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PREAMBLE

As the World ushers in the 21st century and Africa gears up for its fourth decade of

population and housing census, it is important to take stock of past continent-wide censuses

conducted since independence through the African Census Programme (ACP).

This paper does not intend to cover all aspects of census cartography; it will only review

some shortcomings observed in past cartographic activities and generate hope for new developments

through the use of micro-computers, satellite imagery, remote sensing and GPS. The following

issues will be addressed:

A review of the general objectives of census cartography;

Successes and shortcomings; and

New developments in census cartography.

INTRODUCTION

African countries are not only facing serious economic and financial crises, the entire

populations are also going through sweeping but promising political changes in form of

democratization and decentralization. More accurate, ample, updated and geographically localized

information is therefore needed to carry the changes through. It is equally important to establish

or maintain a Geographical Information System with data bases and banks thereby enhancing in the

coming years the role of census cartography in the Africa.

The objectives of census cartography are:

To have a comprehensive enumeration, efficient data collection in clearly delimited

areas, each assigned to only one enumerator

To establish a sampling base for post-enumeration surveys

To publish accurate census data

To provide information required for a localized data base

Although most of these objectives have been avhieved in past activities, there have been

shortfalls mainly related to:

The difficulty in delineating problematic population areas inhabited by the nomads

in the Sahel, the pygmies in the dense equatorial forest, the pockets of fishing

population on the coast or around inland waters;
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The updating of urban and sub-urban plans;

Archives and map preservation;

The putting in place of a sampling base for socio-economic surveys.

Spot Satellite Imaperv and Urban Cartography

Census cartography managers have often grappled with the problem of updating their 10-
year-old figures owing to a rapid urban growth. This paper attempts to show that high resolution
satellite imagery could provide, at least technically, a viable alternative.

The early tests conducted by ORSTOM on the use of spot satellite imagery to build a
sampling base for demographic surveys (experiments performed in Marseille, France and in Quito-
Equator); the recent study on urban dynamics conducted by an ORSTOM team in conjunction with

some British researchers on three African Francophone cities - Conakry, Ougadougou and Yaounde

- and two Anglophone cities - Ibadan and Nairobi, generated hopes that this technology could be

used to update census maps.

Through space maps (maps from satellite images with toponymic indications) of the city

of Conakry assembled in March 1990 from 3-colour-band pictures, it is possible to distinguish

clearly between urban, non-urban, built-up and non-built-up areas and also have a clear topology

of smaller units of the city. Urban features stand out in their colour, shape, texture (homogenous

or heterogenous), patterns and layout.

Highways and urban networks are more visible with a panchromatic channel resolution

superimposed on a multi-spectral picture. Where there are no panchromatic pictures, the XS3 near-

infra red channel may be used for roads which often appear in low luminosity.

In the panchromatic mode, SPOT takes only one 10-metre-resolution, wide-ranging picture

twice sharper than the XS mode. Pictures taken in the panchromatic mode have a distinct
geometry, particularly appropriate for the urban areas and especially for African cities where

objects to be identified are usually small.

N.B.: The cost of a SPOT remains considerably high for census budgets. It is advisable

to use these pictures where they are already available (so that only copies will be paid for) or pool

resources with other departments to order SPOT pictures.

N.B. It is hoped that in the nearest future, with the latest generation of satellites, non-

military, 1 - metre resolution pictures will be available at affordable prices. This will solve the

cartography problem of the rapidly expanding cities.

THE GLOBAL POSITIONING SYSTEM (GPS)

The GPS is a system used to determine the coordinates (longitude, latitude and attitude) of

a place through data from a constellation of satellites gravitating around the earth.
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The GPS has three components:

Space - made up of 24 satellites gravitating on 6 orbital planes inclined on the

equator at about 60°. At 11,000 nautical miles, each satellite goes round the earth
twice in 24 hours.

Control: four earth stations under the United States Department of Defense are

responsible for the monitoring of satellites, telemetric measurements, control of data

aboard the satellites by the Master Station.

Receiver: small portable box that makes it possible to obtain the coordinates of a
given location.

Using the GPS to position a locality on the map requires familiarity with some basic
concepts of cartography. The same datum and system of coordinates should be used when
comparing datae from various sources.

Datum: Datum refers to the topographic or gravimetric measurement of the Earth's dimensions and

flattening-out. Both measurements are combined where the sea height relative to the average sea
level is given.

