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FOREWARD

The study of this project was undevtaken in order to
publish maps of Tenke and Manono from Landsat data.

The collection of cartopranhic data on Zalre up to the
present time is based on aerial detection. In effeect, alreraft
are particularly interesting because of flexibililty in the
selection of the best flight conditlons, the best altitude,
and time of day conditions.

However, thils becomes very expensive 1f repetitive coverage
is required in such a large country as Zalre.

This constitutes a serious handlcap for establishing most
of the maps of the country.

The integration with the Landsat program, among the

data collecetion systems, would amount to a substantial contri-
butlion to the ilmprovement of cartography in genetal.
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PUBLICATION OF THE MAPS OF TENKE AND MANONO
(ZAIRE) FROM LANDSAT DATA

*
Musungayl Yampanla

INTRODUCTION

We can define remote sensing as the science and art /1¥%¥
of acquiring information about a material object from measure-
ments made at a distance without physical contact with the
object of interest.

These measurements are possible using speclal instruments
of remote sensing which are capable of carrylng out spectral
and spatial measurements, and also time variatlions within an
energy intensity fileld.

The collection of ins fruments on Landsat 1, 2, and 3
consists of two detector systems:
(1) A multi-spectral sweep analyzer (MSS)

This a four-channel radiometer which sweeps the surface of
the earth and records the intensity of the energy reflected
by particular features and objJects on the surface of the
Earth. It operates simultaneously in four distinect frequency
bands of the electromagnetic spectrum.

BE.;
Presidential Study Service, E.R.T.S. Division, B.P. 3092,
qu.'Nqaliema, Kiriehasa, Republic of Zaire.
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-Band Y4: extending from 0.5 to 0.6 um (in the green area
of the spectrum

-Band 5: extending from 0.6 to 0.7 um(In the red area of
the speetrum)

-Band 6: exterding from 0.7 to 0.8 pm (in the near infra-
red of the spectrum)

-Band 7: extending from 0.8 to 1.1 um (in the near infrared
of the spectrum).

The space resolution is .79 m (see reference 8).

However, on Landsat 3, the MS8S system operates with 5§ bands,
and the four flrst ones are identical to those of Landsat 1
and 2 (channels 4,5,6, and 7). The fifth one is sensitive to
the thermal infrared range (from 10.4 to 12.6 um), and it covers
a ground area of 185 x 185 km per frame with a spatial resolution
of 237 m (see reference 8). /2

(2) The RRBV System (Return Beam Vidicon)

This camera system 1s used because of 1lts geometric accuracy.
In the Landsat 1 and 2 systems, the three television cameras
simultaneously photograph the same part of the Earth's surface
in the following three spectral bands:
band 1: from 0.475 to 0.575 wm (in the visible spectral range)
band 2: from 0.580 to 0.680 wm (in the visible spectral range)
band 3: from 0.690 to G-830 w™  (4n the visihle and close
infrared range of the spectrum).

The RBV system of Landsat 3 also operates according to the
same principle, but with two televislon cameras instead of 3,
as 1n the case of Landsats 1 and 2. The two cameras each
operate in the spectral range between 0.505 and 0.750 um
with a spatial resolution of 40 m. The RBV frame covers an
area on the ground of 98 x 98 km. Thus four frames are
required for covering a MSS frame,

2



CHARACTERISTICS OF THE LANDSAT SYSTEM

Synoptle view: A single frame covers a very large area
(3.4000 kmz) and makes 1t possible to obsevrve the location and
the area of a determined category of resources over a wlde
area.

Repetilitive character of observatlon: The regular passage
of a satellite above the same zone every 18 days (or every nine
days 1f there are two satellites in orbit simultaneously) makes
1t possible to observe the evolution of phenomena such as the
following: changes in watercourses, the development or the /3
degradation of vegetation...

Uniformity in time: By over-flylng each zone by the Landsat
at approximately the same time of day (i 9 hours 30 minutes) on
the egquator, it 1s possible to guarantee a large uniformity
of 1illumination to successive images. This regularity of the
solar incldence angle constitutes an additional accurate element
for surveillance functions such as: study of erosion, study of
evolution of swamp areas, etc,

Uniformity of views of an ensemble: Possibility of
establishing imapge mosales which cover wide areas with exceptional
regularity and precision. /i

PURPOSE OF PERIODIC REVISION OF A MAP

The economlic development of most of the non-industrialized
countries essentially depends on thelr natural resources.
However, most of these natlions do not have sufficlent knowledge
about the nature, quantity, and location of their resources
so that they can efficiently develop them to the benefit of
thelr population.



