 mm. Biological productivity refers to the naturally occurring
plant and animal life as well as agricultural productivity of a given area.
Drought was then fully discussed. Part II will concentrate on the question of
desertification.
Aridity is defined as referring to permanent conditions of very low
average rainfall or available water. Regions with such conditions are usually
deserts. Aridity arises from persistent widespread atmospheric subsidence or
from more localized subsidence in the lee of mountains. Clear skies and low
atmospheric humidities in arid regions result in very high solar radiation
incomes (averaging annually some 200 watts per square metre and over), leading
to high soil temperatures during the day. The light colour and high albedo
(or reflectivity) of many dry surfaces lead to large radiation losses due to
reflection, and long-wave cooling at night is also severe. Hence net
radiation incomes are relatively low - of the order of 80-90 watts per square
metre - in the true desert.
Many methods have been used to classify climate and thereby to
theoretically delineate desert areas. One method is based on the
Lettau-Budyko radiational index of aridity or dryness ratio
«n
D = — ,
LP
where R n is mean annual net radiation at the surface, P is mean annual
precipitation and L is latent heat of vaporisation of water.
It follows that a value of D greater than unity indicates an excess of
radiation over energy required to evaporate annual rainfall and a value less
than unity indicates excessive moisture conditions.

Hare (1983) has stated that this index has approximately the following
values :
>10

True desert, with vegetation and human settlements confined to
groundwater or riverine oases; desertification effects largely
absent.

7-10

Desert margin.

2- 7

Semi-arid zones.
or cultivation.

<2

Desertification in zones of heavy livestock use.
Extensive desertification due to overstocking

Sub-humid to humid.

The zones with values 7-10 are, therefore, arid.
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atmospheric and oceanic circulation, which are at the origin of dry climates
and deserts.
Desertification processes
Desertification, as defined earlier, signifies the extension or
intensification of desert-like conditions through the destruction of the
regeneration ability of the vulnerable ecosystems of arid and semi-arid
regions of the world. Some rough estimates indicate that about 33% of the
land surface is at risk, including the sub-humid tropics and some of the
world's rangeland, rainfed cropland and irrigated land. Tolba (1984) has
estimated that some 21 million hectares of land is currently being desertified
each year. The reliability of the above figures is low because of poor
historical and baseline data. Moreover, there is not yet a global agreement
on which are desertification indicators that should be measured and on the
methods of data gathering and analysis. An FAO/UNEP attempt (1984) described
a methodology for the assessment of desertification. It is a complex
environmental problem and the underlying processes and stages of its formation
may not follow a particular sequence. Different mechanisms may nonetheless
end at similar convergent results. In rainfed semi-arid and arid zone
agriculture, desertification is primarily evidenced by partial or total loss
of vegetation cover in areas where climatic extremes and high land use
pressures have reduced growth of vegetation to a level at which significant
regeneration is impossible.
In general, natural vegetation in desertification-prone areas is very
sparse or scanty due to lack of sufficient precipitation. But this scanty
vegetation is able to protect and to a large extent stabilize the ground
surface. Except where the land is completely degraded, there is always in
arid regions some diffuse cover of at least 20 to 40% perennial species
(shrubs and grasses) which are capable of protecting the soil surface from
erosion. But when, as a result of animal's or man's intervention, some of
this cover becomes removed or degraded, wind erosion sets in and causes the
top soil to be blown away. At this stage, permanent plant life may become
impossible, because lack of water reserves in the remaining shallow soil may
prevent seedlings from surviving the next first prolonged drought.
Decreased vegetative cover increasingly exposes the surface of the
soil to the impact of torrential rains that usually succeed drought in such
areas. The large raindrops disperse the fine surface soil aggregates to fill
up the pores and seal them (cementation). The sealed surface reduces
infiltration rate, increases run-off, thus causing sheet and gully water
erosion, especially in sloping surfaces. This results in much drier soil
conditions and destruction of the remaining individual plants, or in
difficulties in their regeneration and, ultimately, plant productivity
generally decreases. Patches of land so degraded may gradually grow and link
up to the climatic desert resulting in an extension of the desert or
desertification.
Causes of desertification
Arid and semi-arid lands may become prone to desertification if the
limitations imposed by climate, available water resources, vegetation and soil
are not respected through proper land-use practices that mitigate the adverse
effects which lead to an imbalance and subsequent deterioration of the
ecological conditions, and ultimately to a reduction of the biological
productivity of the land. Thus the causes of desertification can be
classified into two major groups, namely the periodic stress of the climate on
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on the other. To these can be added feedback mechanisms.
Climatic fluctuations with changes in the temporal and spatial
distribution of rainfall may result in the lengthening of aridity phases,
higher temperatures and winds of greater intensity. Similarly increasing
human pressure on the ecosystems may result in the extension of cultivated
areas beyond the borders where man's activities are in equilibrium with the
environment. These activities include the extension of irrigated areas for
farming, extensive use of the tree-biomass for firewood and overgrazing of
livestock. These factors can lead to increased water and wind erosion of the
soil, salinization through use of saline water for irrigation, and degradation
of the plant cover by wind and livestock and compaction of the top soil. In
addition several processes may operate simultaneously together, "feeding back"
into the system, intensifying the degradation of the quality of the resource
base and the decline of biological productivity (feedback mechanisms).
Natural, factors
Natural factors leading to desertification can be classified as
follows:
1.
Climatic factors can be summarized as the variations in meteorological
conditions (especially rainfall and wind) or changes in aridity or high
climatic stress caused by intense solar radiation, increasing albedo of the
underlying soil surface, low and erratic rainfall amount, intense rainfall,
shifting spatial and temporal distributions of rainfall, dryness of the air
and soil, high temperature, wind speed of high intensity. These changes are
not related to any human activity. They can also be viewed in the larger
context of climatic fluctuations, not only seasonal and annual variations in
rainfall, but long-term cycles of drought and wet conditions.
Except for arid lands of Central Asia and North America, desert-prone
areas are located in the sub-tropical and tropical latitudes, and have certain
climatic characteristics and precipitation regimes which make them very
susceptible to desertification. In these regions of mainly subsiding air,
there is not enough rainfall to support perennial cropping but pastoralism and
cultivation of drought-resistant crops (such as sorghum and millet) are
practised, depending on cultural and moisture conserving practices. The
climate is mainly arid and semi-arid with rainfall amounts varying between 200
and 600 mm. The rainfall is highly variable in both spatial and temporal
distribution.
A frequently-used measure of the variability is the coefficient of
variation defined as
Va = ~ x 100
P
where c is the standard deviation and P the mean of the annual
precipitation. The value is usually 25% or more in most arid and semi-arid
areas and exceeds 40% along most desert margins.
This measure is only valid when the distribution is normal. But since
this is often not the case, another method often used is the interannual
variability given as
*<Pn-Pn+l>
Vi = 100 —
—
P(N-l)

