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Application of Landsat Products in Range- and Water-Management Problems
in the Sahelian Zone of Mali, Upper Volta, and Niger

By M. E. COOLEY and R. M. TURNER

ABSTRACT

A brief field investigation during April and May 1974 to
evaluate the application of Landsat (formerly ERTS) imagery to
range- and water-management problems in Mali, Upper Volta,
and Niger shows that imagery can provide general overviews of
regions or even entire countries, can be used in areas where
few or no good ground surveys exist, can provide a basis for
repetitive inventorying and monitoring transient environmental
changes on the Earth’s surface, and can aid in solving special
problems of disease-vector control or human activity. Specific
potential applications of Landsat imagery were identified in
river-blindness control, tse-tse fly control, bush-burning evalua-
tion, distinction of arable from nonarable lands, analysis of
problems of accelerated erosion, and monitoring of the annual
flood of the Niger River, and of ground-water development in
fractured rocks.

Introduction

As increasing pressures from drought, overgraz-
ing, and human population have developed in West
Africa, especially in the Sahelian countries (Dalby
and Church, 1973; Wade, 1974; Sterling, 1974), the
need for repetitive inventory and surveillance of
natural resources is becoming more critical. Land-
sat imagery provides a valuable tool for detecting,
evaluating, and cataloging fixed Earth-resources
information as well as for monitoring transient
seasonal changes in the environment. Because of
the large area (34,000 square kilometers) encom-
passed by each frame, Landsat imagery is well
suited for obtaining a general overview of a region
and is helpful in solving certain problems not re-
quiring large-scale imagery. Landsat capability to
view the Earth simultaneously and repetitively in
four spectral bands chosen to emphasize water
and land resources is further reason for anticipat-
ing that this satellite can yield valuable informa-
tion for managing the resources of the Sahelian
region south of the Sahara in West and Central
Africa and of other comparable arid regions of the
world. Because the data-recording instrument
aboard Landsat 1 had ceased operating, images of
Africa were not recorded for several months before
June 1974. Nevertheless, imagery recorded during
1972 and 1973 proved to be entirely adequate for
the objectives of the present work. Landsat 2,
however, was launched in January 1975. This

satellite could be employed to continue studies
such as those undertaken in this project.

In the short time since Landsat 1 was placed in
orbit in July 1972, considerable interest has been
directed to using imagery from the satellite to
study the Sahelian region lying to the south of the
Sahara in West and Central Africa. The Office of
Science and Technology of the Agency for Interna-
tional Development (AID), U.S. Department of
State, began a program in 1973 to determine the
utility of Landsat products in resource-manage-
ment problems of the Sahel. In February 1973,
Maurice Grolier, U.S. Geological Survey, visited
Mali, Niger, the Ivory Coast, Senegal, and
Mauritania to make preliminary arrangements for a
regional remote-sensing workshop planned by AID
for later that year. The workshop was held in
Bamako, Mali, during April 1973 (Grolier and
others, 1974). That same spring, AID sponsored a
Landsat-oriented demographic study in Upper
Volta and Niger (Reining, 1973). in addition, the Na-
tional Aeronautics and Space Administration has
supported at least two Landsat investigations of
the Sahelian region; N. H. MacLeod, American Uni-
versity, has been studying plant growth and annual
flooding in the Niger River, and the Republic of
Mali has been conducting natural-resources in-
vestigations using Landsat imagery. Also under
AlID sponsorship, a two-man team of Landsat
specialists (Jones and Miller, 1974) made a visit
during September and October 1973 to assess the
possibilities of expanding and strengthening Land-
sat applications programs in the three Liptako-
Gourma Authority (LGA)' countries of Mali, Upper
Volta, and Niger (fig. 1). The present investigation
is an outgrowth of this visit and of additional plan-
ning sessions between African and U.S. officials.

As a continuation of its program for furthering
the utilization of Landsat products in this study

'The LGA (more fully, Authority for Integrated Development of the
Region of Liptako-Gourma) has the objective of promoting the develop-
ment of minerals, energy, water, agriculture, livestock, and fish culture in
Mali, Niger, and Upper Volta in the region near the Niger River known as
Liptako-Gourma (fig. 1).
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and evaluation of the natural- and human-
resources problems of the Sahel, AID requested
the U.S. Geological Survey undertake a project for
identification of significant range- and water-
management problems that could be studied and
evaluated from Landsat imagery. Accordingly, M.
E. Cooley, geohydrologist, and R. M. Turner,
botanist, both of the Geological Survey, were
assigned to Mali, Upper Volta, and Niger from April
12 to May 27, 1974, to carry out the work. The prob-
lems evaluated during the writers’ fieldwork includ-
ed those associated with use and development of
arable land, bush burning, location of villages and
heavily grazed stock trails, tse-tse fly and river-
blindness control, extent and duration of inunda-
tion by the annual floods of the Niger River, and
identification of localities favorable for accumula-
tion and production of ground water. The results
are presented in part in a series of illustrations
(figs. S-1—S-6) located at the end of this report

showing specifically what can be done with the
Landsat imagery in evaluating some of these
problems.
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General procedure

