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ABSTRACT

The paper first reviews the situation regarding topographic mapping in Africa. While for

some countries, the main concern is the production of new base maps, for many other African

countries the main problem is the revision of a large number of existing maps which are now

thoroughly out-of-date. The situation prevailing in most African national mapping agencies is then

outlined and the availability of satellite photography and scanner imagery over Africa is then
discussed. The results of tests of the accuracy and the content of topographic maps derived from

satellite imagery conducted over a number of test sites having different landscape characteristics are

summarised and discussed. Next some examples of topographic mapping from stereo-SPOT imagery

are described, including those from Ethiopia, Djibouti aid Guinea. This is followed by further
examples of purely planimetric line mapping from Nigeria and image mapping from Central Sudan,

using monoscopic SPOT and TM images respectively. This leads on to a further discussion of a
UNDP-supported national map revision programme carried out over Uganda. The paper then goes on

to make a comparison of the respective attributes of small-scale aerial photography and satellite
imagery for topographic mapping in Africa and concludes with a short discussion of the likely impact

of the availability of higher resolution satellite imagery which is promised for the near future.
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1. Introduction - Topographic Mapping in Developing Countries

The needs for topographic mapping in developing countries is a matter which receives quite
a lot of attention in the literature, though most often at a policy or political level - the basic premise
or underlying assumption being that the developing (Third World) countries have very substantial
deficiencies in coverage at the standard scale of 1:50,000 used for nation-wide topographic mapping.
In practice, it is extremely difficult to discover where exactly this presumption comes from - usually
overall percentage figures issued by the U.N. organisation are quoted and are accepted as fact.
Almost invariably, Africa is quoted as the poorest mapped continent, with South America as the next
poorest and strong hints that parts of Asia have none too good or none too complete cover.

1.1 Review of Existing Topographic Map Coverage in Africa

In fact, a detailed analysis of the African situation gives a rather different and more complex
picture. In the first place, it is highly doubtful that comprehensive mapping at 1:50.000 scale is
required, since so many of the countries in Africa have enormous areas of desert or semi-arid land
with little or no population and few cultural (i.e. man-made) features. In which case, comprehensive
mapping at 1:50,000 scale is either unnecessary or, if implemented, is overkill. As an example of the
latter, Namibia has complete cover at 1:50,000 scale in the shape of 1,250 individual map sheets
executed by the South African Trig Survey organisation. Yet its land area amounts to 824,00 sq. km

and its population is 1,400,000, giving an average population density of 1.8 persons per sq. km. And
in fact, the actual density is still lower for most of the country when one realises that more than 60%
of the people live in urban communities.

With this in mind, many other African countries have adopted a dual scale strategy for their
topographic mapping. For example, many of the Francophone West and Central African countries
and Djibouti (former French Somaliland) have adopted 1:200,000 as the basic mapping scale with

coverage at 1:50,000 scale confined to the more developed parts of their territories only. For Libya,
where most of the landscape is pure desert, the basic national map coverage is at 1:250,000 scale -
produced in fact as an image map series (127 sheets) from Landsat MSS imagery by the Earthsat

Corporation in the U.S.A. in the late 1970s and early 1980s - the 1:50,000 scale coverage being
confined to the band of populated and developed land between latitudes 28°N and 32°N adjacent to
the Mediterranean Sea. Similarly in Tunisia, the whole country is covered by a 1:200,000 scale series,

with the northern half also covered at 1:50,000 scale. The same type of thinking has resulted in the

adoption of a dual-scale strategy in several of the former British ruled territories, e.g. in Kenya,

Zambia and Botswana, with l;50,000 adopted as the scale for mapping in the more populous and

developed regions and either l;100,000 or 1:125,000 scale for the more remote and arid or

mountainous regions.

In the case of Algeria, a triple scale strategy has been adopted for the mapping of its huge

surface area of 2.4 million square miles. Again, as for most of the former French territories, the

largest scale used for national coverage is 1:200,000 and is therefore the scale used for the mapping

of the Sahara Desert covering Southern Algeria, For the high mountains and plateaux of the Atlas, the
basic mapping scale is 1:100,000, while 1:50,000 scale is used only for the more populous northern

part of the country bordering the Mediterranean Sea.