, n > 1

- 61 where n is an individual year in a series of N years (see Wallén and Perrin de
Brichambault, 1962), Wallén (1967) and Wallén and Gwynne (1978). Values of
Vi often exceed 50% along the desert margins and are generally in the range
25-35% in dry farming areas.
Because of the erratic nature and high inter-annual variability of
rainfall, arid and semi-arid areas are prone to recurrent and sometimes
intense droughts. But, as explained earlier, the climate of these areas is
such that the vegetation is in ecological balance with man's activities and
often recovers even after the drought. But there are occasions when the
drought is so intense and frequent and persistent that the vegetation is not
capable to recover fully, even when the rains return, and by introducing a
periodic climatic stress of this nature into the livelihood systems of the
affected regions, the droughts produce vulnerable ecosystems which react
adversely in a sensitive way initiating the process of desertification.
2.
Hydrologie factors. These are changes in the water regime such as
those in ephemeral surface run-off, which can accelerate or alter erosion
processes, and can cause sparsity or absence of permanent, seasonal or
temporary sources of water.
3.
Géomorphologie factors. These factors are related to the nature of
the surface of the land and its underlying structure that can be influenced by
certain climatic factors resulting e.g. in water and wind erosion.
4.
Pédologie factors. These factors include the potential weakness in
the soil forming processes, low humus or high carbonate content, high
calcareousness and salinity, susceptibility to erosion and water-logging.
5.
Vegetative factors. These factors are those which are not the result
of human activities but relate to the nature and behaviour of the plant
cover. They include the periodic natural reduction of plant density, seasonal
plant growth and development cycle, low biomass productivity and increase in
xeromorphic and succulent forms.
Anthropogenic Factors
1.
Agricultural practices (including irrigation). Cultivation of
marginal climatic areas, (especially extension of rainfed agriculture during
good rainfall years, and planting of unsuitable crops) involves the
destruction of the natural vegetation cover and often causes increased erosion
of the top soil after harvest, unless vegetable stubble is left on the farm to
protect the soil. Cultivation of marginal areas can cause degradation
especially on slopes, and in sandy, loess-type and shallow soils that are
rather difficult to protect from erosion, after the natural vegetation is
cleared. Irrigation of such lands in order to maintain production, especially
when high saline water is used, leads to salinization. Salinity influences
the osmotic process and induces physiological dryness; it acts in the same
way as scarcity of rainfall and high evaporation. It is, therefore, one of
the factors which determines moisture availability and distribution of desert
vegetation. Saline seeps resulting from the replacement of perennial deep
rooted vegetation by shallow-rooted annual crops have also contributed to
desertification, especially on land with a hard subsoil base material. The
problem is then aggravated by fallowing after harvest.
Generally speaking, salinization and waterlogging go together since
the latter is also caused by irrigation. These two factors act together to
reduce yield, limit choice of crops to cultivate and ultimately complete loss
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Salinization is also caused by fertilization.