As originally conceived, the project was to rely
substantially on contributions from those Africans
knowledgeable in the land, water, and
demographic problems of the Sahelian region.
Africans representing the three Liptako-Gourma
countries were to meet with the U.S. Landsat
specialists, to examine the imagery, and, through
basic photointerpretation techniques, to draw ten-
tative conclusions concerning various features
noted on the images. After this preliminary evalua-
tion, onsite examination was to be made of as
much terrain as feasible to check earlier inter-
pretations and to refine the investigators’ ability to
recognize significant terrain features. The writers’
contacts with the Africans, however, proved to be
limited, and insufficient time was available for set-
ting up suitable joint schedules to examine the im-
agery or to make onsite investigations. Conse-
quently, the writers proceeded with the Landsat in-
vestigation without the level of direct participation
by Africans that was originally anticipated.

Onsite investigation

Because of the short-term scope of the project,
the areas selected for study were those easily ac-
cessible from the larger cities of the region. These
cities are served by air passenger service and by
good roads. Six main target sites near Bamako,
Mopti, Tombouctou, and Gao in Mali, Niamey in
Niger, and Ouagadougou in Upper Volta were
selected in advance of the writers’ departure for
Africa, and imagery covering the sites was ordered
from the EROS Data Center at Sioux Falls, S. Dak.
The main effort was concentrated near the three
national capitals and on part of the Inland Delta of
the Niger River between Tombouctou and Mopti.
Of these localities, field checking was done only
near the national capitals, where trips of more
than 100 kilometers into the countryside were
made in vehicles rented locally (fig. 1). Of necessi-
ty in a region of limited accessibility, the areas in-
spected were along the main highways that lead
out from the capital cities.

Additional onsite checking was made from the
air by means of light planes and during commer-
cial jet travel. The area west and north of Bamako,
including the Baoulé River and Parc National de la
Boucle de Baoulé, was inspected at altitudes be-
tween 150 and 200 meters above the ground from a
light aircraft. Another flight, made in conjunction
with an AID tse-tse control project, permitted view-
ing of an area south and east of Bamako. Also,
useful information that aided in interpreting the
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imagery was obtained from high-altitude jet air-
craft in regularly scheduled flights between the na-
tional capitals. These included the flight from
Dakar to Bamako, two flights between Bamako
and Ouagadougou, a flight from Ougadougou to
Niamey, a flight upstream along the valley of the
Niger River from Niamey to Bamako with stops at
Gao, Tombouctou, and Mopti, and the final flight
from Ouagadougou northward across the Sahara
to Marseilles, France. Visibility was hindered on
parts of these flights by the haze which prevails
near the end of the dry season and by high clouds
that herald the beginning of the rainy season.
Mapping by use of the Landsat imagery was
done only at the scale of 1:1,000,000. For further
field use, however, scales of 1:500,000 or
1:250,000 are recommended. (The latter scale is the
maximum for bulk Landsat imagery.)

Selection of imagery

Selection of imagery was made from computer
printouts obtained from the EROS Data Center.
Sufficient time was not available before departure
from the United States for the writers to visit the
Data Center and to make selections directly from
its files, although this would have been the pre-
ferred procedure. Approximately 30 different
scenes were finally selected providing coverage by
several frames around each of the six cities in the
LGA region. In some instances, the same areas
were covered on two successive dates. Such se-
quential views provided opportunity to evaluate ap-
plications of Landsat imagery to seasonal changes
on the land surface. Most of the Landsat images
used were 9- by 9-inch positive transparencies
(scale 1:1,000,000). All four spectral bands were
utilized, and, in some instances, scene features
were enhanced by using diazochrome overlays
where band 4 (0.5-0.6 micron) was reproduced in
yellow, band 5 (0.6-0.7 x) in magenta, and band 7
(0.8-1.1 ) in cyan. This technique was particularly
useful for examining details of the vegetation and
for mapping surficial geologic features. Two other
types of Landsat data were also employed; they
were 9- by 9-inch false-color infrared red com-
posites and 18- by 18-inch black-and-white prints of
band 5 only (scale 1:500,000).

Geohydrologic Setting

Mali, Niger, and Upper Volta occupy part of a
large relatively stable structural platform that ex-
tends across most of northern Africa. The platform
is formed principally by Precambrian basement
rocks which are discontinuosly mantled by thin
sedimentary rocks of Paleozoic to Cenozoic age.

