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APPLICATIONS OF SATELLITE PICTURES TO CENSUS OPERATIONS

Bolivian Experience in Census-Taking of Population and Residences

National Statistics Institute
Bolivian Ministry of Planning and Coordination

1. CENSUS CARTOGRAPHY
1.1 Objectives

The census-taking of inhabitants and residences in Bolivia, under-
taken on September 29, 1976, required the detailed preparation of a
series of preliminary studies needed to assure the success of the oper-
ation. Since 1950, the country had not carried out a general program
of such magnitude, and it met with a lack of statistical tradition and

previous information necessary in planning the various tasks.

One of the basic requirements in the preparatory work for the census
is census cartography, i.e., the set of maps and charts to be used by
the census taking personnel while they are carrying out interviews.

The following are the objectives of census cartography:
a) Geographic coverage of the country to prevent the possibility

of omitting regions or areas;

b) Organization of the census-taking operations from the geograph-
ical point of view, by determining correctly outlined areas containing

a predetermined number of homes;

¢) Rational distribution Qf the census documentation required in /2

¥Numbers in margin indicate pagination in foreign text.



each of the areas, determining previously the requirements for poli-
tical and administrative decisions, and the census subdivisions;

d) Supplying the census information, once it is processed, not
only to the principal regions or divisions of the country, but also
the smaller areas, providing the required information for specific

projects of economic and social development.

1.2 Establishment of the Basic Maps

- To draw up the final census maps, 1t was necessary to implement se-
veral stages of the study, which were, essentially; a: cartographic
inventory, Db: establishment of basic maps to be brought up to date;
c: precensus of homes and cartographic revision, d: final office

studies.

The cartographic inventory is intended to compile all the documen-
tation existing in the country, both for the rural and urban areas,
which might be useful for the objectives of the operation. In the /3
case of rural areas, or areas of scattered population, the area co-
vered by the Military Geographical Institute did not complete 50% of
the territory, as may be seen by the enclosed map, even though it cor-
responds to the provinces containing most of the Bolivian population,
and the highest densities. ' |

Keeping in mind that the census should be carried out in all the po-
litical and administrative areas of the country,'it was obviously ne-
cessary to find other sources of cartographic information permitting
the organization of census-taking operations in the provinces not co-
vered by the IGM maps. |

The only past records obtéined consisted of partial sketches of some
areas and departmental maps compiled for the 1950 census, all of which
was not only insufficient bﬁt deficient, both from the point of view
of graphic representation, and the want of topicality in the informa-

tion.



In the face of this situation, there were basically two options:
launching a program of aerophotography to complete the territory with-
out regular cartography, so as to be able to prepare photo-maps; and
by organizing a program of field operations to obtain planimetric
sketches, taking as reference the few existing deficilent maps for these

areas.

Both alternatives require very long periods of execution, incompa- /U
tible with a reasonable census schedule and basically many totally
disproportionate estimates, taking into consideration the objectives
and limitations of an operation such as the census.

Setting aside these options, the use of pictures from technological
satellites appeared as a more adequate and convenient alternative,
once 1t was possible to assure they could be obtained through an agree-
ment between the National Statistics Institute, Geobol, and the In-

ternational Development Agency.

| For all the areas covered by the departments of Pando and Beni, as
well as the corfesponding ones north of the La Paz Department (Ittur-
ralde and Franz Tamayo provinces); north of the Cochabamba department
(Ayopaya and Chapare); and in the north, east, and south of the‘depart—
ment bf Santa Cruz (provinces of Nuflo de Chavez, Velasco, Sandova',
Chiguitos, and Cordillera), the satellite pictures represented the main
source of information for the basic maps, required for undertaking a
pre-census of homes. Once the operations in view of cartographic
topicality and listing of homes were implemented in the field, the
final census mars were prepafed, to be used by the census personnel.

1.3 Office Studies

The sources of cartographic documentation for the basic maps should /5
meet several requirements, among which the correct graphic represen-
tation and the topicality of the toponymy are most important. The sa-
tellite pictures - interpreted by the technical services of the ERTS
of Geobol - satisfied these requirements from the census point of view,
by furnishing the graphic basis for the orgahization of precensus



operations. With respect to toponymy - generally unrevised - missions
were provided for its revision and completion in the field. Taking
into account these facts, Geobol furnished two types of maps, on the
approximate scale of 1:250,000, with and-without numbers of the natu-
ral and cultural sections. On the basis of these pictures, in the
Cartography Department of the INE, maps were made of the provinces
mentioned, and by this means it was possible to set up the pre-census
of homes and the cartographic revision in this context.

1.4 Field Operations

Between the months of October, 1975, and July, 1976 (with a break
in the rainy months of December-January), the pre-census of homes was
taken in the entire national territory. The basic maps prepared with
the information coming from the ERTS pictures (for the previously in-
dicated provinces) were revised and completed in the field, as the
result of the work of the teams of supervisors and revisers who co- /6
verdd the different areas after a period of gqualification and training.
In short, this work led to revised references of the existing popula-
tion centers, checking the number of accidents, establishing the limits
of the districts or census areas and confirming those of Departiments
and‘Provinces, estimating the number of homes in each area, and plan-
ning census subdivisions.

2. PRINCIPLES OF SELECTING THE SOURCES OF CARTOGRAPHIC INFORMATION

One of the basic principles of census cartography is that the tech-
nical characteristics of the sources of information (basically graphic
scale, references construction standards, cultural and national sec-
tions represented, dates of establishment, etc.), should be adequate
for the density of the units studied in each area of the territory.