When defining the term of natural resources, we can include
everything which has a value f'or humans I1ln thelr physical

environment, such as: ground, water, vegetatlon, energy sources...

These resources themselves are closely related. Modlfica-
tiong of one of them can affect others.

There are renewable resources and others which are not
renewable, but nelther 1s unlimlted. Because of thelr relative
rarity, theilr utillization and thelr conservation imply a
rational planning process. In order to do this efficlently,

a country must know 1ts resources and where they are located,
and 1t must have a detalled knowledge ahout its global
physical environment.

The state of the earth, cultivations, forests, and pasture
lands, the behaviour of watercourses, and the ways in which the
land i1s used are subjected to continuous fluctuations and
require surveillance. Perlodiclty is required in order to
develop information which can be effectively utilized. /5

It 1s within this framework that this project ls effective.
The map of Tenke was made 1n 1929 , and that of Manono was
made in 1974 with photographic coverage from 1952. Many things
have changed since they were published. They no longer reflect
the real physionomy of the ground, and 1t must be defined in
order to be utiliized.

The last aerial coverage work in Zaire was in 1952, and
only covered a small part of the country. There are other
regions which have never been measured up to the present.

The country 1s very large for an aircraft to carry out the
cartographic work.

&



Since 1972, the entire country of Zalre has been photo-
graphed by Landsat 1, 2, and 3 (see Figure 1). The data are
stored by EROS (this is an Interior Department of the U.S8.),
and can be obtalned in varlous forms:
- reels of CCT or microfillm
- tracings on paper in black and white, or in compcsite
color tracings at the following scales: 1:1000,000; 1:500,000; 1:250,000,
~ transparencles on a scale of 1:;1000,000 (18.5 x 18.5 cm).
- films: 4 bands (4,5,6,7) of 55 x 55 . 1

INTERPRETATION OF TMAGES OF TENKE AND MANONO

The Landsat image is a document which condenses a large
mass of informatlon of a wlde variety. These data can be
applied in agriculture, geology, hydrology, cartography, ete.

Before an analysis, *% 1 important to define the requlre-
ments in relationship to the spatial resolution of the image.

In this project, the selected elements are:
- built up areas (large agglomerations)

- mineral prospecting zones

- road networks

- vegetation

- watercourses

- lakes

Various methods can be used In order to extract thls in-
formation:

- Direct interpretation of the Images wilth increased
contrast, which use more expensive optical equipment

- Direct interpretation of increased contrast lmages using
numerical procedures, and using equipment mentioned above
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- Numerical analysis of the CCT en an interaetive terminal
in order to obtain the desired ealeulated proeduct, whieh will
be subjected to an interpretation and human analysis

- Vigual interpretation which uses simple instruments
whieh are cheap /8

A3 can be found, the three first methods are very expenaslve,
and large sums are required to implement them.

Visual interpretation was used in this project, and is a
simple and cheap procedure, It uses photo-interpretation
techniques which are familiar to various speeclalists in earth
rPeSOUrees,

In order to obtain the most iInformatien possible, the
following additlonal methods are used:
(a) Interpretation using diazmo technigues

This 1s a simple procedure which consists of converting
a blaeck and white film into color images with a minlmum of
photopraphic material. Thiee MS8S products (4,5,7) oan wires
and three transparent base diazo in the desired colors are
gufficient to obtaln standard transparencies and false color
transparencies in which the gray tones are represented by
eolored tints.

(b) Interpretation with the color additive viewer

This 1is a procedure which makes 1t posrsible to ilncrease the
contrast by varying the light intensiby. TFour colored filters
placed in the instrument produce four different llghts: white,
green, blue, and red. Thus one can examine the usual spectral
bands of a given frame through monochromatic filters wilth
different intensities. With this procedure, the selected
characteristics of the surface can be detected and reported
with more effi¢ieney.



(A) Frame of Manono /9

The Manono zone 18 a square area between 7° and 8° south,
27° and 28° east. Tt is included in frame MSS No. 1053-07474
of Scpbember 1U 1972 (see Figure No. 2), and includes four
RBV images (A,B,C,D), No. 30486-07360 of July 4 1979.

The data on Mahono were extracted from the REV mosalc
which included only the three frames A, C, and D, because frame
B was not avallable (see Figure 3).

The spatial resolution of RBV is 40 meters, which allowed
us easlly to detect agricultural activity and even the boundaries
of certain plantations in the center and to the south of Manono.

The road network appears in white lines. BSeveral large axes
are visible, such as the following: the road which follows the
Zaire river to the west, and which passes along the Bumbuzi
river toward the center. We can also see several features
in the south.

