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The 1980 United Nations' Survey on the Status of World Cartography. 

I N PURSUANCE of Economic and Social Council res- 
olutions, the Cartographic Section (Chief: Dr. 

Maximilian DeHenseler) of the United Nations has 
undertaken at regular six-year intervals, surveys on 
the status of world topographic mapping. In 1968, 
a first such survey was conducted, and the results 
were published in World Cartography, Volume 
X.5 A recount survey was undertaken in 1974, which 
was reported in World Cartography, Volume XIV6 
In 1980, a third survey was conducted which in- 
cluded cadastral mapping for the first time, and the 

For the 1980 UN survey of the status of the world 
topographic mapping, the required information was 
obtained from completed UN questionnaires sent 
through diplomatic channels to the national carto- 
graphic agencies (responsible for national cartog- 
raphy, geodesy, and, in a number of countries, also 
cadastral surveying and mapping (SB~M) of all Member 
States of the United Nations. This information was 
supplemented by data contained in the S&M Data 
Bank of Lava1 University's Department of Photo- 
grammetry. 

ABSTRACT: An adequate topographic coverage of the land area of the world at 
appropriate scales is an essential prerequisite for a comprehensive assessment of 
the world's resources. According to the United Nations' surveys, this requirement 
is far from being satisfied. Only about half of the land area of the world has 
coverage in the economically important scale 1:100,000/1:50,000 and the annual 
progress rate in the period 1974-80 even decreased when compared with the period 
1968-74. Furthermore, there is a critical situation regarding revision of existing 
topographic maps: in only about 1 percent of the land area of the world are such 
maps revised each year. As far as cadastral mapping throughout the world is 
concerned, considerable efforts are made, quite often in an uncoordinated fashion, 
as there exist few or no regionally or internationally established comprehensive 
policies or standards. The world's surveying and mapping ( S ~ M )  manpower of some 
1.2 million persons (including about 150,000 in photogrammety and remote 
sensing) and annual expenditures o more than U.S. $7 billion for civilian S&M are 
obviously unsufficient to produce t X e required annual progress rates in an appro- 
priate time. A reevaluation of the significance of S&M (and of photogrammetry and 
remote sensing) in national and world development and strengthening of the profes- 
sions involved will be necessary in the future. 

results are published in World Cartography, As in previous UN surveys the available map cov- 
Volume XVII.7 The original draft for Volume XVII erage information was classified according to four 
was prepared by the authors of this paper, and it is scale ranges as follows: 
the purpose of this paper to present and discuss the 
most important results of the 1980 survey. RangeI: 1:1,000-l:31,680(2inchestolmile): 

category 1:25,000 and larger. 
* The authors are United Nations Consultants on World Range 11: 1:40,000-1:75,000 (1 inch to 1 mile): 

Cartography. category 1:50,000. 
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FIG. 1. Area covered by topographic mapping on the four scale ranges, by geographical region. 

Range 111: 1:100,000-1:126,720 ('12 inch to 1 
mile): category 1:100,000. 

Range IV: 1:140,000-1:253,440 ('14 inch to 1 
mile): category 1:250,000. 

In the 1980 survey the coverage data were deter- 
mined for each country; in addition, they were tab- 
ulated for all the geographic regions of the land 
area of the world and according to the four scale 
ranges. Figure 1 shows the coverage data for each 
of the geographic regions. 

ANALYSIS OF THE STATUS (PROGRESS) OF WORLD 
TOPOGRAPHIC MAPPING 

Based on the data contained in Reference 5, 6 
and 7, progress lines were drawn for the four scale 
categories as shown in Figure 2. According to this 
figure, in which the annual progress rates (in per- 
cents) of map coverage are also indicated for the four 
scale categories, there has been a considerable prog- 
ress decrease for the period 1974-80 when com- 
pared with the period 1968-74. There even appears 
to be a slight coverage decrease for the scale cate- 
gory IV. This might be explained by the possibility 
that, especially in Africa, some areas with only re- 
connaissance-type maps could have been omitted in 
data reported later. Nevertheless, it can be con- 
cluded that no real progress whatsoever was 
achieved in the scale category 1:250,000 during the 

period 1968-80. In 1980 there was still only an 80 
percent coverage of the land area of the world in 
this category. The fact that progress in topographic 
map coverage has decreased in the period 1974-80 
entails rather serious consequences, and this in view 
of the usefulness of base mapping for resources map- 
ping. This is particularly true for the economically 
important scale categories 1:100,000 and 1:50,000. 
Considering the poor progress rates in these cate- 
gories for the period 1974-80, it appears that the 
recommendation formulated in Reference 6, i.e., to 
achieve full coverage for the entire land area of the 
world on these two scales by the year 2000, can not 
be fulfilled. There is a similar progress-rate decrease 
for the scale category 1:25,000 and larger, and this 
is also serious because of the importance of these 
large scale maps in the world's cadastral s s r ~  op- 
erations, especially in urban areas. 

