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- PREFACE -

1. This national paper attempts to summarize Canadian experience in science
policy in the domestic context and as an aspect of our dcvelopncnt and aid
programs. t is ot an lnward-looklng history of Canadian science and tech-
nology — indeed, certain major areas such as nuclear energy which have boen
decalt with extensively in other U.N. fora are not addressed at all. Nor does
the paper treat the subject from the point of view of national achicvements.
Neither thome would be relevant to an international audience or to UNCSTED.
what follows is an outline of some Canadian experiments in applying science
and technolcgy (S&T) to problems of develomment at home and abroad. 1The
emphasis of the paper is on federal government policies, structures,
mechanisns and programs and not on science itself.

2. This theme has been chosen because it is in keeping with the basic

thrust of UNCSTED. Canada welccmes the opportunity to learn from the

UNCSTED process, from the experience of other countries in finding new ways
and means of nurturing an indigenous S&T capacity and to use that capacity to
the solution of economic and social problems. It has also been chosen because
it is germane to the compelling themes of a new international econcmic order.

3. The paper also reflects as well, Canada's sense of common interest and
shared experience in the global problems of development. Although a com-
paratively wealthy and technologically advanced country, much of Canada‘'s past
and comtemporary situation makes us acutely aware of the challenges now faced
by other developing nations. Cur experience of foreign ownership of industry
and resources, our global trade in basic comrodities and raw materials, and
our dependence on foreign markets for our manufactured gocds have been fund-
amental forces in shaping and, to scme extent, limiting our national S&T
capacity. We have been net importers of capital, technolegy and skills. OQur
geographic station beside the world's largest economy has confronted us with
chronic difficulties in maintaining an indigenous pool of skilled manpower, a
high level of national expertise and training, and a viable component of innc-
vative secondary industry. Successive Canadian.governments have tried and are

continuing to try to design institutions and mechanisms to enable S&T to be an

effective part of the solutions to these crucial national problems.

4. UNCSTED provides both the process and the forum whereby this experience
can be compared and discussed at the broadest international level. We
believe that this discussion can lead to a better insight into the role of
S&T in modern society and to a clearer understanding of how it can more
effectively be applied to the global problems of mankind.

SECTION CNFE

~ THE CANADIAN EXPERIENCE -

Introduction

5. Eighty years ago almost one-third of Canada was unexplored, unmapped and
virtually unknown. Twenty years later, towards the end of the First World
War, Canadians were still importing 98% of their oil and large amounts of

iron ore and cocal. The total expenditures-of the faculties of applied science
in the country were less than the annual budget of the Massachusetts
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Institute of Technology in the United States at the time. Canadian scientig_g
had to send their instruments for testing and calibvation to the U.S.A.,
because there were no adequate facilities in their own country. Only two
Canadian universities granted doctorates and these had producad less than a
dozen Ph.D's in the pure sciences. The government laboratovies wore spenxding
less than $100,000 annually for research in a country whose land mass was then
some nine and a half million sguare kilometres. The government agency estab-
lished in 1917 to coordinate industrial research found that there was little
or nothing in the country to cocordinate.

6. BAs econcomic and social development progressed certain problems seemed
intractable. The growth of industry in Canada - much of it foreign owned - .
seemed to be unable to staunch the flow of skills out of Canada. In 1938, one
submission to the Federal Government drew attention to the fact that many of
our best people were continually being drawn away and thus "we suffer a heavy.
loss, both in money to pay for imports and culturally in the slowing up of our
own progress." In 1967, a government commission concluded that despite the
impressive growth in national science and technology (S&T) capacity "Canada
nct only plays a subordinate role in the technology race, but stands aside as
well from the innovative process." Aand throughout this pericd of the 1950's
and 60's there was the frequent comment that after a century of effort
Canada's research was still scattered and uncoordinated.

7. New mechanisms of coordination have been established in the 1970's but
there are still deficiencies in our research and development component. The
comtemporary challenge is the search for more effective linkages between our
S&T cepacity and our industrial capacity in an effort to encourage the
research and development component of our industries to carry more weight.

8. This Canadijan experience in applying S&T to development is especially
relevant to a United Nation's conference on the subject in the 1970's: first
because, by definition, "history" in Canada is not remote but recent; because
it is a response to-contemporary econcmic and social problems of development;
and third, because it is largely the story of a nation in search of a
national, indigenous competence in a modern world.

