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The region experienced a devastating-drought from

' SING TECHNOLOGY;
&
1Y MnTE SE" : 1968 to 1973 and later in 1982-1984. The drought led
A- Tnnl Fun Mn"lTnB'NG to loss of livestock, life, property and accelerated the
| desertification process. It is estimated that in Africa,
; south of the sahara alone, about 65 million hectares of
E""'ﬂﬂ" ME"TAI. productive land have been converted into deserts in

the last fifty years.

nEﬁ nnnATIn" IN The region is politically unstable and represents one of

the world’s least growing economies. [t also has.the
WEST Afnlcn world’s fastest population growth rate in the most
delicate and fragile ecosystem. In this region, .the
people especially those in the rural areas, are forced
by poverty to exploit fragile lands more intensively
under inappropriate management and ecologically
unsustainable agricultural practices. These further
degrade the resource base, increase the poverty spiral
K. Nsiah Gyabaah, BA, Mz, PhD and exacerbate desertification.
Bureau of Inlegrated Rural Development (BIRD), U.S.T, Kumasi. )
The threat posed by the southward march of the desert:
is believed to be so serious that some observers havé
. suggested that if desertification is not halted, famine in
ABSTRACT the year 2000 and beyond will make those of the 1970s
quite insignificant.
]-:w environmental problems fucing Saharan and
sub-saharan countries - rapid growth of popula-
tion, seasonal food shortages, mulnuirition,
poverty, land degradation, drought and acceler-
ated desertification etc are widespread and
challenging.

The human component of environmental degradation
is unavoidable and so is the spread of the desert, loss
of genetic material, which result from man’s ‘misuse’
or mismanagement of renewable and non-renewable
natural resources. The main challenge therefore is that
of simultaneously meeting basic needs of the growing
population for food, fuel, clothing and shelter while
ensuring the sustainability of the physical and biologi-
cal environment.

WWhile the fundamental causes of civironmenial
degradation and accelerated desertification are
known 1o include overgrazing, over-cultivation,
deforestation, fuchvood collection and commercial
logging. wsustainable farming methods. increased
poverty cre, the areas affected by desertification
apdd the severity of the problem remain a guess-
wkk hecause of lack of effective manitoring
viwtenmy.

oo

Fhis papec focuses on remote sensing technology
a¥ i airactive and alternative tool fo conven-
tpaal survey rechnigues for monitoring envivon-
niehtal degradation and desertification in Sahara
it Sub=Schara Africa, It looks ar the paotential of
FERROIC sensing and s variows applications in
restree inventory and land use planning,

In the last two decades, international organizations,
donor agencies, Non-Governmental Organisations

(NGOs) and many environmental groups have. been:
concerned with ascertaining the severity of desertifi-,
cation on the indigeneous population so that reliefand .
poverty alleviation projects could be directed towards

affected areas.

Governments in the region have called on their people
for immediate action to stem and_control the effects
of drought and desertification on the ecological,
environmental and development process, However, the
planning and design of appropriate solutions require
data both on the extent and severity of the degrada-
KEYWORDS: Remore Sens ing, Environmentql 10N process. Remo.te sensing techniques ha\-"'E proyen
Degrtdation, Desertification, Landsar Mudrispec- ta b‘? ug.ef'ul, ef’ﬁcmpt and accurate techniques for
tral Scanner, Avrial Photograpin monitoring and mapping desertification.

INTRODUCTION

S;llmr;m and Sub-Saharan Alvica which encompass
the Targe band of the arid and semi-arid lands of West
Vs hase been the focus of considerable bl
attention over the past three decades as o result ol a
graater awareness of the damage 10 lite support
systems which hine resulted in severd droughts and
meredsig aridos . detorestation and aceeleraed

desertification K. NsiuhG}:uhuuh
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Remote Sensing Applications

Remote sensing based procedures have been
recognised as valuable tools for resource inventory and
for monitoring environmental degradation. They have
been used extensively in the advanced countries like
Britain and the United States of America (USA) for
vegetation mapping, as a methodology for land use
classification and in other applications.