It was therefore recommended in Reference 7 
that the authorities responsible for base mapping 
(topographic mapping) in the respective countries 
should exert every effort to accelerate base-map 
production. 

An analysis of the information obtained from the 
1980 survey reveals that, for the land area of the 
world, the percentage of topographic maps revised 
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FIG. 2. Percentages of total world area covered in each scale category, 1968-1974-1980. 

in the period 1974-80 is about 14 percent of the 
available map sheets, or less than 3 percent of the 
available sheets per year. Here, one has to take into 
account that up to 1980 less than half of the land 
area of the world has been topographically mapped 
in the scale categories I1 and 111, which are of par- 
ticular need. For these scales the annual revision 
progress rate is only about 2 percent of the mapped 
area. This means that, in the period 1974-80, such 
topographical maps were indeed revised per year 
for only about 1 percent of the world's land area, on 
the average. This must be considered inadequate, 
because it results in far too large a number of ob- 
solete maps and consequently in a substantial loss 
of value of existing maps. 

Aerial photography is an essential operation of to- 
day's map making. For this reason, in previous sur- 
veys as well as in the 1980 UN survey on the status 
of topographic mapping, some information was col- 
lected on aerial photography operations and cover- 
ages. Unfortunately, this information is rather frag- 
mentary and insufficient to give accurate figures on 
all existing aerial photography coverages for the land 
area of the world. For this reason, in 1981, a special 
questionnaire was sent to responsible authorities 
jointly by the United Nations and the Remote 
Sensing Centre (RE) of the Food and Agriculture 
Organization of the United Nations (FAO). This 
questionnaire has provided some additional infor- 
mation on existing aerial photography coverage, and 
all the available data are being used by FAOJRSC to 

establish a World Aerial Photographic Index (~VAPI). 
For more information on this WAPI project, refer- 
ence is made to publications 2, 3 and 4. 

The available geodetic bases affect the world's to- 
pographic mapping operation. For this reason, the 
1980 UN survey included and provided detailed in- 
formation on the available geodetic bases.' 

The reference ellipsoids used, the available offi- 
cial geodetic control, and the projection systems uti- 
lized for the various geographical regions of the land 
area of the world are listed in Tables 1, 2, and 3 
(year 1980). 

From Table 1 it can be seen that presently 16 
different reference ellipsoids (or spheroids) are 
used, a relatively large number. For practical pur- 
poses it would be desirable if this number would be 
reduced to a very few standard ellipsoids. The most 
used reference ellipsoids, area-wise, are the Inter- 
national (Hayford) (28.3 percent); Krassovsky (25.0 
percent); the Bessel (19.86 percent); and the Clarke 
1880 (19.44 percent). Note: Sometimes for the same 
areas more than one reference ellipsoid is used. For 
this reason, the percentages in Table 1 do not round 
up to 100. 

Based on the available data (Table 2) it can be 
estimated that in 1980 there were about 3.67 million 
official horizontal geodetic control points and about 
3.15 million official vertical control points on the 
land area of the world (excluding Antarctica). The 
density of this control varies enormously from one 



TABLE 1. REFERENCE ELLIPSOIDS, AREA COVERED, 1980 (km3 

Area with 
Ellipsoid Africa N. America S. America Europe Asia USSR Oceania World available data Percent 

Clarke 1880 21 518 717 6 489 547 027 3 255 755 18 272 25 346 260 130 166 517 or 19.44 
Clarke 1880 appr. 96 per 

modiied 4 394 605 3 560 4 398 165 cent of the 3.38 

International 2 428 116 2 184 570 17 259 559 2 150 308 12 079 576 797 520 36 899 649 world's land 28.3 