The Pericd 1840 - 1916

9. Settlement, transportation and the exploitation of natural resowrces
were the overriding imperatives in the 19th century as the country sitrove to
becane a transcentinental nation. During this peried, as the technology of
the Industrial Revolution was first being applied to our national develop-

.ment, science was organized to perform two basic functions in government -

reconnaissance and research. In 1842 the Geoleogical Survey of Canada was
established with the principal task of exploration. 1Its initial role ex-
tended to an analysis of all major resources in the Canadian hinterland
including forests, soils, water and biology. 1In the remaining years of the
last century several other federal scientific surveys were founded either as
permanent additions to government or as temporary fact-finding commissions.
But after the 1850's it gradually became apparent that the discovery and
description of resources were not enough to answer the needs of society and
government. There was also the concomitant requirement to understand and
measure the caxrying capacity of land and sea-based resources. The idea of
conservation was still in its infancy, especially in a ocountry where



ovportunity scaned infinite, but Canadians weve learning the necd for the
long~tera. point of view especially in the managanont of renewable resources.
The protection of the diminishing fisheries of the Great Lakes and the
Atlantic coasts was a formative experience for both the government and indus-
try. Unpopular legislation and the enforcement of conservation reguired the
justification and backing of scientific knowledge and informed opinion., This
pattern was increasingly, if somewhat sporadically, applied to the opening up
of the "new lands" of western Canada for the protection of scarce timber
stands and the vital business of water-shed mansgement and irrigation. Scien-
tific land use becamz a facet of governnent planning. Finally, the crucial
rneeds of the farming industry to meet the particular conditions of the
Canadian west brought about the first large scale investment by Fedexal and
Provincial goverrments in research facilitles and research scientists. Frem
1885 onwards a network of government Experimental Farms was established.

10. Wnile our own scientific efforts were being applied to the development
of our natural resources, external circumstances led early govermmsnts in
Canada to look to foreign capital, imported technolegies and protective
legislation to begin the development of a manufacturing sector. As will be
-seen, a century later the weakness in industrial R&D which ensued is still a
central problem of Canadian science policy.

11l. By the First World War Canadian science had passed through its infancy.
We had credted in the process a set of first-class scientific institutions
within government departments for the analysis and enhancement of natural
resources. With the benefit of hindsight scme broad conclusions can be
drawn from this national experience.

: Pirst, there was growing recognition within government that policies
and programs had to reflect and take into account scientific knowledge.
Science was becoming a necessary adjunct to goverrment.

¢ Second, where government develo;ment proegrams failed, it was often not
due to lack of knowledge but to the failure of the decision-making system to
take existing knowledge into account. ‘This flaw in the system was left as a
piece of unfinished business, so to speak,-and was to becone a major theme
of science policy later in the century.

: Third, the organization of science and scientific laboratories became
the business of government in Canada. And at a relatively early stage in
our developnent much of the scientific rescarch capacity in the country
becane entrenched within government deparunents. ‘this pattern was to have

. long term effects on the yrowth and nature of science in Canada.

The Period 1916 - 1959

12. By the end of the second decade of the 20th century a formative rela-
tionship between goverrment and science in the country had been established.
It had been accepted that science was useful and necessary to the process of
governing and especially t0 the development of rational policies fbr settle-
ment and resource exploitation. Fram 1916 onwards we can discern, in retro-
spect, a new element evolving in.that relationship. Govermment was to

|
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beccme increasingly concerned with the ways and means of creating and
nurturing a domestic scientific and technolegical infrastructure.

13. The immxdiate cause of this shift in perspective was the severc dis-
ruption in the world supply of natural resources and raw materialg by thoq
First World War. The history of the Canadian response to this crisis, and
indeed the history of science development in the country for the ensuing ha{f
century, centves largely around the creation.and evolution of cne organilzation
- the National Research Council of Canada.

14, The initiative came from industrialists who were anxious to spur gov- .
ernment spending for the support of applied research in manufacturing. What
was sought was a means to encourage industrial research, through the alloca-
tion of funds to university departments, which would be relevant to the
immediate wartime problems of industrial products and processes. Tie gov-
ernment's response led to the creation of a body which evolved into the
Naticnal Research Council, and which was to become the expression of
Canada's scientific capacity. Whatever criticism may be made of the
Council's work and mission during its years of growth and expansion, it
undoubtedly did more to shape and develop Canadian S&T than any other
institution in the country. : :

- 15. Its impact and significance can be seen from three perspectives: in

terms of its growth and activities; in terms of the evolution of its role

and mission; and in the way it came to represent and reflect the strenaths
and perceived shortcomings of our national scientific capacity.