Remote sensing may be simply described as the study
of distant phenomena using various sensing techniques.
[t is the technique of obtaining data about the environ-
ment and the surface of the earth from a distance for
example, from an aircraft, or satellite platform.
Remote sensing also requires the use of satellites,
sensors, display equipment, communication and record-
ing systems, ground-receiving stations, and computer
software. Remote sensing information is obtained from
the imagery (data) by suitable processing techniques.

Remote sensing imagery may be obtained in many
forms. [t may be in the form of computer compatible
tape (CCT) which can be converted to either a photo-
graphic image or video, or it may be obtained in a
photograph - true colour or false-colour infrared, or
narrow wavelength band, or in black and white.

Inthe 1970’s sideways-looking airborne radar (SLAR)
was’ used for military purposes and for geological
exploration. Originally designed for military purposes
in‘the-1950s, SLAR came into civilian use in the 1970s
because of'its rapid rate of data acquisition and sensi-
tivity to both surface roughness and moisture content.

Remote sensing, especially the use of colour and
infrared imagery, have become increasingly important
in forest surveys. It has also been used extensively for
measuring the extent of deforestation and bush fire.
The advantage derived from the application of colour
and infrared imagery is in the recognition and evalua-
tion of tree vigor decline, such as that caused by
insects and pests. !

Recently, remote sensing technology has made it
possible for crop temperatures derived from thermal
images to be transformed into daily transpiration
values withrsurface balance models [6, 8, 20].

3.‘
In Africa, where remote sensing applications are
limited, it has been used as a low-cost and an efficient
methpd for reconnaissance surveys.

Recent Application " of Remote Sensing
Techniques.

The American LANDSAT series and the French
SPOT are the major satellite systems used in remote
sensing. In the early 1970s the National Aeronautics
and Space Administration (NASA) sponsored investi-
gations into the uses of remote sensing data in agricul-
tural applications. LANDSAT 1, the first satellite

designed to collect data about the Earth’s Resources™ i
Technology Satellites (ERTS), was launched by
NASA. The first generation of LANDSAT series 1,2
and 3 were launched by NASA between 1972 and
1978.

LANDSAT 1, 2 and 3 became an entirely new means
of monitoring and analysing the terrestrial
environment.It had the advantage of being able to
observe large areas simultaneously and providing
repetitive data.

The satellite payload consisted of two sensors; (a) a
return- beam vidicon (RBV) camera and (b) a four
band multispectral scanner (MSS). The brightness of
a surface which is recorded depends on both the solar
illuminating and sensor viewing angles. Both
LANDSAT and SPOT are identical but they were
terminated following technical problems with the RBV
which limited sun-synchronous Satellites which means
that they pass over the same area at the same hour of
the day, so that the sun’s angle will be the same, thus
illumination characteristics will be the same.

Even though the RBV was improved from 80m to 40
m, the spectrally and radiometrically superior MSS
became the preferred sensor which has received wider
application. LANDSAT 3 was also replaced with
LANDSAT 4 and 5 and the French SPOT were
launched to provide a complete coverage of the entire
globe every 16 and 26 days respectively.

The difference between conventional aerial photogra-
phy and LANDSAT is that LANDSAT data is digital,
not photographic. However, a typical LANDSAT MSS
resembles a high altitude aerial photo. In aerial
photography, cameras are aimed at the earth and the
scene is recorded in one relatively broad portion of the
electromagnetic spectrum. LANDSAT images are
usually recorded digitally by a multispectral scanner
which is transmitted to earth. The ground coverage by
a LANDSAT measures 185km by 185 km. Each
element of the picture, called pixel, represents an area
on the ground which measures 60m by 80m.

LANDSAT MSS remote sensing responses of the
earth’s surface conditions such as vegetation are
recorded in several narrow bands of the spectrum.
The type and conditions of the features determine the
proportion of incoming electromagnetic radiation or
energy reflected, absorbed and transmitted in a
particular wavelength. The spectral response curves
for green vegetation, dry green brown soil and clear
water are shown in Figure 1.

The brightness values from four band of visible and
near-invisible region of the spectrum which is recorded
for each pixel is shown in Table 1.
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Figure 1. Spectral Response to Surface Features

Source: (a) Lillesand T.M, and Kiefer, R.W.[11],
Remote Sensing and Image Interpreta-
tion, John Wiley and Sons. 721 pp.