Other agricultural practices such as use of tractors, tillage
implements, watering of livestock, etc. can also cause soil compaction and
crusting, which are common in arid and semi-arid lands. These reduce
infiltration and soil permeability, increase water run-off (and hence erosion)
and ultimately prevent plant growth. The land then becomes barren and
desertifled.
2.
Overgrazing. Livestock grazing is a major economic activity of the
desert-prone areas. Although the natural diversity of grazing lands in arid
areas is considerable, their existing carrying capacity is usually low and it
decreases rapidly during periods of climatic stress (drought). The arid and
semi-arid ecosystems can be manipulated and their carrying capacity augmented
up to a limit. Djiteye (1985) has given the carrying capacity as
Biomass/ha. (in kg of dry matter)
N =

Potential Capacity
=

2 x 6.25 x 365

No. of TCU/ha/year

where TCU is Tropical Cattle Unit, equivalent to one 250 kg. bovine, whose
daily consumption is estimated at 2.5 kg. dry matter per 100 kg. weight.
As the human population grows, the numbers of livestock tend to grow
at about the same rate in order to meet the minimum subsistence level of 2 to
4 standard stock per person (Le Houérou, 1975). The overall tendency of such
a trend is that animal population densities are far beyond the carrying
capacity of the land.
The nature of the ecosystems in the desert-prone environment is such
that they will not support large numbers of animals and people on purely
subsistence basis because the grasslands are very sensitive to overgrazing.
Thus, when the number of animals exceeds the carrying capacity of the
ecosystem, the pastures do not have time to recover and the situation may be
worsened at times of too frequent or too persistent droughts. When the
pastures do not have time to recover between droughts, there is even more
severe overgrazing as the animals graze the remaining grasses even closer and
browse shrubs and trees ruthlessly and destructively. The result of a
disregard for the maintenance of vegetation is a progressive destruction of
the nutritious perennial vegetation cover, soil compaction and degradation of
soil (especially around watering points, stalls and settlements), and expected
increased wind erosion, trampling, sealing or cementation, increase in runoff,
possibly higher water tables and salinity, all mechanisms which fuel the
desertification process.
3.
Deforestation for fuel and construction. There is severe pressure on
woody species in many parts of the dry lands for fuel. As population
increases, wood becomes progressively scarcer, with reduction of shade and
death of the exposed root systems of trees and large shrubs, so preventing
regeneration. Cutting tree and shrub vegetation consequently leads to
disturbances of soil cover, development of sand deflation, wind and water
erosion.
Plant cover degradation over large areas has the following
consequences throughout the arid zone:
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albedo is increased, leading to a lower level of absorbed
solar radiation;

(ii)

soil temperatures are nevertheless raised, and the stress on
organisms increases;

(iii)

fine materials, both mineral (clay and silt) and organic, are
lost to erosion, and organic material is oxidized; and

(iv)

water storage capacity is reduced.

