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NATIONAL CONFERENCE ON URBAN SURVEYING 
AND MAPPING 

PREFACE 

This special issue of "Plan Canada" contains papers presented at the National 

Conference on Urban Surveying and Mapping held in the historic St. Lawrence 

Hall in Toronto, on February 2nd and 3rd, 1970. 

The Conference, the first of its kind, was attended by representatives of various 

federal, provincial and municipal authorities, universities, research institutions, 

professional associations and by invited experts. It spelled out the urgent need for 

organized effort in the field of urban surveying and mapping. No doubt, the Con

ference was an important event which focussed attention across the country on 

one of the fundamental problems in urban and densely populated areas. 

In line with the purpose and the character of the Conference, the speakers 

were asked to define and to outline the role and the various aspects of urban 

surveying and mapping and related matters. It was realized that basic decisions 

providing a foundation for a comprehensive surveying and mapping program for 

our cities are needed at this moment rather than a discussion of the technical 

details of nonexistent programs. 

The organizers appreciate very much the willingness of the Town Planning 

Institute of Canada to publish the papers presented at the Conference in their 

journal. It is very important, indeed, that the matters discussed at the Conference 

be brought to the attention of all those outside of the surveying profession who 

are concerned with healthy development of urban communities. 

T. J. BLACHUT 

National Research Council 



OPENING REMARKS BY THE HONOURABLE W. D'ARCY McKEOUGH 

Minister, Department of Municipal Affairs, Ontario 

Monday, February 2, 1970 

Mr. Chairman, Ladies and Gentlemen: 
I am indeed honoured by your invitation to speak, briefly, to you at your two

day conference on Urban Surveying and Mapping. This is the first national con
ference to bring together the producers ( such as surveyors and cartographers) and 
the users (such as planners, engineers, politicians and developers) of maps, plans 
and charts. It is, perhaps, a fair summation to say that the map-makers are respon
sible for detailing the size and shape of everything in the world - though I hurry 
to add that they cannot, justly, be held responsible for the shape the world is in. 

The multi-purpose importance of surveys and maps is unquestioned in a world 
where technologies advance upon us at a rate which staggers the imagination. 

Today, we have machines which automatically read the aerial photographs and 
record the information in the computer, readily available for automatic plotting 
or use in a data bank. As for tomorrow - I'll leave that to your staggered imagina
tion. 

The challenge is for us to put these costly and sophisticated tools - which intro
duce new flexibility, accuracy, and quantity of information - to the best possible 
uses for our particular purposes. 

As users, we need to be much more specific in describing our map requirements. 
Much has been done in the rural areas of Canada, through the Canada Land In
ventory, to classify and record land for various purposes, such as forestry, recrea
tion, agriculture and wildlife. Surely, something similar is needed for the urban 
areas where 75% of the Canadian population lives. 

As Minister of Municipal Affairs for Ontario, where over 80% of our popula
tion lives in urban areas, I am particularly aware of urban problems and needs 
and am pleased that your conference is focussing on urban mapping. 

Maps are being produced by a great many agencies and there is a noticeable 
lack of co-ordination of their efforts. I think it would be fair to say that that is the 
principal reason for convening this large body of experts from right across our 
country. 

It is also fair to say that there is a degree of co-ordination in certain areas. I 
would quote, as an example, federal-provincial co-operation on the project de
veloped by the Advisory Council on Cadastral Surveys with its survey monuments 
in every capital, linked by azimuths and distances to other monuments in Canada. 
"Post One" in Ontario, set in the grounds at Queen's Park, is a first post in a uni
fi.ed system of precisely co-ordinated survey points. 

Another example of co-ordination is the "Quebec Cartography Company". 
Established by the Province, the company has been assigned a major role in aerial 
photography for cartographic and other purposes. It may provide services to any
•one requesting assistance - either public or private. 

I understand that the Atlantic Provinces are also considering some form of 
co-ordination. 
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To refer to our own situation in Ontario, we have already enacted the Ontario 
Plane Coordinate System of surveys. We are both producers and users of maps, 
for example: resources maps are produced by the Department of Lands and 
Forests, and the Department of Mines; maps of power lines, gas and oil pipelines 
and watersheds are under the Department of Energy and Resources Management; 
the water supply and sewage disposal systems are mapped by the Ontario Water 
Resources Commission. Each of these agencies has its own particular requirements 
for surveying and mapping services. These various requirements are not necessarily 
mutually exclusive. 

The Department of Highways, in addition to mapping their own facilities, also 
offers considerable assistance to municipalities. An example of the Province of 
Ontario keeping abreast of technological change is the use of electronic equip
ment in the Department of Highways for its map production program. 

In my own Department of Municipal Affairs, we require extensive mapping 
services in connection with provincial assessment and community planning. We 
are constantly receiving requests from municipalities to assist in their planning 
programs by providing maps, as these are basic tools for developing long-range 
plans ( we call these official plans in Ontario) and zoning by-laws which deal with 
individual property. 

A specialized type of map which my staff is now considering is a micro-climatic 
map of air currents, which would provide basic data to assist in the disposition of 
land uses in proper relation to airport noise and emission of smoke and fumes. 

Considering the pressure of modern demands, there is no questioning the need 
for an accepted set of rules - or code - in order that all facets of our economy can 
obtain the most efficient mapping services without the needless extra costs of our 
present fragmented services. 

In wishing you a full measure of success at this conference, I would close by 
quoting from a bulletin called "The Making of Topographical Maps of Cities and 
Towns, The First Step in Town Planning". 

"An accurate topographical map helps to solve all the fundamental problems in 
the life of a community which arise in trying to establish a higher standard in 
the health, education and happiness of the people. It is a basic element of all 
scientific town planning. It is the bible of the working departments of the munici
pal governments". 

That, ladies and gentlemen, was an outline of the needs, written in 1921. It was 
true then as it is now, in 1970. Only - today the needs are more extensive, more 
specialized and much more urgent! 

I look forward to receiving an early report on your deliberations. 



ADDRESS BY THE HONOURABLE RENE BRUNELLE 
Minister of lands and Forests of Ontario 

Monday, February 2, 1970 

Mr. Chairman, Distinguished Guests, Gentlemen: 
It is my pleasure to bring you greetings on behalf of the Province of Ontario and 

the Ontario Department of Lands and Forests. 
As you are well aware, urban planning and urban renewal are major concerns 

of this modern age and will become of increasing importance during this new 
decade. I know that my colleague, the honourable Darcy McKeough will give 
you much valuable information on this subject and I will not intrude on his 
department's specialty - which is municipal affairs. 

The name of my department - Lands and Forests - hints at what we are con
cerned with. But Lands and Forests also includes Fish and Wildlife - in fact all 
of the natural, god-given gifts which are known as natural, renewable resources. 

You are concerned with urbanization - a place to put our people - the popula
tion explosion - we are concerned too with recreational lands - "Parks for the 
People" - a place to go, a place to relax on weekends and during vacations - a 
place to stand, and sit, and rest. 

It is hoped that you, as urban surveyors, will keep this in mind when you map 
out the vast complexes of our towns and cities. A green belt, no matter how small, 
can be like an oasis in the desert of an otherwise monotonous day. 

Je sais que quelques uns d'entre vous ici present, parlent l'autre langue officielle 
du Canada, et j'aimerais vous souhaiter la bienvenue a cette importante reunion. 
Le Gouvernement ontarien attache beaucoup d'importance a des congres tels que 
le votre car ils aident a decouvrir de nouveaux horizons en vue d'ameliorer le 
milieu ambiant de nos villes. 

J'espere que vos deliberations seront des plus fructueuses. 
I am sure that Mr. McKeough will give you a most interesting and illuminating 

address. 
Thank you, and may you have a most fruitful and enjoyable conference. 
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GOALS OF THE CONFERENCE 

S. G. Gamble, Director, Surveys and Mapping Branch, Department of Energy, 
Mines and Resources 

I am very pleased to be present here today representing the National Advisory 
Committee on Control Surveys and Mapping, which, together with the Ontario 
Departments of Municipal Affairs and Lands and Forests, the National Research 
Council of Canada and Municipal Authorities of Toronto, has sponsored this 
National Conference on Urban Surveys and Mapping. Possibly I should say a word 
about the role of the National Advisory Committee on Control Surveys and Mapping 
of identifying areas needing attention in the broad field of surveying and mapping. 
The Committee which is composed of representatives from industry, universities, 
the Provincial Governments and the Federal Government, reports to the Federal 
Government through the Minister of Energy, Mines and Resources and, of course 
is purely an advisory committee. It encourages meetings such as this and, for 
example, last fall it co-sponsored, or supported, the Surveying and Mapping Col
loquium for the Petroleum Industry, which was held in Banff, October 15 to 17, 
1969, and the Symposium on Mining Surveying and Rock Deformation and 
Measurements, held at the University of New Brunswick, October 22 to 24. I was 
indeed most proud to have the Committee's name linked with these excellent 
sessions. 

Now a word about the history behind the holding of this two-day meeting. For 
several years the National Research Council has been active in developing the use 
of photogrammetry for urban mapping. Thanks to the good offices of several per
sons including Messrs. Blachut and Sebert, at the annual meeting of the Canadian 
Institute of Surveying in 1963, several excellent papers were given on urban and 
large-scale mapping, three of which are of particular interest and which appear 
in the Canadian Surveyor, Volume XVII, No. 425, of 1963. I shall quote from 
them later and the authors were R. A. Brocklebank, formerly of Toronto and now 
of Vancouver, who I am pleased to see with us today, Dr. B. Dubuisson of Paris, 
France, and Professor Ralph Berry of the University of Michigan. It is no surprise, 
therefore, that at the General Assembly of the Pan American Institute of Geog
raphy and History held in Guatemala in 1965, Mr. Blachut was named Chairman 
of the North American member states for the Committee that deals with large
scale mapping. One of the more successful technical meetings of P AIGH was that 
organized by his sub-committee and held in Mexico City just over a year ago. 
Those who attended from Canada were astounded by the excellence of the sur
veys and maps of Greater Mexico City. In fact the splendid progress made in 
building their new metro system seems to have been in no small measure due to 
the up-to-date and accurate information readily available to the engineers and 
planners. 

Following the 1969 General Assembly of PAIGH in Washington, Mr. Blachut 
was named Chairman of this Committee and one of its tasks is to develop a set of 
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specifications suitable for city surveying and mapping. Since such would also 
benefit Canada, it appeared that a meeting arranged amongst Canadians who 
were concerned with not only the acquisition of surveys data but using it in day
to-day operations, would be both timely and very worthwhile. A very important 
ingredient, of course, is the interest the City Surveyor of Toronto, Mr. A. D. Ford, 
was taking in these same matters and as a result of the joint efforts of Messrs. 
Ford and Blachut we find ourselves here today in this beautiful St. Lawrence Hall. 

My assignment for this morning is to set out the goals of the Conference. These, 
I believe are obvious from a review of the program and could probably be sum
marized as follows: 

1. To acquaint those concerned with civic administration of the value of good 
up-to-date maps and accurate and well-monumented survey control. 

2. To explain to the City Planners and others who may have occasion to use 
plans and surveys, the various techniques that can be employed and the 
precision that can be achieved as well as provide them with some indication 
of the cost of surveying and mapping. 

3. To determine from these same users the exact type of information they require 
and the relative value of showing various items that can be portrayed on maps. 

Having said this, I shall now borrow those quotations -
(A) "The ever accelerating rhythm of change of the machine age, which influences 

our social life, creates a constant need for revision of the organization and 
planning of the modern city, its suburbs, its general area and the country as 
a whole. As a result, architects have become area engineers and area engineers 
town planners." 
"What would happen to the production rate of a factory if the plan lay-out 
was left to the individual choice of different shop-foremen? But the city is 
nothing but a gigantic factory where the production quotas and plant-layouts 
are always changing and where production bottlenecks are always up for 
consideration. Under these conditions would it be wise to go ahead without 
city planning? Or better yet, the permanent planning of all the cities in a 
country?" 

(B) "Thus, to plan a city is to start a changing plan which will guarantee perma
nent coordination to all its voluntary adherents, who will be all the citizens: 
architects, financiers, landlords, captains of industry, labourers, businessmen. 
It depends, being voluntary, on good publicity and information". 

(C) "But urban planning is impossible without an up-to-date topographic plan. 
The production of such a plan is the very foundation of the planning. The 
cost of the production of the plan must not be compared with the cost of the 
initial planing itself, but with the savings which will accrue from this initial 
survey. It will thus become apparent that the cost of the plan was infinitesimal; 
this fact must be apparent at all times in all cities". 

(D) "The city or town of the twentieth century is a major engineering work. To 
provide municipal engineers, town planners and surveyors with the informa
tion they need, all services and engineering projects within municipal limits 
should be accurately surveyed to a common datum and shown on large-scale 
up-to-date plans. Well-established survey markers should be readily available 
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to those undertaking surveys for both legal and construction purposes, and 
property boundaries should be directly related to these markers. 

"When adequate plans and surveys are not readily available, major projects 
are delayed while surveys are carried out, or if they proceed without accurate 
plans, costly mistakes inevitably result". 

I believe it fair to assume that those in this audience would agree that good 
planning is essential and that the appropriate surveys and maps are an important 
ingredient of any worthwhile urban planning operations. Also, that it is right and 
proper for the National Advisory Committee on Control Surveys and Mapping to 
support these studies. There may be, though, some question about the interest of 
the Surveys and Mapping Branch in city mapping since it is the Federal survey 
organization and we are now considering matters of a municipal nature. In my 
opinion, there are several reasons for the Surveys and Mapping Branch's interest 
and concern. 

Firstly - Our Geodetic Survey has the responsibility for providing the basic 
framework of survey control for national development purposes and major engi
neering works. I believe that our critics qualify for some form of survey assistance 
on both counts. 

Secondly- We have the responsibility for producing maps of the whole country 
to scales as large as 1: 50,000 and for certain areas, 1: 25,000. The mapping and 
updating of maps of populated areas and particularly those where rapid changes 
are taking place is costly and time-consuming. To the extent that the municipalities 
keep their surveys and maps up-to-date, our task is made that much easier. 

Thirdly - The Geodetic Survey is, amongst other things, the keeper of the 
national grid. We are rapidly approaching the time where use will be made of data 
banks by numerous agencies. It is, therefore, most important that the number of 
referencing systems be kept to a minimum and that at least any systems chosen 
are such that they will allow for ready exchange of information. The ideal, of 
course, would be to use the same referencing system at all levels of Government 
and in all agencies of each level of Government. This may be difficult to achieve 
but we should at least know the penalty, as well as the advantage, of having dup
licate or triplicate systems. A group, such as is present today, can readily appreci
ate the fantastic cost to the people of Canada if every municipality, and the 
agencies within the municipalities, go their own way in setting up individual data 
referencing systems. 

Fourthly - The Surveys and Mapping Branch is, to some degree, responsible for 
the municipal surveys in the areas of land administered by the Federal Government. 
Thus, our Surveyor General of Canada Lands has much the same role for the 
Northwest Territories and the Yukon as a Provincial Surveyor General has in his 
own province. In one of our studies on urban surveys it therefore seemed natural to 
use Whitehorse as a trial project. As a result of a cooperative program with the 
Department of Northern Affairs and National Resources, The government of Yukon 
Territory and the City of Whitehorse, we carried out the field work for an integrated 
survey of the metropolitan Whitehorse area. Whitehorse now enjoys a rectangular 
coordinate control system with well-monumented markers throughout the city and 
properties are now related to this control. Naturally, the same control is being used 
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for engineering purposes and, in addition, mapping has been, for the more important 
sections, completed to a scale of 100 feet to the inch. A paper on the Whitehorse 
work was published in the Canadian Surveyor, Volume XIX, No. 4, of 1965 and 
may be of interest. 

Finally, as the need for improved surveys and survey techniques is accepted 
by our municipalities, there will undoubtedly be a need for well trained survey 
engineers at the municipal level and, at the present time, we do not have enough 
qualified for this task. In fact, several years ago we in the Surveys and Mapping 
Branch had feared that we would be losing a large proportion of our professional 
staff over a brief period were the cities to move rapidly into modern survey sys
tems. Fortunately for the Branch, the municipalities have been slower to move 
than had been anticipated and, meanwhile some universities have shown a real 
interest in survey education. In a modest way, we are attempting to do our bit 
in training the sort of people who can become city surveyors of the future. Last 
year we took on three university graduates who majored in survey, on a two
year term basis. These young men will be rotated through several units of our 
Surveys and Mapping Branch so that, hopefully, at the end of their two years they 
will have been exposed to several types of survey as well as mapping operations. 
We believe this is a sort of postgraduate training that will stand them, and the 
country, in good stead regardless of whether they elect for governmental employ
ment, industry or private practice, I am pleased to be able to say that we have 
the three who joined us in the spring of 1969 with us today. They are Messrs. 
M. Brunet, R. Castonguay and M. Levasseur and will complete their two years 
in the spring of 1971. 

I have touched upon the interest and concern about city surveys at the Federal 
level. The problem of which level of government should be doing what in fields 
of endeavour that directly effect the urban population of Canada is of concern 
to many. Doubtless there will be changes from time to time as thinking members 
of our society consolidate their views and impress their representatives. 

Let us therefore address ourselves to the more tangible problem of identifying 
the real needs of the Town Planners and City Engineers in the matter of surveys 
and maps and see how best these needs can be met. A review of recent technical 
survey publications indicates that surveyors and mappers are aware of the im
portant role they should be playing in the development of our cities. Apparently 
we surveyors have been spending too much time talking to ourselves and not 
enough time persuading civic officials of the high cost of not having adequate 
information. This meeting provides the forum to put the case for good surveys 
squarely to planners and administrators. 
January 30, 1970. 

Addendum 

In conclusion, Mr. A. C. Hamilton, Co-ordinator for Education and Research, 
a former President of the Canadian Institute of Surveying and who represents 
the Branch on the Atlantic Provinces Mapping and Land Registration Program, 
has brought to my attention an important omission. This oversight is even more 
surprising since it is the same problem that plagues us in trying to develop our 
mapping program at the National Topographical Series scales of 1: 50,000 and 
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1 :25,000. Far too many of our map users seem to think that maps grow on trees 
and all you have to do is give the tree a shake. In point of fact, it takes several 
years to carry out the field surveys, air photography, photogrammetry, drafting 
and printing operations that go into map making. On a crash basis the time can 
be greatly reduced but then so does efficiency and the cost of the operation soars 
and, needless to say, other programs have to be sacrificed or at least delayed. I 
cannot overstress the importance of arranging for the maps and surveys well in 
advance of the time they will be needed. 



SOCIAL AND ADMINISTRATIVE ASPECTS OF 
URBAN SURVEYING AND MAPPING 

M. V. Jones, M.T.P.1.C., Planning Consultant 

1. INTRODUCTION 
The only possible reason that Douglas Ford, the City Surveyor of the City of 

Toronto asked me to participate in this Conference is that he knew that I was 
totally ignorant about the subject. He must have wanted someone who was not 
qualified as an expert in the field but someone who has used the product of 
surveyors and map makers for some time and therefore could either praise their 
work or blame them for his own inadequacies. 

I have very few complimentary things to say and will be judged as both insensi
tive and dull, as well as manifestly unfair, and properly so. 

I am still curious as to who decided on the announced topic since it assumes 
that there are social implications in mapping and implies that I am to attempt 
a statement of the administrative problems associated with its production. 

I suppose it is valid to suggest that surveying and mapping have been essential 
aids in recording the results of social and political mores but the more I think 
about the tools required for investigating and understanding today's concerns, the 
more I wonder whether this traditional role of mapping can contribute much more 
to our knowledge and understanding than it has in the past. 

2. THE PRESENT STATE OF MAPPING 
I do not need to attempt to list for this audience the variety of ways we have 

so far attempted to record our knowledge of the earth or our cultural activities. 
Essentially what we have been trying to do, so far as I know, ranges from ab
stracting our notion of private property into two-dimensional visual representa
tion, to extending our capacity to correlate a variety of symbols through the medium 
of the computer print-out. In between, we have a great variety of techniques for 
representing a small sector of reality. 

We have not reached either a consensus on the technical limitations of repre
sentation of nature or culture in map form nor have we consistently provided 
ourselves with information of a quality that is currently possible; the medium 
conveys small static and usually single purpose messages. 

If I am at all close to the truth, what we have recorded of our activities (in
cluding our mistakes) has been generally inadequate and of relatively poor 
quality. I am not terribly concerned whether I am right or wrong as to the gen
eral inadequacy and poor quality of the mapping record we have kept of our 
activities. I make the assumption that most communities will eventually provide 
themselves with the range of mapping with the quality they require for their 
own purposes. 

But let me not be rude. As a planner trying to understand where we have been 
and what our needs and aspirations are for some indefinite future, I have relied, 
and will continue to do so, on the full range of the work of surveyors and map 
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makers to assist me ( and my clients) in understanding some aspects of our social 
and cultural history. 

3. WHAT DO WE NEED? 
What concerns me is how to utilize representation techniques to aid in the 

process of communication and understanding of dynamic social change. In 
thinking about this I sense the incongruity which McLuhan must feel while 
writing books to advise that print is a dead medium; in this conference we are 
using words with which to communicate, rather than maps which might convey 
the messages each of us is trying to send and receive. I don't consider this a 
paradox since even in the current period of 'involvement', 'participation', 'aware
ness of self', 'global village', 'new tribalism', etc., we obviously can only com
municate through several media. 