(b} Curran, P.J.[3]Principles of
Remote Sensing. Longman, London
and New York. 282 pp.
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TABLE | Description of Landsat Data

Hand Spectral Region Colour Brightness Levels
4 - bum green =127

0 6= Jum red 0n-127

7 T - Bum infrared 0-127

R 81 1um infrared 0-63

The main application of the individual MSS bands
are identified as follows:

(a) Band 4 - mapping of sediment ladened water
and delineation of reefs in shallow water

(b) Band 5 - identification of cultural features
such as urban areas, roads, etc.

() Band 6 - vegetation studies and delineation of
boundaries between land and water and land-
forms

(d) Band 7 - vegetation mapping and water/land

separation. Band 7 provides the best penetra-
tion of atmospheric haze. ]

LANDSAT products offer complementary small-scale
imagery in both digital and photographic formats. It is
also available in computer compatible tapes (CCTs),
and floppy disks. The digital format of the LANDSAT
data allows a wide range of applications. It can’be
used and interpreted either photographically in a
conventional way, or it can be classified by computer.

Computer processing assists in reaching correlations
and in producing first look graphical representation.
LANDSAT computer compatible tape printouts, for
example, can be utilizedin coastal zone survey of water
quality and even to meet objectives which require hig

positional accuracy. MSS band 7 (0.8-1.1um) is
particularly useful in establishing land-water interface
ey . L

The digital format can be enhanced to a selective
increase of contrast; The enhancement technique
allows either to accentuate specific landscape features
or to make for easy interpretation of landscape
features. Until sophisticated softwares made computer
analysis of LANDSAT data possible, LANDSAT data
was analysed by using the same aerial photointer-
pretation techniques and equipment. 5

The appropriateness of each of these types depends
upon the data needs of the user and the money ‘avail-
able for purchase of LANDSAT data. However, it must
be mentioned that despite the advantages, digital data
analysis is a complex and costly process, especially
when compared ‘with conventional’ ‘Aerial
photointerpretation. L ' o

> L
The best use of satellite data from LANDSAT
missions is achieved when the imagery is interpreted
in conjunction with ground verification or when com-
bined with existing information and good knowledge
of the area under study [16]. AL

Despite the problem of scale, the use of LANDSAT
MSS data for primary survey has great advantages
over foot patrols and conventional aerial photography
in terms of both time and money. An important advan- .
tage of LANDSAT MSS over conventional ‘agrial
photography is the scale and resolution which provide
the basic difference. At a scale of 1:1,000,000 a single
LANDSAT image covers an area of 34,000 square
kilometres or 21,250 square miles, which no aerial photq
can cover. : e ol

Since 1972 when satellite data became publicly avail-
able for earth observation from LANDSAT platform,
it has become increasingly clear that earth observing
systems have a special place in spatial information
acquisition and monitoring of environmental degrada-
tion at local as well as global levels, LANDSAT MSS
data has been used as a cost effective resource
inventory technique.

The role and potential of MSS data was clearly establ'-
lished when it was applied to climatology, used to
extract quantitative information about global vegeta-
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tion conditions, agricultural crops, soil management,

monitoring relief efforts, river catchment and land use -

planning [1].

Between 1975 and 1980. NASA. the major world
agency which promotes the use of earth observation,
bepan the Large Area Crop Inventory Experiment
(LACIE). The internal deficiencies in LANDSAT MSS
was reduced when the French invested in Earth
Observation Programme (EOP) which resulted in the
application of second generation satellite sensor sys-
tems. LANDSAT Thematic Mapper (TM) and SPOT,

The TM is a cross track scanner similar to MSS. The
™M which was deployed on LANDSAT 4 and S in
1982, is a high resolution multispectral scanner. It
became a major improvement of the MSS because
I'M has a spatial resolution of 30m compared with
79m for MSS. The TM also recorded data in seven
spectral bands compared to four for MSS. TM has a
blue-green spectral data (TM band 1) which enables
production of normal colour composite images.

.The other bands are band 2 (green), band 3 (red), band
4 near infrared), band 5 (middle infrared), band 6 (ther-
mal infrared), and band 7 (middle infrared). However,
because of technical problems with LANDSAT 4 and
with the TDRs system, a relatively limited number of
images have been produced since TM was deployed.