Clarke 1866 531 442 21 934 380 300 000 746 22 766 568 area (excl. 17.46 

NAD 83 2 175 600 2 175 600 Antartica) 1.67 

Bessel 163 265 1 304 919 2 002 829 22 402 200 25 873 213 19.86 

Delambre 1810 30 513 30 513 0.0234 

Krassovsky 566 577 9 596 961 22 402 200 32 565 738 25.0 

UGGI-1967 93 030 93 030 0.0713 

Danish Special 70 283 70 283 0.0538 

Airy 244 046 244 046 0.187 

Australian National 7 686 898 8 334 395 6.4 

Spheroid 647 497 
Everest 5 341 943 5 341 943 4.1 

GRS 67 1 904 345 1 904 345 1.46 

Bessel 1841 372 313 372 313 0.286 

Everest modifed 329 749 329 749 0.253 

Horizontal geodetic control points Vertical geodetic control points 

Nunlber of Number of 
Area with Area points Area with Area points 
available Number Per extrapolated available Number e extrapolated 

Continent or data of point to entire data of point to entire 
region (sq kni) points (sq ktn) continent (sq ktn) points (sq km) continent 

Africa 22 612 063 
North Anlerica 21 535 902 
South America 5 917 631 
Europe 2 777 231 
Asia 17 601 806 
USSR 22 402 200 
Australia and 

Oceania 7 715 294 

World 100 562 127, 2 368 799 42.5 3 668 400 88 152 568, 1 898 879 46.4 3 149 000 
or 74 per cent or 65 per cent 
of the world's of the world's 
land area land area 
(excluding (excluding 
Antartica) Antartica) 
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horizontal geodetic control point per 2.66 km2 and 
one vertical geodetic control point per 3.61 kmqn 
Europe to one horizontal geodetic control point per 
388.8 km2 and one vertical geodetic control point 
per 232 km2 in Africa. It is evident that an inade- 
quate geodetic control density, particulary in Africa, 
hampers many development projects in general and 
satisfactory base-mapping progress in particular. 

In 1980, there were altogether 27 different pro- 
jection systems used (see Table 3) for the land area 
of the world, which number appears to be rather 
excessive. It would be desirable to reduce consid- 
erably this number to arrive at a few standard pro- 

rectifier-enlargers, orthophoto instruments, analyt- 
ical plotters, comparators) owned by the national 
cartographic agencies. For 1980, the number was 
3,120 photogrammetric compilation instruments, or 
one instrument per 43,400 km2 of land. This figure 
indicates an essentially higher instrument density 
per area when compared with the year 1974, for 
which year there were approximately 2,260 compi- 
lation instruments, or one instrument per 60,000 
km2 of land. 

As to cartographic and reproduction equipment, 
the world's national cartographic agencies owned, 
besides other less important items, the following: 

jection systems. presently, the most used projection 284 coor~inatograp~s (excluding plotting tables of 
systems (area-wise) are U T M  (56.9 percent), T M  photogrammetric compilation instruments), or one 
(37.75 percent), Polyconic (12.9 percent), and coordinatograph per 478,000 km2 of land; 
Gauss-Kriiger (12.0 percent). Here it should be 245 reproduction cameras, or one reproduction 
noted that in various geographical regions several camera per 554,000 km2 of land; and 
projection systems are sometimes used for the same 783 printing presses, or one printing press per 
areas. For this reason the percentages in Table 3 do 173,000 km2 of land. 

not round up to 100. 
MANPOWER I N  NATIONAL CARTOGRAPHIC AGENCIES 

Topographic mapping progress depends on the 
available equipment. At the present time no global 
inventory of such equipment exists for the world's 
entire S&M operation except for the equipment 
owned by the national cartographic agencies re- 
sponsible for official national cartography, geodesy, 
and sometimes also for cadastral S ~ M .  Such infor- 
mation (for the national cartographic agencies) was 
provided by the 1980 and previous U N  surveys. In 
1980 these agencies altogether had among others 
the following ground-surveying instruments avail- 
able: 

12,120 instruments of the theodolite class (theo- 
dolites, tachometers, alidades), or one instrument 
per 11,179 km2 of land; 
5,790 leveling instruments, or one leveling instru- 
ment per 23,426 km2, and 
1,914 electronic distance-measuring instruments, 
or one instrument per 70,773 k m h f  land. 

This indicates a ratio between these three cate- 
gories of instruments of 61 to 29 to 10 percent, or 
a somewhat significant increase of the number of 
electronic distance measuring instruments when 
compared with the year 1974. 

Because many national cartographic agencies con- 
tract out aerial photography work, the number of 
survey airplanes and aerial cameras owned by these 
agencies is relatively small, namely: 

162 survey airplanes, or one survey airplane per 
804,000 km2 of land; and 
267 aerial cameras, or one aerial camera per 
508,000 km2 or land. 