Imposed upon this broad platform are several gent-
ly downwarped sedimentary basins which are bor-
dered by low uplands and plateaus (Archambault,
1960). The basins are major features, about 600 km
or more across. Mali lies in parts of two of these
basins, the Bassin du Soudan and the Bassin du
Niger (fig. 1). Niger lies mainly in the Bassin du
Niger, and Upper Volta lies in low uplands along
the southern flanks of both basins. The Precam-
brian basement rocks, including a variety of gran-
itic and foliated metamorphic rocks, are exposed
mainly in the uplands and plateaus (Marvier, 1952).
The Paleozoic and Mesozoic sedimentary rocks
crop out along the flanks of the structural basins
or lie at relatively shallow depth beneath Cenozoic
sedimentary rocks which occupy the central parts
of the basins (Archambault, 1960). Mesozoic strata,
however, are not recognized southwest of a line
trending roughly northwestward through Niamey
and Tombouctou. Surficial deposits, principally of
Quaternary age, are thin but widespread—
occurring mainly as stabilized and active dune-
sand deposits, as stream alluvium, including de-
posits of the Inland Delta of the Niger River, as
scattered terrace deposits, and as widespread
laterite duricrusts. The laterite forms surficial fer-
ruginous crusts 1 to 10 m thick over more than 80
percent of Upper Volta, southern Mali, and south-
ern Niger and lends a harsh reddish-brown aspect
to the landscape. All the consolidated rocks and
unconsolidated deposits yield water to some ex-
tent, but the principal ground-water reservoirs are
in the coarse facies of the Mesozoic and Tertiary
sedimentary rocks occupying the central parts of
the downwarped basins and in the unconsolidated
alluvium, especially the deposits along the Niger
River. Additional descriptions of thickness and lith-
ology and the associations of the rocks with vege-
tation, with ground-water supplies, and with farm
and range parameters are summarized in table 1.
The LGA countries lie principally in the low
(200-650 m above mean sea level) semiarid Sudan
and Sahel Savanna and the arid Saharan regions
of West Africa where rainfall occurs only during
the high-sun months of May to October. The
southern parts of these countries receive more
than 1,000 millimeters of rainfall annually (fig. 2).
Rainfall during the high-sun period has to sustain
plant and animal needs throughout the long dry
season that lasts roughly from October to May.
Bamako and Ouagadougou commonly have a dry
season of 5 to 7 months and receive less than 25
mm of rain during this time. At Niamey, Gao, and
Mopti, the dry season lasts from 7 to 9 months; at
Tombouctou, the dry season is longer than 9
months (Church, 1968). Thus, any prolongation of
the dry season or shortening of the rainy season
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FIGURE 2.—Mean annual precipitation, in millimeters, in parts of Mali, Niger, and Upper Volta (taken from Archambault, 1960, fig. 2).

has disastrous effects on the farming and grazing
economy of the region. The precipitation
decreases northward, and, in northern Niger and in
Mali north of Gao, precipitation is less than 200
mm annually. There, rains fall mainly during July
and August. Because of prevailing high mean an-
nual temperatures (27 °-29 °C), evapotranspiration
is also high. Therefore, during the dry season,
most streams and small reservoirs dry up, soil
moisture and shallow ground-water supplies are
depleted, and the range vegetation becomes dor-
mant.

The Niger, the Red, White, and Black Voltas, and
the Senegal Rivers draining the Sahelian region of
West Africa receive most of their runoff from pre-
cipitation that falls on a rather low but broad high-
land that extends east-west across northern
Guinea, southern Upper Volta, northern Dahomey,
and southern Mali. Annual rainfall in this highland
commonly ranges from 1,000 to more than 1,250
mm (fig. 2). The Niger and Volta Rivers all empty
into the Guif of Guinea. The Volta Rivers enter the
Guif through Lake Volta in Ghana, but the Niger
takes a long circuitous route northward to the
edge of the Sahara near Tombouctou, where it
bends eastward and then southeastward past Gao
and Niamey (fig. 1) on its course to the Gulf of
Guinea. The Senegal River flows generally north-

westward to the Atlantic Ocean north of Dakar.
These three great rivers and their main tributaries
are in flood stage during the rainy season; this
flooding is commonly referred to as the annual
flood. In central Mali, the annual flood of the Niger
River spreads spectacularly over much of a vast In-
land Delta where flood-retreat farming is practiced
extensively (fig. 1).