In June 1979 satellite data from United States
National Oceanic and Atmospheric Administration
(NOAA) Polar-orbiting Meteorological Satellites
carrying the first Advanced Very High Resolution
Radiometer (AVHRR) was launched. An alternative
10 LANDSAT was found and the potential for moni-
toring primary production from space became firmly
vstablished from 1980 when the NOAA 6 polar orbit-
ing meteorological satellite became operational. Data
[rom the Advanced Very High Resolution Radiometer
{(AVHRR)' has the advantage of providing at least 2
daily-time passes over a particular ground point on the
globe during a 24 hour period. The major advantage of
the AVHRR is the relatively coarse spatial resolution
with pixel sizes of Ikm x 1 km (at nadir). sometimes
aggregated to 4km x 4km (Geostationary Satellites
(GAC) such and LAC modes such as meteosat). Apart
Irom its larger spatial coverage, the high frequency of
image collection increases the chances of obtaining
cloud free images, especially in the tropics where cloud
lree days are limited.

The spectral response curves for AVHRR channel |
{0.33-0.68 um). and 2 (0.73-1.10 um) are strikingly
similar to LANDSAT MSS bands 2 (0.60-0.70 um)
and 4 (0.80- 1.10 um) whose use in mapping and moni-
toring the health of vegetation has been well demon-
strated. From the NOAA AVHRR data, dailv and
weekly composite, global vegetation indices are
derived on routine basis.

Analysis of results of data sets from saharan Africa,
especially in the grassland savannahs of Senegal where
the AVHRR was first employed to monitor primary
production. show that the high temporal frequencies
of measurements result in better observations [22].

Satellite-borne synthetic aperture radar (SAR ) has also
had a wide application in land use classification and
has relevance for monitoring environmental degrada-
tion in Sub-saharan Africa. Although the SAR is not
affected by cloud cover, the resolution of the radar
images is poor at high altitudes, This defect, however,
can be improved with special techniques[19].

Recent Studies Using LANDSAT Data and the
Problems Associated With LANDSAT Data.

LANDSAT remote sensing, which involves viewing
the earth’s surface perpendicularly, has proved useful
in many applications in Europe and America espe-
cially in the potential of assessing resources and moni-
toring land degradation.

In a study of the coniferous forests in Northern Cali-
fornia, for example, Strahler [21] demonstrated that it
was possible to obtain a measure of vegetation
texture (the spatial arrangement of tonal elements) on
LANDSAT images by measuring the standard devia-
tion of brightness values for small groups of pixels.
This direct use of the distinctive texture of vegetation
provides an additional dimension of space features.

In Indonesia, a variety of remote sensing techniques
have been used to study land cover which show areas
under extensive use in Sumatera. According to a
government report derived from LANDSAT data the
area under extensive use is 30 percent compared to
18 percent which is under intensive use (Republic of
Indonesia, 1990),

Iverson, Graham and Cook used AVHRR imagery to
study the extent of deforestation in the Amazon basin
between 1978 and 1987. The study showed that the
deforested area in Rondonia increased from 4,200
square kilometres in 1978 to 27,000 square kilometres
in 1985 and 35, 000 kilometres in 1987 [7].

Among the few LANDSAT applications for monitor-
ing environmental degradation in Africa south of the
Sahara, three studies become significant. In a study,
Westman, Strong and Wilcox used LANDSAT Multi-
spectral Scanner (MSS) images derived from two
periods- 15 years apart- to measure deforestation in
Uganda. They calculated the net reduction in forest
cover to be 28 percent during the dacade and a half
[24].

In 1988, Lamprey used LANDSAT data to compare
the location of the southern boundary of desert veg-
etation in Western Sudan in 1958 with its location in
1975, He estimated that the boundary has shifted south-
wards by 90 to 100 kilometres during the 17 year
period. He used the data to conclude a desert expan-
sion of 5.5 kilometres per annum.

In 1991, Nsiah-Gyabaah employed LANDSAT MSS
to study desertification in the Upper west Region of
Ghana, This study revealed the direct and complex
linkages between human ‘misuse’ or abuse of the natu-
ral environment and land degradation when it was
observed that the degraded areas in the Upper West
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Region are areas where human activities such as
cultivation, bush burning and grazing have been inten-
sive [16].