16. The mandate of the National Research Council was to oonsult and coor-
dinate in order to bring about a united effort in industrial research work in
Canada. To do this the new Council was given a much wider degree of freedom
from political and bureaucratic control than any department or other agency
which then existed within the Federal Government structure and was thus able

to respond to the demands placed upon it with an unusual degree of flexibil-
ity. ‘ '

17. The Council's first undertaking was to prove significant in its sub-
seguent development. In 1918 and in response to its mandate, it surveyed
Canada's capabilities, and found that there was little to coordinate. It
also was apparent that there was little opportunity for the few science and
engineering graduates produced in Canada - a situation which was already
beginning to lead to the emigration-of this skilled work force.

18. The Council's response was immediate. Tt began a program of university
rescarch support in Canada whose twofold aim was to produce a supply of eople
trained in scientific disciplines and to assist in the creation of first—
class graduate schools in the country.

19. The‘Councilts second response to the perceived shortcomings of national
scientific capacity at the time was to create, in 1920, the associate com-
mittee structure. These committees were designed to bring together expertise
in a given problem area, to review the state of knowledge and to design a

program of research. They decided how and where the research
undertaken -most effectively and economically. sare needed could be
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20. One othevr theme pervaded the Council's early discussions - the need for
government laboratories to provide the testing and calibration facilities
which were missing in the country. A major argument advanced at the time was
that a university-like complex of research facilities, organized around tra-
ditional academic disciplines, would be able to prove their utility by advan-~
cing the country's econcmic growth. This was thought to be the answer to
Canada's needs for applied research to promote industrial innovation.

21. Tt can be argued that the pattern of the Council's growth was the re-
-sult of the Canadian tendency to create science within and under the umbrella
of government. There may have been no other feasible solution given the

econcmic facts of Canadian nationhood at the time, and in particular, the lack

of R&D capacity in the industrial sector. But the result has been that the
Federal Government became the major shareholder and manager of the country's
scientific capability. In retrospect it can be seen that the initiatives by
government did not bring about a parallel growth in investment in R&D by the
industrial sector at rates comparable to those in other 1noustrlallzed
countries. :

22. With the further benefits of hindsight we can see that during its
formative era the National Research Council was successful in establishing
most, but not all, of the critical elements of a scientific infrastructure.
The missing link, as far as manufacturing was concerned, was the one which
should have created the closest and most effective relationship between the
laboratory and the twin elements of prcduction and marketing. In contrast,
aqucultural science in goverrment did enjoy considerable success and the
speed with which practical application followed upon progress in the
laboratory was in large measure due to an efficient provincial agricultural
extension system linking the farmers with the results of laboratory research
and experimentation.

23. One final observation. The spectacularvgrowth of government financed
science in the era up toO the 1960's was entirely in the natural and
engineering sciences. The social and human sciences were not considered at

the time and for all practical purposes were left largely to their own
devices.

The Period 1960 - Present

24. The appointment of the Foyal Commission on Government Organization by
the Federal government in 1960 was a major watershed in the development of
science policies in Canada and introduced a period of change and contention
which continues to the present time. It brouwght science, science organiza-

tion, and science policy into the arena of publlc and political controversy
‘and debate,

25. The Commission's main observations can be summarized as follows. The
Commission found: : '

: that science policy in Canada was the result, rather than the causc, of
the growth which had taken place in government science activities.

that therc was an inadecquate level of supervision, planning
ard direction within government science;

that the National Research Council had turned aside from its original
duty and mandate, and
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. that the original intent to stimulate R&D in Canadian industry had bec. -
relegated to a "minor distraction". . -

26. ‘The changes which followed in the wake of this Commission, (and there

.~ were several subsequent studies launched), did not in the final event

correspond to any one particular recommendation. There was, however, a
clear trend towards a centralization of science policy efforts and to the
creation of a mechanism whereby the Federal govermment could develop such a
pollcy and oversee its implementation.

¢ In 1964 the government created a Sc1enca Secretariat in the Cablnet
office to provide information and analysis to support the Cabinet
Ommnlttee on Scientific and Industrial Research.

In 1966 the Science Council of Canada was created, an independent’
agency funded by Parliament to advise the government on long—term
objectives for science in Canada.