In my profession, how do I conceive of, and hopefully use, 'social mapping', 
'economic mapping', 'ecological mapping', 'urban design mapping', etc. There 
have been some startling innovations towards these objectives. The use of the 
satellites for monitoring weather systems and the transference of this informa
tion by television has obviously enabled us to predict change in climate and 
prepare for it and the use of satellites for photographing erosion, pollution, animal 
and human movement, etc. on a continuous basis will enable us to better under
stand the interaction of social and physical change in a dynamic sense much 
better than we have been able to do before. 

Whether this trend toward continuous mapping of events on a world-wide 
scale will help us to solve some of the urgent human problems of this century 
remains to be seen. My current view is that we are extending our capacity for 
gaining knowledge, and hopefully understanding, at scales and in dimensions 
which, while important, are not matched by growth in knowledge and under
standing required at different scales and different dimensions if we are to intel
ligently influence our destiny. 

I have felt for some time, as a planner, that the use of maps is increasingly 
relevant for birds and airplane pilots but increasingly redundant as an aid in the 
solution of human problems. For example: most people live in urban communi
ties and for most of the time are not in the atmosphere viewing their community 
in a vertical manner. They are in a dwelling, on a street, in a factory, an office 
or a park, or moving through a series of images on a horizontal scale. 

They perceive their welfare in relation to other humans or artifacts like build
ings, cars, etc., in adjacent proximity and tend increasingly to observe and react 
to their environment in these terms. It is difficult, if not impossible, to show a 
symbol for trees on a traditional map and have it convey the sense of beauty 
which can only be appreciated by a person at ground level. 

I do not find it unusual that maps in the sense of 'plans' are out of fashion 
because plans and planning as presently conceived have not demonstrated an 
ability to solve urgent human problems. I suspect an increasing number of people 
approach plans and the maps which illustrate them with growing suspicion, 
partly because of the realization that people have to solve their own problems 
through interpersonal relations, rather than relying upon externally abstracted 
conceptions of the good life by planners or others. 
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The questions most relevant today include: what is environment; what is good 
or bad environment; how do we obtain good environment; how do we maintain 
the fact of our individuality in a period of excessive interdependence resulting 
from urbanization; how do we fight the paradox of alienation in a society which 
demands consensus and collective action to make the adjustments required to 
secure the well-being of the species. 

It would be surely fatuous to suggest that there is much relationship between 
the way we have represented our past and diagrammatically propose our future 
in a limited and piecemeal way and these kinds of issues. I would only urge that 
we try to improve the means of communicating the record of what we have done 
and think about ways of designing methods of interpretive representation of the 
effects of the choices we have in front of us as a means of trying to understand 
the consequences of our activities. 

Consequently I suggest we now discuss whether the technical limits of our 
traditional means of representation are exhausted or whether we can think about 
ways in which an essentially static technique might be evolved to assist us in 
planning for the future. 



THE URBANIZATION PHENOMENON AND ITS IMPLICATIONS 

Jean Gottmann, Professor of Geography, University of Oxford 

Almost exactly five years ago I was in this city at the invitation of the Province 
of Ontario to speak at the concluding session of the International Conference on 
Regional Development and Economic Change. My address in 1965 was entitled 
"Emerging Problems of Growth and Development." Since then Toronto has 
grown in size, equipment and in complexity. It has beautified itself in parts, 
sprawled in others, raised and thickened its skyline. Urban growth and economic 
change have proceeded apace around the world. But as a whole, as modern 
civilization grows more urban, the daily problems besetting city governments and 
urban populations are rapidly worsening and multiplying. It is becoming a com
mon place to remark that if man can organize the access to the moon, he does 
not seem capable of managing his own habitat, in old familiar places. 

If one wishes to carry on this comparison, which is in vogue, between space 
exploration and urban affairs, it should be pointed out that decisions were made 
and action taken in matters pertaining to the moon only after all possible infor
mation had been gathered and the data carefully analyzed. I am afraid this has 
not been the rule in decision-making pertaining to urban affairs. However much 
more data could be gathered and duly interpreted to enlighten our judgment on 
all matters concerned with urbanization. If I have accepted your invitation to 
address this national conference on urban surveying and mapping, it was of course 
to have once more a pleasant occasion to visit Canada and Toronto; but it was 
mainly because this conference seemed to open an important new opportunity to 
better understand this phenomenon of urbanization which has become a funda
mental problem of modern society. 

Modern urbanization is an enormous and complex phenomenon; it is a process 
which is modifying its own internal dynamics as it develops. Of course it con
tinues an old trend of urban growth, as ancient as history. But today the size, the 
rhythm, the factors at play, the needs of the people involved in the process are 
very different from what they were in the past, even in the recent past, and these 
are changing constantly and will change in the next years. All those who are pre
paring plans for the future - and the shaping of cities requires planning ten to 
twenty-five years ahead, for one does not build or rebuild a city overnight - re
alize the difficulty of applying forecasts or projections into the future, on the basis 
of knowledge or concepts that are already outdated. Too often we have to think 
of current urban problems in terms of measurements which were taken five to ten 
years ago, and which we know to be inaccurate at present. Too often we must 
base our thinking on relationships between trends each of which has been measured 
and described in a way that does not fit a comparison or coordination of the 
trends with each other. We therefore attempt to cope with a complex phenomenon 
the various aspects of which cannot be properly related, either because they 
were not measured at the same time or because each of them was described in 
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terms that could not be properly related to the terms of the next description. Our 
task is all the more difficult as a result of the variety of the elements involved. 

A plan of the portion of material space in which a city or a region has been 
set, must be represented graphically as a diversified space, that is, by a design 
and usually on a map. But this does not mean that land and its uses is the only 
element essential to an understanding of urbanization. Perhaps one can contend 
that in rural territory the map of land use is the basic and essential expression 
of the concerns of planning. But in urbanized space the distribution and charac
teristics of the population, of employment and of the movement of people and 
goods are three other essential elements, each of which is only partially con
ditioned by land use and also each of which changes faster than land use. 

This assembly gathers people who know both the diversity of the needs of the 
modern city and also the extraordinary wealth and promise of modern techno
logical means to gather, record, store and analyze data about the various forms 
and movements of an urban region. I shall not attempt to tell you here how to 
relate these means to the needs of modern urbanization. I want to point out, 
with the experience of a quarter of a century of struggling with urban data and 
research, what are the most urgent problems of urbanization about which we 
need to know more today. For I am convinced that if a full and correct picture 
of what is developing in urbanized space was set before the responsible people, 
the means would be found to deal with the ills of the city and achieve satisfactory 
improvement. 

CONCENTRATION OR DIFFUSION IN URBANIZATION? 
The first and most permanent characteristic of urban space is the concentra

tion within it of a large proportion of the people and of the economic activities 
of the region considered. The concentration used to be obvious and undisputed 
in the past, when cities stood out as dense agglomerations of buildings amid a 
countryside in which buildings were few and scattered. This picture began 
changing with the Industrial Revolution, as urbanization progressed in the last 
two centuries mainly as a result of the gathering of manufacturing plants and 
industrial warehouses in and around the urban nuclei. In the twentieth century 
the nature of the urban agglomeration has been rapidly changing. Most cities 
are still burdened with the inheritance from the time of the Industrial Revolution; 
there are still concentrations of manufacturing plants and large warehouses, and 
they are worried if such establishments move away. In fact, the technological 
and economic factors which fostered the concentration of industrial production 
are now largely altered. The instruments of industrial production are gradually 
being relocated and increasingly dispersed in various places, often along lines of 
convenient transportation but at some distance from the centers of major cities. 
This is largely due to automation, which requires fewer workers to produce 
larger quantities of manufactured goods, and also to the increased mobility of 
people, and freight. 

Thus, the kinds of buildings and establishments which used to be characteristic 
of urban life and landscape are now beginning to be disassociated from the 
denser urban agglomerations. Better means of passenger transport, the growing 
mobility of the individual, have also brought about the suburban sprawl of resi-
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dences and of those services which tend naturally to go towards the doorstep of 
the customer ( such as retailing and a whole gamut of personal services). Hence 
the urban and suburban sprawl on a huge scale around the major sites of urban 
concentration. The urban community used to be a clear-cut unit of moderate 
size, tightly organized, with an established hierarchy and a pyramidal division 
of labour. The modern growth of cities has blurred these structures. It has ap
peared increasingly difficult to deal with a community's problems when the high 
density agglomeration achieves a mass within which the relationships that used 
to be considered normal in smaller cities could no longer exist socially and even 
politically. Mass and density put together could not be adequately handled by 
the social organization of the past. The solution usually advertised was to break 
up the mass into smaller units and dilute the density through dispersal. These two 
processes have been at work in powerful fashion within major urban regions as 
a result of both legislation enforcing these trends of so-called "de-centralization" 
or "de-concentration," and of the flight of the people from overcongested condi
tions of living and working. They have locally relieved some pressures but have 
created hosts of new problems and tensions. 

Now the basic question arises: Is modern urbanization a process of concen
methods of approach to the problem and the philosophy of the legislation to be 
tration or of diffusion? Depending on the answer one gives to this question, our 
applied to cure the ills of urbanization will be different. A school of sociologists, 
which started in the American Middle West and has now considerable following 
among planners in many countries, holds that the age of the dense, concentrated 
city is over; that the modern urban tide is sweeping geographical space in various 
directions and that the future city will be a loosely woven tissue of little differenti
ated areas, inhabited by people with non-agricultural occupations. If this were 
true, we could forget about concentration and the difficulties of providing for the 
needs of people gathered at high density, to focus our efforts on the provision of 
adequate services for the forthcoming dispersal. But as we look at maps of distri
bution and search for the main bottlenecks caused by urbanization, we have to 
renounce the view that concentration is over and that scattering is what matters. 

VARIOUS KINDS OF URBAN DENSITIES 
As the numbers of those in urban regions continue to swell and their average 

standard of living continues to rise, the space consumed by the sum total of the 
population must obviously expand. This does not mean that urban population and 
activities can be located anywhere and spread out at a low and little differentiated 
density. In past centuries, only a small fraction of mankind lived at densities of 
several thousand to the square mile. Such densities were reached only in the 
larger cities, and those were few around the world. Today we all know that the 
large city is becoming the usual framework for the habitat of a very large pro
portion of mankind. United Nations statistics indicated that by 1960 the popu
lation living in cities of half a million people or more totalled 350 million in the 
world, about 12 per cent of the world's population; by 1980 this figure is expected 
to reach 730 million, or 16.5 per cent of mankind. This implies that some 380 
million inhabitants are being added in those twenty years to the large agglome
rations and that we are now half way towards the 1980 mark. Such figures do 
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not include the metropolitan outer ring of the large cities. In Canada the majority 
of the nation lived by 1961 in urban or metropolitan regions of respectable size. 

These densities are well recorded by the censuses, but they are not really an 
adequate measure of urban population density. The census counts people at their 
residences: that is, where they sleep and take some of their relaxation. Most of 
us, urban dwellers of the 1970s, spend most of the hours during which we are 
awake away from our residences. This movement from home to work and to 
other city errands used to be of very short range in the cities of the past. With 
the modern size of the urban region and present m(jbility, the daily movement 
away from home is rapidly increasing in distance. So we have to measure daily 
flows of people and commuting. But what we also need to know is the density 
achieved at places of work and the density at places of recreation. 

May I take a few examples in Europe to illustrate my point? 
The City of London, that famous great hub of finance and management, has 

an area of one square mile; it counted 185,000 inhabitants in 1851. In 1961 the 
City kept only 4,500 residents. But the employment concentrated there in 1966-
67 reached a total figure of a little over 300,000. In 1962 the residential density 
of the eleven central arrondissements in the city of Paris reached an average of 
86,300 per square mile over about eleven square miles; the daytime density of 
occupancy of that dozen of square miles was at least double the residential figure 
and in the vicinity of 200,000 per square mile. In New York City the central 
borough of Manhattan, an area of over 23 square miles, had in 1960 a resi
dential density of 77,000 per square mile, with a daytime occupancy of at least 
200,000 per square miles, rising to more than 300,000 in the Hub below 60th 
Street. The majority of the population in the advanced countries now live in high 
density formations. Even in Los Angeles the average residential density is above 
5,000 per square mile, and the density at work is much higher. If scatteration 
takes places to some extent in the patterns of residential distribution, the fact 
remains that modern urbanization means occupancy of the land at high density 
in the urban regions. 

These densities, realized for large masses of people, require a complex system 
of services for the areas where occupancy reaches such thickness, even if it is for 
only a part of the day. It is not enough to measure the flows from one area to 
another within the urban system. We should also know what the densities of 
occupancy are in every part of the urban region at given hours of the day and 
night. We would then be in a better position to understand the dynamics of the 
whole, and to provide better services. 

QUATERNARY ACTIVITIES IN THE CORE OF THE CITY 
Why are such concentrations still necessary if manufacturing production can 

be increasingly dispersed and if the residential districts sprawl? Because the city 
has now returned to its ancient specialization of serving as the locus for trans
actional activities. The progress of the techniques of saving human physical 
labour has made the various activities devoted to production per se (whether of 
agricultural, mining, or manufactured goods) a less important sector of the total 
economy. The labour force is gradually shifting from blue collar to white collar 
occupations, and from the primary and secondary stages of economic activity 
to the tertiary, that is the services. Within the services the shift is now proceeding 
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from the traditional tertiary activities, that is, those dealing with transportation, 
warehousing, retail and wholesale trade, to a more sophisticated category of 
services which are to be called the quaternary sector of economic activity. This 
quaternary sector includes the managerial, scientific, technical, and profes
sional occupations, and a part, somewhat difficult to define, of the clerical occu
pations. The quaternary sector deals with the management of public and private 
affairs, research and higher education, finance, insurance, banking and real 
estate, mass media, including advertising, the performing arts and special trades. 
It requires personnel who have been trained in special skills and feel a responsi
bility for the quality of the work it provides. Labour statistics are just beginning 
to recognize the importance of these categories of workers. 

Quantitatively the quaternary sector groups the occupations which are still 
not very numerous but which are expanding very fast. There are today more per
sons employed as faculty by the establishments of higher education in the United 
States than the total employed in mining establishments in that great country. 
Still, the United States is, I believe, the largest producer of mining products 
in the world. These shifts in the structure of the labour force have considerable 
geographical significance. Most of the transactional work in which the quaternary 
sector is engaged is based on the high competence, comprehensive and up to date 
information of the personnel. This means that the economic activities in the 
quaternary sector are very interdependent in their needs of data, technical in
formation, advice for the interpretation of data and for the performance of the 
transactional work itself. It is easy to understand that government, the manage
ment of private business, finance, insurance, mass media, and the entertainment 
services are all closely interwoven in their daily work, and that geographical 
proximity of the offices, laboratories, and other institutions in these activities is 
of great advantage in terms of the efficiency they all achieve. 

In my study of Megalopolis I have examined how this interwoven system of 
economic activities developed in the central cities of the northeastern urban con
centration of the United States from Boston to Washington. Later I tried to 
analyze the architectural form of the skyscraper as one of the symptoms of the 
contemporary concentration of offices and related establishments. For fifteen 
years now I have wondered whether the linkages among all those activities 
really require actual geographical proximity, leading to the huge concentrations 
of these activities using very selected manpower in the heart of large metropolitan 
areas; or could the linkages be served by electronic networks once these were 
adequately developed? All the evidence gathered to date leads me to the conclu
sion that none of the means of communications as yet devised will be able to 
replace in satisfactory fashion direct personal contact when important trans
actions take place involving the responsibility of individuals who do not know 
one another intimately. Perhaps electronic communication can help settle mat
ters between persons remote in space, but who have known each other intimately 
for some time. Between those who do not have such a long-standing, very close 
relationship, contacts by telephone, closed-circuit television, and other forms of 
telecommunications usually lead to the desire for more personal contact. Such 
seems to be the nature of people and of our dynamic and highly competitive society. 

What are the linkages between different but complementary activities that 
continue to agglutinate in the center of cities? Could we come to define these 
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linkages, their various functions, the way they work, for the various occupations 
and firms involved in the central business districts? Such studies are now con
ducted in several Western countries, particularly in the United States, Britain, 
Sweden, France and Switzerland. Some of them are in the field of business man
agement and some in the field of urban geography and sociology. At the School 
of Geography in Oxford I have started a research project investigating the 
dynamics of this interweaving in the centers of cities of medium size in Great 
Britain. Much work has recently been done on the offices in central London. 
But any serious planning for London and the other British cities requires better 
knowledge as to how these linkages work in cities smaller than London or New 
York or Paris or Tokyo. It is not enough to analyze one case per country; we 
need a sampling as diversified as possible to begin understanding, through com
parative case studies of cities different in functions and sizes, the modern meaning 
of urban centrality in a mechanized and automated world. 

CONCENTRATION AND DISPERSAL CAN BE COMPLEMENTARY 
Modern urbanization is a process which involves both concentration and dis

persal. Firstly, there is concentration of people and economic activity in certain 
areas of every nation which acquire higher densities than other parts of the same 
country and are therefore beginning to be more difficult to service. Secondly, 
there is diffusion around the old nucleii of the rapidly growing cities over rela
tively large areas within those selected regions today that benefit from the concen
tration. Obviously the 300,000 persons employed today in the City of London 
live in a wide radius around that strategic square mile within which they earn 
their living. And the dispersal of their homes helps the concentration of work 
in the City. Thirdly, there is diffusion of urban types of land use in formerly 
rural areas of instruments of production and storage of manufactured goods. 
Fourthly, there is increasing concentration of some closely interlinked economic 
activities developing very high densities at worktirne in certain business districts. 
Concentration and diffusion at various stages concur in shaping modern metro
politan expansion of the successful city. 

There is competition locally between the cities in the same country and on an 
international level. It is not always the larger cities that attract more of the 
crucial interwoven quaternary activities. On the continent of Europe it is inter
esting to study, for instance, the evolution of cities located close to each other 
such as Geneva in Switzerland and Lyon in France. Lyon is a much larger city 
and a substantial manufacturing center. Geneva is mainly a quaternary center, 
but growing so fast that it may well surpass Lyon in terms of metropolitan popu
lation before too long. Lyon is trying to catch up, but it is hampered partly by its 
inheritance from the Industrial Revolution and partly by the competition and 
proximity of other cities developing better on the quaternary level and endowed 
with a more pleasant natural environment, such as Geneva and, on the South 
side, Grenoble. 

IMPLICATIONS OF URBAN DIFFUSION 
So far we have dealt mainly with the facts of concentration, but we should not 

forget the implications of the trends of diffusion. Suburban sprawl, despite its 
thinner density and less involved needs of servicing, is a source of considerable 
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problems in terms of the organization of transport within the urban region and 
in terms of pollution of the environment. The costs of the more scattered pat
tern of residential land use have never been ascertained in terms of charges 
for the community that services the area, even less in terms of costs to the metro
politan community as a whole. At some stage these costs may become too heavy 
and determine a shift to thicker suburban settlement. 

The suburban belt may look newer and greener than the old core, but it may 
acquire decaying areas and inadequate housing soon after it is built. Providing 
an adequate water supply and sewage system to sprawling suburbs requires care
ful planning and supervision. As the scattering of urban dwellers increases in the 
suburban belt, the access of city dwellers to green areas may become increasingly 
difficult or restricted. Constant surveillance and regulation is needed to avoid 
the uncontrolled type of suburban sprawl which has ruined the environment of 
so many large and bustling centers. Careful zoning cannot be established unless 
adequate and fresh data is available on all that is happening in the various parts 
of a metropolitan area. 

The outer belt in a metropolitan region is typical of the modern symbiosis 
between urban and rural. It becomes difficult to disentangle these two categories 
of land use in districts where people, whose main activity is definitely of an urban 
character and the main place of work in the city, come to reside on a farm close 
enough to the city core for regular commuting. On the northeastern seaboard of 
the United States, around many American and Canadian cities, and around 
some European cities such as Oxford, this rurban way of life develops, and 
those who are employed in quaternary activities are occasionally found to be 
farmers as well. The American census of agriculture distinguishes between com
mercial, part-time, and residential farms. The number of farms in the two last 
categories is often higher than the number of the commercial farms around a 
large metropolitan center. This is so partly because the congested living condi
tions of most cities make for an unpleasant environment and because legislation 
in most countries of advanced economy favors the development of this trend. 
A person earning a decent income in the city may plow back into the farm, which 
remains a good capital investment, a part of the revenue that otherwise would 
have to be paid to the government as taxes. 

Those who adopt this way of life accept the additional work of managing the 
farm and the necessity of a longer distance commuting; but they may feel repaid 
by the benefits derived from the rural environment and from long-range financial 
profit. The policy of supporting the small farmer and the small landowner in 
urbanized countries such as the United States, but also in the United Kingdom or 
France does more for the development of a rurban belt than for its original aim 
of keeping small, family-farming units going. Use of the land in the rurban belt 
should therefore be surveyed and analyzed in terms of the kind of agriculture 
that is carried on as well as in terms of the distribution of the buildings. The green 
areas surrounding the metropolitan areas will soon need to be used in a multi
purpose way, not only for agricultural or forestry production but also for the 
recreational needs of the urban masses. In Canada you have been quite well 
aware of this situation, and you still have an abundant wealth of land, water, 
and trees close to most of your large cities. However, for Toronto and Montreal 
the size of the urban sprawl is beginning to cause problems, and the recreational 
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need may become within the 1970's a source of greater problems than it yet seems. 
It is high time to start regularly surveying in detail land use around urban centres. 