From these and other studies which are not mentioned
here, monitoring and mapping vegetation at local scales
.using LANDSAT data have been successfully
" ‘demonstrated. However, three major problems arise
dhen attempt is made to extend LANDSAT data to
tlarger areas such as a sub-region or the entire conti-
ctivéne of Africa. These problems include: (a) cost of
Exibmagery (data), (b) frequency of representative
gverdge. and (c) data handling.

G

Despite the weaknesses such as the problem of scale
and other inaccuracies inherent in LANDSAT data,
these applications have provided useful guidelines for
assessing the extent of deforestation in the Amazon
and in parts of Africa.

Reasons for Limited LANDSAT Application in
Saharan Africa

In Africa, especially Sub-saharan Africa, where the
threat of drought is severe and desertification is be-
lieved 1o be accelerating, the use of LANDSAT is lim-
ited. The impact of remote sensing (LANDSAT data)
as an area of scientific investigation which employs
more sophisticated analytical techniques such as use
of microcomputers is comparatively limited because
of political, technical, economic and administrative
reasons. In fact, it is only in the last decade that its
application has shown interesting results in detecting
bush fires. in agricultural applications, in monitoring
tocust movement and monitoring desertification.

For decades, many scientists and resource planners
thought that land cover was not worth mapping
because surface conditions changed too rapidly. In poor
countries where facilities for mapping and qualified
personnel to analyse data are not available. changesin
landscape is not treated as a priority item on planning
agenda.

Even though the advantages of remote sensing (MSS)
and other advanced technologies over conventional
aerial photographic mapping have been well estab-
lished, the number of national research institutions,
donoragencies and individuals who apply the technol-
_ogy is limited. Consequently, results of remote sensing
applications on land use and vital environmental infor-
mation for planning are scarce compared to aerial
photos for most parts of Sub-Saharan Africa. The major
constraint taday is perhaps the shortage of trained and
experienced remote sensing experts to analyse data.

A large part of the difficulty in application has also
been due to lack of equipment and computer facilitities
for analysis of satellite data. The fact that remote sens-
ing has  been limited thus far in its practical applica-
tions 1s also connected with the high cost of the
images and the delay associated with image delivery.
Consequently . many countries and researchers are not
able o procure them tor spatial planning

Part of the problem also has to do with poor data
processing and publication facilities in the research

institutes and Universities in many African countries. . ~
Typically, satellite data collected are not fully analysed . *
nor are the findings widely disseminated to decision _ ,
makers. e
The United States Department of Agriculture (USDA) :
has highlighted the limitations of satellite data [23]. In ¢
areas where entire crop seasons pass without a single ﬁ
cloud free cover, it becomes very difficult to gef .3
images that can be analysed or interpreted. Lack o
cloud free images seriously hinder progress in the
application of Landsat data, especially in Sub-Saharan
Africa and the tropics. ' 13

The delays in receiving satellite data from recording
stations such as Earth Resources Observation
Systems (EROS) data centres in the USA, Fucino in
Italy and other regional Offices and the time needed
for processing satellite data often mean that the re-
sults can only be used as retrospective check on an
area estimates derived by conventional systems.

The cost of data acquisition in foreign currency (US
dollars and pound sterling) poses a serious bottleneck
to governments, individuals and land use planners.
These constraints make it difficult for farmers, and
decision makers to have timely data for planning.

Aerial Photography.

Several remote sensing techniques may be employed

to provide useful information for planning and for a
wide variety of needs. Remote sensing techniques

include conventional aerial photography, multispectral

photography, multistage systems, digital imagery and

other systems. These systems have been used to study

land use, agricultural and rangeland management,

wetland improvement, forestry production population

and settlement studies, and mineral and water exploi-

tation.

In Sub-Saharan Africa, the principal remote sensing
technique which have been used for resource inven-
tory are foot patrols and the conventional aerial
photography. Over the last five decades air photo
interpretation has been used as a classic and well proven
methodology for topogra}:mic mapping. It has also been
used in a wide variety of thematic mapping tasks and
in monitoring of landscape changes.

In fact, the useful application and benefits of conven-
tional aerial photography in the study of crop disease
dates back as far as the 1920s when oblique black and
white photographs were used to differentiate living and
dead cotton plants and to pinpoint the foci of infection
by root-rot fungus ‘plymatotrichum omnivorum’.