In other countries with vast areas of sparse population,and low economic activity, 1:100.000

scale has been adopted as the basic scale for national coverage. This is the case in Sudan, since much

of the 2,500,000 sq. km of the country away from the Nile rivers comprises desert, mountains and
swamp with sparse population. Similarly the mapping of Somalia has been carried out at 1:100,000

scale by Russian mapping agencies (O'Brien, 1994). In the Malagasy Republic (Madagascar), again

the national coverage is at 1:100,000. So when one reads in the UN reports that only 40% of Africa

has been mapped at 1:50,000 scale, this doesn't necessarily mean that this is grossly inadequate and

that the remaining 60% of the continent has not been covered by adequate or appropriate topographic

maps. There seems little point in pursuing mapping at too large a scale, such as 1:50,000, if it is
neither appropriate nor sustainable (Leatherdale, 1992).
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1.1.1 Eastern. Central and Southern Africa

For the area of Eastern. Central and Southern Africa which is known to the present author
through personal visits to a number of the national mapping agencies in the area and information
supplied by a number of his graduates from these countries (Petrie, 1993), the situation regarding

topographic map coverage is given in Fig. 1 and Table I. It can be seen from this data that, in Eastern,

Central and Southern Africa, the generation of new topographic bas? maps is not the main concern of

the national mapping agencies in these countries. Instead the major problem is that most of the

topographic map coverage was produced using aerial photogrammetric methods during the period
1950-1975 and is now substantially out-of-date. Some re-mapping of certain limited areas is
required, for example in areas where purely planimetric maps have been produced as a preliminary or

provisional edition without contours. However, within Eastern, Central and Southern Africa,

substantial new topographic mapping is only required in particular countries, most notably Sudan,

Ethiopia and Eritrea in North East Africa and in Botswana in Southern Africa, and in certain remote
areas in a few other countries.

Thus map revision is the main concern of most national mapping agencies in the Eastern,

Central and Southern region of Africa due to the huge changes in the landscape that have taken
place over the last 25 years arising from

(a) civil war, e.g. in Somalia, Uganda, Zimbabwe, Mozambique;

(b) famine arising from civil war, drought and other natural disasters;
(c) political policies, e.g. villagization in Tanzania; the break-up of large farms and

plantations into small holdings in Kenya, Zimbabwe, etc.;

(d) large-scale agricultural, forestry and other development projects: and

(e) considerable growth in population and a consequent expansion of settled rural areas

and an explosive growth of urban areas.

In mapping terms, the consequences of these factors have been the following:-

(i) the basic topography and relief (as represented by the heights and contours shown on

the existing base maps) and most of the hydrology have remained unchanged;

(ii) great changes have taken place in the rural landscape in many areas;

(iii) in particular, substantial parts of the man-made landscape - comprising settlement,

the communications network and the pattern of cultivated land - have been altered in
many areas;

(iv) the natural environment, in particular, the vegetation and forest cover, has changed in

many places;
(v) recurring droughts have led to desertification:

(vi) there has been a rapid and often uncontrolled growth in many of the towns and cities

in the region; and

(vii) rapid and substantial changes in the landscape can be expected to continue for the

foreseeable future.

In this situation, it is far more important in these countries to give priority to revising the existing

map sheets than to allocate funds to extending the series to remote and sparsely populated areas
(Leatherdale, 1992).

1.1.2 West and North Africa

Elsewhere in Africa, it has been much more difficult for the author to obtain comprehensive
information on the extent of national map coverage and the size and nature of the mapping problem,

more especially for the Francophone countries of West and Central Africa. Certainly for the English

speaking countries in West Africa, the situation is not too different to that discussed above for
Eastern Africa. Thus in Nigeria, Ghana and Gambia, the principal problem is again one of revising

topographic maps that were compiled 20 to 45 years ago. The situation in the Ivory Coast is similar,

since it appears also to have a fairly comprehensive map coverage which requires updating.
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Table I - Map Coverage in Eastern, Central and Southern Africa

Region

Eastern Africa

Central Africa

Southern Africa

Countrv i %aee Coveraee
Sudan

Ethiopia

Eritrea

Djibouti

Somalia

Uganda

{■ Kenya

'■ Tanzania

Zambia

Malawi

Mozambique

Zimbabwe

Botswana

Swaziland

Lesotho

Namibia

South Africa

10

40

0?