We thus return to a basically land-use problem, although the need for land is 
linked to the way of life of the population and the conditions of employment. On 
the continent of Europe as systematic planning gets under way to prepare for the 
year 2000 in a series of large metropolitan areas, it is assumed that the space 
consumption of the average city dweller, in terms of ground space that has to be 
provided per capita, will increase three times in the next thirty years. Thus, a city 
which expects to double its population and such cases are common, must plan 
on using six times more land than at present. I shall let you imagine the problems 
of planning, land acquisition, provision of housing, transportation and other 
services and facilities that such expansion in geographical areas suggests. 

THE TRANSPORT ASPECT 
The steady rise in the mass, density, and affluence of the urban populations 

does not affect the urban regions alone, even in the much extended limits that 
may be forecast for the immediate future. It also involves greater movement in 
terms of transport and communications of all kinds between large metropolitan 
areas. It is well known that in 1967-68 twenty cities located in ten countries 
(and Canada was one of them) generated 80 per cent of all the air traffic in the 
non-Communist world. The large airport is another factor of concentration leading 
to the development of groupings of transactional and servicing establishments in 
its immediate vicinity, causing some diffusion of the central business function 
within a metropolitan area. However, we must expect the relations between large 
metropolitan areas outside the twenty cited to develop and intensify, as more 
cities will be competing with the leaders and will benefit by the congestion of the 
major crossroads of the air; we must also plan for the improvement of the facili
ties and the greater intensity of traffic and transactions in many other cities. Air 
traffic affects more than the immediate vicinity of the airport; what has been 
called "noise pollution" will have to be taken into account in the over-all design 
of a metropolitan area; and ground transport is another great factor of pollution. 

On the approaches to the major cities, the airlanes are already becoming 
crowded, while interrurban traffic shows a steady trend to expand. Ground 
transportation will have to be improved and intensified between cities, and even 
more within the urban agglomer,ations. It is at present in the urban cores and 
on their approaches that, despite the relative decline of their central function, 
the worst bottlenecks occur. The problem here is the conflict between private 
and public transportation, or rather between road and rail, both built up today 
at public expense. In Toronto and Montreal the cities have wisely understood 
that the two systems must be coordinated and simultaneously developed, other
wise the individual motor car is stifling movement and upsetting the budget in 
central cities. 

WATER SUPPLY 
Canada is blessed with a great abundance of fresh water. Most countries can 

envy your innumerable and beautiful lakes and rivers. However, the problem of 
water pollution is not unknown in eastern Canada and is causing considerable con-
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cern in the two sizeable lakes joined by the Niagara Falls. This is of course only 
a hint of what the water supply problems are in other countries; even in the 
neighbouring State of New York, despite its extraordinary natural riches in fresh 
water. The urban water supply can easily be mismanaged, either on the spot or 
by distant action polluting the water upstream. Here again, coordination and regula
tion are necessary to ensure the safety of the water supply in conditions of urban 
crowding. The technology of cleansing polluted water has made enormous progress; 
it cannot, however, be satisfactorily applied unless the water resources can be 
budgeted on a large regional scale, with full knowledge of all the sources of water 
and of pollution. 

THE NEED FOR ACTION TO GATHER AND CORRELATE DATA 
I have enumerated only a few of the problems that beset the student and the 

administration of urban areas. I could continue the enumeration: schools, slums, 
criminality, hospitals and welfare costs, budget deficits, etc., but it seems time to 
point out that each problem, each resource, and every need of the growing city 
cannot be successfully dealt with separately. The city is the antithesis of the 
ivory tower. It is a dynamic system of interwoven linkages. Transportation cannot 
be managed without affecting land use and trade; it is also a factor of pollution. 
Water is required for so many varied uses in the city that it is needed in increasing 
quantities, and water supply links the city with distant areas of catchment in the 
countryside. Recreational activities bring the city dweller to the rural periphery 
and the suburbanite into the city core. The economic activities are even more 
entangled, as we have shown when we rapidly alluded to the complementarity 
between the various economic activities that make today for a city's successful 
growth or decline as a modern central place. 

Urbanization means more and better housing, more and better transport, more 
diversified recreation, more and better education over a longer span of time for 
every individual, more congestion, and more expansion in all directions. All this 
means more space and a better organization of it. We could manage our cities 
better than we have done. I was interested to hear that the National Park Service 
of the United States Federal Government has awarded contracts to design a com
fortable and rapid system of moving passengers in a manner unobtrusive to the 
local environment, in order to allow visitors to see the marvels of the National 
Parks, while keeping the motor cars outside attractive areas which are becoming 
far too congested in season. Why couldn't such systems have been suggested for 
congested urban cores, which do not seem cared for as much as spectacular 
natural wonders. 

To organize the space well, we need the will for it and we need fuller knowledge 
of its present status and of what is developing in it. The data we are thirsty for 
must be, of course, presented in easily comparable fashion. It is indispensable to 
see how the different characteristics, flows, and trends take shape on the land in the 
geographical space involved. This means mapping the results of surveys in system
atic fashion. There is no more useful set of data than a good atlas kept up to date 
and showing all physical, demographic, economic, social, and administrative distri
butions in every urban area. Thus, comparison and correlation can be made be
tween the various features of the same urban region or of several urban regions. 
Not all characteristics possible have to be included of course; the data in the 



24 PLAN: THE TOWN PLANNING INSTITUTE OF CANADA 

bank must be selected in the interests of correlation and of the purpose of the 
survey. 

One may hope that the size and wealth of Canada will allow for as full as neces
sary coverage of your major metropolitan areas and urban regions. It would then 
become possible to design engineering projects, administrative reforms, master 
plans, or planning regulations, on the basis of live knowledge of all the factors 
involved. Modern planning and indeed much research in the social sciences have 
been so impressed with mathematical method and the easy use of undifferentiated 
geometrical space, that a vogue has developed to treat the highly organized, 
partitioned and differentiated geographical space, especially urban areas, as if it 
could all be homogenized, melted into a fine alloy and remoulded according to 
some theoretical cast. 

But geographical space is not fungible. I sat in recent years on a committee that 
considered planting new towns in locations chosen according to purely theoretical 
considerations, and on another committee that analyzed the flow of transporta
tion between the cities and towns of a region according to gravitation models, 
without even attempting to measure the actual traffic flows, because this was 
cheaper and quicker. The results in terms of actual results in action were deplor
able. One may to some extent generalize when describing urbanization at large. But 
when a specific case of an urban area must be dealt with, all the possible data 
must be gathered and carefully correlated. 

A thorough survey of an urban region, expressed in clear maps, will help 
government and industry; it will also serve as an invaluable educational device to 
explain the problems to the interested citizenry. In the democratic political process 
it has been difficult to avoid painful chaos to develop between adjacent urban and 
suburban communities. Toronto has been wise and lucky in carrying out early 
the reform of the metropolitan government that provided for coordination between 
the central city and the large suburban belt. The complementarity between a suc
cessfully developing central core and the outlying portions of the same urban 
system is a basic tenet of any urban creed. Opposition between central core and 
suburb can tear apart a rich and otherwise strongly based urban region. The 
formerly prosperous and bustling downtowns find themselves besieged on one 
hand by poverty in the adjoining ghettoes, and on the other hand by their conflict 
of interest with the suburbs, with which they are economically complementary. 

I am quite convinced that an adequate presentation of the results of thorough 
surveys of an urban -area are the indispensable foundation on which an understand
ing of the situation could be built and concerted endeavours to search for solutions 
organized. 

On one hand it appears that mankind is destined to live and work in large urban 
systems at higher densities. On the other hand, people are losing faith in their 
capacity to manage such large agglomerations and pessimism threatens to prevail. 
In fact we never have tried to manage large cities as if we really needed them, and 
we do need them. But we seldom even tried to learn about them what we have to 
know in order to make the decisions and draw the plans that would secure desirable 
environmental conditions. I have only outlined some of the dilemmas and the 
directions in which the student of urban affairs searches for new data. If this 
conference can lay the ground for a first national urban survey, the future of 
urban living in Canada and also in several other countries will look brighter. 
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T. J. Blachut, Photogrammetric Research, National Research Council, Ottawa 

For the sake of comparison, let us assume a modest car manufacturing plant. 
Let us further assume that by some divine decision, or lack of it, the management 
determined that there should be no general assembly drawings of the manufactured 
cars and under no circumstances the drawing of specific components, such as car 
bodies, engines and power transmissions, electrical installation, etc., should be 
prepared at the same scale or be referred to each other by introducing a uniform 
reference system. What a delightful confusion would ensue! In spite of the untiring 
efforts of the division chiefs, their own extensive research and information services 
and continuous joint meetings at which all the design details would be explained 
and discussed, the engines would never fit properly into the car bodies, the electrical 
installation would materialize in loosely lying coils and wires spanning the car 
interior in all possible directions like the electrical cables along our streets. I 
imagine, that after some years of unsuccessful attempts, the plant management -
all men of integrity and rather shrewd businessmen - would decide that in order 
to overcome the inherent difficulties, the design system should be revised. The 
components thereafter would be designed and developed in successive stages. For 
instance, the completed frame drawings would be transferred to the engine division, 
next to the transmission division, etc., until the whole car would be designed and 
developed. No doubt such a car would even run but since the basic principles of 
each division using its own scale and reference system would be rigidly upheld, 
wasteful duplications, frequent misinterpretations and other unfortunate mishaps 
would be unavoidable which, after all, is only human. Essentially, however, this 
system of car designing and manufacture would produce a vehicle with a primary 
function depending upon the initial components the car design was started with, for 
example turning wheels of a certain size, rather than to provide efficient and 
comfortable transportation. As a matter of fact, every time I board my very modest 
but otherwise amazing car, I wonder whether it is not the very way the majority of 
our cars are designed. This, however, is beside the point. 

The comparison between this imaginary plant and the operation of a city without 
a uniform data system provided by integrated surveying and mapping, is of course 
not satisfactory and fair. After all, the operation of a car factory is immensely less 
difficult and complex than the planning, development and administration of an 
urban community with all its social, economic and technical problems. 

When drawing a parallel between this example and an urban municipality 
without a comprehensive surveying and mapping scheme, the stress should be 
placed on the resulting lack of adequate planning and the economic waste. The 
fact that even our huge metropolises do not possess any adequate program in this 
regard is no doubt a very curious phenomenon not easy to comprehend and 
explain. On one side, we have a progressive and an extremely dollar-conscious 
society with proven and unique efficiency in many fields of collective and economic 
life; on the other side, there is a surprising deficiency at the very basis of any 
rational attempt to organize and develop towns and cities. With all possible differ-
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ences of opinion as to the nature and mechanics of urban planning, a simple con
dition beyond all discussion is the knowledge of at least the basic elements of the 
environment that are the substance ·and subject of planning. Insufficient knowledge 
of these basic factors will unavoidably lead to mistakes and gaps in planning. All 
these are axioms that do not require any further discussion and proof or even 
any expertise in urban affairs or surveying which makes the lack of conscious effort 
in organizing systematic surveying and mapping of our cities all the more inex
plicable. 

One of the results of this situation is confused thinking and lack of a generally 
accepted terminology which make discussion of the matter very difficult. I there
fore propose not only to review the basic functions of urban surveying and mapping 
but also to introduce concepts that are fundamental to our discussion. 

As already mentioned, the first and fore most function of urban surveying and 
mapping is to provide precise information on the physical and administrative 
features of the municipality. This very general statement is not sufficient to define 
in detail the nature and the fabric of city surveys. The range of requirements for 
physical data is very wide: the engineer concerned with the design and maintenance 
of city streets and all their complex services, must know the horizontal and 
vertical configuration of the terrain with its natural and artificial details to a frac
tion of an inch. Planners and urbanists are satisfied with much lower accuracy 
but they like to have other information, referring to non-physical features of the 
community. The tax collector likes to know the approximate dimensions of proper
ties, including the size, type, quality and value of buildings, whereas the surveyor 
responsible for the legal system that guarantees the ownership of the land and, in 
some countries, depending upon the system of the buildings, likes to know the 
relevant dimensions within one inch. Sociologists, politicians, administrators, geog
raphers, defence authorities, gas, electricity, telephone companies, water supply and 
disposal services, police, school authorities, fire protection, all require more or 
less detailed and precise information on the physical characteristics, dimensions 
and location of structures and the surrounding terrain. The differences in their 
requirements are qualitative: whereas some of the information must be very 
detailed and precise, in other instances general and less precise information will 
suffice. 

Obviously, it is the responsibility of the city surveying and mapping establish
ment to supply this information in a technically and economically satisfying 
manner which means: 
- the required information should be supplied as soon as the need arises; 
- it should be up to date and in a form suited to its intended use; 
- it should not be too expensive. 

These objectives can be met only if the surveying follows a logical, well inte
grated system based on technically sound principles. One of them tells us that 
costly and completely redundant repetition in surveying of the same details can 
be eliminated or at least reduced to a minimum if all survey work is referred to 
the same control net of fixed points on the ground. By doing so, not only can each 
successive surveying work be built up automatically into a more complete informa
tion system, but this is the only way to provide uniform accuracy and to eliminate 
unavoidable blunders from the data. To illustrate this point, let us consider a new 
subdivision in any one of our cities. Surveyors cannot stake out lot by lot in a 



ROLE, URBAN SURVEYING AND MAPPING 27 

consecutive manner following the subdivision plan; they must first establish a 
system of reference points which de facto permits them to stake out any of the lots 
independently. If the reference points are permanently monumented or made 
recoverable otherwise, all subsequent operations will be referred to the same fixed 
points. This means that, e.g., building permits will refer the precise location of 
buildings to the established reference control net; further subdivision or alterations 
of existing property boundaries will do the same; engineering projects, particularly 
location of manifold services (water, sewage, electricity, gas, etc.), will be based 
on the permanent and any time recoverable control surveying system. As our new 
subdivision develops and grows older, the tremendous mass of basic information 
will accumulate in orderly fashion and automatically, almost without active 
participation of the city surveying department. A modern "data bank" will result 
not by creating a new and expensive data collection department but by a single 
administrative measure that will put some sense and economic technical soundness 
into the disjointed and uncoordinated activity of today. 

Enforcing the campatible quality of various kinds of information and establishing 
the foundation for a self-generating and self-controlling data collection system is 
another important function of a properly designed scheme of urban surveying and 
mapping. 

The advantage of having a uniform and homogenous information system as 
compared with heterogenous and unrelated bits of information is obvious and 
tremendous. First of all, any of the information can be immediately and fully used 
without checking, processing, adapting and transforming. Suppose that a new 
transportation artery is being considered crossing the city along any arbitrary line. 
Within hours, the administrators, planners, and engineers could have a complete pic
ture of the basic implications of such a project. They could see the precise amount 
and type of expropriation involved, the technical and financial difficulties caused 
by the necessity of eliminating certain buildings, by the interference with the 
existing communication roads and underground, surface and overhead services, 
disruption of the existing traffic pattern, type of soil and drainage pattern, and 
dozens of other facts that otherwise would have to be provided ad hoc at great 
expense. 

In addition to an important time and money saving, a properly designed and 
maintained surveying and mapping system would eliminate the frequent danger 
of embarking on major engineering projects without reliable or complete basic 
information which always results in improvisation, changing of initial plans and 
perhaps carrying out a project that should not take place. I have already quoted on 
some other occasion the fact that in one of our rather progressive cities, a sewage 
project which had already been started had to be abandoned because the sewage 
would have had to flow uphill. In my own city, the engineer conducting the con
struction of a modern and sizeable bridge spent countless sleepless nights because 
of a few feet discrepancy between the distance to be bridged according to the 
existing surveying information, which was not properly established, and the 
results of his own measurements. The discrepancy was detected in time which 
was fortunate; obviously, the energy and time expended to trace the error were 
not negligible. Imagine, however, what would have happened if the engineer had 
had more confidence in the existing "official" data! 

Further, establishing a coherent, complete and multipurpose surveying system would 
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eliminate the frequently hazardous and grotesque situation whereby our municipal au
thorities occasionally rely on the hypothetical existence of basic information in private 
companies concerning location and functioning of such delicate installations as 
gas and electricity distribution systems. According to the press on the occasion 
of a major gas explosion in one of our leading cities, apparently nobody knew 
exactly how to localize the potential danger of further explosions because the 
layout of the installation was not available. 

If a modern surveying and mapping system were in operation, such a situation 
could not have occurred since the gas and other companies would keep records of 
their installations in a commonly used system and a simple overlay of their plans 
established to the same uniform accuracy and specifications in a uniform scale 
and in reference to a single control system would assure the immediate and 
perfect correlation of all the pertinent information. The benefits of such an 
arrangement to the companies and the communities are obvious. 

Another characteristic of a technically and economically sound city surveying 
system is the basic law in surveying and mapping, which says that one can derive 
less precise information from the more precise but not vice versa. This has im
portant technical and economic consequences which, however, can be taken into 
account only in a logically designed scheme. Practically, it means that much effort 
can be eliminated if the priorities and the integration of surveying and mapping 
information can be set accordingly. As we have already seen, there is a wide range 
of requirements for surveying and mapping data of variable completeness and 
accuracy. If this is true, then efficient solution would consist in producing basic 
data of generally satisfying completeness and accuracy and try to derive all other 
information or products from it. A simple example can illustrate this. It is known 
that for general planning and administrative purposes, maps at scales 1: 5000, 
1: 10 000 or smaller are necessary. On the other hand, engineering projects, legal 
surveying, taxation operations, etc., require numerical data and maps of larger 
scales, say 1: 1000. It would be futile then, to embark on surveying and mapping 
projects independently for each scale or starting with smaller and less accurate 
scales since by doing so, one would run into unnecessary expense or the more 
precise and detailed information would not be provided. By surveying all the 
details that should be included into 1: 1000 maps and producing such maps, most 
of the exacting requirements would be met and all others could be satisfied by a 
partly mechanical reduction of basic maps, a rapid and relatively inexpensive 
process. It is the responsibility of urban surveying and mapping to save unneces
sary expenses by setting the priorities in its operation in accordance with the 
generally valid surveying practices. 

It is true that surveying and mapping for more detailed and larger scale maps 
cost more than for a smaller scale. However, one should not naively believe that 
by not producing this basic information one is avoiding expense. This expense 
many times multiplied is hidden in the added costs of a variety of other projects. 
I was told, for instance, that a certain municipality spent $150,000 on measuring 
the outlines of buildings for taxation purposes. Obviously, this expenditure was 
paid by the citizens but instead of being used for establishing a lasting and 
meaningful surveying and mapping record that could serve dozens of other pur
poses, it was largely wasted on a single, limited operation of no productive value. 
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In this connection, I cannot abstain from a remark which I hope will not affect 
my very good relations with many American friends. We were repeatedly told that 
a basic map scale for American cities will be 1 :7 200 (1 inch = 600 feet) or 
something similar. Such a scale could be considered for the production of tourist 
and other thematic maps and for general planning but as a record of basic physical 
data of a city, it is grossly inadequate. I suspect that we have there an unfortunate 
confusion in terminology more than anything else but even so the case is so mis
leading that it should be clarified before it causes even more confusion. 

This point will be better understood after discussing another function of urban 
surveying and mapping. You noticed no doubt that I am often using conjointly 
the terms "surveying" and "mapping". Surveying in our context is the act of 
measuring in the field. The immediate product of surveying is a collection of 
measurements which define the relative positions of measured points. In them
selves, these figures are mostly quite meaningless except when they define directly 
the size of a simple object or a parcel of land. From these measurements, how
ever, a map can be drawn which then becomes a means of presentation of survey
ing results. 

There is a mutual dependence between the collection of data (surveying) and 
their visual display (mapping). One must remark that, when using modern photo
grammetry, the numerical data collecting process and the graphical display can 
be carried out in a single operational process. But there also, the degree of 
detailed presentation and the accuracy of the recorded data must be decided upon 
in advance as would be the case in a field surveying operation. Upon this decision 
depends the method and the equipment to be used and, consequently, the cost of 
operation. On the other hand, very detailed and precise surveying is usually justi
fied only if detailed and precise mapping is required. Otherwise, a lot of expensive 
and useful information would remain unexploited since it can mostly be used 
efficiently only through the visual media. In a sound surveying system, the final 
product is almost always a graphical presentation - a map - since only in that 
form is the human brain capable of rapid association and analysis of disjointed 
bits of information. It is also possible to read off an arbitrary number of 
measurements not determined in the field survey from a map compatible with the 
purpose and the accuracy of the survey. 

The contents of urban terrain, including all the underground, surface and over
head installations, is tremendously complex and therefore requires an adequate 
map scale for its meaningful graphical presentation. At scale 1: 7000 even the 
outline of houses or smaller lots cannot be properly presented; consequently, this 
kind of mapping scale cannot have pretension to anything more than to one of deriv
ative scales of limited use. Certainly, it has nothing in common with our concept 
of the basic, integrated and multipurpose surveying and mapping system needed 
for modern cities and urban areas. 

May I stress another point very fundamental to our discussion. Obviously, 
planning, organization and administration of urban communities require much 
information other than supplied by surveying and mapping. But unless they are 
supported by suitable maps, use of this information may be very limited. This 
should be evident from what we said previously but one could quote other, count
less examples. It is not sufficient, for example, to know how many and what type 
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of industries are active in the municipality, one must also know their geographical 
distribution and their precise land occupancy and this can only be ascertained from 
a map. A map is the ideal way of establishing correlation between information of 
a social, cultural, economic or technical nature and this is another very important 
role played by urban surveying and mapping. There cannot be any serious analysis 
of the varied aspects of city life without continuous reference to maps. Many of 
them will be at relatively small scales but some applications will require very large 
scales and the effort should go towards satisfying the possibly large number of 
requirements with a minimum number of surveying and mapping operations 
integrated into one, well-designed, logical system. 