Savanna Vegetation

The semiarid savanna vegetation of West Africa,
from its southern limit at the Tropical Forest Zone,
grades progressively through open woodland to
shrubland to its northern limit at the Sahara. The
major vegetation communities are oriented as a
series of east-west parallel bands in response to
the dominant rainfall gradient across Africa. The
gradient of decreasing precipitation toward the
north is accompanied by a progressive change in
the character of the vegetation. To the south,
where rainfall is highest, the vegetation comprises
tall trees with large evergreen leaves; there is vir-
tually no grass understory. This is the true forest.
Proceeding northward through 10 or 15 degrees of
latitude, these large-leaved forms are gradually
replaced by short trees and shrubs which have
small often finely divided drought-deciduous
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TABLE 1.— Brief description of the stratigraphic units and their utilization by man in the areas near Bamako, Mali, Niamey, Niger, and
Ouagadougou, Upper Volita

E Period Epoch S"at&?ﬁphic Distribution and thickness
Dune deposits near ) ) ) )
Niamey (dunes were Small discontinuous areas on terraces and slopes near the Niger River
not inspected in and on broad gentle slopes underlain principally by laterite away
other areas) from the river; generally less than 10 m thick.
Channel alluvium
g;:;g;;gwer In wide and braided channels of the Niger River and in adjacent low
deposits of the terraces inundated by the annual flood.
Inland Delta)
Flood-plain Forms terraces generally notinundated by the annual flood; terrace is
Holocene alluvium along 3 to 6 m high (above low flow stage of the river) and from a few
Niger R'Vef meters to more than 2 km wide; unit generally thin, in places less
{excluding than 6 m thick, particularly near Bamako where older consolidated
deposits of the rocks are exposed in the river.
Inland Delta)
Quaternary 2 Underlies central areas and much of gentle slopes of broad fiats and
8 Gray alluvium narrow flood plains along streams in small valleys in uplands away
& from the Niger River; unitis thin and is less than 1 m thick in much
o ; of the broad flats; locally unitis more than 3 m thick along streams.
2 3
g =
Q -
Yellowish-buff Exposed on gentie slopes forming broad flats; at many localities, it
Pleistocenel(?) alluvium and comprises bulk of alluvium of the broad flats; unit forms conspicu-
: equivalents ous terrace 510 15 m high along the Niger, Senegal, and White Volta
Rivers and alower terrace along some of their tributaries; thickness
varies locally, but in places the unit probably is greater than 20 m
thick.
Brown alluvium Exposed mainly In the perimeter area of broad flats; thickness is
in vicinity unknown,
ol
Pleistocene of Quagadougou
Exposed over about 80 percent of the area on ridges and mesas, on
Quaternary Pleistocene Laterite steep slopes, on colluvium or consolidated rocks, over broad plains,
and and and on river terraces; also present beneath alluvial deposits; 1.5 to
Tertiary(?) Pliocene(?) 10 m thick.
Continental Terminal Present only near Niamey (in Bassin du Niger) where it underlies
Miocene {Archambault, 1960) laterite capped buttes, ridges, and broad slopes; 100 to 200 m
Tertiary g thick.
Eocene
2 - ] Cre;a(jqeous-Eoceni Not exposed, present only in subsurface of Bassin du Niger near
8 sedimentary rocks Niamey; more than 400 m thick.
3 Cretaceous undifferentiated
[}
=
Q
[*} N
N Ordovician Gres Ordovicien Forms uplands in Bamako area; not present or not recognized in the
2 (Archambault, 1960) other areas; unit generally capped by laterite; 50 to 200 m thick.
o
Precambrian Basement complex Few small isolated outcrops in area.
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TABLE 1.— Brief description of the stratigraphic units and their utilization by man in the areas near Bamako, Mali, Niamey, Niger, and

Ouagadougou, Upper Volta—Continued

7

General Ithologic description

Utilization by man

Ground-water supplies

Farm and range

Consists of active and stabilized sand dunes;
includes many composite dunes and a few
climbing and falling dunes; cider dunes
show a slight amount of consolidation and
development of soil.

Generally too thin and of too small an areal
extent to be a source of ground water;
highly permeable sand allows much infil-
tration and httle runoff from precipitation.

Extensive local use for crops; main unit
farmed between Niamey and Dallol
Bosso; when soil and vegetation cover of
stabilized dunes are disturbed by cropping,
overgrazing, or by natural causes, the
dunes are liable to severe wind erosion and
blowout activity.

Consists chiefly of unconsolidated sandy and
silty alluvium, many large sand bars show
huge current marks.

Deposits are permeable and yield water to
shallow temporary dug wells during low
flow periods, but annual flooding prohibits
development of the unit by permanent
wells.

Partially utilized in flood-retreat farming and
for grazing; unit can be farmed much more
intensively.

Consists of unconsolidated sand and silt con-
taining a minor amount of gravel

Yields dependable supplies of ground water
to wells because of its proximity to the
niver; well yields probably are not large be-
cause of the general thinness of the unit,
larger quantities of water, perhaps suffi-
cient for some irngation, can be obtaned
by construction of collector wells in the
unit.