100

100 . ,

100

85

95

95

100

90

100

50

100

100

100

100

Mapped bv

DOS

DOS/Own Agency
?

France

DOS/Russia

DOS

DOS

DOS/Canada/Finland

DOS/Finland

DOS

Own Mapping Agencv

Own Agency and Canada

DOS

DOS

DOS

S.African Trig. Survey

S.African Trig. Survev

Areas covered

by 1:50,000 &

1:100,000 scale

topographic mapping
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For the countries of North Africa, has also been difficult to get complete information on the

map coverage. As noted above, Libya has complete cover at 1:250,000 scale via a satellite image

map series, which is now 15 years old and almost certainly needs revision. However Morocco has

less than half of its area covered at the scale of 1:100,000 scale designated for its basic mapping and

one third at the scale of 1:50,000 scale (Essadiki 1987). In the case of Egypt, coverage is believed to

be fairly complete, albeit at different scales, including the mapping of the area of the Eastern Desert

between the Nile and the Red Sea carried out in the 1980s under contract by Finnmap. By a process

of elimination and inference, it appears that the area of Africa with the poorest map coverage consists

of the countries of the Sahel and West Central Africa, especially Zaire.

1.2 African Mapping Specifications

As noted above, the basic scales used in nation-wide topographic mapping in Africa are

1:50,000, 1:100,000 and 1:200,000. Most of the mapping specifications for these maps have been

established either by the former colonial powers (e.g. U.K., France, Portugal) or by those counties

which have given aid through significant mapping programmes in the post-colonial period (e.g. the

Scandinavian countries, Canada, Russia). As a result, the specifications for map accuracy and content

are too not dissimilar to those employed in highly developed countries, typically with planimetric

accuracies (r.m.s.e. values) set at ±0.3mm and the contour accuracy requirements set at 90% of the

points shown by a contour should lie within half the contour line interval. For the three basic scales

being discussed, these specifications are shown in Table II.

Table II -Topographic Map Specifications

Scale

1:50,000

1:100,000

1:200.000

Plan Resolution) Plan Accuracy Spot Height

(at 0.1mm) C±0.3mm) \ccuracv

5m

10m

20m

±15m

±30m

±60m

3m

6m

12m

Contour

Interval (m)

10 to 20m

20m+

25 to 40m

1.3 Situation in African National Mapping Organisations

It is also appropriate to consider the current situation of national mapping organisations in

Africa and, in particular, their capabilities to carry out topographic mapping from satellite imagery.

While the situation varies considerably from one country to another, in general they suffer from a

marked lack of resources to carry out their assigned tasks. This manifests itself for example in an

inability to keep parties in the field to carry out survey operations due to a lack of money to pay field

allowances, too many unserviceable vehicles and sometimes shortages of fuel. The chronic lack of
foreign exchange which afflicts many African countries also results in an inability to purchase spare

parts and have instrumentation serviced, repaired and calibrated. In several of the organisations

known to the present author, a substantial proportion of the analogue stereoplotting instruments are

not operational for this reason; in particular those which have been equipped with encoders and

coordinate read-out systems to generate data for input to digital mapping systems are often out of

action for long periods. The unreliable electricity .supplies with frequent and unpredictable power cuts

and brown-outs experienced in some countries are not helpful in this respect (Fanta, 1992).

The utilization and exploitation of satellite stereo-imagery for topographic mapping and map

revision purposes also requires the availability of expensive high-tech solutions and systems. In
particular, analytical plotters or digital photogrammetric work stations equipped with suitable

software need to be available if accurate results or the extraction of heights and contours is required.

Yet, in the countries of Eastern Africa known to the author, stretching from Sudan in the north to

Namibia and Zimbabwe in the south, such systems are rarely found in national mapping

organisations. At present, only the Ethiopian Mapping Agency (EMA) and the Department of the

Surveyor-General (DSG) in Zimbabwe possess analytical plotters and only a single one of these in

EMA has software that can handle stereo-SPOT images. In the whole of this vast area of Eastern

Africa, there are no digital photogrammetric work stations \ nown to the author. Most of the countries

in the region do have national remote sensing centres or individual ministries that have installed

image processing systems to handle remote sensed imagery, but almost invariably these are used

exclusively for environmental monitoring and land cover or thematic mapping of a broad brush

nature at small scales. Rosenholm (1993) provides a description of such projects in Namibia, Malawi,
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Landsat TM and SPOT XS imagery, exploiting their multi-band/multi-spectral capabilities.