A single piece of information is seldom of great value. It is the combination of 
various pieces of information that makes such systems at data banks of particular 
value to many users and in a great number of operations. Again, a large-scale 
detailed map of urban areas, which includes and permits instant correlation of 
tremendous numbers of single bits of information is in itself a basis for and an 
independent specific data system of unique simplicity and usefulness. It is obvious 
however that its usefulness depends to a great degree upon the extent and the pre
cision of the information included. This is another reason why maps of urban 
areas must have a certain scale which permits the inclusion of a large amount 
of data. 

There is still another consideration of paramount importance but seldom men
tioned in this kind of discussion. We are living in an age of rapidly growing 
automation and mass production. This situation is not foreign to the surveying 
and mapping field. Electromagnetic distance measuring devices, airborne photo
grammetric procedures offering all kinds of semi-automatic solutions, electronic 
computers for immediate processing and storage of data, rapid automatic plotting 
tables, automatic information retrieval, all these modern means are available to 
the present surveyor and cartographer. In the absence of a multipurpose, integrated, 
urban surveying system, there is a distinct danger that several independent 
information collecting systems will be put into operation, each of them producing 
a huge mass of data with equally huge amounts of repetition and duplication. Un
fortunately, they may not even be useful for cross-checking of information since 
the systems may lack a common denominator. 

As a matter of fact, this wasteful situation already seems to exist: one of the 
basic and extensive surveying activities, the so-called legal surveying operates to 
my knowledge in most provinces independently of other surveying and mapping 
operations. It would be interesting to hear what is the technical and economic 
justification for such an approach and what benefits accrue for the individual tax
payer and the country from such a separate, uncorrelated, one purpose operation, 
particularly in urban areas. In addition, the modern means for rapid production, 
processing and retrieval of data require a capital investment, which is easier to 
justify for an integrated, multipurpose system than for a single purpose. The nature 
and the performance of some of these modern techniques are such that their eco
nomic use is only justified if a more complex and complete product is in sight. 
Therefore, there are two vistas open to us: either to try and satisfy the demand 
for all kinds of surveying and mapping data by a large number of disjointed and 
separate operations or to design an integrated system capable of using more ad-
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vanced and efficient technology. As in other production fields, I think that it is 
the obligation of provincial and municipal administrations to look to it that the 
efficient and more economic methods are used. 

As the cities are the centres of economic and cultural life, whatever happens 
there not only affects directly the majority of the population but it has an im
mediate and profound effect on the rest of the country. Systematization of the 
basic data provided by surveying and mapping in big metropolises and cities will 
have tremendous effect on smaller towns and municipalities. Simply by providing 
the basic components for planning and administration one would hope to change 
the general distrust towards planning and maybe induce society at large to recog
nize that even in the most liberal society, planning is necessary for survival. This 
is another important function of well understood and properly organized urban 
surveying and mapping. 

It would be easy to continue our discussion and to produce more arguments 
for the urgent need of change. I must confess, however, that I am elaborating on 
this subject with a certain measure of embarrassment: repetition of truisms is not 
a very gratifying undertaking and it is very easy to be accused of trying to break 
an open door. I would much prefer to discuss how to do the actual urban sur
veying and mapping, a matter more in line with my own active interest. These 
questions are continually discussed in professional circles but the effect is quite 
limited. It is like conducting a concert in an empty music hall. What is needed is 
a clear administrative decision which will introduce order and elements of plan
ning into the basic operation of the urban communities where the majority of the 
population lives. There are hardly any newspapers without some enunciations 
and warnings by leading personalities concerning the renewal, development and 
planning of our cities. It is hard to believe that all these distressed voices are 
merely cheap, sensational publicity seekers. But if they are expressions of serious 
and timely concern, then the proper authorities must realize that the speedy estab
lishment of some coherent and efficient information system of basic physical data 
is the first, indispensable measure which will provide our efforts in urban areas 
with a rational foundation and save wasteful expenditures. This is why the organ
izers of this conference consciously relegated the purely technical questions to 
second place. This is also the reason we invited authorities and persons responsible 
for and interested in the organization of urban centres in addition to some leading 
experts and representatives of surveying and other technical professions and bodies 
concerned with this matter. 

We hope to submit to you tomorrow recommendations which could provide a 
basis for immediate organized action towards establishing a systematic gathering 
of data based on an integrated and multipurpose surveying and mapping system 
in urban communities throughout the provinces. 

In closing my own presentation, I would like to reiterate the main arguments 
why the administrative action advocated above is urgent and indispensable. 
1 Up-to-date surveying data and maps are indispensable in planning, organizing 

and administering urban areas. 
2 There is a lot of surveying and mapping activity in any urban area. However, 

it is vastly uncoordinated and heterogenous. Consequently, it is economically 
wasteful and technically unsatisfactory. 
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3 By appropriate administrative measures most of this activity could be integrated 
into a common system with resulting financial and other benefits. 

4 Our country towns of today will become the city slums of tomorrow unless we 
start to pay attention to their development before it is too late. The organization 
of an efficient surveying and mapping system in all the municipal communities 
could be the first step in a series of preventive measures. 

5 In view of the growing automation of modern technology, now is the time to 
make the decision. Otherwise, we will soon be confronted with a mass of dis
jointed and uncorrelated information difficult to use which will add to the 
confusion instead of removing it. 
The population explosion, an urbanization phenomenon that cannot be halted, 

leaves us with but two alternatives: careful planning and action or chaos. Tertium 
non datur! 



ECONOMIC IMPORTANCE OF URBAN SURVEYING AND MAPPING 

A. J. Brandenberger, Professor, Director, Dept. of Photogrammetry, 
Faculty of Forestry and Geodesy, Laval University, Quebec, Que. 

INTRODUCTION 
The economic significance of urban surveying and mapping cannot be deter

mined without knowing something about the impact of urban development on 
the structure of society which in turn affects to a certain extent the local, national 
and international economy. 

The phenomena of urban development is closely related to the present day's 
population explosion on a local as well as on a world-wide level. Of all human 
beings ever born on earth, one in every 25 is still alive. The consequences for the 
future look frightening. If the present rate of the world's population growth of at 
least 2 % per year continued for only 4 centuries, the resulting population would 
settle the entire land surface of this planet, including mountains and polar ice
caps, at the density of Manhattan, namely 40,000 persons per km2 • This propo
sition is enough to suggest that present trends will not persist. Nevertheless, there 
is no sign yet that the world's population will not nearly double by the end of 
this century, just as it more than doubled between the years 1900 and 1950. As 
far as the urban development problem is concerned, the situation is even more 
critical: in the first half of the present century, while world population grew to 
2½ times what it had been, the number of people living in large cities with more 
than 100,000 people grew 21 times what it had been in 1900. At this pace, the 
cities of the world will contain 56% of the entire world's population by the year 
2000 (for Canada, the percentage is considerably higher). This means that up to 
the year 2000 housing for additional 2.4 billion people has to be provided, and 
this in an area which would be less than 5 % of the land area of the world. This 
is illustrated by the trend of creating larger and larger agglomerations: the new 
plan for the New York region is based on an estimate of 30 million people; in 
Japan, an urban area containing at least 60 million people between Tokyo and 
Yokohama is planned for the future; for London, future plans consider an urban 
area of over 20 million people. For the solution of these formidable problems 
(including transportation, public services, water and sewerage, community life, 
etc.) we need first-class men for planning and design. But this is not sufficient; 
we need also an adequate and up-to-date surveying and mapping operation; other
wise the urban planner is lost like the explorer in the jungle without a compass. 
In the United Nations Development Decade a target has been established as far 
as the construction of dwelling units in the world's urban areas is concerned; this 
target is presently achieved only to one-third. The sad fact is that in general, the 
bigger the population explosion is in a country, the less is the share that urban and 
housing expenditures gets in the annual budget. Even assuming low construction 
costs per unit shelter, the total resources required to eliminate the world's existing 
housing shortage would amount to about $400 billion, or approximately 20% 
of the world's GNP. 
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THE NATIONAL SURVEYING AND MAPPING POTENTIAL 
Surveying and mapping capabilities in the urban areas of a country can hardly be 

assessed without knowing something on the entire national surveying and mapping 
potential. One way to express this potential is in terms of annual expenditures and 
manpower involved. For Canada, the total annual surveying and mapping expendi
tures can be estimated as being in the vicinity of 70 million dollars representing 
approximately 0.1 percent of the GNP or ¼ percent of the combined public expendi
tures. The full-time surveying and mapping personnel involved is in the neighbour
hood of 10,000. For comparison purposes, these values are also given in Table I 
together with the respective values of some other countries. 

TABLE I 

SURVEYING AND MAPPING POTENTIAL OF SOME SELECTIVE COUNTRIES 1968* 

Tot. Ann. 
Exp. for S.&M. S.&M. 

Area Pop. Surv. & Exp. per Exp. per GNP GNP per S.&M. 
Million million Mapp. Mill. capita km2 billion capita Man-

Country km2 inhb. Can.$ $ $ Can.$ Can.$ power 

Canada 10.0 20 70 3.5 7 70 3,500 10,000 
France 0.5 50 130 2.6 238 115 2,300 25,000 
U.K. 0.2 55 140 2.5 574 125 2,300 20,000 
U.S.A. 9.3 200 700 3.5 75 900 4,500 90,000 
USSR 22.4 235 280 1.2 12 315 1,300 100,000 

---
Total L L 42.4 L 560 L: 1.320 A: 2.4 A: 31 L: 1,625 A: 2,900 L: 245,000 

L = Sum, A= Average. 
*This table does not include the surveying & mapping potential of the combatant armed forces, 

From this table, it can be seen that the annual surveying and mapping expendi
tures per capita of Canada are above the average of $2.4 but Canada's annual 
surveying and mapping expenditures per km2 are by far the lowest. In view of 
an efficient development of the existing resources, it is highly desirable to spend 
more money for surveying and mapping per km2 in Canada. As far as manpower 
density is concerned, Canada with 1 person out of 2,000 involved in surveying 
and mapping compares favorably with the average of 1 person out of 2,300. 

It is interesting to determine the percentage of surveying and mapping work 
which is done by private industry (Surveying and Photogrammetry offices) in the 
countries listed in Table I. The respective figures are shown in Table II. 

From this table, it can be noticed that Canada is slightly above the average. 
This should be interpreted in considering the fact that in the average percentage 
of 43 % also the Societ Union is included which by virtue of her political system 
has no private surveying and mapping industry. 

EVALUATION OF CANADA'S SURVEYING AND MAPPING POTENTIAL 
IN AND FOR URBAN AREAS 

It can be estimated that presently about 70% of the Canadian population is 
urban, living in an area totalling not more than 8,000 sq. mi. or 20,000 km2• This 
represents only 0.2 % of the country's total land area. 
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TABLE II 

PERCENTAGE OF WORK PERFORMED BY PRIVATE 
INDUSTRY 

(SURVEYING & PHOTOGRAMMETRY OFFICES)* 

Country 

Canada 
France 
U.K. 
U.S.A. 
USSR 

Percentage of Work Performed 
by Private Industry 

50% 
70% 
80% 
80% 
0% 

Average 43% 

*Figures are rounded up to the nearest 10% 
except for the "average". 

In Canada, wban surveying and mapping (including cadastral surveying) is 
done by governmental agencies (federal, provincial and municipal agencies), and 
by private industry (private surveying offices, surveying sections of construction 
and other companies and photogrammetry firms). Something in the order of $30 
million, or $2 per urban capita (national average), or $1,500 per urban km2 is 
presently spent per year for this work. The manpower involved can be estimated 
as being in the neighbourhood of 4000; this means that for every 5 km2 urban 
land and for every 3500 urban inhabitants, there is one person concerned with 
urban surveying and mapping. It is interesting to compare some of these values 
with the corresponding values for West Germany since this country ranks among 
the world's top countries as far as manpower and investment for urban surveying 
and mapping is concerned. The respective values are shown in Table III. The 
values for West Germany in this table have been adjusted with regard to different 
GNP per capita and salary level to obtain data comparable with those for Canada. 

At the first glance, the values in this table appear to be not drastically different; 
however, one should not forget that surveying and mapping in W. Germany's urban 
areas started much earlier than in Canada, and that the present activity in W. 
Germany is mostly restricted to revision work of a practically completed urban 
surveying and mapping system; the situation in Canada is considerably different 
since there are many urban regions for which a comprehensive surveying and 
mapping system has not been completed or even not started. 

TABLE III 

MANPOWER AND ANNUAL EXPENDITURES FOR URBAN SURVEYING AND MAPPING 
IN CANADA AND WEST GERMANY-1968 

Manpower Dens. Manpower Dens. 
Urban pop. 1 pers. involved 1 pers. involved Annual Exp. Annual Exp. 

density inS.&M. inS. &M. per inhab. per km2 
Country per km2 per ... inhab. per ... km2 $ $ 

Canada 700 3500 5 2 1500 
W. Germany 2000 2500 1. 5 3 4000 
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THE IMPACT OF URBAN SURVEYING AND MAPPING ON THE 
REGIONAL AND NATIONAL ECONOMY 

When tackling this problem, one soon finds out that this is not an easy task. 
At the first place, one discovers that very little research has been done in this 
field and consequently also very little has been published. Nevertheless, some 
organizations and people have been concerned with economic analyses of sur
veying and mapping in general or with some specific applications in particular. 
For instance, the USGS has recently let a research contract to a consulting firm 
specializing in economic analyses and this firm in its final report came up with 
the conclusion that every dollar invested in mapping pays back three dollars. As 
for engineering surveying, Prof. Ingilleri from Italy determined that up to 7 % 
losses in money can result in engineering projects when no adequate surveying 
and mapping was performed before designing and executing the project. 

In order to determine the required urban surveying and mapping potential for 
Canada, it is first necessary to compare the present efforts with world-wide average 
standards. At the present time, the most realistic criterions are based on a com
parison with the GNP and the combined public expenditures. On a world-wide 
basis, the present annual expenditures for surveying and mapping amount to 
0.1 % of the GNP and to ¼ % of the combined public expenditures. In Canada, 
about 70% of the GNP is presently concentrated in urban areas; this amounts to 
$49 billion. This suggests that compared with world-wide standards, we should 
presently spend $49 million per year for urban surveying and mapping. In reality, 
we spend in Canada only $30 million for this purpose. From this follows that we 
should increase our urban surveying and mapping potential (personnel and ex
penditure wise) by 60% just to attain the present world-wide standards. But this 
alone does still not guarantee an annual urban surveying and mapping output 
which would result in an optimum contribution to the economy of the urban 
regions. Here, we have to search for more salient arguments and criterions. 

Let us analyse this problem somewhat in a more thorough fashion: it is a well
known fact that we surveyors and map makers hardly become millionnaires; the 
point is rather that if we do not do an adequate and expeditious job, the community 
will loose millions of dollars. This is the essence of the problem and this essence 
might help us in analysing the economic significance of the present day's urban 
surveying and mapping activity and in determining what role urban surveying 
and mapping should play to be of optimum benefit to the economy of urban 
regions. 

The development of our urban areas probably represents the nation's biggest 
business; billions of dollars are involved. Big business requires careful planning 
which must be done on the basis of a high sense of responsibility since a sub
stantial part of the taxpayers money is involved. A thorough planning for urban 
development can only be achieved on the basis of a comprehensive and up-to
date inventory of all actual pertinent urban features and factors. This requires 
the availability of a comprehensive and up-to-date surveying and mapping system; 
without such a system an adequate planning is impossible. 

In establishing such a system, two quite specific features of surveying and 
mapping in general must be duly considered, namely the fact that surveying and 
mapping represents always the first phase of a development project and that the 
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costs for surveying and mapping represent in general a very minor portion (usually 
less than 1 % ) of the entire costs for the completion of the project. These two 
features impose constraints as to the time period allowable for the completion of 
the surveying and mapping phase and have also a bearing on the rentability 
(economy) of the entire development project in general and of the surveying and 
mapping phase in particular. Let's explain this by means of a fictitious example: 

Suppose we deal with a 100 million dollar urban development project to be 
completed within 5 years, and let's assume that the rentability of the completed 
project will be 6% annually in accordance with the present growth rate of Canada's 
GNP. Furthermore, let's assume that the costs for the surveying and mapping 
phase as starting phase of the project amount to $100,000 in accordance with 
the world's present annual rate of 0.1 % of the GNP for surveying and mapping. 
Then already a delay of only one week in completing the entire project due to a 
too slow surveying and mapping phase would result in a loss of money equal to 
the entire costs for the surveying and mapping phase. For a project completion 
delay of 1 month due to slowness of the surveying and mapping phase already a 
loss of money would result which is equivalent to the quintuple of the entire sur
veying and mapping costs. In fact, it would not be too difficult to mention ex
amples where substantial losses in the regional economy occurred or occur due to 
an inadequate surveying and mapping operation as well as it is only fair to say 
that there exist also surveying and mapping agencies which are fully aware of 
their responsibilities and which within their limits of possibilities try to achieve in 
their operations a degree of efficiency as high as possble. But the fact remains that 
we surveyors and map makers have to put into our heads that the time element 
is becoming the most crucial one and that we have to work much faster in the 
future and this simply to avoid or to postpone the day when a not too ignorant 
economist or planner will declare us as being a nuisance. 

CONCLUSIONS AND RECOMMENDATIONS 
It is obvious that the requirement for essentially accelerating our present day's 

surveying and mapping operations in general and in urban areas in particular, 
imposed by economic considerations, forces us to undertake the necessary steps. 
This can only be successful if we start immediately to do serious planning and to 
establish guide lines for the future national urban surveying and mapping activity. 
In tackling this problem, we have to realize that we face an extremely difficult 
task and this due to the fact that we have to deal here with a lot of factors being 
beyond our inherited surveyor's horizon. In any event, it appears to be mandatory 
that we establish, as first phase, a comprehensive inventory of Canada's present 
day urban surveying and mapping potential. After this phase has been achieved, 
future requirements must be determined and realistic projections must be worked 
out. This must be done in a concise form; also the working out of some "magic 
figures" can be very helpful. At this time for instance, it appears recommendable 
that each city of more than 50,000 people should have or should establish a city 
surveying office with a personnel whose strength should be determined according 
to the thumb rule: 

. Number of inhabitants 
Number of surveymg personnel = lO,000 
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This thumb rule is based on Canada's present day's fifty-fifty work distribution 
between governmental agencies and private industry. 

It might also be recommendable that a national urban surveying and mapping 
committee be established whose responsibility would be to vigorously advance 
urban surveying and mapping activity in general, to set forth a national policy, 
and to work out the bases for an efficient research program dealing with the prob
lem of urban surveying and mapping (this would include the mobilization of the 
necessary funds). When considering the complexity of urban surveying and map
ping in this country, it seems to be necessary to elaborate further on the necessity 
of performing such research. It might only be said that without this research, we 
will be hardly in a position to come up with an efficient national urban surveying 
and mapping program. 

CLOSING REMARKS 
In closing my paper, I would like to stress once more the fact that urban sur

veying and mapping deserves all our attention. This operation is unseparately 
linked to the phenomena of urban development in general. The problems of this 
development are growing at the fastest rate, particularly in large cities. The prob
lems of transportation in urban areas, social and racial unrest, pollution, schooling 
and taxes all point in a direction where, not so many years from now, urban prob
lems could assume catastrophic proportions. Compared to these problems, inter
national and other world problems appear to be far more soluble. Where does one 
find a solution to the vicious cycle of urban problems? There needs to be a plan -
city wide, province wide, country wide, which looks ahead and recognizes the 
dangerous dead end into which we are heading. The solution of the problems 
involved is more urgent and more rewarding, more difficult and more demanding, 
than any flight to the stars. In solving these problems an important and essential 
role is reserved to the urban surveyor and map maker. 
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REVIEW OF BASIC PROCEDURES IN CITY SURVEYING 
AND MAPPING 

P.A. Monaghan, President, Association of Professional Engineers of Ontario 

Much has already been said at this conference regarding the urgency of estab
lishing an effective multi-purpose surveying and mapping system in urban areas 
of Canada. I would like to reinforce this objective and at the same time, provide 
some background to the subject at hand. 

1. INTEGRATION OF URBAN SURVEYING AND MAPPING 

A. Objectives 
We are all aware at this point of the serious social and economic consequences 

of poor planning or lack of planning in the urban community. There is no doubt 
that the failure to plan for orderly and sound development and in fact, for a rapid 
rate of urban growth, will be very costly to rectify. 

In the field of urban planning, development and administration, data in all its 
forms including numerical, graphical, and cartographic are indispensable. Up~to
date and accurate maps are absolutely essential and these of course, are dependent 
on an accurate control survey system. Cadastral surveys too, form part of such 
a system. 

The objectives in integration are multi-purpose, the main one being that of co
relating surveying and mapping by different authorities and jurisdictions for the 
maximum benefit of all, including users of the surveys and maps as well as the 
production agencies. 

At the present time, surveying and mapping projects of various types and for 
different uses are being performed in urban areas by many separate and distinct 
organizations, including: 

Federal government departments 
Provincial government departments 
Municipal government departments 
Private land surveyors employed by the above and by the public generally 
Photogrammetric mapping companies. 