Partially used for farming and for orchards;
grass and brush foliage supports consider-
able stock; unit comprises best arable land
in the Bamako and Niamey areas and can
be more intensively developed for farming,
with water diverted from the Niger River.

Consists of unconsolidated to very shghtly
consolidated light-gray to grayish-buff clay
and silt; contains some sand, little
gravel—mainly of grit and small pebbles;
contains considerable organic material
especially along streams.

One of the alluvial deposits supplying small
amounts of water to dug wells of villages
and fields along small streams; unit proba-
bly lies above the water table in most of the
broad flats

Unit is widely cultivated everywhere, but 1t
comprises the only arable land in the up-
lands near Bamako and Ouagadougou; in
many places, the unit 1s 30 cm thick,
thereby limiting 1ts usefulness for farming,
especially to deep plowing even if farm
machinery would become available; many
villages are situated on the unit because
they are clustered in areas where there are
shallow water supplies and arable land.

Consists of slightly consolidated yellowish-
gray, light-brown, or buff clay to silt con-
tatning considerable sand and little
pebble-sized gravel; unit generally 1s yel-
lowish in the Bamako and Ouagadougou
areas and brownish near Niamey; as much
as uppermost 2 m of unit may show weak
development of latente.

Consists of weakly to moderately consoli-
dated brownish-gray silt to mainly pebble-
sized gravel composed of laterite detritus,
gravel concentrated mainly near the later-
ite outcrops; silty and sandy parts are in the
downslope areas; at many places, unit s
overlain by moderately hard laterite form-
Ing a layer more than 1.5 m thick.

Probably supplies a small amount of ground
water to many shallow dug wells con-
structed in the broad flat areas.

Yields small amounts of water to dug wells.

Development of laterite in the topmost beds
of the unit precludes its use for farming of
crops, although the unit supports range
grass and browse vegetation; unit proba-
bly can support orchards and shade trees;
unit is severely sheet eroded especially
near villages where land has been sub-
jected to extreme overuse by man's ac-
tivities.

Used as rangeland even though many expo-
sures are nearly denuded of vegetation and
are subjected to severe sheet erosion; lat-
ente detritus in unit and associated laterite
15 excellent for road metal.

Consists of several units, each unit has dif-
ferent thicknesses, composition, amount
of cementation, bedding features, and in-
cluded alluvial detntus; generally hard to
very hard; more ferruginous near Niamey
and Gao than in other areas; older units
may be siliceous and contain fractures
formed afong joints.

Part of laterite underlying alluvial deposits
apparently yields small amounts of water

Figure 9 shows two typical conditions of occurrence of some

of the dug wells that have become dry during the past few years.

to dug wells; fractures aid infiltration from
precipitation through the laterite and into
the underlying rocks.

Because of extensive distribution, unit forms
principal rangeland of the area; excellent
as building stone and makes attractive
walls; when crushed, used as road metal.

In a few exposures that were inspected, unit
consists of silty to sandy deposits modified
or partly altered during formation of the
overlying laterite.

Where saturated, unit should yield dependa-
ble small to moderate supplies of water to
driled wells.

Generally exposed only in steep slopes that
are undergoing severe erosion; forms a
minor part of the rangeland.

Includes, in descending order, the Eocene,
Middle and Upper Cretaceous, and Conti-
nental Intercalaire (Archambault, 1960);
consists of clay to gravel deposits; upper
part mamnly clay and sand, lower part
mainly sand and gravel.

Where saturated, unit should yield dependa-
ble small to moderate supplies of water to
drilled wells.

Consists mainly of firmly cemented
sandstone that can be divided into several
distinct units; units are fractured exten-
sively along joints and small faults.

Where saturated, probably would yield small
amounts of water to drilled wells; where
unit 1s highly fractured, well yields would
be greatly increased.

Mainly used for grazing; insufficient amount
of soil developed on unit restricts farming.

Consists of granitic and metamorphic rocks;
some of metamorphic rocks are standing
on end; rocks are deeply weathered to
more than 15 m In the few exposures in-
spected.

Weathered part of unitis known to yield small
amounts of water to dug wells near
Ouagadougou; where rocks are highly
fractured, they probably would yield some
ground water to drilled wells.

Small exposures form minor part of range-
land.
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leaves. The changes in leaf morphology and plant
stature are accompanied by an increased open-
ness of the woody components, the openings bet-
ween the woody plants occupied by grasses. The
number of thorny species also increases. Terms
widely used in West and Central Africa for the
dominant transcontinental vegetation zones from
south to north are Guinea Savanna, the Sudan
Savanna, and the Sahel Savanna (fig. 3).