A Ministry of State for Science and Technolcgy was officially estab-
lished in August of 1971 which replaced the Science Secretariat. It
was an experiment in coordination, a ministry without budgetary
authority over government science expenditures and with no research
programs of its own.

27. 'The Ministry's central purpose was to try to Bring about at the level

of Cabinet a degree of planning and consultation among science departments and

agencies which had not previously existed in the Canadian structure except,
erhaps, during the Second World War. In the language of government

administration the Ministry is a "coordination mcdel" rather than a "concerted

action model", with horizontal, rather than vertical, responsibilities. -

28. The decision to circumscribe the Ministry's role and authority reflect-
ed a fundamental attitude and approach within the Canadian system to science
policy. Science and technology are not perceived as an end in themselves
but as a means of solving national problems and achieving national goals.
It is the major departments of government which have the responsibility for

" meeting national objectives and it is they who must decide how to employ

their scientific capability to meet those objectives.

29. There is one aspect of the Ministry's role which is fundamental to an
understanding of this country's attitude to science. The Senate Special
Committee on Science Policy recommended the creation of " a coherent overall
science policy" for the country. This was often interpreted that science

- policy should be a single, visible entity. The Ministry found this concept to

be unworkable. What is meant by "science policy" in the present Canadian
context is the sum of policies in three distinct areas.

: Policies for the support of science including the support of university
research, the provision of national scientific and engineering skills,
the maintenance of basic research capacities, and the dissemination of
scientific knowledge.
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: Policies for the apo]ication of scicnce and technology which inclwude the
- ways arxi m2ans of uexrg sclence 1in government to achleve natlonal
cbjectives.

: Science in Public Policy which refers to the development of systems and
strategies to ensure that scientific knowledge is brought to bear on
the analys’s and develogment of national economic and social
priorities and programs.

30. One example of the type of policy-making row underway in Canada is the
" government's strategies to support industrial R&D. The specific programs
which have been developed reflect three basic perceptlons or tenets in the
theory and practice of science policy today.

: The first, is that industrial innovation is a key factor in overcoming
the major ecconomic problems which Canada now faces: unemployment,
inflation and a serious imbalance between exports of raw materials and
the importation of manufactured goods.

The second, is the realization that the transfer of technolcgy from the.
laboratory to the production line and from there to the market-place,

is a complex and costly process. When the laboratories are not
organizationally linked with production and marketing units (as has
often teen the case in Canada where govermment laboratories have tried

to serve private industrial needs), the process is considerably more
difficult and diminishes the likelihood of success. Consequently, the
present set of incentive policies is aimed at encouraging research by and
within the private sector.

Finally, govermment programs to support industrial R&D have to be
adjusted to, and take into account, the element of commercial risk.
This is especially true where international competition is a factor.
If competition or risk are keen, govermment tends to make a direct
contribution to the venture by means of grants or contracts for R&D.
In other cases, general tar incentives may be sufficient to stimulate
the industry to undertake its own innovation..

31. There are two major considerations which underlie and influence the issue
of industrial development in Canada. The first is that as that as a country
we will continue to be a sustantial importer of technolcgy. Canadian policy
thus seeks to identify those critical areas in which to invest our own
scientific and technical resources to greatest effect. The second factor is
the constraint imposed by the need to protect and maintain environmental
quality.

32. It should be stressed here, as well, that the role and experience of
governments at the provincial level is especially relevant in the development
of policies and prcgrams for rescurces and for industrial support. Several
provinces have extensive experience in creating and maintaining non-profit,
research institutes which provide technical support to primary and secordary
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industries. These organizations have playad a sianificant role in the
transfer of technology from the laboratorv to the production unit., In
addition, during the last decade, many provinces have established science
policy units under the direction of ministers to provide a policy focus for
programs of industrial and university research.

33. This brief overview of national experience and experiment would be
incomplete without referen¢e to Canadian own vast underdeveloped regions.
More than forty percent of our country lis arctic tundra or sub~arctic forest.
Canada's two northern territories comprise an area of 3.7 million square
kilometers but with a population of only 65,000, More than half of these
people are descendants of Canada's two OrLanal races, the Indian and the
Inuit,

34. The basic challenge which the Canadian north presents is not unique in the
contemporary world: it is the need to enhance the capacity of the land and
oceans to support an expanding human society and enterprise but without
causing profound disruption to a way of life or irreparable domage to the
environment.