In such a situation, costly over-lapping of work programs is inevitable. If we 
are to maximize on the work done by these groups, some sort of integration must 
be effected. Our dynamic present day society demands integration and means 
must be provided to achieve this goal. This will not only reduce costs, in which 
we are all vitally interested, but will avoid duplication, reduce areas of disagree
ment and improve delivery schedules. 

Recent technological advances make surveying and mapping inter-dependent 
to a high degree. Data banks which store, sort, analyze and report are of course, 
the very core of such a system. With up-to-date information at its disposal, auto-
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mated equipment can produce maps and plans at any scale for any specific purpose 
on command. 

B. Co-ordinate Systems 
The best method so far devised to integrate the many survey and photogram

metric mapping projects undertaken by numerous agencies, is by the adoption 
of a system of plane or rectangular co-ordinates. Such a system is based on a net
work of control monuments carefully placed and surveyed to determine their 
exact geographic positions. This provides the key to the inter-relation of the 
surveying and mapping functions and for the establishment of engineering, eco
nomic and social data banks. It makes possible the basing of all surveys, maps, 
plans and other data on fixed positions and enables standardization on a broad 
basis. 

Co-ordinate systems are by no means a modern invention. As my colleague 
Mr. R. A. Brocklebank pointed out in his 1966 paper, The Use of Photogram
metry in Integrated Surveys: "The earliest known graphical portrayal of property 
information dates back more than 4,000 years to the Babylonians who scribed 
plans on clay tablets. It is believed that co-ordinates were used by the ancient 
Egyptians for referencing the land corners of the rich Nile Valley lands, where 
flooding made monumentation impracticable". 

Several of the provinces have already adopted provincial co-ordinate systems 
including Alberta, British Columbia, New Brunswick, Prince Edward Island and 
Ontario. Of the several systems in common use, there will be found one that 
best suits the special geographic situation of the province. For example, the Lam
bert Conformal system suits a province extending mainly in the east-west direction 
while the Transverse Mercator system is more suitable for a province extending 
north and south. 

I will touch later on the legislation necessary to implement, supervise and 
maintain such a system. 

2. FIELD SURVEYING OPERATIONS 

A. Planning 
Many excellent treatises have been written on this subject, so I will do no more 

than touch on the salient points and will deal with both control surveys and 
cadastral surveys. 

As stated earlier, the purpose of control surveys is to establish a strong basic 
reference framework of co-ordinated monuments which will serve to control all 
later work, including photogrammetric mapping, topographic and engineering as 
well as cadastral surveys. 

In the establishment and extension of a control network, it is absolutely essen
tial that certain principles be adhered to. Work must be performed in such a way 
as to work towards a fully integrated system. To achieve this, the control must 
be developed in a logical sequence. Second order work is dependent on and must 
be fitted into first order work. Similarly, third order work is dependent on second 
order. No departure can be made from this basic principle. This applies to both 
horizontal and vertical control. 
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When first and second order surveys have been completed, a preliminary recon
naissance for and design of the third order net should be undertaken. This will 
ensure that third order surveys done at various intervals in priority areas will 
eventually fit together to form a satisfactory area coverage for the municipality. 

It will usually be found that certain geographic areas will have priority over 
others. These will be dictated by urban renewal needs, expressway or other transit 
facilities, new housing developments, industrial basins, to name a few. In general, 
the development of control and mapping will proceed from the central urban core 
outwards, having regard to the principles outlined above. 

B. Control Surveys 
First order control surveys comprise the basic geodetic network of the country 

and are performed exclusively by the Geodetic Survey branch of the Federal 
Department of Energy, Mines and Resources. 

Second order surveys are mainly performed by the same department, although 
the private sector is also involved in some areas. 

Third order surveys are undertaken by various levels of government and by 
private surveying companies. 

Standards for the above are set out in a 1961 publication of the Department 
of Mines and Technical Surveys, Ottawa, entitled 'Specifications for Control 
Surveys'. 

The density of control, will vary according to the particular needs of the munici
pality. The following densities may be used as a guide: 

Horizontal Control 
First order - 1 station for each 5 sq. miles 
Second order - 1 station every sq. mile 
Third order - 10 to 30 stations for each sq. mile 
In the larger metropolitan areas, it has been found expedient to follow the 

second order net with what we may call an 'improved' third order net with about 
4 stations for each square mile. 

Vertical Control 

First order - 1 B.M. every 3 to 5 miles 
Second order - 1 B.M. every 1000' to 2000' 

(in 5 mile loops) 
Third order - 1 B.M. every 500' to 1000' 

(in 1 or 2 mile loops) 

a. Reconnaissance 
This is the most important phase of the work program, as it will make the dif

ference between an effective strong system and one of little use. Preliminary 
planning should be done in the office at the outset, using available maps and 
recent photographs. 

As a preliminary step, angles and distances can be scaled between tentative 
locations and tested for strength of figure by running through a computer. The 
importance of the strength of figure cannot be over-emphasized. 
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After preliminary locations are chosen, a field reconnaissance is undertaken to 
select and mark the stations. Many factors bear on this selection, a few of which 
are: 

- intervisibility of stations both during and after construction activities 
- convenience for use 
- security from destruction 
- isolation from local earth movements as far as possible 
- avoidance of underground utilities 

Many of the above remarks apply also to reconnaissance for vertical control. 
Some of the horizontal control points may be used. However because even small 
vertical movements cannot be tolerated, separate points will generally be chosen. 
These should be located on permanent structures such as bridges, headwalls, 
culverts, large public buildings etc. In certain situations such as in open areas, 
monuments will have to be constructed. These must always extend below the 
frost line. Special types of monuments have been designed for the purpose. 

I would like to stress here, the importance of maintaining good public relations 
with land owners. Permission must always be obtained before entering private 
lands and especially before constructing monuments. Approval for constructing 
monuments and placing bench marks should be in written form. If the property 
owner understands the reason for the work, he is very likely to assist in the 
protection of these marks and to report any future damages. 

b. Monumentation 
There are several good designs for monuments, one of the best of which is the 

one designed by the National Capital Commission of Ottawa-Hull for second 
order horizontal and first order vertical control. 

Care must be exercised in constructing the monuments, otherwise their useful
ness will be short-lived. A hole drilled by means of a power auger is generally 
preferred. The concrete monument should be cast in place, using cardboard or 
metal forms, reinforcing bars and a bronze identification cap. Two weeks should 
be allowed for settlement before any survey work is commenced. It is most im
portant that monuments be accurately referenced to permanent structures nearby, 
to enable later checking for disturbance or for replacement. 

c. Surveying 
It is not the intention of this paper to go into detail with the more technical 

aspects of field survey work. These are ably covered in many treatises on the 
subject, so my remarks in this area will be limited. 

Horizontal control is accomplished by any one or a combination of different 
methods. Triangulation and Trilateration are generally confined to first order 
work. Traversing is used in second and third order loops and for lines con
necting higher order points. Other methods are Intersection and Resection, al
though not commonly used. 

Angular measurements in first order work are made with a Wild T3 theodolite 
and in second and third order work with any good theodolite with direct reading 
to seconds. 
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Distance measurements in first and second order work are made with Tellu
rometer and Geodimeter, the former being used for long lines and the latter for 
intermediate and shorter lines. The Distomat is a short range instrument and is 
used in third order work. 

Vertical control is accomplished by spirit levelling in the form of forward and 
backward runs and in series of loops. The Wild N3 level or equivalent is used on 
first order work and the N2A or equivalent is used on second and third order work. 

Some of the equipment mentioned above has been introduced within the last 
decade and has been a real boon to the industry. We should also benefit from 
advances in other fields of technology by making maximum use of developments in 
the areas of communication, transportation, light-weight towers, etc. 

d. Adjustments 
At the conclusion of field work, a preliminary calculation is made to ensure 

that there are no major discrepancies in the field measurements. A fine adjust
ment is then made to obtain the best set of co-ordinates or elevations for each 
control point. Networks are generally adjusted by the traditional method of Least 
Squares. The results for first, second and third order work are expressed in both 
geographic and rectangular co-ordinates. 

Special attention must be paid to elimination of mistakes in the work such as: 
Incorrect identification of control points on the ground, e.g. mistaking a refer

ence monument for the control survey monument. 
Recording mistakes such as incorrect station numbers or distances or angles 

entered in the wrong place in the field notes. 
Use of control monuments which have been shifted by construction equipment 

or by earth movements. 
Methods and procedures must be set up and rigidly followed to detect and 

eliminate these. 

C. Cadastral Surveys 
These are surveys for the purpose of defining the true position of streets, prop

erty lines and corners, easements, rights-of-way, etc. Most surveys of this type 
are undertaken by a private sector and by local municipalities. They are generally 
treated as local surveys, without reference to the spheroid. However, where pro
vincial co-ordinate systems are adopted, it become possible to integrate such 
surveys into the system. 

All street intersections are first established and co-ordinated, as well as all 
angles in the limits. The street lines may then be confirmed under local provincial 
legislation so their positions become fixed and of public record. It then follows 
that all subsequent surveys in each block can be readily tied to two or more of 
the above corners and co-ordinated as well. 

It must be emphasized here that co-ordinating of surveys does not relieve the 
surveyor of his responsibility in searching for and using physical evidence of the 
existing survey fabric. It will help him however, to re-establish these points in the 
absence of other evidence. However, there will be times when the co-ordinate 
values will be the only remaining evidence of the true position of a survey point. 
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D. Mapping 
Mapping is only as accurate as the ground control on which it is based. A cer

tain amount of photogrammetric bridging is possible but there is a prime require
ment for a well distributed network of ground control points. Control points 
forming part of the basic network are ideal for this purpose, otherwise special 
control must be established to suit the particular mapping project in hand. 

Assuming that a control network has been established, the field work is reduced 
to the task of pre-marking or targetting a sufficient number of the points before 
photography. Points are selected so that each appears in two or more photographs. 
It is often impractical to use the same point both horizontally and vertically so 
separate points may be chosen. Special care must be taken in the choice of target 
backgrounds. Target types are many and varied as to shapes, sizes and colours 
and often take the form of paint marks on fixed objects, such as manholes. The 
temporary type of target must be checked after photography to detect possible 
disturbance. 

An alternate, and frequently used method for control of aerial mapping is based 
on taking the photographs without targets or other provision for identification of 
basic control stations on the photographs. Then 'picture points' are selected and 
marked on the contact prints, usually selected so that each point controls four 
pictures. These points are then identified on the ground by traverse to the basic 
control monuments, and their co-ordinates calculated. 

The amount of field control is dependent on the scale of the map and this in 
turn, depends on their purpose. It appears that the most desirable scale for map
ping the central core of the urban area is 1 to 500. This scale is very close to the 
present popular scale of 1" equals 40' which will be abandoned when the metric 
system is adopted. Other recommended scales are 1 to 1000 and 1 to 2500. 
Smaller scale mapping is sufficient for certain purposes and this can often be de
rived from the above larger scales. It is probable that the most common scale for 
cadastral survey plans will be 1 to 1000. It should be borne in mind that generally, 
the larger the scale the more rapidly maps become outdated. 

3. ADMINISTRATION 

A. Authority 
In order to achieve an integration of control and cadastral surveys, there are 

major functions to be performed by at least three levels of government; federal, 
provincial and regional or local as the case may be. We are familiar with the role 
of the federal government in the introduction of primary control, the densification 
of control, the making of small-scale topographic maps and some large-scale maps. 

Leadership and supervision by the province may be illustrated by events in B.C. 
in which our colleague Mr. G. S. Andrews played such a large part. There legisla
tion provides for the designation of certain areas as "Integrated Survey Areas" as 
soon as sufficient control is available. In such areas, all surveys performed must 
be brought under the provincial co-ordinate system according to regulations issued 
by the Surveyor-General. 

At the regional level, the National Capital Commission of Ottawa-Hull and the 
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Municipality of Metropolitan Toronto have set excellent examples in methods and 
procedures. 

B. Information Storage 
Electronic data processing equipment has provided us with a powerful tool in 

the storage, analyzing and retrieval of information. To make the most effective 
use of such equipment, careful organization is required in the handling of data as it 
is received and required by the numerous agencies involved. It is now possible to 
have maps and plans plotted automatically and one has merely to select the scale 
and information required. 

However, certain data such as street lines in which changes are infrequent are 
better stored on maps and plans than on magnetic tape. Other data such as that 
of utility locations are subject to more frequent change and are better stored on 
magnetic tape. Thus the mapping and storage functions are complementary. 

The modern high-speed computer systems at our disposal must be utilized to 
the fullest possible extent to achieve the most economic and effective solutions 
to our urban mapping, surveying and planning needs. 

C. Updating and Maintenance 
Special attention must be given to the maintenance of the network of control 

monuments. A regular inspection and reporting procedure must be established 
and steps taken to replace those destroyed or damaged. Also involved, is the up
dating of the data bank, feeding it with new and revised data from all sources as 
it becomes available. 

Urban maps will lose much of their usefulness in perhaps three years, unless 
procedures are adopted and followed to update them. In the case of photomaps, 
new photography is required. Cadastral maps are more difficult to keep up-to-date 
but this problem can be solved by obtaining a copy of all surveys in the munici
pality as they are deposited in the land register system and transferring the basic 
data to the base maps on a daily or periodic basis. This, of course, is dependent 
on surveys being required for all land transfers. When co-ordinated, it is com
paratively easy to plot these individual surveys and to relate them to photo
grammetric data with a high degree of accuracy. 

0. Political and Financial Support 
Authorities must be persuaded that the field of urban surveying and mapping 

is a vital one indeed, and that it must be supported both politically and financially. 
Failure to do so will create very costly situations which must be rectified sooner 
or later. The costs are small compared to the benefits to be derived by the com
munity at large. 

The rapid urbanization we are experiencing in this technological age, require 
that effective and immediate programs be followed if we are to achieve the maxi
mum benefit for all. 
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Jean-Noel Poulin, Quebec Department of Lands and Forests 

INTRODUCTION 
Since the beginning of this conference we have heard very interesting discus

sions on the importance of urban surveying and mapping. To me it seems evident 
that these activities are not only necessary but they are vital for the management 
and development of any urban community. 

We have passed the time of the "big foreman" who knew by memory all the 
details necessary for the maintenance of public utilities. Public administrators now 
need to have complete, accurate and up-to-date information on all facets per
taining to the job they have to do. Surveying makes it possible to record in good 
order all the elements and features that have to be known and tied to each other, 
whereas mapping gives the proper visual representation of this information. But 
to measure and map all the details that are needed through conventional surveying 
and drafting would be an almost impossible task to perform. Fortunately for us, 
the relatively new technique of photogrammetry has been developed to assist in 
the collection and presentation of this information. 

Photogrammetry is the art of measuring certain features recognizable on a 
photograph. However, this literal definition is very restrictive and quite inadequate 
to show the always more important role played by photogrammetry in our days 
of advanced technology. Photogrammetry in the broader sense is the art and 
science of using photographs for a variety of purposes. A number of these are 
listed as follows: 
1. The identification and measurement of physical details. 
2. The inventory and evaluation of natural resources. 
3. The determination of space position of objects. 
4. The representation of terrain features. 

The applications of photogrammetry to medicine, architecture, archeology, 
engineering and other sciences are numerous but will not be discussed in this 
paper. 

It might be of interest to you to go back a few years in time and to learn when 
photogrammetry started to be used significantly in Canada. 

Aerial photography was widely used during World War II for different military 
purposes. This was the occasion for the design of new equipment and the develop
ment of methods which provided intelligence information with more speed and 
better precision. After the war many pilots and technicians who had been trained 
in these new techniques came back to civilian life with a desire to apply their 
knowledge to different activities in their respective countries. 

The will and the foresight of these people, helped by the availability of aircraft 
and other equipment, was at the origin of new applications of photogrammetry. 
The presence of many Canadians among these pioneers explains why Canada is 
recognized as a leader in the use of photogrammetry. The Canadian photogram-
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metry industry has permitted many countries throughout the world to benefit from 
this knowledge. 

Coming back to the object of my paper I would like to study with you a certain 
number of photogrammetric procedures that can be applied to the solution of 
some urban surveying and mapping problems. 

AERIAL PHOTOGRAPHY 
The first item I will mention is aerial photography. This technique is very im

portant not only because it is at the base of all other photogrammetric procedures 
but also because it is greatly used as a very rich source of information. 

In most cases the photographs used in photogrammetry are vertical aerial 
photographs. These are taken by a precision camera mounted in an aircraft 
flying over the ground to be photographed. The photographs are exposed in a 
planned sequence usually along parallel flight lines and from a predetermined 
altitude. The flying height above the ground, combined with the precise determina
tion of the focal length of the aerial camera, determines the scale of the photo
graph. We then know the relation in size between the object and the image. 

The individual photographs, in contact print form, can be used to obtain both 
qualitative and quantitative information. Details on the ground can be identified 
and relations between different objects can be established. Enlargement of photo
graps are often made to give a better image of details to be examined. 

The preparation of mosaics is another interesting technique for the user who 
wants a general view of a larger piece of ground. This document is prepared by 
assembling parts of adjoining photographs in a composite image of the terrain. 
A good relation between the mosaic and the terrain can be obtained by a proper 
rectification of the photographs and the use of control points or lines measured 
on the ground and identifiable on the pictures. 

Mosaics are very useful documents for all technicians and administrators who 
must have a general view of the terrain. They will be used to study the situation 
of a town with respect to existing construction and to vacant land, and they will 
show the road system and the hydrographic features. Mosaics will also serve 
as a base document to assist in urban planning and to show development projects. 

PHOTO-INTERPRETATION 
.Most aerial photogrammetric missions are also planned to provide stereoscopic 

coverage of the terrain. Successive photographs of a same line provide sufficient 
overlap to obtain two images, from different points of exposure, of every detail 
on the ground. The parallel flight lines also overlap and this results in a complete 
stereoscopic coverage of the area to be photographed. 

With the use of the stereoscope, we can observe an image of the object with 
the perception of depth. This three-dimensional view of the terrain to be studied 
is used in photo-interpretation techniques and facilitates the identification, the 
analysis, the evaluation and classification of the images of objects that can be 
seen on the photographs. 

This procedure is utilized by different specialists in the course of their activities 
and it is particularly popular among foresters, geologists, engineers, surveyors 
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and town-planners. Measuring is not essential to photo-interpretation although 
some measurements are usually made in the process. 

Stereo pair of photographs are often used with mosaics or conventional maps 
in order to get more information on some specific points of interest. Viewing the 
image in three dimensions allows easier identification of details and a greater 
appreciation of the topography of the terrain. By this method the interpreter can 
evaluate the heights of buildings or other constructions with his birds-eye view 
of the terrain to be studied. 

QUANTITATIVE INFORMATION 
Basically, photogrammetry is a science of measurements, although to take 

measurements a certain amount of interpretation must be performed. Conse
quently, photogrammetric procedures will often be a combination of measurement 
and interpretation. Thus far we have dealt mainly with the qualitative information 
that can be interpreted from aerial photographs. But a great part of the informa
tion needed is quantitative, and many of the problems to be solved involve 
measurements. 

Measurements can be made directly on photographs or on mosaics with con
ventional measuring tools but more elaborate instruments are used to extract pre
cise values from the geometry of reconstructed models. To form a space model 
two overlapping diapositives, or photographs, must be properly positioned and 
oriented so that they duplicate the orientation of the aerial camera at the instant 
of each exposure. 

Stereoscopic plotting instrumentation often combines optical and mechanical 
devices to form a model and also to establish its reference to the ground. This 
relation between the terrain and the models is established by the use of reference 
or control points which must be recognizable in the image. With a knowledge of the 
relative positions and the elevations of these points the model can be properly 
scaled, leveled and related to the chosen vertical datum. If the horizontal posi
tions of the control points are tied to the geodetic network, or to a local system 
of coordinates, any detail of the model will be automatically positioned in relation 
to the chosen system of reference. 

MAPPING 
One of the most important applications of this principle is the production of 

maps. The mechanics of the plotting instrument permits the operator to trace 
graphical representations of the different features visible in a model and to evalu
ate their relative elevations. The product of this technique is a map at a definite 
scale, showing the chosen horizontal details and giving the needed vertical values. 
The precision of this information, horizontally and vertically, can be determined. 
It is a function of the scale of the photography, the quality of the control points 
and the instrumentation used. 

There are many different possibilities of map presentation. The final product is 
entirely dependent upon the specific requirements of the user. Most urban maps 
are prepared at large scales and show an infinite number of details. This richness 
of information is made possible by photogrammetry and would be too long and 
too expensive to obtain by conventional methods. 



PHOTOGRAMMETRIC PROCEDURES 49 

AERIAL TRIANGULATION 
Horizontal and vertical values of points chosen within a model can also be 

recorded either by direct readings or automatically with an electronic coordinate 
printer. Similarly, new control points can be extended through successive models 
or block of models by the adjustment of recorded values if a proper tie is made to 
known positions and elevations. 

Required ground values can also be derived from plate coordinates, this is the 
analytical method. With the fantastic possibilities of electronic computers this 
information can be treated and used to satisfy almost all the users. These values 
can be stored in different forms and used with the flexibility and universality proper 
to the analytical approach. They can be fed to an automatic coordinatograph that 
will compile or plot the needed information in the desired form. 

ORTHOPHOTOMAPS 
One of the newer applications of some other principles of photogrammetry has 

permitted the development of the orthophotomap technique. In a paper, presented 
at the North American Symposium on Urban Surveying and Mapping in Mexico 
City last year, Mr. Marvin B. Scher gave a very interesting definition of an ortho
photograph. 