A vegetation gradient comparable to the south-
to-north cline of vegetation types can be seen
locally within the Guinea and Sudan Zones in
changes that proceed from moist river terraces to
the relatively dry uplands. River terraces within
these regions contain more moisture for the plants
than local precipitation alone provides, and the
rivers are bordered in many places by narrow
strips of tall large-leaved trees whose main areas
of distribution lie hundreds of kilometers to the
south. The term “fringing forest” has been applied
to these narrow strips of dense vegetation. This
type of forest is comparable to the ‘““‘gallery forest”
of North America.

The present savanna vegetation in West Africa
has been exposed to more or less continuous
heavy use by man for centuries and perhaps
millenia (Hopkins, 1965) and consequently has
been altered greatly (fig. 4). Since the late 1960’s

and early 1970’s, all zones of the savanna have
been under severe stress from intensified drought
conditions, coupted with increased population
pressures of man and proliferating domestic herds
built up during the 1950’s and early 1960’s, largely
with inadequate regard to proper management
practices. (A wet cycle prevailed in the region from
about 1955 to 1966.) Where lands are cultivated, a
combination of cutting, burning, and fallowing is
also practiced. This swidden (slash-and-burn) form
of agriculture has changed the area of earlier ex-
isting dense forest vegetation to its present form
of open forest or shrubland. These practices have
increased the availability of farmland and
rangeland for man’s use but have greatly modified
or obliterated the original vegetation of the Sudan
and Guinea Zones. Contrary to much of popular
opinion, the Sahel vegetation (north of the 450-to
640-mm isohyets) has been less affected by man’s
activities than that of the two southern zones
where rainfall is greater (Church, 1968). In the
Sahel, there is less grass to carry fires, population
levels are low, and possibilities for cultivation
without irrigation are slight, especially in areas ad-
jacent to the Sahara; consequently, the natural
vegetation has been modified only by grazing. Ac-
cordingly, the savanna areas of most critical con-
cern for maintaining a proper balance between the
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Ficure 3.—Vegetation zones in parts of Mali, Niger, and Upper Volta (taken from Keay, 1959).
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Ficure 11.—Generalized profiles across the valley of the Niger River near Bamako, Mali, and Niamey, Niger, showing distribution of laterite,
afluvial deposits, terraces, and vegetation zones—Continued.

Waest Vegetation

East
fe—1— o1 1k 2 e 3 >

Arable land —>

Flood-plain alluvium Channel and flood-plain
not now inundated alluvium in zone inundated
by annual flood by annual flood

Laterite generally 1 m

Laterite covering terrace of thick extends along steep
Hard ferruginous cap about rounded gravel deposited by s.lope as low as 15 m above
1 m thick over porous Niger River. Niamey is river level

earthy material (ochre) situated on terrace
9 to 10 m thick

Side channel of Niger
Discontinuous eolian deposits, E'Vefg dry for ﬁ1rgt74
farmed at many places ime in spring

Niger River main channel

Dike protecting crops

. . from annual floodin
Continental Terminal 9

oz 5

""" 'Weathered basement rocks

B, Profile of the valley of the Niger River near Niamey. Maximum relief is about 100 m.

EXPLANATION
Nonarable
P N
Arable flood-plain and channel deposits of Equivalents of the yellowish-buff al- Preyellowish-buff alluvium terrace de-
Niger River luvium; weakly cemented laterite at top posits
of unit
1.25 to 2 m thick Laterite duricrust About 10 m thick
o o i s s o o e e e ‘T‘T—l—r—'—r'l'—l—r IIII I IITITIOIT

KEY TO VEGETATION

Figure 114 Figure 118

(1) Where soil mantle is thin, plants are confined to fracturesand (1) Vegetation in clumps is broken by irregular barren areas;
pockets of soil; low forest of kapok, shea butter, danya, and dominant plants are drought deciduous shrubs, trees, and
other trees; grasses are less prevalent than in alluvial areas. vines that grow about 6 m maximum height.

{2) Vegetation is more dense than on alluvial flats or on mesa (2) Shrubs to 2 m high dominate; scattered doum palms and
tops of buttes; vegetation not as tall as on the flats; trees soapberry trees.

include kapok, fig, and many others.

(3) Vegetation of areas not now cultivated in various states of (3) Scattered baobab and mango trees on cultivated lands.
recovery from farming and clearing; open forest of shea
butter, locust bean, and many other trees; grasses are preva-
lent.
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Table 3.— Distribution of arable land and its relationship to accelerated erosion and gray alluvium

Physiographic position

Distribution of gray alluvium

Forms a thin mantle on yellowish-buff alluvium and on laterite; gener-

without terraces

Broad flats ally is less than 1 m thick, but over wide areas is less than 0.3 m
thick.
Small valleys Forms a thin mantle on yellowish-buff alluvium; unit is greater than

1.5 m thick in central parts of valleys, butis less than 0.3 m on much
of the gentle slopes along the sides of valleys.