In the case of Populafion and Home Census, the correspondence between
the density of population and homes is of interest, for which one must
consider the concentratioh and scattering of the same in each political

and administrative division.

Starting from this hypothesis, it is possible to classify the scales



of the.cartographic material for a census in the following way: /7

A. Population distribution accor- Type of Census Map
ding to areas.

Principal cities and urban centers Scale 1: 1,000~ 1:2,000
Intermediate and small population

centers Scale 1: 2,000- 1:5,000
Densely populated areas of scat-

tered inhabitants (rural) Scale 1: 25,000~ 1:50,000
‘Sparsely populated areas of scat-

tered inhabitants (rural) Scale 1: 100,000 -1:250,000 or

more

Since the graphic scale with which the census maps were established
determines the level of compiled information and the degree of details
recorded, it i1s proper and necessary that the scales of the maps and
charts used as sources of information be the same or similar to those
employed to establish the census maps. A map or plane may be magni-
fied or reduced to establish another for practical reasons, but not
excessively, inasmuch as more information is not acquired with respect

to the deformation.

In the special case of the population and home census in Bolivia,
these factors were taken into account to select the inventoried maps,
with regard to the areas of concentrated and scattered population.

For the reasons mentioned, the LANDSAT pictures could only be chosen
as sources of information to establish the basic maps in the case of /8
the sparsely populated .areas of scattéred inhabitants (or those of low
density). This detérmination was not only based on the scale of the
latter (1:250,000) but because bf many of the said areas there was no
"possibility of using the IGM topographic documents of greater topo-
graphic precision and higher level of geographic information. Conse-
quently, the LANDSAT pictures. were used for the departments of Pando,
Beni, part of Santa Cruz, and Cochabamba, and discarded for the rest

of the territory.



3. USE OF LANDSAT PICTURES IN -CENSUS CARTOGRAPHY'

In the areas of Bolivia where it was declided to use the satellite
pictures, both geographic and demographic characteristics favored the
use of the above-mentioned socurces of information. Generally spea-
king, these are the basic reasons:

a) We are dealing with sparsely populated areas with low density
of inhabitants, most of the regions of which are covered by virgin
vegetation, or devoted to vast agricultural and cattle breeding oper-
ations and in which the sparse road development means that the rivers
represent the main means of transport as well as the preferred areas
of settling of the population.

b) The graphic scales (1:250,000) with which the pictures were /9
established are adequate for the regions concerned, taking into account
not only their extent, but the low density of the cultural sections
which guarantees an interpretation and representation consistent with

the census needs.

Consequently, keeping in mind the reasons mentioned, the LANDSAT
pictures have many advantages as regards scale, interpretation of
accidents, and the maps to be drawn up. This cannot be generalized
to other areas of the territory, with other geographic and demographilc

characteristics.

4y, FUTURE POSSIBILITIES OF USE OF THE LANDSAT PICTURES IN OTHER
STATISTICAL PROJECTS '

Satellite pictures of the territory of Bolivia, or regions thereof,
offer very promising prospects as regards the use of these sources
of cartographic information for future statistical projects. The
reasons are based on the following consideraticns:'

a) The pictures may be obtained in comparatively short times, cal- /10
culated from the remote perception by the satellite to the actual in-
terpretation in the offices. The possibility of Eastern Bolivia being

submitted to regular cartography (topographic scales) implies an



undertaking of very great magnitude, and presumably very costly, be-
cause of which such maps may not be used for many years in statistical

projects.

.1b) The regions in which the satellite pictures were used for cen-
sus purposes, as was stated, are of vast areas and low population den-
sity, justifying the use of 1:250,000 scale for rural areas. Assuming
that the densities of these regions will not vary substantially within
a short time, this scale would continue to be justified and therefore
the pictures may continue to be :the main source of cartographic infor-
mation for the future.

¢) For census projects, the National Statistical Institute will
have to tackle the permanent revision of the selected areas (segments)
for undertaking investigations by sampling for census purposes. These
operations will have to ineclude preliminary office activities in each
area, sketching field missions, listing of homes and revision of the
toponymy and references in the chosen census segments. Since these
studies will have to be carried out with a semestrial or annual perio-
dicity, the possibility of having cartographic sources which also re-
vise periodically the information on the changes occurring in the na-
tural or cultural sections is very important. This will represent
another positive factor for the satellite pictures for those rural
areas of eastern Bollvia integrating the selection of the samples for

future statistical projects.

d) PFinally, to implement the National Census for Agriculture and
Cattle-Breeding, census maps will have to be prepared with an outline
of the geographic entity of each political and administrative subdi-
vision. The experimental studies which are being carried out by Geo-
bol, regarding the interpretation of the pictures for compiling maps
for the utilization of Bolivian soil may be an invaluable contribution

for these purposes.

5. CONCLUSIONS

Considering the deficiencies mentioned in sources of cartographic

/11

/12



documentation for extensive areas of Bolivia, as well as the importance
of furnishing revised maps and plans to census personnel for adequate
organization of their work, the contribution of the satellite pictures
to the population and home census was, on the whole, positive. This
contribution may not only be considered as particularly valuable for
census cartography in several departments, but also - with the revision
and completion in the field during the pre-census and census - it en-
ables the INE to have at its disposal the most topical planimetric maps
Bolivia possesses for statistical purposes.

Taking into account the greater speed in obtaining pictures than in
drawing up topographic charts for vast areas of the country, the use
of the former offers promising prospects for future statistical pro-
jects.
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