35. In the scientific and technological context there are striking similar-
ities between this situation and other areas of the world. The first is the

"problem of developing a scientific capacity within the region which is capable

of responding to local needs and which is able to add the insights of
systematic knowledge to the experience and competence of northern people.
The second parallel is the need to adapt technology to the north. In this,
romoteness and cost are the crucial factors.

36. The development of an indigenous technology for Canada's arctic and
sub-arctic must be based on a close working relationship between scilentists
and those who will use the technology but it is a process which should
recognize and draw upon the experience of other countries. It is hoped that
such an exchange and comparlson of experience can take place under the
auspices of UNCSTED.

SECTION TWO

- CANADA'S SCIENCE AND TECHNOLOGY - SOME ILLUSTRATIVE SECTORS -

37. This National Paper discusses Canadian experience in the application of
science and technology under five headings: Food and Fibre, Natural Resources
and Energy; Communications and Transportation; Industrial S&T, and Scientific
and Technical Information. These have been selected as those sectors of
Canadian competence which correspond most closely to the five subject areas
deSLgnated by the UNCSTED process for the purpose of illustration and dis-

cussion, Each of the five sections which follows has been written to
illustrate:
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country, operated by the Federal government, provincial governments, universi-
ties, and to some extent by private industry. About half the work is performed

" in 47 federal research stations and experimental farms. While the extension

services are entirely a provincial function there is close cooperation between
the two. This arrangement, involving geographically widespread-.research
stations and greatly diverse R&D, is not accidental, but rather is essential-
under Canadian conditions: extreme variations in climate, widely differing
soils and soil conditions, and the resulting great variety of crops and
animals. 2n incidental advantage of this decentralization, aided by a well-
developed extension service, has been the encouragemeﬁt for researcher and
farmer to cooperate closely and directly., On occasion the farmer is able to
tell the researcher what technological developments he expects to need scme
years in the future. A primary lesson learned by Canada, therefore, was the
importance of decentralized and diversified agricultural R&D, based on
regional needs, and backed by an effective extension system providing two~way
camunication between scientist and farmer.

42. Recent decades have seen a great refinement in this concept of regional
diversity. It has been realized that optimum egricultural practice can
differ markedly between neighboring regions that are sometimes as small as a
few tens of kilometres in breadth, resulting in the need for different crops
or strains, different cropping practices, and even different implements, to
suit highly localized conditions. It is no longer” possible, for example,. to
think of the western prairies as a single homcgeneous agricultural region. A
primary factor in this development has been the collection of information on
soil types and conditions on a detailed scale over vast areas of the country,
often with the aid of remote sensing by satellite. Of equal importance has
been the ability of our plant and animal breeders to produce new strains to
meet a variety of needs. Wheat, already mentioned, has been developed in a
variety of strains designed for higher yield, improved disease resistance,
shorter maturing time, greater protein content, drought resistance, etc.
Maize, formerly grown only in a small part of southern ntario, is now
available in strains that thrive from coast to coast. Similar developments
have taken place with other cereal grains, vegetables and animals. Where
formerly plant and animal breeders concentrated on dealing with unexpected
current problems, such as the appearance of new strains of wheat rust, their
major effort is now applied to anticipating possible future problems. An
important part of this process is the maintenance and expansion of gene pools
by collecting specimens from around the world.

43. The availability of new technology and mechanization has made Canadian
-agriculture highly capital-intensive and energy-intensive, and therefore

* vulnerable to rising energy costs. Z2Agricultural research and developmcnt (R&D)

may find the latter problem less tractable than those it has faced in the
past, and it remains to be seen how the system will adjust to these new
stresses. '

44. Despite the cbviocus differences between agriculture in Canada and in most
developing countries, arising from both climatic and operational differences
much Canadian experience has nevertheless proved applicable in other

~
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countries. One highly successful example of technology transfer is the All-
India Coordinated Research Project on Dryland Agriculture, jointly managed by
Indian and Canndian scientists, and aimed at conserving soil and water,
increasing yields by 100 percent, ard devising contingency plans fov abnormal
corditions such as droughts or floxis., Keys to the succeoss of the project
were the development of a comprehensive plan during a two-year pre-project
planning pericd, establishment of 24 research centres, and the training of
Indian specialists in bhoth Canada and India. A similar method was adopted in
assisting Tanzania to develop a new variety of wheat. "Twinning" arrangements
have been developed between individial Canadian research stations and
comparable units in developing countries.