Kalensky (1996) has also provided a review of the efforts, largely under the leadership of the

Food and Agricultural Organisation (FAO) of the United Nations, to provide land cover mapping and

environmental monitoring information on a continent-wide basis from satellite imagery. The
Africover project is intended to produce a digital land cover database and associated hard-copy maps
at 1:200,000 or 1:250,000 scale (depending on the country concerned) and at 1:1,000,000 scale to
provide an overview of the situation. The implementation of this project will be carried out by the

United Nations Economic Commission for Africa (UNECA) and selected regional and national

mapping agencies. The first phase covering 12 countries in Eastern Africa is under way, funded by
Italy. The second project is called ARTEMIS (African Real Time Environmental Monitoring and

Information System) and is intended to provide timely inputs from remote sensing data for the early
identification of agricultural drought and desert locust risk areas. This uses meteorological imagery

from the European Meteosat and from the AVHRR sensors of the American NOAA satellites - so
obviously the resolution is limited in terms of satellite mapping scales.

2. Possibilities of Satellite Mapping in Africa

Having outlined the African mapping scene and its varied requirements and situation, the
fundamental question to be asked and answered is whether satellite imagery can deliver solutions to

satisfy the requirements of topographic mapping, which may vary greatly from one African country

to another. Undoubtedly there is much current interest in this question (Nino-Fluck, 1993). In part,

this stems from the improved ground resolution of the imagery which has become available from
space sensors over the last decade. Along with the improved ground resolution has come the

availability of stereo imagery from scanners, e.g. using SPOT and MOMS, a product that previously

was a monopoly of photographic cameras. Not only does the stereo-imagery allow elevations to be

determined, but the interpretation of the features present in the images is noticeably better under

stereo-observation than using monoscopic observation. This availability has led to the possibility of

implementing both manual and automated methods of extracting terrain elevation data; the

generation of ortho-images and the manual measurement and extraction of point, line and area

features from the resulting stereo-models. Associated with this has been the development of the

technology (computer-based analytical and digital stereo-plotters) able to cope with these stereo-

scanner images..

Quite apart from these improvements in resolution and stereo-capability, which promise to

overcome some of the main shortcomings of older types of remotely sensed data, the economics of

using satellite imagery appear favourable. Fewer images are required to cover a given area; hence

there will be a reduction in the ground control point requirements. There is also the promise of
quicker map production as compared with that based on the use of aerial photography, currently the

well established source of topographic map data in Africa.

2.1 The Availability of Space Imagery over Africa

At the present time, having regard to the requirements of national topographic mapping and

map revision programmes in an African context, in practical terms, there is really very little choice of

imagery having the required resolution and geometry.
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2.1.1 Space Photography

The characteristics of all the various types of space camera and photography that need to be
considered in the present discussion are set out in Table III.

Table III - Characteristics of Space Cameras and Photography

Camera

AC

.FC

CFA-1000

CFA-3000

TK-350

4K-4

Format

(cm)

23x23

23x46

30x30

30x30

30x45

18x18

Focal

Length

(m)

0.30

0.30

1.00

3.00

0.35

0.30

Angular

Coverage

42x42"
42x75'

17x17"

6x6'
46x65"

33x33*

Flying

Height

(km)

250

225

270

270
220

280

Ground

Coverage
Ckm)

190x190

170x340

80x80

27x27

190x280

160x160

Scale

1:820,000

1:740.000

1:270,000

1:90,000

1:630,000

1:930.000

Ground

Resol.
Cm)

16-33

10

5-10

2-3

7-10

10

B:Ht.

Ratio

0.3

0.6

0.12

0.04

0.52

0.24

Orbital
Inclin

ation

28.5*
57'
83"
83"

67"

83*

In fact, the space photographic camera systems utilised by Western Countries such as the
Metric Camera (MC) and the Large Format Camera (LFC) have only operated on an experimental

basis in the mid-1980s and have only achieved patchy and discontinuous coverage (Fig. 2). This was
a consequence of the Challenger disaster in 1986 and the cessation of further Space Shuttle flights for

four years. In turn, this meant that the further scheduled flights of the MC and LFC cameras were

badly delayed and eventually cancelled. This was a pity since their ground resolution - in the range

10 to 25m - and their stereo capability were of considerable interest to the topographic mapping

community (Derenyi 1986, Greer, 1989) and much was expected from the follow-on flights.