More significant is the number of photogram- 
metric compilation instruments (first-, second-, and 
third-order stereoplotting instruments, rectifiers, 

Based on information received through the 1980 
UN survey, it can be estimated that all the world's 
national cartographic agencies in 1980 had the fol- 
lowing manpower per category: 

Geodesy (surveying): 25,920 or 16.6 per cent 
Photogrammetry: 16,020 or 9.9 per cent 
Remote Sensing 1,820 or 1.1 per cent 
Cartography 22,800 or 14.0 per cent 
Reproduction 14,420 or 8 .9  per cent 
Administration 11.300 or 7 .0  ~ e r  cent 
Others 69:720 or %per cent 

162,000 100.0 

In this listing the manpower under the heading 
"Others" is exceptionally large. This can be ex- 
plained by the fact that in a number of countries 
the responsibilities of the national cartographic 
agencies include cadastral S ~ M ,  with a large number 
of technical and non-technical personnel listed 
under the heading "Others". 

It is interesting to compare the figures of 162,000 
for 1980 with the comparabie figure for 1976 pub- 
lished in Ref. 1. According to this source, all the 
world's national cartographic agencies had, around 
1976, a total manpower of 149,385. This would in- 
dicate an annual increase of the manpower of all 
the world's national cartographic agencies in the pe- 
riod from 1976 to 1980 of 2. l percent. This annual 
increase is practically the same as that for the period 
1970 to 1974 (2.0 percent) (Reference 6). If the man- 
power figures for the headings "Geodesy," "Photo- 
grammetry," "Cartography," and "Reproduction" 
are compared with the status in 1974 (Refer- 
ence 6), it can be noticed that in 1980 there were 
slight percentage increases for "Photogrammetry" 
and "Reproduction." The ratio for 1980 was 
1.00:0.62:0.875:0.56, while the 1974 ratio was 
1.00:0.58:1.00:0.46. 



Australia & Area w t h  
Projection System Africa N. America S. America Europe Asia USSR Oceania World available data Percentage 

UTM 
Lambert Conical 

Conformal 
TM 
Polyconic 
Polar Stereographic 
Oblique Mercator 
Gauss-Laborde 
Bonne 
British West 

Indies Grid 
Lambert Conical 

Orthomorphic 
Cassini 
Gauss-K~ger 
Cartesian 
Polyhedric 
Stereographie 
Flamsteed modifled 
Cylindrical 
Hatt 
Recessed 

Cylindncal 
Gauss-Boaga 
Oblique Cyllndr~cal 

Conformal 
Rectified Oblique 

Conformal 
Cassini-Soldner 
Pseudo-Lambert 
Rectified Skew 

Orthomorphic 
ACT Grid 
Special 

15 950 882 12 055 706 1 163 990 18 800 556 516 636 74 071 300 130 168 058 
or appr. 96 

2 247 340 756 945 1 029 300 3 459 806 8 095 628 per cent of 
1 907 421 3 564 355 1 595 479 13 480 285 22 402 200 291 225 49 093 431 the world's 
9 372 364 2 788 850 2 896 085 218 16 841 996 land area 

7 557 (Excl. Ant- 
587 041 artica) 

2 510 
925 947 
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ECONOMIC ASPECTS: ANNUAL EXPENDITURES AND 

REVENUES OF THE WORLD'S NATIONAL 
CARTOGRAPHIC AGENCIES 

According to the 1980 UN survey, it can be es- 
timated that the annual expenditures for 1980 of all 
the world's national cartographic agencies amounted 
to about 'b of all the world's expenditures for civilian 
S&M, or to U.S. $794 million, or to U.S. $4,900 per 
employee. These expenditures broken down for 
1980 and for 1974 (in comparison) are shown to- 
gether with the agencies' revenues (from sales of 
maps, photographs, etc.) in the following listing: 

Expenditures (Percentages) 
Salaries (personnel) 
Operational 
Equipment 
Others 

Revenues (Percentage of the 
annual expenditures) 

The 1980 U. S. $794 million may also be expressed 
in the form of the following figures: 

U.S. $5.85 per k m b f  land; or 
U.S. $0.18 per capita; or 
0.008 percent of World's Gross Product (sum of all 
GNP) 

Such expenditures are indeed very modest, and 
it appears mandatory to increase the appropriations 
considerably in order to ensure acceleration of the 
world's base-map production, which at the present 
must be considered as being too slow for resource 
development, planning, etc. Such increased appro- 
priations could also be realized by increasing the 
revenues of the national cartographic agencies, and 
a comparison of the revenue figure for 1980 with 
that for 1974 indeed indicates such a trend. There 
was an increase in the revenues (as percentage of 
expenditures) from 10 percent in 1974 to approxi- 
mately 18 percent in 1980. 