Brenchley has reported that conventional aerial
photography was applied successfully in the study of
potato blight (phytopthora infestants) in commercial
potato crop in the Fens of East Anglia [2]. Since then
aerial photography has proved reliable in detecting
changes in crop condition at farm and regional levels
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[4. 13]. For example. a more recent application has
ivolved the use of aerial photography to investigate
the incidence of sugar beet virus vellow or to pinpoint
discases carried by an airborne insect vector [13].

Iin Sub-Saharan Africa planners and resource manag-
ers. concerned with land use and resource manage-
ment, have commonly emploved the time-consuming
and often labour demanding methods for resource
inventory and for monitoring land surface conditions.
FFoot patrols and conventional aerial photography have
heen used for crop studies. Planners have assembled
cartographic outlays of the very wide range of land
surface leatures such as topography, soils for
planning using air photos because of the insight the
technique offer into a large number of spatial phenom-
enit which satellites cannot obtain with present tech-
nology [5. 12,18,

Although conventional aerial photography was widely
used. the actual aerial photographic interpretation and
map preparation were not carried out locally but in
Britain. There was therefore very little or no opportu-
nity for land use planners and resource managers to
learn appropriate acrial photo interpretation technigues.

Conventional acrial photography has the advantage of
reliability in large scale mapping. It also allows for
consistent and accurate delineation of boundaries and
land cover types. It is casy to interprete and offers
oppartunity for multi-tlemporal studies (i¢. during and
between growing seasons). Despite these advantages.
conventional aerial photography has a number of
limitations. The only spatial records available are map
seenes at scales ranging from 1:250.000 to 1:100.000
which are seldom upgraded.

I'he frequeney of data acquisition of between five and
ten vears interval which is satisfactory to the needs
altopographers. geologists. mineralogists and miners
may he irrelevant to land use planners and environ-
mentalists concerned with change over short periods.
Moreover, the traditional statistical system of
production and estimation need a large input of labour.
I'he high labour input requirement in the production of
photos does not help in obtaining yvield information
quickly where labour is unavailable,

Undoubtedly. the use of black and white aerial
photography provides a planar perspective for land
Sover estimation and for delineating broad land cover
types. however. the use of stereoscopes. photogram-
metric technigues and other modern equipment have
grcatly improved the mapping procedure, For example.
the ntraduction of colour and colour infraved films with
appropriate Tilter combinations have permitied a
variety ol vegetation discrimination than black and
white photography.

Applications of Remote Sensing to Agriculture

Remate sensing techniques are unique in natural
resouree surveys, The value of remote sensing. and
especially LANDSAT MSS imagery on the syntheses
olfvesetativ e coner has well been established [3]. With

woad quality images and equipment. a lot of informa-
tion can be gathered from LANDSAT images.

LANDSAT MSS provides a snoptic coverage (ie, large
areas could be studied simultaneously) because of the
area that one LANDSAT scene covers. This makes it
possible to observe one natural phenomenon in a con-
tinuous stretch as one physiographic entity.

Maoreover. it is repetitive and makes continuous moni-
toring possible. In particular, the supervised
classification technique has been useful for agricul-
tural applications while the unsupervised classification
technique has been effectively employed for vegeta-
tion mapping. However, LANDSAT MSS is often lim-
ited by cost considerations and data handling problems.

Remote sensing techniques have been used to:

(a)

map the present extent and distribution of land

cover;

(b) formulate land use policy;

(c) speed up soil mapping and produce better
quality maps:

(d) monitor soil erosion and soil degradation,
factors which undermine food self-sufficiency
in Saharan and Sub-saharan Africa:

fe) improve human understanding of the interac-
tion of soil, hydrology and plant growth;

(f) detect bush fires which destroy vegetative
cover leaving lands bare and essentially
unproductive;

(2) monitor and model air pollution;

(h) give horizontal and vertical wind profiles;

(i) provide information of water vapour gradients,
aparameter which is important in drought and
desertification studies;

() map changes in the extent and distribution of

land cover and to assess the effectiveness of
various land use policies.

In agriculture and environment, remotely sensed data
have been widely applied at a very wide range of
scales, for local and global surveys. However, the
respective applications of remote sensing are very
different from each other in terms of their data
requirements. For example, the resolution requirements
for agricultural applications with respect to spatial and
temporal resolution compared with those other users
of remotely sensed data show that interest in agricul-
tural applications are more diverse and growing.