The mosalc shows houses wlth white roofs. The road network
is often considered as an element which serves to ldentify in-
habited zones. We can also use data on existing maps to show
the following principle: landscapes having the same characteristics
have related spectral signatures; 27 details were found to be
cilties.

As far as drainage and vegetatlon are concerned, 1t was
found that RBV provides less information than MSS. This is due
to the fact that the RBV system only operates in one panochromatic
track (0.580 to 6.80um ),  The information on drainage and
vegetation was completed by the interpretation of the MSS color
composite (see Figure 2) performed by the combination of the
three bands 4, 5, and 7. /12

T . S e i e G o o



b} b
na [ nono, f N P 174
I 5 1 ’ ) Y *in ¥ o o
y "
.‘?
& .
- -
10
Q4>
/)( )
s
% b,
Or 10
L3 V.






P S

This technique 1is useful to augment the contrast between
the various detalls. The watercourses and the lakes appear in
black., The vegetatlon in the varlous red tones appears more
dense 1n the south, and to the northeast of Manono.

The lmage shows the alluvial sand in rose around the
Kabamba and Mutupeke lakes, between the meanders of the Zailre
river and those of the Lukuse river in the center.

The cartography of Manono, taken from Landsat data, is
shown in plate 1 (see end of the report). It is obtalned by
the combination of the results from various procedures used in
thils study:

- Interpretation of the RRV mosale
Interpretation of the MSS color composite
interpretation by the diazo techniques
interpretation on the "ecolor additive viewep"

I

[

I

(B) Tenke frame p

oo s,

3

The Tenke reglon 15 a square hetween 11° ana 12° south;
26% and 27° east. It is entirely included in the MSS No. 1377~
07490 frame of August 4 1973 (Filgure 4). The data on Tenke are
from this color composite. The comparative analysls with a
second MS8S composite No. 1083-07U490 of September 4 1972 provided
the data on Tenke.

These compositeswere each taken from the three bands 4, 5,
and 7 (70 m/m black and white negabives) and enlarged to a
seale of 1:200,000 in the photopraphic laboratory of the Remote
Sensing Institute (8.D.).

This procedure makes the ilmage ready for interpretation.
In effect, the use of multiple specttal bands increases the pos-
8ib1llity for identifying or classifying characteristic
elements on the ground.

11






Because of the exclusive capacity of the band 7 (0.8 to
3 ) to make boundaries between water and ground visible,
the image (Flgure 5) shows the drainage with very good contrast,

We can see the Lufilra river in the eastern part of Tenke,
which goes to the north and collects almost all of the water
from the small rivers of thls reglon before emptylng into the
Lufira lake. It can be seen that the watercourses in the
western part of Tenke flow in the western direction.

As for band 5, 1t 1s used to detect the outline of roads,
details on the development of urban and Industrial zones, and
the siltuation on the vegetation and the topography of the land.
As far as thls information is concerned, it was found that the
color MSS composite 1s less efflclent when one wishes to obtaln
data about roads. Over the entire Tenke road network, only /15
a few sectilons were detected in the northern part.

As for the urban and industrial zones which are shown in
whlte, information 1s given on 17 detalls within the image.

The color composite also shows the mountaln areas and the
foldings in the rock, especially 1n the central and northern part
of T®nke. The vegetation appears in various tones of red. It
1s shown in bright red on montains and can be classifiled as a
forest.

The cartograph of Tenke, taken from the interpretation of
two MSS images 1s shown on plate No. 2, folded and glven in the

final part of thils report.

DESCRIPTION OF THE TENKE AND MANONO MAPS

Uslng the cutting cartographic system adopted by the
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Zaire Geographic Instlitute, the Tenke and Manono maps are sheets
covering one degree each.

The two zones appear in the reglon of Shaba (Zaire):

(1) Tenke sheet

The Tenke sheet (1:200,000) was published by the Katanga
Special Committee (presently Shaba) according to work by its
Geographic and Geologic Division carried out between 1924
and 1925, and additional measurements made in 1929.

The triangulation work was supported by the border chain

established by the Katanga-Rhodesia Boundary Commission (1911-1914).

When making the map, we took into account the topographic
measurements carried out by this commission over a band filve
kilometers north of the boundary.

(2) Manono sheet

The Manono sheet (1:200,000) was made and printed by the
Geographlc Institute using photographic coverage carried out by
thils agency in 1952.

Triangulation and the ground work were carried out by the

*
Geographic and Geologlcal Division of the Kabtanga Special Committee.

COMPARISON BETWEEN LANDSAT DATA AND CARTOGRAPHIC DATA

1. Tenke (see Plate No. 5, folded and shown at the end of
this report).

After comparison, we found that the map and the image did
not perfectly agree. Several hypotheses can be made on this
point: either the color composite was not geometrically

* ,

‘The maps of Tenke and Manono are folded and glven at the
end of this report. All of the names of the rivers, citiles were
not used in these maps.