These four interacting processes represent local climate changes and
deterioration of surface microclimate, water budget and soil hydrothermal
regime, and are capable of exacerbating conditions for animal existence, and
ultimately lead to irreversible processes of desertification. A schematic
illustration of the climatic and anthropogenic causative factors in the
desertification process is given in Fig. 1.
4.
Wild bush fires. Fires are quite common in arid regions of the world,
where soil and atmospheric droughts make the burning of dry and xeromorphic
vegetative cover most probable. Natural burning is usually caused by
lightning but fires often occur due to man's carelessness.
Fires over large areas often result in considerable loss of human
lives, vegetation, crops, livestock, and man's structures. Consequently,
fires are sometimes a cause of desertification in arid and semi-arid areas.
In areas with relatively high fire frequency such as Australia a
significant proportion of plants have developed adaptive mechanisms, in the
process of phylogeny, for survival under such conditions. It has also been
suggested that soil could be a fairly effective insulator against fire for
renewal buds located at various depths under the surface.
Intensive woodfires may destroy the soil cover by burning of the
debris layer and organic matter in the upper horizon, resulting in elimination
of soil fauna, and subsequently in water and wind erosion. Water erosion is
more efficient after autumn fires when the bare surface remains for a long
time completely devoid of plant cover, since growth renewal occurs only in the
spring.
Any change in the vegetative cover due to the fire may also lead to
changes in the microclimatic conditions of the ecosystem, which, in turn, have
an effect on the intensity of water or wind erosion, thus causing the greatest
damage to the fertile layer.
Climatic and edaphic conditions determine the type and pattern of the
vegetative cover, while current weather conditions determine the probability
of incidence of fire.
The intensity of fire is not dependent on it being caused by a natural
phenomenon or by man. It depends mostly on the existence, nature and
condition of the vegetative cover as well as on a combination of
meteorological conditions such as the dryness of the weather (drought or
rain), wind speed, temperature, and soil moisture.
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A number of scientists have been thinking that drought can "feed" on
itself to promote long-term dessication. This idea has been discussed
extensively by Hare (1977, 1983 and 1984) and has also been summarized by
Sabadell (1982) in a paper presented to the World Bank. A schematic
illustration is shown In Fig. 2. One of these feedback mechanisms postulated
by Charney (1975) supposes that an increased albedo of damaged surfaces would
intensify atmospheric subsidence and hence lead to suppression of convection
and the maintenance of desert-type climate; and reduced soil moisture, which
would tend to diminish the contribution of latent heat to the atmospheric
energy budget (Walker and Rowntree, 1977). Charney's hypothesis is largely
applicable to natural deserts, but it may be argued that if human
overexploitation degrades the previously grass- or shrub-covered desert
margins, their albedos may increase to desert levels, and the area of
atmospheric subsidience will hence shift outward to include them - thereby
increasing the desert-like microclimate. Other proposed mechanisms include
the reduction of the biogenic supply of freezing nuclei produced as vegetation
decays; and the reduction in the surface radiative heating, convection and
precipitation by increased wind blown dust over a degraded region.
Some of these cause-effect positive feedback mechanisms, especially
the albedo-feedback hypothesis, have been extensively tested by the general
circulation model (GCM) experiments and found to provide some evidence that
the concept of positive feedback between the surface and the atmosphere in
reinforcing drought and desert-like conditions, especially in the Sahel is
plausible. The theories have added an ominous global tone to the problem of
desert ificat ion.
It is therefore suggested that the destruction of the surface
vegetation cover through poor pastoral and agricultural practices may lead to
deterioration of large-scale arid zone climates. The increase In albedo,
coupled with oxidation or deflation of organic litter during prolonged drought
may lead to positive feedback effects in the microclimate with the result that
"desert may be feeding on desert".
Another example of feedback mechanism is related to irrigation of
agricultural land in the arid and serai-arid regions. Poorly-designed
irrigation schemes with poor drainage may result in waterlogging and in
salinization of soils. This is very detrimental to most plant species and may
result in vegetation cover disappearance, increased albedo, and wind blown
dust, which in turn would influence the surface microclimate, and may cause
changes in rainfall regime and ecology. To be able to control and reverse
desertification, therefore, a better understanding is needed about the
interdependency between resources-uses-changes, and the postulated positive
feedback mechanisms.
The implication is that desertification occurs first in drought years
in patches of specific soil and vegetation types where a fragile equilibrium
is initially, even if temporarily, disturbed. Short-lived droughts may not
necessarily cause a permanent ecological change. But when the precarious
equilibrium of plant communities adapted to climate variability is upset by
prolonged and persistent successive dry years, unprotected soil produces
higher run-off when the rains return. There is less infiltration and
insufficient soil moisture to sustain plant regeneration and growth. This
results in overgrazing, overcultivation, more irrigation and wood-cutting and
burning, activities which hasten desertification processes.
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MONITORING AND ASSESSMENT OF DESERTIFICATION