Agricultural applications are particularly characterised
by land management and economic features which. in
the past, were not possible to be addressed by
conventional mapping systems. These together make
it easier to suggest that remote sensing data will con-
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tinue to play an increasingly important role in agricul-
wre. especially at the local level,

The agricultural requirements for remote sensing tech-
niques arc for the analyst to understand crop produc-
tion techniques which will help him to answer four basic
guestions which include:

(a) what type of crop is growing in the field?;

(b) what is the area of the crop”:

(c) what is the vigor of the crop and its likely
yield?:

(d) what is the agent responsible for any loss of
vigor?

Answers to these questions are critical in leading to
modifications in management systems. The different
agricultural applications of remotely sensed data may
be summarised as follows:

Scientific Applications

- Crop Science including all surface types of vegeta-
tion. hydrology, run-off indices, ground and
stress - and water detection:

- agro-climatology:

- land surface climatology:
- agro-ecology;

- 501l science;

- global change:

- vepetation science including forest science, and
- terrestrial ecosystem

Management Applications

Agriculture

- agro-ecology:

- crop damage:

- crop condition:

- crop inventory (local, regional, national and global);
- crop classification:

- livestock inventory.

Degraded Land Studies

Land Evaluation

Land Use

.and Degradation (Soil erosion , soil salinity).

Land Drainage

Land Reclamation (Agriculture and urban develop-
ment).

Pallution {Soil pollution. Vegetation).

[Covironmental Impact Studies (Agricultural and urban
development).

Geouraphic Information Svstems {G1S) Contributions

1o Regional Agricultural Systems
Irrigated Lands (inventory. monitoring of extent, crop
condition, water utilization and regulation of land use

Rangeland management (Rangeland condition, range-
Jand classification, and rangeland production)
Soil Survey (sheet, rill, gully erosion).

Other Applications

Application of LANDSAT data have been widespread
in other fields such as:

-Mineral and petroleum exploitation;
- Geological survey;

- Coastal survey;

- Land and Water pollution

Information appropriate to the application may be use-
less in another.

Future Direction

The basic concept of disaster such as devastating bush
fire, drought and famine preparedness entails a gov-
ernment commitment to intervene effectively in time
ta protect life and property. Such actions call for more
research and environmental monitoring.

Therefore, governments and donor agencies in
Saharan Africa should stimulate and encourage social
and natural scientists to strive for excellence in
research for the purpose of improving understanding
of environmental and the socio-economic develop-
ment of the region.

Since the capacity of governments of Sub-Sahara
Africa in environmental monitoring is limited due to
technical and economic constraints, the developed
countries and donor agencies should support short-term
training leading to the upgrading of professional knowl-
edge and skills in remote sensing, particularly for the
teaching staff of the Universities and research
institutes.

A conscious effort should be made to retrieve, assemble
and safeguard all historic air photos in survey depart-
ments. Modern scanning techniques should be used to
store information from the air photos on optical discs.

SUMMARY AND CONCLUSIONS

There is no doubt amang environmentalists, develop-
ment planners and resource managers that sustain-
able development of agriculture and environmental
rehabilitation in Saharan and Sub-Saharan will require
efficient resource management and environmental
monitoring techniques.

Although remote sensing technologies have wide
applications and have proved to be useful tools for
resource inventory and for mapping surface conditions,
until satellite resolution improves some subtle landscape
features will continue to be identified and interpreted
by aerial photographs which are best suited for this
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task.

2(0.60-0.70um\0 and 4 (0.80-1.10).

Though LANDSAT Thematic Mapper (30m resolu- 2. The AVHRR NDVI images were processed
tion) and SPOT with higher (10m) resolution images in the 1987 growing season by the Centre de
have allowed more applications and have become Suivi Ecologique, Dakar.
alternatives to the costly ground observations, they 3 )
cannot be a substitute to foot patrols and aerial photo- The purpose of preparedness plans is to out-
graphs. The advantage of aerial photographs which line the measures that would be taken during
makes its application significant is that it remains the emergencies such as drought, floods ete.
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problems at scales smaller than a football field.
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