I quote: 

"An orthophotograph may be described as a uniform-scale photograph upon 
which precise horizontal distance measurements can be made because the image 
displacements due to tilt and relief have been corrected". 

An assembly of adjoining orthophotographs permits the preparation of ortho-
photomaps which again Mr. Scher has described as follows: 

"An orthophotomap is a controlled orthophotomosaic prepared in a desired 
map format, with names, marginal data, and a limited amount of cartographic 
symbolization, and printed by lithographic methods, in multiple colors if desired". 

Although relatively new in application the technique of the orthophotomap has 
created wide interest in the world of photogrammetry and mapping. 

This technique is now used in many countries and for many different purposes. It 
seems particularly profitable in densely detailed terrain such as urban areas where 
man-made features are highly concentrated, where land values are always increas
ing and where changes and development occur very rapidly. 

You probably have seen in the exhibit an application that we are considering 
in Quebec in relation with our cadastral survey activities. The principal elements 
of comparison between the orthophotomaps and conventional maps that are being 
considered in this particular case are the cost and the speed of production, the 
amount of information portrayed, the horizontal accuracy and the up-dating of the 
information. 

So far the reaction of land surveyors to the use of orthophotomaps as a basic 
document to our cadastral maps is very favorable and furthermore many other 
applications are being considered by the other map users. 
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CONCLUSION 
This superficial review of some photogrammetric procedures has attempted to 

show their application to the solution of urban surveying and mapping problems. 
Already much has been done to furnish the adequate cartographic information 

to the municipal administrators but there remains to ensure a better coordination 
of efforts among the different levels of administration. 

This means that surveying and mapping specifications should be standardized, 
that provincial plane coordinates systems should be adopted and that surveying 
and mapping projects should be synchronized. If these goals are achieved we will 
be able to seriously consider the establishment of data banks that will make the 
needed urban information available and usable to everybody. 



URBAN MAPS 

R. A. Brocklebank, McEfhanney Surveying and Engineering Ltd., Vancouver 

INTRODUCTION 
Today we are being bombarded by the news media with information, statistics 

and forecasts concerning the population explosion, the problems of our cities and 
man's pollution of his environment. The forecasts are generally rather depressing. 
The solutions offered are complex and costly, and involve the planning of our 
growth and the control of our environment to an extent, that until recently, could 
not have seemed possible. The successful systems engineering approach that has 
been demonstrated in the aerospace field makes us more optimistic, however, that 
our earthbound environmental problems can be solved, through properly directed 
effort and today's rapidly developing technology. 

Canada's urban population comprises nearly 75% of the country's total and 
this population occupies something less than 0.2% of the area of the nation. Fore
casts of population growth by the end of this century vary in the range of from 
40 to 80% with the increase being virtually confined to urban areas. It is also 
estimated that between 50 and 100 thousand acres of countryside are being 
developed annually for suburbanization, which will result in a doubling of the 
acreage of land in urban use by the year 2000. 

It seems obvious that planning the growth of these cities will require the acquisi
tion, processing and analysis of environmental information on a vastly increased 
scale. Maps, and more specifically urban maps, comprise a graphical presentation 
of physical information which is virtually indispensible in the planning, engineering 
and administration of an urban area. 

In various forms urban mapping has been with us for a long time. The Sume
rians are credited with having built the earliest cities and also with having com
piled the first urban maps. They started leaving clay tablets laying around some 
5,000 years ago, a few of which have survived. One, which has been dated about 
2300 B.c., can best be described as a form of urban plan or map. Another, which 
seems to be timely, was inscribed "The city, where the tumult of man is". 

Mapping was originally considered to be an art; little scientific improvement in 
map-making techniques was apparently experienced between the 2nd and 17th 
centuries A.D. Progress in the science of surveying and mapping was rapid during 
the 18th and 19th centuries, and at the beginning of the present century urban 
mapping, at scales of up to 1: 500, was common throughout most of Europe. 

Large-scale urban maps are presently compiled by either ground surveying or aerial 
photogrammetric techniques, or by a combination of both. While ground surveying 
techniques have not changed materially, there has been a dramatic improvement 
in the area of instrumentation and data processing during the last 20 years. 

The science of photogrammetry started to be developed soon after the invention 
of photography in 1839. In 1867 at the Paris Exposition, Aime Laussedat, who is 
known as the "Father of Photogrammetry" exhibited the first known photo-the
odolite and a plan of Paris based upon his photographic surveys. The first success-
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ful aerial photography was taken from balloons, and was used during the first 
World War for reconnaissance purposes. The science has progressed rapidly 
during this century, again with vast improvements in instrumentation and data 
processing during the last 20 years. Today, almost all topographic mapping through
out the world is being carried out by photogrammetric methods. 

MAPPING PROCEDURES 
The basic stages involved in the preparation of large-scale mapping include the 

acquisition or collection of various types of data and information, the further 
processing and compilation of such collected data and, finally, the presentation of 
the desired information in some logical and "readable" form. The basic stages 
are outlined here in very general terms, as the detailed procedures and techniques 
will vary considerably, depending on the requirements of the end-products, the 
economic and physical factors affecting the procedures to be used, and the nature 
of the basic information being collected and processed. 

The information collection stage includes such processes as ground control 
surveys, aerial photography and the gathering of various types of existing data 
such as basic control and cadastral surveys. Such information can be of numerical, 
graphical or pictoral form, and can be obtained by a variety of techniques. Aerial 
photography is usually the main source of information to be shown on the urban 
topographic map. Normally, the photography is panchromatic, although colour 
offers some advantages in interpretation of detail and is becoming more common. 
Other remote sensing systems are available for very specialized applications, such 
as infrared or false colour (particularly applicable for information on vegetation 
and water pollution), infrared heat sensing and side scanning radar "photography". 
The latter two types of remote sensors are not normally used for urban mapping. 
Panchromatic aerial photography, at scales ranging from 1: 1200 to 1: 12,000, is 
the main source of information for topographic map compilation. 

The information processing stage includes computing of survey data by manual 
or digital computer methods, processing of the aerial photography into materials 
suitable for subsequent mapping, the aerotriangulation of the aerial photography 
to supplement the ground control surveys, and perhaps the transformation of the 
aerial photography from a perspective to an orthographic projection by means of 
the orthophoto technique. The orthophoto technique is one of the recent and 
interesting developments that will likely be used more extensively in future urban 
mapping. Compilation involves the correlation and synthesis of all the various 
types of information, and the recording of it in a logical and systematic manner. 
The data can be in either numerical or graphical form, or a combination of both. 
At this stage the major work component normally is the graphical compilation of 
a map manuscript showing physical, cultural and relief information, by means of 
aerial photography through stereo plotting instruments. 

The final stage consists of the presentation of the required information in 
a "readable'' manner; it is usually graphical as a line map in either monochrome 
or several colours, or, as in the case of an orthophoto map, in pictoral or a combi
nation of pictoral and graphical form. The vast majority of urban mapping at 
the present time, however, is presented as monochrome line drawings. 

The physical features of urban areas are changing rapidly. As a result, if the 
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urban map is to be useful over any extended period of time, it must be updated 
at regular intervals. The updating involves the partial repetition of some of the 
above-noted procedures at regular intervals in time, in accordance with the user 
requirements of the map and the nature of the physical changes. Updating is a 
procedure that too often tends to be neglected. 

The scale of map, the type of information portrayed, and the accuracy of its 
portrayal, vary substantially with the type of user and his unique requirements. 
For this reason, a variety of types and scales of urban maps will always be 
required. However, better planning and coordination in the assessment of the 
needs and an integrated approach to the compilation of the mapping, can effect 
very significant improvements in efficiency and resulting economy. 

Here is an illustration of the range of map-user requirements: the paving 
engineer may require a map, or plan, at a scale of 1: 240 with cross-section eleva
tions accurate to 0.1 feet; the roadway design engineer may need 1: 600 scale 
with 2-foot interval contours; the engineer designing a sewage collection system 
may require 1: 1200 scale with 5-foot interval contours; the surface utilities depart
ment may need 1: 1200 scale with no relief information; the planner may need only 
a scale of 1: 2400 with relief shown by 5-foot contours; and the assessor may not 
be interested in topographic details of any type, and requires a map showing only 
property boundaries. 

There is, however, one type of data that at some stage is normally required by 
all of the above-noted users and that is the property line, or cadastral, information. 
Strange as it may seem, instead of forming an integral part of the urban map, the 
cadastral information is usually either neglected or over-emphasized in the map 
making. It should perhaps be noted that this is typically a Canadian problem and 
does not obtain in most European countries, where the basic control and cadastral 
surveys have traditionally been integrated into the mapping system. 

SURVEY INTEGRATION 
Although the term survey integration has perhaps been over-used of late, it 

cannot be over-emphasized, as in the past the lack of such integration has inhibited 
the development of multi-purpose urban mapping systems. More fundamentally, 
integration has not been possible in most instances because of the lack of high 
density survey control, based on standardized and accepted coordinate systems. 
In the few areas where such control was established, it would appear that, until 
recently, the surveyors and mappers were not ready for it. The vast majority of 
cadastral surveys are still being carried out without regard to coordinated basic 
control, save for a few notable exceptions. 

British Columbia is one province in which legislation has been enacted for the 
establishment of integrated survey areas. Three such areas have been designated, 
although, unfortunately, none of the few major urban centers of the province have 
yet been covered. In such designated "integrated survey areas" all new cadastral 
surveys must be tied to the basic control, and coordinated on the adopted coordi
nate system. Ultimately all surveys in such areas will be on a common coordinate 
system, and a truly integrated and multiple-purpose system of mapping will be 
possible. 

Whereas some cities of Canada have had very extensive and detailed topo-
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graphic mapping programs carried out with complete disregard for the cadastral 
information, there are examples of the opposite extreme. For instance, the city of 
Vancouver has a comprehensive series of sectional maps at the scale of 1: 1200 
with derivative maps of the downtown area at 1 :480 and of the entire city at 
smaller scales, showing various types of specialized information such as sewer 
location, water main location, electrical lines and gas distribution. In addition, an 
excellent system has been established for current updating of all map series with 
an updating cycle time of approximately three months. The interesting feature of 
this series of urban maps is that the base and derivative series were compiled, 
largely by photo-mechanical procedures, from old and uncoordinated legal sur
vey plans of the city. Hence they show none of the normal topographic information 
such as relief, roadways, sidewalks, driveways, buildings, vegetation, etc. In this 
instance the cadastral information, even though the presentation is of relatively 
low accuracy by normal map standards, would appear to be of prime importance. 

Detailed topographic information is obtained by the city for specific develop
ment work through ground survey and aerial photogrammetric methods. Because of 
the lack of an integrated survey system, such topographic detail cannot be com
bined into the mapping system, nor is it available for multiple-use purposes. 

The problems of graphically portraying various types of physical information on 
a common base where all surveys and other data collection procedures are carried 
out independently, without reference to a common system, are well known. With 
survey integration, the countless man-hours expended on these types of problems 
would be effectively eliminated. 

The prerequisite of a successful multi-purpose urban mapping system is the exis
tence of an integrated survey system. The key elements of such a system would 
comprise the basic high-density horizontal control and the cadastral framework. 
With such a framework, subsequent engineering surveys and photogrammetric 
mapping would automatically conform to the system, through the force of 
economics. 

PHOTOGRAMMETRIC MAPPING 
The larger Canadian cities have surveying and drafting staffs capable of com

piling various types of mapping by conventional ground survey techniques. Other 
than localized large-scale engineering plans and derivative mapping, however, the vast 
majority of urban topographic mapping in Canada is carried out under contract 
to commercial photogrammetric mapping companies. Montreal is the only city at 
the present time that has in-house photogrammetric mapping capability, although 
provincial and federal government mapping agencies have carried out a certain 
amount of urban mapping. A very large proportion of the urban development 
experienced in Canada since World War Two has been based on maps provided by 
the aerial survey industry. 

At the present time there are some 20 companies in Canada engaged in aerial 
photogrammetric work. These companies have a combined total of about 1,200 
employees, and over 100 stereo plotting instruments suitable for large-scale urban 
mapping. The total capital cost of their equipment amounts to nearly 100 million 
dollars. 

The commercial firms attempt to utilize their photogrammetric equipment on 
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a minimum two-shift basis, which gives the industry at least double the mapping 
capacity of all the combined federal and provincial government mapping agencies. 
Due to various factors, including an excess of equipment capacity and an erratic 
domestic market, the photogrammetric mapping industry is presently operating 
at a substantially lower volume than its potential capacity. It is of interest to note 
that the annual volume of work carried out by this industry is in the order of 15 
to 20 million dollars, of which approximately 40% is in the export market. This 
relatively high percentage of export work is largely related to exploration and 
mapping for the development of natural resources. Canadian companies are, how
ever, carrying out a certain amount of urban mapping in the United States and 
overseas. 

As a further illustration of the mapping capacity of the commercial photo
grammetric organizations, if their full instrumental capacity was utilized exclusively 
on urban mapping on a two-shift basis, every city, town and village in Canada 
could be mapped photogrammetrically at the scale of 1: 1200 in a total period of 
about two years. 

In view of the major role the aerial survey industry is playing in the urban 
mapping of Canada, the following information should be of interest. The figures 
quoted should be considered as indicative of order of magnitude only, as they are 
based on an extrapolation of a 50% response to a questionnaire recently circu
lated to all members of The Canadian Association of Aerial Surveyors. 

The total annual volume of mapping being carried out within urban municipalities 
amounts to between 1.5 and 2.0 billion dollars. The corresponding area that is mapped 
annually amounts to between 3/4 and 1 million acres. Of the total cost, from 5 to 
10% represents aerial photography, from 15 to 20%, ground control surveys, and 
from 70 to 80%, the mapping phase. 

Approximately 15% of the mapping is within the urban core, and the remaining 
85 % is within the suburban parts of the municipalities. By client, approximately 
80% of the mapping is carried out for different levels of government, with the 
remaining 20% being carried out for consultants and industrial users. It may be 
noted further that approximately 35 % of the mapping is used for planning, approxi
mately 30% for engineering, and the remaining 35% for other and multiple-use 
purposes. 

Although the majority of mapping carried out is topographic, that is, with relief 
indicated by contours and/or spot heights, some planimetric (no contour informa
tion) is carried out, particularly in the urban core areas. At scales of 1 :600 or 
larger, approximately 90% of the mapping is topographic and 10% planimetric; 
at the scale of 1: 1200, approximately 65 % is topographic and 35 % planimetric, 
and at the scale of 1 :2400 and smaller, 100% of the reported mapping is topo
graphic. Of the reported planimetric mapping, 80% is in urban core areas, and 
20% in the surrounding suburbs. 

Of the total of 1.5 to 2.0 million dollars of annual work, approximately 20% is 
for scales of 1:600 or larger, 25% for the scale of 1:1200, 45% for the scale of 
1: 2400, and 10% for scales smaller than 1: 2400. Of the total area mapped 
annually of between 3 / 4 and 1 million acres, approximately 2 % of the area is at 
scales of 1:600 or larger, 8% at the scale of 1:1200, 55% at the scale of 1:2400, 
and 35 % at scales smaller than 1: 2400. 
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The above-noted statistics, although only very approximate, provide a reasonable 
indication of the amount and type of urban mapping that is presently being carried 
out by the aerial survey industry in Canada. 

IN CONCLUSION 
Cities have existed for some 6,000 years, and certain forms of urban surveying 

and mapping have probably existed for almost the same length of time. Our 
cities are expanding today at a rate unparalleled in previous generations, a situa
tion that is placing sobering demands on our planners, engineers and administra
tors in terms of maintaining a liveable environment. 

Generally speaking, the present state of mapping of Canadian cities is com
pletely inadequate to serve the expansion demands of our urban population. A 
primary problem in the development of multi-purpose urban mapping is the lack 
of integrated survey systems, to provide a basic control and cadastral framework 
for the mapping system. 

The majority of urban topographic mapping is being carried out under contract 
to the aerial survey industry, which has the equipment and technological capacity 
for any foreseeable ecceleration of such mapping. Also, the ground surveying pro
fession in Canada undoubtedly has the capability to assist in the acceleration of 
the required ground survey framework. 

The Canadian surveying and mapping profession is as technologically advanced 
as any in the world, and has the capability of meeting the demands of this country's 
rapid urban growth. 



DATA BANKS 

D. David Moyer, Natural Resource Economics Division, Economic Research 
Service, U.S. Department of Agriculture, Washington, D.C. 

Data Banks are a relatively recent phenomena. Their recent appearance is 
closely related with the development and widespread use of electronic computers. 
Without the development of the computer, data banks would still be only a 
theoretical concept. Another factor which has led to the development of Data 
Banks, in addition to the availability of computer hardware, is the need for more 
information on which to base increasingly complex decisions. This is true whether 
we are concerned with the relatively simple task of administration of street repair 
crews or the more complex preparation of a master plan for one of our large 
metropolitan areas. 

The development of computers and the increased complexity of problems 
requiring solutions have thus occurred at the same time. Data Banks can fill this 
need for answers to increasingly complex problems, at a reduced cost, in a shorter 
period of time. 

Today, I will (1) define Data Banks, (2) discuss several reasons Data Banks 
are needed and how they can be an asset to local government, and ( 3) share with 
you some of the efforts to coordinate the development of Urban Data Banks in 
the United States. 

WHAT IS A DATA BANK? 
The definition of the term Data Bank hinges on the difference between data and 

information. Rosove defines data as "fact in isolation," while information is "an 
aggregate of facts so organized or a datum so utilized as to be knowledge or 
intelligence."1 Thus, we can define a Data Bank as a depository for individual facts, 
in a common "currency," which may be manipulated and combined to produce 
information output. 

The most important characteristic of any Data Bank is the basic unit of "cur
rency" in which all inputs must be made. This concept is analogous to the use of 
a specific monetary unit (such as dollars or pounds) for all transactions conducted 
in our financial banks. Once this basic unit has been established, data from many 
sources may be stored in the Data Bank. The data in the bank can then be used 
for many different purposes. 

Mindlin suggests that we might divide Data Banks into four types: ( 1) real 
property, (2) geographic, (3) person, and (4) family. 2 Both the real property 
and geographic systems have the land parcel as the basic unit. The real property 
system contains data about the parcel itself, such as area, zoning, and improve
ments, while the geographic system contains sociological data concerning events 
which occur on the parcel. The person system would be similar to the geographic 
file except that the data would be stored for each person rather than for each land 
parcel. The family system contains the same type data as the person file but is 
organized into family groups as the basic building block. 
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All of the systems defined by Mindlin could be built on a land parcel base, 
with most data from the person and family systems superimposed on the real 
property system. Once we decide to use the land parcel as the basic unit of our 
Data Bank, the next consideration is how to identify each of the land parcels. 
The parcel identifier chosen should be used for all data related to that parcel, 
whether the data are stored in a single file, or brought together from several files 
upon specific retrieval instructions. 

Parcel Identifier - The parcel identifier should be unique with reference to all 
other land parcels on the face of the earth. It should also be indicative of the 
location of the parcel on the earth. That is, the identifying number should be in 
terms of a geo-code so that persons who are familiar with a general grid system, 
such as latitude and longitude, would be able to locate a particular parcel just 
by knowing its identifying number. This identifier might be the coordinate for a 
particular corner of the parcel, for the center of the "front" of the parcel, or for 
the centroid of the parcel. Note that the identifier could be an approximation of 
a coordinate. The precision required of a coordinate would be less if it was used 
to identify the parcel than if it was used to describe the parcel. Eventually, when 
the ownership title or registration record becomes part of the Data Bank, the 
title description must be in terms of coordinates of the same system as the 
identifier. 

The parcel identifier outlined above could be termed the principal identifier. 
If a Data Bank is to be of maximum benefit, it must be easy for the potential 
user to obtain data from it. One important factor which will facilitate use is to 
provide access to the data via several identifying systems. This means that in 
addition to the principal identifier, other identifiers such as street address and 
block and lot number should also provide access to the data. 

There are many advantages of a system with data geo-coded by individual land 
parcels compared to other systems. Wallner cited the following advantages of 
geographic referenced data: 3 

1 The data lend themselves to efficient automatic data handling. 
2 Data collected at different times for different purposes can be coordinated. 
3 Data selection can be easily limited to relevant items in a given area. 
4 The systems are suitable for use in statistical sampling techniques. 
5 The computer may be used for the production of maps as a form of output. 

DATA BANKS - WHY NEEDED 
One of the real dangers in developing any type of information system is that 

we may actually help give added life to an outdated process or institution. That 
is, if the procedure were not automated, it would be changed radically because 
continuing its use in the old form would be impossible. However, by automating 
the procedure, we perform the job faster in the same old way. Thus, the archaic 
procedure can continue for a longer time than if the procedure were not automated. 

To escape this trap of perpetuating outmoded institutions by introducing auto
mation, we must constantly be alert for new ways to perform the job. Then the 
automated system will not only perform the job faster, but also more efficiently 
or more cheaply. 

Several of the most successful Data Bank systems have developed because 
the people involved were alert to finding not only a faster way but a better way 
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to do a job. And often the reason a data bank is developed is a purely economic 
one. 

For instance, a city usually begins its move toward automation with such jobs 
as payroll and tax withholding programs. Soon other routine jobs, such as billing 
for water and sewage usage, are added. Next may come real property tax billing. 
Then perhaps the actual assessment of property taxes is automated. As the list 
continues to grow it becomes apparent that a large data base has developed. It 
is also apparent that a large data base has developed. It is also apparent that 
these data would answer the needs of many persons, both inside and outside of 
government. These potential users might include attorneys, surveyors, engineers, 
architects, land title insurance companies, public utilities, and school districts, in 
addition to other government offices. 