15



corrected, or there are errors in the enlargment of the data for
the terraln because of the fact that the map was made using
an itinerary.

On the other hand, the dilsagreements which Fipure 9 shows
when one considers detalls alone can be considered as changes
which occur between the date of the map (1929) and the date of
the image (1973).

In the case of the watercourses, we can note:

the rivers have disappeared entirely, or partially
the rilvers whose beds have become longer than before
new rivers which did not exlst on the map

or rivers which changed the flow of thelr beds

I

i

As for the »ullt over zones, of 17 detalls assumed to be
villages or mining sites, B8 are not seen on the map. Are these
new citles? Or are they new mining sites? These are questions
which will be treated in the second phase of this study,
the purpose of which will be to verlify real features in the
terrain.

The comparative analysis also showed that the roads on the
image were not found on the map. As for the vegetation, this is
a new element which has been added to the Landsat data.

2. Manono (see plate No. 6, folded and found at the end of
this report)

Plate No. 6 shows the comparison between the map and the RBV
mosalc of Manono. The map was made according to regular
restitution. 1In a general manner, the details of the two docu-~
ments correspond quite well.

We have the followlng changes:
In the case of drailnage, the large changes found are shown
in Figures 5, 6, and 7.

16
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of July 4 1979. 1In this figure, the waters of the lakes and the
Zalre river are merged, and the river appears larger on the
image than it is on the map.

Figure 6,a is the representation of the Kabamba lake on
the map, Figure 6,b shows the same lake as found on the RBV
mosaie. The finding 1s: the lake 1s larger on the image than
it is on the map.

One could esasily conelude that the RBV image was taken at
the time there was flooding of Kabamba lake and Zalre river.
However, one thing 1s certain: this information was recorded by
the satellite during the dry season. In the case where /21
this situation 1s really the effect of flooding, we could assume
that the rainy seacon, which preceded the period during which
the photography took place, was abnormally long and was
characterized by strong ralns during the latter months.

On the other hand, the converse situation is found for
RBowe lake to the north of Kabamba lake. This lake, shown on
the map and visible in the M8S frame of September 14 1972, is
not recorded in frame RBV of July 4 1979,

This 1s a temporary change: in this case, fthe lake simply
disappeared because of the dry season, and could reappear
during the ralny season.

This 1is a definite change: considering the fact that this
lake did not benefit from the flooding which occurred in this
part of the reglon, we can assume that 1t has disappeared
forever. This hypothesls could be of interest for the revision
of the map.

The remaining question is fto know the more or less constant

boundaries of all the detalls. Thls requires repeated ob-
servations on thelr behaviour in different seasons. /22
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The changes are also found for the two swamp zones located
on the map to the east of Manono, These detalls are the
lakes on the mosailc (Figure 7), and according to information from
the Cartographlc Agency of Defense, of the U.S.A., these lakes
are called the following: Funze lake and Kafuzafunze lake,

The swamp areas primarily developed around Kabamba lake
and to the southwest of Manono. The drainage has remained more
or less stable. The lines shown with dote in Plate No. 6 indicate
the change of certailn rivers which were known because of the
gcourse of their beds.

Ags for the bullt-over zones, 17 of 21 details shown on the
mosale correspond to the old towns of Manoro shown on the map.
The 4 premailning ones have been retained in order to be verified
on the terrain.

The road network did not change, considering the few roadway
axes which can be found on the mosaic. ’

CONCLUSION

The uniformity of the views of an extended reglon, geometric
and radlometric orthogonality, the remarkable definition of
certain natural characteristics, and the ecapaclty to be
transferred to a cartcgraphic finished product in quasi-real time
are unlque characteristilcs. All of these c¢haracteristics make
up the Landsat lmage. a valuable tool in cartography.

The Landsat data can be used, not only {o monitor dynanic
phenomena because 1ts repetitive nature, but can also be used
to plan an alrcraft over-flight project for particular ob-
servations which could be used to revise maps, or for a detailled
study.

This reduces the time and money devoted to research on
ground studies or a systematic alreraft observation of a region.

20



The final stage of this study will be a terrain visit. It
will have the following purpose: verification of the hypotheses
and toponymy of new elements.

Whetber a study 1is based on the results of aireraft remote
sensing or remote sensing Irom space, the deta obtained will
not be of much importance unless terraln verification l1s
performed, Thus 1t 1s necessary to conslder the maps resulting
from the first stage as lncomplete. The definite documents
can be established after ferrain visits have been performed,
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