When the 1980 annual expenditures of the na- 
tional cartographic agencies as a percentage of the 
GNP (Gross National Product) for the various geo- 
graphical regions of the world are compared, one 
finds that there are considerable variations as indi- 
cated in the following listing: 

Geographical 
Region 

Africa 
North America 
South America 
Europe 
Asia 
USSR 
Australia & Oceania 
World 

Annual Expenditures 
of the National 

Cartographic Agencies; 
Percentage of GNP 

0.0177 
0.0047 
0.0125 
0.0091 
0.0082 
0.0080 
0.0330 
0.0081 

TRAL MAPPING OPERATION 

From this listing one arrives at the interesting 
conclusion that North America (including the 
United States and Canada) spends the least amount 
per GNP per year for base mapping and related op- 
erations (annual expenditures of the national carto- 
graphic agencies). 

The 1980 UN survey revealed that in most coun- 
tries the cadastral S&M is based on a legal cadastre 
(for 80 percent of the responding countries). Only 
in 20 percent of the responding countries is the ca- 
dastre solely a tax or fiscal cadastre. Furthermore, 
in nearly all reporting countries, boundary marks 
exist and are monumented, or at least are protected. 

The survey also revealed that the scales used for 
cadastral mapping mainly belong to the scale cate- 
gory 1:25,000 and larger, and that altogether a total 
of 24 different scales are used. It would be highly 
desirable to use throughout the world only a few 
standard scales, for example 1;20,000; 1:10,000; 
1:5,000; 1:2,000; 1:1,000; and eventually 1:500. 

Cadastral S&M plays an important role in the 
world's S&M operation. A preliminary estimate of 
total manpower indicates that in 1980 approximately 
400,000 persons were engaged in cadastral S&M and 
that world total annual expenditures of about U.S. 
$2.5 billion were involved. It also must be realized 
that there is an impact of cadastral S&M on the na- 
tional and world economy in terms of cosvbenefit. 
However, at this time it would be difficult to quan- 
tify this impact due to a lack of pertinent data and 
analyses. It is considered that this aspect of cadastral 
S&M should be the subject of a special and compre- 
hensive study. 

The performance of the research and studies de- 
scribed in this paper was partially sponsored by the 
United Nations (Cartographic Section, Dr. Maxi- 
milian DeHenseler, Chief), New York, and by the 
Natural Sciences and Engineering Research Council 
(NSERC) of Canada, Ottawa. 
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CALL FOR PAPERS 

Nineteenth International Symposium on 
Remote Sensing of Environment 

Ann Arbor, Michigan 
21-25 October 1985 

This Symposium will address state-of-the-art capabilities and techniques, as well as new or innovative 
concepts in scientific research and development, leading to a better understanding of the technology and 
its effective application. 

Conventional sessions and multidisciplinary poster sessions will be formulated to address 

New or innovative techniques and ~nethodology 
Advanced sensor and data acquisition system design 
Advanced data processing and analysis capabilities 
Earth resources, environmental monitoring, and information systenl requirements 
Discipline or ~nission oriented projects leading to operational utilization of the technology 

All persons interested in contributing a paper for consideration for poster presentation should submit 
30 copies in English of a comprehensive summary of 300 to 1000 words, by 13 May 1985, to 

Dr. Jerald Cook 
Environmental Research Institute of Michigan 
Remote Sensing Center 
P.O. Box 8618 
Ann Arbor, MI 48107 
Tele. (313) 994-1200, ext. 290 

Short Courses 
Cornell Laboratory for Environmental Applications of Remote Sensing 

Cornell University, Ithaca, New York 

6-7 June 1985--Airphoto Interpretation and Land Use: An Introduction to Basic Techniques 
21 June 1985-Remote Sensing for Assessing Landfills, with Emphasis on Aerial Photographic Methods 
20-21 August 198SAerial  Photographic Interpretation of Soil and Geologic Conditions: An Introductory 

Course in Analysis of Landforms 
For further infortnation please contact 

Vicki Williams or Eugenia Barnaba 
CLEARS 
Cornell University 
Hollister Hall 
Ithaca, NY 14853 
Tele. (607) 256-6520 