A Data Bank is then developed to make these data available to the potential 
users. The economic costs and benefits of such development are quite favorable. 
Why is this? 

First, as noted above, many of the departments and agencies are already auto
mated which will provide a steady flow of data to the bank. This is very important. 
It is imperative that the data in the bank be as up-to-date as possible. Not only 
will responses to queries be more accurate, but greater use will be made of the 
system if potential users know the latest data are available to them. 

Another favorable factor to be considered in the development of such a Data 
Bank is that many of these data will be available at marginal cost. That is, cost 
of obtaining the data initially has been paid by the operating department. We 
often fail to realize how large a percentage of the cost of most surveys are involved 
in data collection. 

For instance, Derr investigated the time needed by lawyers to locate the neces
sary records to evaluate a land title. He found that nearly 50 percent of the total 
time was needed to assemble the raw data. 4 

Another example is the 1964 U.S. Census of Agriculture. Even when using all 
the latest enumeration techniques, it still took between 40 and 50 percent of the 
total census cost just to collect the data. 5 

Thus, while Data Banks obviously will not provide new data that have never 
been collected, they do provide a means of organizing data which are currently 
spread throughout the various departments of an organization or among other 
agencies. 

Financial banks were among the first organizations to recognize the potential 
for data available from their operating departments. Banks first began using 
computers to handle routine jobs like processing checks. As they built technical 
staffs and acquired hardware, it was possible for the banks to offer new services 
to their customers, such as automatic transfer of funds from checking accounts 
to installment loans and savings accounts. These new services were of economic 
benefit to the banks in two ways: they collected fees for the services to customers, 
and they gained additional bank deposits. 

Many banks also developed payroll accounting systems. These were first used 
to handle their own payrolls; later the payroll service was sold to outside customers. 
Here again, fees were collected for the service and deposits increased as a direct 
result of the service. 

Here we have an example of the banking industry, organizing internal data to 
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provide information needed for internal operation. The banks also realized that 
the data base, personnel, and hardware they had assembled to produce this in
formation had additional uses. That is, the banks could sell the information and 
services to their customers, for a fee. This second step was very profitable, since 
only marginal cost was needed to produce a substantial amount of additional 
income. 

We could very well develop a similar system in our local government units. 
We have the necessary ingredients; large amounts of raw data contained in our 
operating departments, the need to harness these data for developing answers to 
internal decisions, and many cities have ADP equipment necessary to handle 
Data Bank systems. We also have a market for non-government uses for additional 
output from our potential Data Bank. The data needed to evaluate land owner
ship claims alone could well provide fees sufficient to finance a major portion of 
Data Bank operation. 

The airline industry provides another example of a system that performs sev
eral functions in addition to the primary one. The SABRE system, developed for 
a major airline at a cost of $30 million, was the first large-scale, non-military, real
time computer system.6•7 SABRE has been in full operation since late 1964. Its 
primary function is to control seat inventory and maintain passenger records. 
There is a SABRE computer center at Briarcliff Manor, New York, which is con
nected to over 1,000 reservation points throughout the United States. The system 
is designed to handle seat inventories for each flight, up to one year in the future. 

In addition to its primary function, SABRE performs many other functions. 
These include: 

1 Storing and updating of standby waiting lists. 
2 Automatically requesting space from other airlines via teletype and answering 

similar requests for space on the parent airline. 
3 Ordering meals and rental cars for passengers. 
4 Reminding the agent of any errors he makes in the ticketing process. 
5 Providing data to management on factors ranging from the percentage of pay

ing passengers for each flight to reservation-making habits and meal preferences 
of passengers. 

The prototype SABRE system was followed in 1968 by a similar system for 
another major airline. That system added such items as scheduling cargo traffic 
and scheduling maintenance of aircraft to the functions already mentioned for 
the SABRE system. Thus, while these systems are primarily concerned with 
responding to a request for space on any flight in less than three seconds, they 
perform many secondary jobs as well. 

CO-ORDINATION 
It is apparent that benefits can be obtained by using Data Banks. This is true 

whether it is a fully developed Data Bank or one that is evolving slowly rather 
than rapidly. It is well to remember that an evolving system does not mean one 
which is built in a haphazard manner. A general long range plan should be 
developed before actual operations begin. The plan should be put together by as 
wide a group of potential users as possible. The plan should recognize that flex-
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ibility of future development is also a worthy goal. Flexibility is important be
cause government programs often change. Also the cost and availability of hard
ware to operate the system are likely to change rapidly. If Data Bank development 
is a coordinated effort by both persons inputing data to the Bank and users 
obtaining output, the benefits will probably be greatest if flexibility is maintained. 

I would like to discuss the subject of coordination of three types, which will 
result in greater savings and provide better systems. First, the area of coordination 
within the local government - that is, between the various departments and 
agencies. Second, the coordination between rural and urban sectors. Third, the 
coordination among counties, regions, and states. 

Intra-City Coordination. Albuquerque, New Mexico, provides an example of 
the benefits of intra-city coordination.8 Their experience also indicates how finan
cial benefits can be obtained early in the development stage. To develop a master 
plan for their Unified Record System, all departments in the city participated. 
The lack of coordination between departments before the program began is evident 
from the results of early planning efforts. For instances, ten agencies were each 
maintaining one or more sets of base maps. These maps varied in scale from 
1: 600 to 1: 64000, and were usable only for each department's own specific needs. 
Since the maps lacked uniformity, this meant that data contained in each set 
could not be used by agencies maintaining any other set. The waste in such 
duplication of inadequate maps is obvious. 

During the review of the data maintained in the various agencies, 6,500 land 
parcels were discovered which had improvements that were not on the tax 
assessment rolls. This came to light when land use maps were compared to tax 
maps. The coordination of the records for building permits with tax assessment 
rolls added several million dollars to the value of real property on which taxes 
were collected. With a Data Bank, the assessor could be notified when the build
ing permit is issued or when a final inspection of the building is made. Such a 
system would have resulted in increased and more equitable tax collection in 
Albuquerque several years sooner. 

Urban-Rural Coordination. Coordination of urban and rural areas in the 
development of Data Banks is important for at least three reasons. First, it seems 
likely that the successful Data Bank will be based on a land ownership parcel. 
This means that the county or township government, which is responsible for 
the recording or registering of land titles, will be the geographic scope of each 
local Data Bank area. Thus the data needs for the urban, suburban, and rural 
portions of the local government jurisdiction must be considered. 

A second reason for urban-rural coordination is that boundaries of cities are 
subject to change. If such expansion is not considered when developing a Data 
Bank, additional costs and delays in Data Bank operation will result when the 
parcels in the annexed area are brought into the system. 

Third, even without actual boundary changes, cities need extra-territorial data 
for planning purposes. It is impossible to plan for future transportation, utility 
and other needs of a city without data on surrounding areas. 

Inter-County, Inter-Region, and Inter-State Coordination. Possibly the area where 
coordination of Data Bank development is needed most is between counties, 
regions, and states. There are several ways to obtain coordination in this area. 
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One is to operate as we are in this meeting, with several professional and govern
mental agencies cooperating. In the United States, the American Bar Association, 
the American Land Title Association, and the American Congress of Surveying 
and Mapping are supporting research on various phases of a comprehensive land 
data system. 

A second way to obtain the coordination necessary is via Federally supported 
research and the resultant guidelines. Several Federal Departments in the United 
States are actively concerned with the coordination of efforts to develop urban 
Data Banks. 

There are at least two reasons for this interest. First, it is apparent that a 
substantial number of local governments are developing or planning to develop 
Data Banks. Development costs can be reduced substantially if ways are found 
to avoid the "discovery of the wheel" in each jurisdiction. The Federal Govern
ment can provide help in this area by disseminating information from one city 
to another. 

A second reason for the Federal interest in urban Data Bank development is 
the recognition of the need for increased quality and quantity of data for decision
making at all levels of government. Continuing concentration of population, 
coupled with continuing technological advancement, will result in growing data 
needs on which to base decisions related to these changes. This is true whether 
we are concerned with air pollution, property rights, or transportation systems. 
If unified local Data Banks were in use throughout a nation, they would help 
serve not only the intra-jurisdictional data needs, but also the needs at the state, 
regional, and national levels. The coordination of Data Bank development will 
reduce the total cost of development, and also provide data for the increasingly 
complicated decisions which must be made. 

For at least 5 years, the United States Department of Agriculture (USDA) 
has been actively supporting research in the development of unified comprehen
sive land data systems. One reason for this interest is the need for urban-rural 
coordination mentioned earlier. But we also recognize the need for coordination 
over areas larger than counties. For instance, we have several cities which are 
so located geographically that their metropolitan areas cover several counties or 
several states. Cincinnati, Ohio, is a good example, its metropolitan area covering 
parts of three states. When developing a map series for use with a Data Bank 
in this region, ways must be provided to convert the survey monuments involved 
in each state to a common base. While this is a difficult problem, it is not insur
mountable, if proper coordination is planned for. 

One result of research sponsored in part by USDA is the development of 
CULDATA. CULDATA, which is the acronym for Comprehensive Unified Land 
Data System, was developed at the University of Cincinnati (Ohio) by Professor 
Robert N. Cook. The CULDATA system was introduced in December of 1966, 
at the Tri-State Conference on a CULDATA system.9 

The CULDATA system has eight distinguishing characteristics. A multi-purpose 
system with these characteristics could be implemented in several steps. It is also 
assumed that maximum use of automatic data processing (ADP) equipment will 
be made. 
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1. The basic building block for CULDATA is the individual land parcel. These 
parcels will, in most cases, be ownership parcels. If a further breakdown is 
needed, such as in the case of an apartment building or a condominium, ap
propriate subsystems may be introduced to handle such cases. (A system with 
this characteristic is already in operation in Alexandria, Va.10 ) 

2. Each parcel should be described by a system of geographic coordinates which 
are tied into a national or international system. We have already discussed 
several of the systems which could be used. The geo-code system used to 
describe land parcels should be of sufficient sophistication to meet legal require
ments for land description. It is generally agreed that the requirements for legal 
description are the most severe criteria the system would have to meet. It is 
presumed that if the system can satisfy these legal needs, it can fill all future 
requirements that may arise. 

3. A system of accurate, large-scale maps ( 1 to 500 or 600 in urban areas, 
smaller scale in suburban and rural areas) is another important characteristic 
of the CULDATA system. Such a map series would aid in the collection, 
storage, and use of many kinds of land data. 

4. Each parcel of land should have a unique code number that is indicative of 
its location on the earth. The usefulness of such a system was discussed earlier. 
This identifying code should not be confused with the codes used to describe 
the land parcel. 

5. Since the land parcel is the basic unit in the CULDATA system, a parcel index 
is also an important characteristic. One of the primary problems with land 
conveyancing in the United States is that land titles are not indexed by location, 
but by the names of the buyer and seller. We have an extensive title insurance 
system in the United States. The title companies rearrange the data collected 
from public records, putting as much of them as possible into tract index sys
tems. With the tract system, a request for information for a particular parcel 
is available much more quickly than if several owner name files had to be 
consulted. 

6. Once the parcel number and parcel index are established, all land data should 
be coded by the parcel identifier. 

7. If and when data on persons are added to the CULDATA system, a system of 
code numbers should be used to identify each person, business and organization. 

8. Finally, local, Provincial (State) or Federal data handling activities should be 
coordinated. This will save money and time, and give better data for all users 
of the system. 

It is quite likely that the Data Banks of the future will be quite similar to the 
CULDATA system. 

The United States Housing and Home Finance Agency (HHFA) has also 
sponsored a study aimed at coordinating development of systems for use in plan
ning agencies. The Metropolitan Data Center Project11 was financed jointly by 
the Federal Government and five large cities.12 This project was a study of how 
best to collect, store, update, and retrieve data needed for comprehensive urban 
planning activities. Due to a lack of sufficient capability of any one of the cities 
to develop a complete planning system, each of the cities developed only one of 
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the five major parts. These parts included plans for land use, capital improve
ments, community renewal, the central business district and school facilities. The 
goals of the project were to ( 1) build a bank of data from each agency to be 
identified by land parcels, and (2) develop the computer program needed to put 
the data in banks and withdraw them in the desired form. The project clearly 
demonstrated that a Data Bank could be built to provide the information needed 
for urban planning. The results of this project were used in the development of 
the city Data Bank in Alexandria, Virginia, which has been in operation for 
4 years.10 

The United States Department of Housing and Urban Development (HUD) 
is also sponsoring research aimed at coordinating the development of information 
systems. One such study, on Urban and Regional Information Systems (URIS), 
was carried out to determine how the availability and accessability of information 
could be improved by the use of ADP. This study centered on problems of metro
politan areas ( as opposed to smaller municipal areas), and provided guidelines 
for agencies which might be interested in developing automated information 
systems. The primary focus was on the planner as a user of the system.13 

The latest project, still in the proposal stage, is also to be financed in part by 
HUD. This project will finance research and development on municipal informa
tion systems. Thus it will aid the cities which were too small to benefit from the 
URIS project just discussed, but are large enough to have many problems similar 
to the larger metropolitan areas. The new project, organized by the Urban Infor
mation Systems Inter-Agency Committee (USAC) 14 is specifically planned to 
help those municipalities in the 50,000 to 500,000 population range. 

The objective of the USAC project is to aid in research on prototype systems. 
These systems will be developed, tested, and all work will be thoroughly docu
mented so that other cities may benefit (without charge) from the progress made 
in the cities directly involved. The transferability of those systems to other cities 
is considered important, as it will result in a sizeable saving in the aggregate 
cost of data systems for cities throughout the United States. USAC contracts are 
being awarded for the development of completely integrated systems in two 
separate cities. Each of these contracts will be for about $3 million each. In 
addition, eight smaller contracts for about $500,000 each are being awarded to 
eight additional cities. Two of these cities will each develop a subsystem for one 
of four specified parts of an integrated system. These four areas are ( 1) public 
safety, (2) human resources development, (3) physical and economic develop
ment, and ( 4) public finance. 

The sponsoring organizations of this meeting are to be commended for their 
coordination efforts. The various groups represented here are well qualified to 
establish guidelines for a well-coordinated urban surveying and mapping system. 
In developing these guidelines you may want to consider our general strategy in 
the development of Data Banks. 

In the United States, conveyancing is probably the most important use of our 
land records. Conveyancing also has the strictest requirements for precision of 
any of our needs for land data. Therefore, if we can develop a Data Bank that 
will meet conveyancing requirements, it will be able to meet all other require
ments as well. Further, if we can demonstrate that a substantial portion of the 
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new system can be justified economically by conveyancing, then the many other 
uses of the system can be made available at a relatively low marginal cost above 
the cost of a system designed for conveyancing alone. 

A parallel argument may be applicable in developing the guidelines for urban 
surveying and mapping programs. That is, it may be best in the long run to 
develop the system with the finest precision needed for any use contemplated. 
Then all output that requires lesser precision could be based on this high pre
cision base. Whatever the final guidelines adopted, they will undoubtedly result 
in the assembly of improved data for input to and output from the overall govern
ment information system. 

The computer has not answered all of our problems. (My recent experience 
with a large chain store credit system indicates the problems may increase geo
metrically as the number of computers increase arithmetically.) Neither should we 
expect that the use of Data Banks will result in the rapid disappearance of our 
problems. However, our limited experience thus far suggests that Data Banks, 
based on land ownerships parcels, may provide benefits in excess of their costs 
to many operating departments of local government. Most importantly, Data 
Banks can provide a tool to expand our decision-making power to cope with the 
increasingly complex relationships of our urbanizing society. 
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ORGANIZATIONAL SOLUTION TO AN INTEGRATED 
MULTIPURPOSE CITY SURVEYING SYSTEM 

G. Konecny, University of New Brunswick 

During the last 20 years a rapid development of sophisticated new techniques 
in practically all branches of surveying took place. Electronic distance measure
ment has reoriented control surveys. More precise instrumentation with automatic 
outputs in form of digitized plotters, analytical plotters, orthophoto-devices, 
automatic image correlators and automatic coordinatographs have reshaped photo
grammetric thinking. Probably the largest change has come about through the 
use of electronic computers. Application of these methods has come about prob
ably in all survey fields. As a result an increase in production through these 
methods has come about in many survey applications, but primarily in control 
surveys and in small scale mapping. One would have hoped that the new technical 
possibilities would as well have made an equal impact on surveying and mapping 
problems in urban areas. But despite the fact that due to the new methods most 
Canadian cities now have control survey systems and have large scale topo
graphical plans the basic information required is still greatly lacking. 

With the new methods at hand the problem cannot be a technical one; it is 
the purpose of this paper to show that the problem is organizational in nature. 

This conference has demonstrated the pressing problems of urbanization and 
the need for obtaining and organizing geometrical, legal, statistical and other 
descriptive data for the elements of a city. 

Urbanization, paired with increased income possibilities in the cities is linked 
with the development of the economy. 

The need for mapping - the task of obtaining and displaying geometric and 
descriptive data in an organized fashion - is a function of the stage of economic 
development: 

In a preindustrial society which is characterized by a predominance of agri
cultural activity and a per capita income from $50 to about $400 per year the 
need for mapping is mainly for transportation and the military. Small scale 
maps suffice, unless taxation of land requires a large scale survey. 
In an industrial society, characterized by the predominant manufacturing of 
goods and a per capita income between $400 and $3000 per year there is a 
need for small scale maps to plan natural resources. 
Large scale maps are required for construction, the management of resources 
and for ownership protection. 
In a postindustrial society with a predominance of services and a per capita 
income of over $3000 per year, the economic complexity becomes so great 
that detailed planning and management of all resources, natural and human 
becomes necessary. 

While it was formerly believed that planning was somewhat associated with 
socialistic ideologies, it is now remarkable that the need for planning is recognized 
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by all forms of government; in North America one can widely see the practice 
of economic theories of the Harvard School advocating studies to be able to plan. 

Planning requires data, and with the advent of large size computer installations 
with remote terminals one hopes for a cure by the establishment of data banks. 

Software conscientious government organizations have embarked on fast pro
grams to establish data files and data banks only to find that such data systems 
could not be used by anyone except the one who established them. Furthermore 
it was found that quite often the data base, generally geometrical in nature, was 
insufficient to be able to supply more than very rough planning predictions which 
left abstractions open to error prone judgement. 

Much of the cause why technical innovations have so far not been able to bring 
about more effective planning capabilities lies in the old concept that one accred
ited product (the map, or the data bank but not both) will be generated by one 
chosen method of survey with one facility equipped by a certain instrumentation. 
Organizational problems only concern the interaction between method and facility. 
The shortcomings lie in the inflexibility of the end-product which is predefined. 

In a new systems concept many methods and facilities are combined to give 
several end products. The advantage of such a procedure is the correction pos
sibility of the production process by feedback under a systems goal. 

In the case of mapping and planning the systems goal is the optimal manage
ment of resources. This concept touches the root of the organizational problem 
in urban surveying and mapping. 

Let us review the information required for optimal management of resources 
in cities: 

A. GEOMETRICAL INFORMATION 

1. Topography 
Composed of buildings, streets, sidewalks, vegetation, water surfaces and height 
distribution (contours). 

Photogrammetric Methods of mapping provide the possibility of a rapid first 
survey. If combined with ground checking procedures the interpreted features 
contained in a line drawn map (commonly compiled) give a complete reliable 
record of topography within limitations of the plotting scale. 

Another, perhaps more accurate solution commensurate with photogrammetric 
measurement accuracy, which on a mechanical plotter is usually higher than 
plotting accuracy, is possible by digitizing each feature in the plotting instrument. 
A graphical representation at any desirable scale can then be gained by an auto
matic coordinatograph. 

Advocates of this procedure argue that the digitized record can be used as 
part of a data bank. This is undoubtedly true. On the other hand it appears that 
it is still too early in the development of computer hard- and software to make 
error detection and even storage of the information more economical than on a 
graphical output in map form. 

Both procedures have one disadvantage in that the interpretation of the topo
graphic feature remains solely under control of the photogrammetric operator. 
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A product without interpretation of the operator is the orthophoto. The main 
advantage of the orthophoto is its fast production rate. The user of the ortho
photo also has the advantage of being able to deduce terrain properties of this 
data base. A line drawn map, with loss of accuracy and interpretability may still 
be gained from orthophotos using a digitizer. 

A partially interpreted product, showing outlines of roads, water boundaries 
and similar features is the orthophoto-map. 

The different products have so far generally been looked upon as methods for 
rapid production of topographic city maps. They should now be looked upon also 
from the point of view of revision. Particularly in an urban area the rapid updating 
of information is of essence. 

It may appear obvious that the entire remapping of cities is a costly and un
necessary procedure, and more efficient methods of updating are highly desirable. 

From this point of view line drawn mapping is not very suitable for revision. 
Digitization of records permits some possibilities, but they are also not very 
efficient. 

The orthophoto, on the other hand, is partially suited for revision. 
Probably most efficient for the upkeep of the record is a ground survey. Changes 

in topography are with extremely few exceptions caused by construction. If all 
construction, for which usually building permits are required anyway, can be 
surveyed and recorded an efficient updating system can be introduced. Orthophotos 
can be used to check this information. 

2. Ownership Distribution 
It consists of a delineation of all land boundaries, the determination of parcel 
numbers and the land use of the parcels. 