Small valieys
with terraces

Upland areas near Ouagadougou and Bamako

Forms a generally thin somewhat discontinuous deposit on the sur-
faces of low terraces and on slopes behind low terraces eroded
from the yellowish-buff alluvium; unit usually underlies narrow
flood plains that are in front of the low terraces.

Reaches of White Volta and
Baoulé Rivers and other
streams with conspicuous
terraces (not including
the Niger River)

Generally forms thin and discontinuous outcrops on the top of a
well-developed terrace which is eroded from the yellowish-buff
alluvium or its equivalents; unit underlies a narrow flood plain in
front of the terraces, but, at many places, the channel occupies
nearly all the bottom lands between the terraces.

Valley of Niger River
near Bamako and Niamey

Generally forms thin discontinuous outcrops on terraces eroded from
the yellowish-buff alluvium and equivalents and on higher terraces
and slopes; unit covers part of slopes adjacent to the flood-plain
deposits of the Niger River.

comprises the only conspicuous terrace along
these streams. The deposits along the Baoulé
River may also be an upstream equivalent of sandy
clays, 15 m thick along the Senegal River, de-
scribed by Grove and Warren (1968, p. 196). Near
Niamey, a light reddish-brown fine-grained alluvi-
um, which is believed to be correlative with the
yellowish-buff alluvium in the Ouagadougou and
Bamako areas, forms terraces roughly 8to 15 m
above the Niger River. At Niamey, the upper part of
this alluvium lies on rounded pebbie-sized river
gravels cemented by ferruginous material.
Collectively, the alluvial deposits appear light
and the laterite appears dark on both Landsat
black-and-white images and on false-color com-
posites. The younger gray alluvium has a slightly
lighter tone than the other alluvial units on black-
and-white images and is light gray to nearly white
on the color composites. Thus, its extent, which
also represents the maximum extent of arable

land, can be roughly delineated. Unfortunately, the
scale of 1:1,000,000 is too small to permit showing
the gray alluvium as a separate unit on figure
S-28B.

In areas where the gray alluvium can be differen-
tiated from the underlying yellowish-buff alluvium,
a fair estimate of the amount and distribution of
arable soil can be made, if a sufficient amount of
field checking is done. Table 3 summarizes some
of the relationships between the amount of arable
land and different physiographic occurrences of
the gray alluvium. In localities where the alluvial
deposits are not easily distinguishable, only a
rough estimate can be made of the distribution of
arable soil. In areas where arable soil maps are
unavailable, however, any maps, even if only
roughly defining the areal extent of the soil, would
have some value. Landsat data could be useful in
the preparation of such maps.




























Many transient environmental features showing
seasonal change can be observed with repetitive
Landsat imagery. These features are principally
vegetative, but they may have hydrologic implica-
tions. Seasonal change in foliation of vegetation is
a commonly observed phenomenon on Landsat im-
agery. Seasonal differences are especially marked
in regions that have fluctuating rainfall and tem-
peratures. The use of Landsat imagery to measure
regional crop yields during the early part of the
rainy season is probably one of the most important
applications.

Transient hydrologic phenomena such as the
stages of rivers in floods or at low flow, inter-
mittent streams, fluctuating lake levels, reservoirs,
or small ponds can all be identified and their
general stages monitored by repetitive imagery.
The annual floods of the Niger, Senegal, and Volta
Rivers and their larger tributaries should be rather
easy to follow as the floods progress siowly down-
stream. Within the Inland Delta of the Niger River,
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knowledge of the exact area inundated by flood-
water would be important information upon which
to base yield estimates for crops grown after the
flood.

Repetitive imagery may help locate shallow
ground-water bodies that could provide a water
supply during part of the dry season. Patches of
lush vegetation often indicate areas of shallow
ground water, particularly along intermittent
streams and in small alluviated valleys, where
ground water is discharged. All dark spots or areas
shown on bands 6 and 7 of Landsat imagery are
worth checking to determine if they are “‘damp”
areas, where the water table is near the land sur-
face, or ephemeral lakes or ponds that may not be
related to the presence or discharge of ground
water.

Landsat imagery can be used to assist in
disease-vector control programs such as the tse-
tse fly and river-blindness control programs.
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Landsat Imagery With Explanations the analyses of the remaining four images were
made by using diazochrome overlays for which
The following section presents analysis of six band 4 was reproduced in yellow, band 5 in
Landsat images S-1 to S-6 (fig. 17). The analyses magenta, and band 7 in cyan. Comparisons also
of two images were originally made on false-color ~ were made between the false-color composites or
composites of multispectral scanner (MSS) bands  diazochrome overlays and the black-and-white

4, 5, and 7 prepared at the EROS Data Center, but frames of all four MSS bands.
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FicuRe 17.—Areas represented by the six selected Landsat images of Mali, Niger, and Upper Volta that are evaluated in this report.


























































EXPLANATION S-68

Dunes and areas of other eolian deposit types can be identified
easily on Landsatimages from either false-color composites or
black-and-white images, preferably of MSS bands 5 or 7. In-
terpretation of imagery, accompanied by onsite checking,
could probably furnish enough information to aid in studies of
the southward encroachment of the Sahara and desertification

in the Sahel.