In order to allow an early detection of areas subject to accelerated
desertification as a result of climatic vagaries and human activities, it is
necessary to monitor the phenomenon. Modern monitoring tools can provide
useful information on the physical, biological and social factors of
desertification. Global surveillance of the climate, the status of dry land
ecosystems and of land use can be achieved most economically through the
remote sensing capability of modern orbiting weather satellites (e.g. NOAA 2)
and earth resources satellites (e.g. LANDSAT). In addition to ground truth
sampling (e.g. vegetation changes) and aerial photography, satellite coverage
can also be used in conjunction with airborne remote sensing consisting of
thermal infrared cameras, multispectral visible and near infrared scanners and
microwave radars. Airborne imagery is capable of higher resolution although
it is more expensive than the satellite data. The conventional air
photography produces finer resolution than the satellite imagery and it is,
therefore, useful for providing more detailed information about land use in
areas revealed by LANDSAT as undergoing desertification. These methods can be
used for the mapping of desertification status.
For desertification control, it is not enough to only produce maps of
changes in desert boundaries without investigating the reasons behind the
changes. For example, because desertification is a function of man's
interaction with a fragile environment subject to extreme year-to-year climate
fluctuations and the resultant water resource variations, thorough statistical
analysis of rainfall data is of fundamental importance. This will make it
possible to establish the variabilities within rainy seasons, changing
rainfall regime, as an indicator of a possible climatic change, and the
probabilities of the interruption of precipitation over a time period.
Similarly, because soil erosion is a major cause and also a result of
desertification, quantitative assessment of the erosive capacity of water and
wind in accelerating land degradation in arid and semi-arid regions will be
useful in providing a clearer overview of the processes, extent and potential
rates of desertification.
Analysis of the rainfall has been discussed earlier. Also a mere
plotting of isohyetal maps for a region, every 10 years for example, will
enable one to follow the displacement of the isohyets towards the drier zone
which indicates progressive dessication and hence avoid extending rainfed
operational agricultural activities into the region.
Another method (see Vischmeier, W.H, and D.D. Smith, 1962) is to
assess soil loss, using for example, the Vischmeier soil loss equation for
water erosion given as
A = RKLSCP
where

A = Soil loss per unit area per unit time
R = Rainfall factor usually expressed as the product EI where:
E = Kinetic energy in a rainstorm
I = The maximum intensity over a specified period (commonly
30 minutes) of rainfall in rate per hour
K = Soil-erodibility factor in a continuous fallow on a 9% slope. It
is a function of texture, the type of organic matter and, in
particular, the ratio between carbon and nitrogen, humic and
fluvic acids, pH, and the water content of the soil above field
capacity
L = Slope-length factor
S = Slope-gradient factor
C = Crop-management factor
P = Erosion-control practice
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The wind erosion index which incorporates the influence of soil
moisture can be used to estimate the potential soil loss. This index was
given by Chepil and Woodruff (1963) as
V3

c=
2.9(PE)2
where C is wind erosivlty, V is wind speed in m/sec and PE is (P-PET) which
they called efficiency of precipitation, P being precipitation and PET
potential évapotranspiration. This means wind agressivity is inversely
proportional to the square of the soil moisture. The erodibility is at
maximum in dry soils or those containing less than 1/3 of the moisture at the
wilting point.
FAO/UNEP (1983) has proposed a modified version as follows:
1
C =

.
100

12
I V3
m=l

PET - Pj
x n,

PET J

where V m/sec is wind speed at 12 m above ground, n is number of days in a
month and m is month. The product |PET - P
x n

PET
represents the number of days per month capable of causing erosion (erosive
days).
For irrigated plots, where Q is depth of water applied.

[

PET - (P+Qfl
x n » 0 ,

PET

since P+Q = PET.

J
Hence, C = 0, i.e. wind erosivlty is zero during irrigation.

Corrective measures to control desertification
It can be observed from above that desertification is a very complex
phenomenon and the processes interact with each other to reinforce one another
to a point where rehabilitation is possible only at very high cost. This is
why it is desirable to prevent rather than to try to effect a cure for it.
The most important method is to avoid poor agricultural practices on land
found to be vulnerable. It is in this context that monitoring is very
important.
To combat desertification in pastoral systems, it is necessary to
adopt grazing practices that will allow the vegetation to recover within the
natural environmental constraints. Thus overgrazing, overcultivation,
excessive wood collection and bush burning which cause much degradation of dry
rangelands should be avoided. Other measures to combat desertification in
pastoral systems include surveys to determine the primary production of the
main varieties of dry land pastures under different seasonal conditions and
hence estimate the carrying capacity of the rangeland under the different
conditions. Deferred or rotational grazing can also be practised and grazing
strategies should incorporate possibilities for establishment of protected
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plant and wild-life refuges in which genetic varieties can be conserved.
Tree planting either as windbreaks or shelterbelts or for fuelwood or
wood for construction is also helpful in combating desertification.
Finally, it should be emphasized that drought and desertification are
very closely interrelated. Drought, as an inevitable part of climate, is a
recurrent phenomenon in the arid and semi-arid regions of the world.
Persistent and frequent droughts may possess the capability to cause
irreversible damage to a fragile ecological system, even if previous rainfall
normals are restored. This situation can be made worse by man's activities.
Since climate cannot be influenced by man to follow a specific course, the
only way to avoid degradation of the land and desertification, is for man to
avoid through proper use of climatic data those activities which tend to cause
desertification.
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