Under English law it is simply not possible to obtain accurate information about 
land boundaries by photogrammetric methods unless new boundaries are estab
lished by mutual agreement of all neighbours. This is generally too much to hope 
for and therefore the ownership distribution must be determined by ground 
surveys. 

If the requirements for accuracy are not very high, the approximate boundaries 
may be transcribed according to ground enquiries into an enlarged photo-plan 
or into a topographic map. 

Otherwise the establishment is possible only through a complete legal ground 
survey according to old documentation. It is obvious that such a survey will only 
be required in case of resubdividing the area, in the case of urban renewal, or in 
the exceptional case when the owner may be interested in re-establishing the lost 
boundaries. 

It is most likely that such surveys are not going to come about immediately. 
Nevertheless it is desirable to collect all such survey information for later integration 
into a master plan. 

Such collected information is vital to the upkeep of an ownership distribution 
record. How it may be brought about by a compulsory land registration should 
be discussed later. 
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3. Utilities Record 
In which water, sewerage, power, gas and telephone lines, their properties and 
their components should be contained. 

Such a record can generally only be accomplished by a ground survey. Not 
because of accuracy requirements, but because of detail, topographic maps will 
have to be enlarged to be able to include a utilities record. 

Revision of the record is again not possible unless there is a compulsory report
ing system, by which each contractor or company is required to submit surveyed 
changes to the system. 

To correlate the topographical, the property and the utilities record a monu
mented coordinate control survey system is a prime requirement. Such a system 
is characterized by having one common origin, one common orientation and one 
common scale. Monuments tied into that system must be provided at such a den
sity that the required surveys for photogrammetric control, for property survey 
tie-ins and for the fixing of utilities are possible without economic loss for the 
survey parties concerned. 

The geometrical data provide the data base to which statistical or descriptive 
information may be related. 

Such information may refer to the land itself: 

For example: 
the land value for resale or purchase 
the tax value 
the land use 
the name of the owner 
the mortgages 
the street and house number 
the type of building (no. of floors) and its use 
the soil type 
the vegetation or the crops. 

The information may also relate to persons, since all men are supposed to live 
and work on specific parcels of land. 

Statistical information relating to these persons and to their belongings (cars) 
can therefore be referred to specific land parcels: 

For example: 
births, number of children 
deaths, deceases 
criminality 
income, ethnic origin. 

Information on buildings and land can be collected by the assessor at regular 
intervals. Statistical information on persons can be collected by a census. Both 
methods of data gathering are established procedures. Only the frequency of such 
a census is under dispute. 

Ownership and mortgages are contained in a land register, if available. 
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From the review of information required for optimal management of resources 
in cities it can be concluded that topographical information is relatively easy to 
obtain by modern techniques, that revision of topography is more difficult, but 
generally possible, that utility surveys are time consuming, but due to the limited 
contractors or companies involved the task is not insurmountable. 

The situation is different for obtaining an up-to-date property record with its 
boundaries. Survey and revision are not possible without a properly devised land 
registration system which is favourable to the requirements of showing an instan
taneous complete record with a precise description of the boundaries. 

A review of the land registration systems in use around the world shows that 
there are 6 different systems. 
1. Private Conveyancing in use in parts of England, Eastern Canada and the U.S. 

There is no registration carried out as well as no survey performed. The deed 
issued by the solicitor is the single proof of ownership; the description of the 
parcel of land is generally very poor. 

2. The Rudimentary Deed Registration System in use in parts of England, Eastern 
Canada and the U.S. 

There is no compulsory registration for transfer of land and no survey is 
required. Owners may wish to register or survey their land; however, searching 
of registers is extremely inefficient and time-consuming; the property is generally 
poorly described. 
Both systems mentioned so far are incapable of reflecting land ownership. They 

are archaic and must be changed to be of public use. 
3. Improved Deed Registration in use in Scotland has the advantage of compulsory 

registration. This at least enables the upkeep of an index map. The register is 
bulky since it contains old and new information. 

4. The Title Deed Registration in use in South Africa, like the Scottish System 
has compulsory registration and the register contains old and new information. 
However, only the new information is valid. In addition to that there is a re
quirement to survey each parcel. These surveys are referred to a monumented 
coordinate control system, require sufficiently permanent monumentation of 
boundaries and enable an integrated use of survey records. 

5. The Torrens Land Titles System in use in Australia and parts of Canada has 
the advantages of compulsory registration, an efficient legal system in which 
dead matter is filed away and a guarantee of ownership protected by an insurance 
fund. While surveys are compulsory the drawback lies in the fact that such sur
veys do not need to be based on control, that the survey records are generally 
( with the exception of the NCC Ottawa on a voluntary basis) not available for 
public use and that there is insufficient monumentation of boundaries, which are 
easily destroyed. 

6. The European Land Titles System in use in most of Continental Europe combines 
the legal advantages of a Torrens System with those of a compulsory survey 
system based on control. The state guarantees ownership and boundaries. A 
full use of survey records for ownership record and for topographic features is 
possible. In most Continental European countries it was in fact by these records 
that basic city maps could be compiled and updated solely by ground survey 
methods. 
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Solicitor's charges for bringing land under registra,tion (Value of land $6000) 

Rudimentary Deed Registration (England) 
Improved Deed Registration (Scotland) 
Title Deed Registration (South Africa) 
Land Title Registration Torrens (Canada) 

$112.50 Search 
$206.25 Search 
$ 70.44 No Search 
$ 60.00 No Search 

Charges by Registry for bringing land under registration (Value of land $6000)) 

Rudimentary Deed Registration (England) $ 16.5 0* No Responsibility 
No Public Use 

Improved Deed Registration (Scotland) $ 67.50 

Title Deed Registration (South Africa) $198.75 

Land Title Registration Torrens (Canada) $ 21.00* 

Maintenance of 
Complete Record 
Index Map 
Maintenance of 
Control, Public 
Use of Survey 
Records, Mapping 
No Public Use 

*Mapping for planning purposes to be paid extra out of public funds (taxes). 

FIGURE 1 

When comparing costs of bringing land under registration for the different 
systems of registration ( see Fig. 1) the waste in title search is best expressed by 
the solicitor's fees which are considerably higher for Deed Registration than for 
Title Registration, even though the fees still do not reflect the full economic 
advantages of speedy land transactions with clear titles. 

The costs of maintaining the register are partially reflected in the registry 
charges which are highest for those systems requiring controlled surveys. 

Considering that topographic mapping for planning purposes is to be paid extra, 
where integrated use of survey records is not possible it appears that the choice of 
a proper registration system with integration of surveys is not more expensive than 
the present inefficient status, which does not permit extraction of the needed 
information. 

A land registration system which permits complete and up-to-date multipurpose 
use of the collected property and topographical information may be called a 
cadastre. 

A cadastre is an official register of quantity, value and ownership of land. It 
consists of 
1. a land register, saying who owns the land 
2. a parcel index, stating where the land is 
3. generally also a description of the boundaries by survey records. 

If the survey records consist of a large-scale map we speak of a graphical 
cadastre. 

If it consists of survey returns containing measurements, calculations or co
ordinates we speak of a numerical cadastre. 
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It may also consist of digitized photogrammetric data, in which case we have a 
digital photogrammetric cadastre. 

It is interesting to note the history of the cadastre. 
It was first established by Napoleon around 1800 as a Tax Cadastre. Taxation 

was based on land area determined from a map. These maps also permitted to 
derive military maps at smaller scales. 

Later it was realized that the cadastre could be used as a Planning Cadastre, a 
base for construction planning and land use studies. Its function as an integrated 
multipurpose system now alone can justify its existence in Europe. 

Around 1900 the cadastre was also transformed into a Boundary cadastre for 
the protection of ownership rights. 

While ownership rights take a very low priority in public concern they are 
nevertheless the best vehicle for updating the cadastre for the purposes of planning. 
It is for this reason that a cadastre should be established in North America. 

Let us look at some of the pitfalls which could have been prevented had a 
cadastre been available: 

The City of London, Ontario had a high standard topographical map at the 
scale 1 : 1000, with 25-ft. contours and much additional information. This map 
was compiled between 1926 and 1929 by the Geodetic Survey of Canada. 

Because there was no upkeep of the map by local authorities it was eventually 
rendered useless until in 1966 a complete new survey was done by photogram
metric methods. 

The presentation is generally inferior to the 1929 map. This example is per
haps not as significant, but such a situation is more acute in the future with most 
cities embarking on large-scale mapping projects now and no machinery available 
to update them. 

There is hope that, since now cities essentially pay for their large-scale mapping 
that they will take steps to keep their maps up to date. 

A review of the activities of survey departments in various Canadian cities shows 
that most are on the way to establish the needed topographical base. Some have 
utility surveys but with the exception of Ottawa none has an updating system for 
property records, and even there it is only on a voluntary basis due to the initiative 
of the surveyors involved. 

In contrast to that European cities do have a cadastral updating system which 
maintains the base map of the city. There the existence of a base map is based on 
the availability of a cadastral system. 

The possible use of such a city base map and its upkeep should now be discussed 
schematically for Canadian conditions (Fig. 2). 

A basic city map is ideally compiled at a scale of 1: 1000. Sometimes it is 
claimed that a scale of 1: 500 is more desirable. As a rule the smallest possible 
scale should be chosen for reasons of economy. European experience shows that 
l: 1000 is satisfactory for the compilation of a basic city map. For the establish
ment of a cadastre it should be based on a photogrammetric compilation for 
topography. To this cadastral information must be added by a ground survey. This 
map serves to display an accurate up-to-date record of the cadastre. 

From the basic map other maps may be derived: 
1. a base for the utility map by enlargement to 1: 500 
2. a base for generalized maps by reduction to a scale of 1: 5000 
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NEED AND USE OF CITY MAPS 

printing: 
+-acc. to need revision every 1 to 4 yrs.-+ 

u 

UTILITY 
MAP 

, 

1:500 

tility Survey 

Power lines 
Water & Sewerage 
Gas Lines 
Telephone Lines 
Pipelines 
upkeep of utility 
locations by 
compulsory reporting 
& survey of any 
changes 

survey by 
utility company; 
returns checked by 
City Survey Office 

Enlarg-
ment 

STATISTICAL & 
SPECIAL PURPOSE MAPS 

1 :5000 

Zoning city owned properties 
property values 
population statistics 
police use 

BASIC MAP REDUCED 
1:1000 ' MAP 

Reduction 1:5000 

continuous revision on master copies 

Photogrammetric 

Compilation 
Compilation by Control 

Topography Photogrammetric by City 
provided 
Survey 

(Houses, vegetation, Company; Plan Office 
Poles, visible checked by city 
manholes, fences) survey office; 

Cadastral ground survey 

Property boundaries, 
parcel no., 
land use, 
owner 

upkeep of boundaries & ownership 
through compulsory land registra• 
tion. & survey for undefined or 
changed boundaries 

Construction Survey 

upkeep of topography 
by compulsory 
reporting & survey 
of any construction 

Survey by contractor; 
checked by City Survey 
Office 

GENERALIZED MAP 
1:5000 

DERIVED MAP 
1: 10 000 

Public use 
sale of maps 
to public 

FIGURE 2 

Survey by land surveyor; 
survey returns checked by 
Land Titles Office and/or 
City Survey Office 

Rescribing & 
Generalization 

acc. to need revised 
printing every 1 to 4 yrs. 

DERIVED 
SPECIAL MAPS 
1:20000, 1:30000 

Traffic studies, 
pollution, crime rate, 
geology, etc. 

The generalized map is produced by rescribing. 
It serves as the basis for statistical special purpose maps with color imprints 

for zoning, city owned properties, property values, population statistics, police use. 
The map 1: 5000 further permits to derive maps 1: 10 000 for public use and of 
further derivates at 1: 20 000 or 1 : 30 000 for the display of traffic studies, pollution, 
crime rate, geology etc. 

In considering the production of this mapping system the following important 
observations can be made: 
1. The basic map at the scale of 1 : 1000 is sufficient for the derivation of all other 

needed city maps. This basic map is the combined result of aerial and ground 
surveys. 

2. The mapping system gradually loses its value by changes in construction and 
property boundaries. It can only be kept up to date by an organized public 
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LAND TITLES REGISTRY 

Compulsory land registration 
for any transfer of land; 
survey as prerequisite 
if boundaries undefined 
or if parcellation changes 

ORGANIZATION OF INTEGRATED SURVEYS 

SURVEYS & DATA lvfANAGEMENT 

A. SURVEYS BRANCH: 
1. Confrol Surveys 

Horizontal 
Vertical 
1vlaintenance 

2. Property Surveys 
~-------+--• Survey Returns· checked 

Expropriations 
Upkeep of Parcel Index 1:1000 

' 
•s 

1ildings 

3, Construction Surve; 
Zoning checked 
Record of new bt 
Upkeep of topog, ·aphic changes 1: 1000 

ecked ' • Plan 1 :500 

4. Utilities Survey 
Utility Returns ch 
Upkeep of Utilit; 

5. Special Surveys 
settlements, bridg cs, tunnels 

NCH 
ases of Public Land 

B. REAL ESTATE BRA 
Purchases and Le 
Upkeep of 1Waste 
Land values of ar 

r Plan for purchase rights, 
eas for purchase 

NCH C. ASSESSMENT BRA 
T axation 

H D. lvfAPPING DRANC 
Checking topogr. 
Compilation of B 
property and cons 

map contracts ( 1: 1000) 
asic City Map from topographic, 
truction information; 
tility ~lap 1 :500 from Basic ~la 

PLANNING 

Planning of new streets, 
subdivisions, zoning 
regulations, utilities 
acc. to economic 
studies, engineering 
specifications, 
geographical aspects 

I 
I 

Compilation of U p 
Special Maps 1:5000, 1:10 000 for statist. use --------' 

E. DATA DANK 

Basis: parcel index or basic map; statist. info. -------~ 

FIGURE 3 

reporting system of such changes enforced by legislation. Until the pertinent 
regulations are established such reporting can be introduced by voluntary 
cooperation of contractors and surveyors. 

3. The collection of the information can be carried out by many organizations 
and individuals (green writing). 

The topography can be compiled and its revision checked by photogrammetric 
companies. The ground surveys may be carried out by land surveyors, construc
tion surveyors and utility surveyors of various organizations. Even printing of 
maps may be carried out by private establishments, and city control surveys 
may be initiated with the help of the federal or provincial governments. 

4. What is definitely needed however is a competent organization to coordinate the 
procurement and the exchange of data. 
Such an organization is a city survey office, greatly expanded in its functions. 
While the details of organization may vary according to local conditions Fig. 3 

merely attempts here to describe a possible solution which contains the required 
organizational units: 
1. A city surveys and data management office which stays in close liaison with 

the land titles registry and the planning office. The city surveys and data manage
ment office would contain all essential functions to maintain an integrated multi
purpose data system. 

2. It would be composed of a Surveys Branch, a Real Estate Branch, an Assessment 
Branch, a Mapping Branch and an environmental data bank. 
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3. The Surveys Branch would establish, densify and maintain the control network 
of the city. It would collect and check the information from survey returns by 
surveyors and would maintain the parcel index. It would check zoning and 
compile building activity. It would check returns from utility companies and 
perform any special surveys required (settlement, bridges, tunnels). 

4. The Real Estate Branch would regulate purchases and leases of Public Land 
and keep up the necessary information. 

5. The Assessment Branch should be closely associated with the survey and data 
collection because it possesses the machinery for gathering information. 

6. The Mapping Branch would check topographic mapping contracts and be re
sponsible to collate and to revise the basic city map according to information 
collected by the Surveys Branch. It would compile other special maps as enlarge
ments or reductions at periodic intervals. 

7. The Data Bank, for the immediate future based on a map would carry descrip
tive information. As is planned for the Atlantic Provinces Surveying and Map
ping Program, it may be linked with a computerized land titles registry. 
The Land Titles Registry should in turn consider compulsory coordinate con

trol surveys for all boundary changes or for registering land not yet properly defined. 
The Planning Office should provide the Surveys Branch with the plans for new 

construction of buildings and utilities which have resulted from economic studies, 
engineering specifications and geographical aspects under consultation of the maps 
provided by the mapping branch and from information contained in the data bank. 

The establishment of such an organization to maintain an integrated multi
purpose data system is not difficult, nor need it even initially be of considerable 
cost. Most of the technical functions in the system are in any case already carried 
out, except tliat this is done without much coordination. 

Even the changes in legislation are not difficult to foresee since the legal pro
fession is highly dissatisfied with present methods of transferring ownership of. 
land for all areas where no compulsory registration system exists. 

With the argument that the coordination effort will soon pay for itself it should 
not be difficult to introduce a similar reporting requirement for building, earth
work and utility construction. 

In the Maritime Provinces almost parallel efforts are conducted in the Atlantic 
Provinces Surveying and Mapping Programme, where 4 Provinces are in the pro
cess of integrating all surveying, mapping and land tenure activities. Col. W. F. 
Roberts as the Technical Director of this huge undertaking will introduce the 
subject at the Annual Meeting of the Canadian Institute of Surveying in Halifax 
April, 1970. 

Based upon the Maritime experience it is possible to introduce the new concepts 
gradually by creating integrated survey areas which in time can be expanded into 
multipurpose integrated data system over the total Atlantic area. 

Generally all urban areas would find it of advantage to use such integrated sur
vey areas for experimentation with initial procedures. 

It is generally recognized that it has been brought upon our generation to solve 
the problems of urbanization and pollution. 

In the age of data banks one should be careful not to create a new problem, that 
of information pollution. 



RESOLUTIONS OF THE NATIONAL CONFERENCE 
ON URBAN SURVEYING AND MAPPING 

The Conference was held February 2 and 3, 1970, in St. Lawrence Hall in 
Toronto, for the purpose of reviewing the Surveying and Mapping needs of urban 
communities throughout Canada. 

The Conference concluded that: 
The increasing trend to urbanization has created social, economic and tech

nological problems throughout Canada; 
Effective urban administration is dependent on the provision of compre

hensive environmental and cadastral information; 
Uncoordinated surveying and mapping activities undertaken by a multi

plicity of governmental and private organizations cannot supply all the basic 
information required for effective administration of land in urban areas. 

The Conference unanimously decided that: 

The collection, measurement, correlation and presentation of environmental 
and cadastral information must be organized in a comprehensive Survey and 
Mapping System, and the appropriate Federal, Provincial and Municipal 
authorities are urged to proceed with the development and establishment of 
the System. 

The System should include the following elements: 

A Plane Coordinate Reference Grid as the basis for the correlation of data; 
Horizontal and Vertical Control Survey Networks established in accordance 

with National specifications; 
The coordination of land (Cadastral), Engineering and Cartographic Surveys 

in designated integrated survey areas; 
Large scale detailed Base Maps as the bases for presenting and correlating 

data; 
A Regional Registry for all types of professional surveys; 
The adoption of the Metric System of Measurement. 

The development of the System will also require detailed consideration of the 
requirements of land resource inventories, cadastres, computerized urban data 
banks and land title registration. 

The technical problems of surveying and mapping are fundamentally similar 
throughout Canada and the basic specifications should therefore be developed 
on a national basis. 

Having regard for provincial jurisdiction over property rights and municipal 
affairs, the establishment of Surveying and Mapping Systems will require both 
legislative and administrative action by each Province. 



SPONSORS OF THE CONFERENCE: 
Ontario Department of Municipal Affairs. 
Ontario Department of Lands and Forests. 
National Advisory Committee on Control Surveys and Mapping. 
National Research Council of Canada. 

ORGANIZING COMMITTEE: 
T. J. BLACHUT Head, Photogrammetric Research Section, Division of Physics, 

National Research Council, Ottawa. 
A. DOUGLAS FORD City Surveyor, Corporation of the City of Toronto. 
L. M. SEBERT Special Projects Officer, Department of Energy, Mines and 

Resources, Ottawa. 

RESOLUTIONS COMMITTEE: 
T. J. BLACHUT 

R. A. BROCKLEBANK 

R. G. CODE 

A. DOUGLAS FORD 
S. G. GAMBLE 

ZARKO S. JAKSIC 

PROFESSOR T. C. KENNY 

MALCOLM H. MACLEOD 

J. N. POULIN 

W. F. ROBERTS 

Head, Photogrammetric Research Section, Division of 
Physics, National Research Council, Ottawa. 
President and General Manager, McElhanney Surveying 
and Engineering Limited, Vancouver, B.C. 
Surveyor General and Chief, Lands and Surveys Branch, 
Department of Lands and Forests, Toronto, Ontario. 
City Surveyor, Corporation of the City of Toronto. 
Director, Surveys and Mapping Branch, Department of 
Energy, Mines and Resources, Ottawa. 
Photogrammetric Research Section, Division of Physics, 
National Research Council, Ottawa. 
Head, Department of Civil Engineering, University of 
Toronto, Toronto, Ontario. 
Photogrammetric Engineer, Department of Highways, 
Downsview, Ontario. 
Directeur du Domaine Territorial, Ministere des Terres 
et Forets, Quebec, P.Q. 
Technical Director, Atlantic Provinces Surveys and 
Mapping Program, Department of Natural Resources, 
Fredericton, N.B. 

His Worship Mayor William Dennison of the City of Toronto has indicated a 
keen interest in the work of the Conference and has expressed his support of the 
basic concept of integrated Urban Surveying and Mapping Systems. 

His Worship has extended an invitation to hold the forthcoming National 
Conference in 1971 in St. Lawrence Hall, in the City of Toronto. 
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