Stabilized longitudinal dunes trending east to east-northeast
(solid-line contact). A reddish-brown soil is developed locally
on these dunes.

Main areas of sand sheets or sand stripes (dashed-line contact).

7
S
LlLL L

Modern longitudinal dunes trending approximately northeast
(dashed-line contact).

Erg (shifting sand); lines of the dune crests trend approximately
north-northwest (dashed-line contact).

Area masked by clouds and shadows.

U.S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 1058

51



52 APPLICATION OF LANDSAT PRODUCTS, MALI, UPPER VOLTA, AND NIGER

References Cited

Archambault, Jean, 1960, Les eaux souterraines de
I’Afrique Occidentale: Service de I’'Hydraulique de
I’Afrique Oeste Francaise, Imprimerie Berger-
Levrault, Nerieg 137 p.

Comité Inter-Africain d’Etudes Hydrauliques (CIEH), 1972,
(La culture du sorgho de decrue: L'utilisation
agricole des eaux de crue en Afrique: Part 3),
Société Générale des Techniques Hydro-Agricoles,
Ougadougou, Upper Volta, 50 p.

Cooke, R. U., and Warren, Andrew, 1973, Geomorphology
in deserts: University of California Press. Berkeley
and Los Angeles, 374 p. plus index.

Church, R.J.H., 1968, West Africa: 6th ed., John Wiley
& Sons, Inc., New York, 543 p.

1973, The development of the water resources of
the dry zone of West Africa, in Dalby, David, and
Church, R. J. H., Drought in Africa, University of Lon-
don, p. 62-66.

Dalby, David, and Church, R. J. H., eds., 1973, Drought in
Africa: Centre for African Studies, University of Lon-
don, 124 p.

Greigert, J., and Poygnet, R., 1965, Carte Geologique,
Republique du Niger.

Grolier, M. J., Fary, R. W,, Jr., and Gawarecki, S. J., 1974,
The Sahelian zone remote sensing seminar and
workshop at Bamako, Mali, West Africa, April 17-28,
1973: U.S Geological Survey Open-File Report, p.
74-196.

Grove, A. T., 1973, Desertification in the African
environment, in Dalby, David, and Church, R. J. H.,
Drought in Africa: University of London p. 33-45.

Grove, A. T., and Warren, Andrew, 1968, Quaternary
landforms and climate on the south side of the
Sahara: Geographical Journal, v. 135, June 1968, p.
194-208.

Hopkins, Brian, 1965, Forest and savanna: Ibadan and
London, Heinemann, 100 p.

Jones, J. R., and Miller, R. H., 1974, Application of ERTS
technology in development programs for the
Liptako-Gourma Authority countries (Mali, Niger, and
Upper Volta): U.S. Geological Survey open-file report,
16 p., 1 fig.

Keay, R.W.J., 1959, Vegetation map of Africa: Oxford
University Press, London.

Marvier, L., 1952, Series hydrogéologiques de I’Afrique
Occidentale (map), in Archambault, Jean, 1960, Les
eaux souterraines de F'Afrique Occidentale: Service
de I’Hydraulique I'Afrique Oeste Francaise, Nancy
Imprimerie Berger-Levrault.

Morain, S. A,, and Williams, D. L., 1973, Estimates of
winter wheat yield from ERTS-1, in ERTS-1 Sym-
posium, 3d, Washington, D.C., Dec. 1973: Pro-
ceedings, p. 21-28.

Reining, Priscilla, 1973, Utilization of ERTS-1 imagery in
cultivation and settlement sites identification and
carrying capacity estimates in Upper Volta and
Niger: U.S. Agency for International Development,
Contract Report No. AID/CM/AFR-¢c-73-21.

Sterling, Claire, 1974, The making of the Sub-saharan
wasteland: The Atlantic, v. 233, no. 5, p. 98-105.
Tomiche, F. J., 1974, Man versus blackfly: World Health,
May 1974, World Health Organization, Geneva, p.

20-27.

Wade, Nicholas, 1974, Sahelian drought: No victory for
western aid: Science, v. 185, p. 234-237.

Wigton, W. H., and Von Steen, D. H., 1973, Crop
identification and acreage measurement utilizing
ERTS imagery: 3d ERTS-1 Symposium, Dec. 10-14,
Paper A5, Nat. Aeronaut. Space Agency, p. 87-92.