It is also appropriate to consider the more recent Russian space photography for the

topographic mapping task, more especially that taken by the KFA-1000, TK-350 and MK-4 cameras

(Table II). The KFA-1000 with a ground resolution of 5 to 10m has a superior performance in this

respect to any other sensor so far discussed. However, although it has a stereo capability, this is

limited by its poor base: height ratio (0.12) and the fact that it is often operated in a split-vertical

mode (Fig. 3). Jacobsen (1993) reports its spot height accuracy as ±32m in tests carried out over

Germany. Thus its main potential would appear to lie in its use for purely planimetric mapping or in

the map revision role. The MK-4 photography has a somewhat better base:height ratio (0.24) than

that of the KFA-1000, but has a less good ground resolution (circa 10m), though still in the class of

the LFC. A rather worrying feature reported by Jacobsen (1992) is the quite large and irregular image

distortions which have been detected in his tests of the KFA-1000 and MK-4 photography. These

appear to be the result of asymmetric lens distortions and/or a lack of film stability. The third of these

Russian camera systems, the TK-350. is in many ways analogous to the LFC, combining as it does,

both high ground resolution (7 to 10m) and good geometry (base:height ratio of 0.52). The major

problem likely to cause potential users to hesitate to use the TK-350 photography is the ultra-large

format size (30 x 45cm) which certainly cannot be accommodated in the photogrammetric systems

available to most national mapping organisations in developed countries, never mind Africa.

In summary, it remains to be seen whether any African country will adopt these Russian

photographic images for systematic mapping. In this respect, there is a certain deterrent in the fact

that it is not easy to obtain information regarding their coverage and availability, casting some doubt

on the wisdom of relying on them for a national mapping programme. It would seem that the Russian
agencies involved will need to improve their marketing and distribution facilities if they are to

persuade customers to adopt and use their space photographic products on such programmes.
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2.1.2 Scanner Imagery

Essentially the two main operational Earth observation systems which are of interest to the
African topographic mapping community are the Landsat TM and SPOT scanner systems. However
TM with its 30m pixel size and 45m ground resolution has limited spatial resolution and no stereo
capability, so its use will be limited to purely planimetric mapping and map revision at fairly small
scales. Its advantage over SPOT of having a much wider (seven band) spectral coverage is more
suited to the requirements of environmental monitoring and land cover and thematic mapping than
topographic mapping. Thus SPOT with its higher spatial resolution - 10m pixel and 15 to 18m ground
resolution from its Pan channel - and its stereo capability (with base: height ratios up to 1.0) is really
the principal system of current interest to those concerned with topographic mapping in Africa. As
noted above, this is the result of the situation in the late 1980s when the Shuttle-based MC and LFC
cameras were grounded and so the SPOT system has become established and has achieved a

dominant position during this period when it lacked real competition from sensors with comparable
resolution and geometry.

As with the MC and LFC photographic missions, the MOMS-02 along-track stereo scanner
system with its excellent geometry (base:height ratio of 0.3) has till now been largely experimental
and has only achieved limited and fragmentary coverage to date (Fig. 4) - a consequence of its low
orbital inclination (i=28.5°) and latitudinal coverage and its limited mission duration. This situation
may change in the near future with the implementation of the joint German-Russian collaboration by
which the MOMS-02 system will be operated from the PRIRODA module of the MIR space station.
With its orbital inclination of 51.6% this will enable it to cover all of Africa - weather permitting.

27.80

19.60

11.40

3.20

scanner

Fig. 4. MOMS-02/D2 ground tracks over Africa are concentrated in the north-eastern part of the continent

- there is little coverage elsewhere.

The Japanese space agency (NASDA) has also deployed an experimental pushbroom

iner, Q£S, on its JERS-1 satellite. This device is also able to acquire along-track stereo-imagery,
albeit with a poorer baserheight ratio of 0.3, resulting from the combination of a vertical pointing and
a forward pointing linear array. The Pan sensor on the Indian IRS 1C satellite launched in December
1995 is in many respects similar to SPOT with a swath width of 70km, an off-nadir pointing
capability, stereo-viewing and a rather better ground resolution arising from the use of a 6m pixel