Geode is a representation of the Earth's surface where gravitation is a constant. It is also

the normal surface at any vertical point on the Earth coinciding with the average sea level.

Unfortunately, the geode is an extremely complex physical surface for which there are no
concise mathematical models and representations. The only method is to use the ellipsoid-surface
from an ellipse turning around one of its axes.

However, the size of the ellipsoid's semi-big axis, its flattening-out (factors used to

determine the best ellipsoid for a given locality) and the position of its centre relative to the Earth's
centre, vary.

The GPS uses an ellipsoid called GRS-80 and a datum called World Geodetic System (WGS-

84). The GRS-80 ellipsoid's semi-big axis measures 6,378,137.00 metres while the semi-small axis
measures 6,356,752.30 metres.

The coordinate system

Although a datum is an Earth's reference model, it does not specify how a particular point

on the earth surface could be identified. Once known, the datum can be used to represent a point

on the earth surface generally with the geographical coordinates - longitudes and latitudes. The

challenge to the cartographer is how to represent a spheroidal Earth on a plane surface (a sheet of

paper) without distortions. The mathematical formulae changing longitudes and latitudes (X and

CP) to abscissas and ordinates (x and y) are called cartographic projections. An ideal map would

precisely depict surface areas, distances, directions and flattering-put but such a map does not exist.

One or several of the above-mentioned parameters undergo distortions. It is therefore up to the
cartographer to use the type of projection most appropriate for the territories and their positions,

and also for the purpose and objective of cartography. There are several local coordinate systems.
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Examftfe: The 1880 Clarte's ADINDAN Datum Ellipsoid for Mali and Senegal.

Country

Mali

. Senegal

Molodensky transformation constants

AX

-112,145

-'-112,145

A fxlO4

-0.54750714

-0.54750714 ,

a x(m)

-128

-12S

a Y(m)

-20

-18

a z(m)

220

224

where

ax, is the difference between the WGS-84 model's semi-big axis and the local datum

y Ay, az are respectively the differences between the position of the Earth's centre according

to the WGS*84 Model and the local datum on the X,Y and Z axes.

Af(xlO,000) is the flattening-out difference between the WGS-84 and the local datum.

Some precautions in the use of GPS in census cartography

Since most of the receivers used in census cartography are relatively cheap but not

sophisticated enough for datum transformation, they only calculate and perhaps maintain the

positions in WGS-84 datum. There are software packages for transferring one datum to another

on a micro-computer (e.g. GEO-PC, PFINDER, etc.)

When making positionings around a country's borders, these corrections should be borne

in mind so as to avoid unpleasant distortions.

Although only planimetry is applied in census cartography, it is not advisable to make 2D

positioning with only longitudes and latitudes. Even a 10-metre error in the 3rd coordinate

(latitude) could result in a 50-metre error in planimetry. 3D positioning is therefore always

recommended, using 4 satellites to measure the 4 unknown quantities - longtuide, latitude, altitude

and time correction.

Census cartography in constituting data base/bank

In constituting localised data base/bank, major difficulties might arise from:

Errors of toponymy (transcription of names of localities;

The lack of uniformity in geographical codes used by the various offices and

departments. The importance of a correct toponymy and a single geographical code

cannot be overemphasized. It will be noted that basic maps have almost always been

digitalized in the national geographical department, the university, the planning

department (Burkina Faso, Cote d'lvoire, Mali, etc.) and by regional institutions like

AGRHYMET in Niger.
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The softwares generally used are ARC-Info/ARC-View, Atlas Gis, Idrisi, etc. Enumeration •

zone maps should be digitalized. There would be no major difficulties in using the summagraphic

tables or scanners to digitalize maps. POPMAP may also be used in setting up and managing data <

banks.

SAMPLING BASE FOR SURVEYS

Establishing a sampling base for the intervening periods between censuses has always been

one of the objectives of cartography. This objective has been achieved in most cases since the

variation coefficient of population/household size was less than the 30% acceptable limit. There
were however a few cases where large population sizes had to be broken down into smaller units
and small units had to be regrouped so as to reduce the variation coefficient.

While census zones have always corresponded to the existing administrative units, little

attention has been paid to ecological zones. It is therefore recommended that future operations

should take agro-climatic zones into consideration. For instance, agricultural surveys could use the

same units as sampling base. This will help reduce the cost of agricultural surveys and also

improve the quality of findings of surveys conducted on villages as sampling errors will thus be

reduced.