Forestry

45. Thirty-five percent of Canada's land area is forest, mostly coniferous,
and a large part of it is being commercially exploited. The chief precducts
are lumber, paper, and wood~pulp. EBEecause of this importance, much technical
effort has been expended on forest inventories and mapping especially by
aerial photography. The expertise thus acquired by private companies, con- -
- sultants, and government agencies has already been applied in many develop-
ing. countries. In recent years much use has been made of data from the
remote~ sensing satellite Landsat, especially for monitoring major changes in
land~- use ‘or mapping the major classes of forest and vegetation, and to
provide base maps upon which details from aerial photography and ground
surveys can be entered. Canada has also developed advanced techniques of
stereo orthophotography and a very promising system of low-altitude aerial
photography which combines the use of 70-mm cameras, a foliage-penetrating
radar altimeter, and a gyro device to indicate aircraft attitude at the

instant of exposure. This has been tested in several developing countries and

can increase the efficiency of any survey of forest resources, agriculture,
range lands, or wild-life habitat.

46. Canada has a2 large and rapidly growing requirement for reforestation,
which has proved to be a complicated technical operation requiring a coor-
dinated system from selection of planting -sites and collection of seed to
" the successful establishment of growing stock., Even with recent high-tech—
nology developments reforestation tends to be labour intensive, requiring
trained and experienced workers., Some of the technoleyical advances include
a partly-automated planting machine for seedl ings raised in containers and a
helicopter-borne aerial cone rake for collection of seeds. Transfor of
reforestation technology has proved to he most successful if carried out
gradually, not abruptly, and preferably by means of froquent visits to the
recipient country by professional and technical experts.

47. Timber harvesting and ﬁransportation in Canada has become highly mecha-
nized, evolving from the axe and manual saw for felling, and horses or
humans for skidding, through power-operated saws and skidders, to completely

mechanized harvesters. Some stages were highly successful while others were

costly failures and the lesson once again was that advances should be
evolutionary, not revolutionary. For example, a mechanical harvester was
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unsuccessful when used under conditions designed for conventicnal felling. and
skidding because it introduced a radical new pattern in the system and put
unusual demands on the infra-structure and the workers. On the other

hand, the Canadian-developad articulated rubber-tired skidder was successfully
integrated into the system because it merely replaced horses for skidding. A
nunber of other new devices have been éeveloped, and a new system of cable
logging would be of interest to countries with forests in mountainous

terrain.

48. Canadian development assistance has been offered in fields ranging from
simple forest inventories to multiphasic forestry planning studies. Bmphasis
has been concentrated mainly on three areas of research: savannah forestry,

forest product utilization, and agrisilviculture.

Fisheries

.49. During the past 25 years, the Canadian fishing industry has undergone a’

virtual revolution through the application of modern technology. This is
especially true on the Atlantic coast where the industry began two centuries
ago based on the artisanal fisherman and where the old practices tended to be
firmly embedded. deay there are still many thousands of artisanal fishermen
across Canada but using mcdernized vessels and techniques. Equally important,
major sectors of our deep-sea flsh’ng industry are now equal to the most
sophisticated and industrialized in the world. fThese changes were brought
about by a deliberate technology-transfer program at the initiative of- the
Federal government but shared with several provincial governments. :

50. In some cases the new technology already existed in Canada but was not
universally used. For example, the up-to—date Pacific Coast seinina methods
were introduced to the Atlantic Coast by bringing a Pacific seiner East to
demonstrate the techniques and equipment. In other cases, government ex- '
‘perts were pesonally acquainted with the latest methods uded in other
countries and were able to apply them in Canada.

51. ‘The most interesting cases involved bringing to Canada individual mas-
ter fishermen or government experts from other countries, sometimes for as
long as one or two fishing seasons, to demonstrate their techniques.
Typically, a vessel would be chartered on which the foreign adviser would
demonstrate and explain his methods in the presence of a government expert as
well as the crew of the vessel. On the basis of this ecxperience, the
government expert would later offer short courses at a central location for
the benefit of groups of fishermen browght in from their local porta. In
this way, for example, Scottish fishermen taught seining operations, a
Gexrman expoert helped develop Canadian mid-water trawling, Japanese ishermen
assisted in improving cod trapping and Japanese technoloists tawght Conn-
dians how to process herring roe for the Japanese markct. In gencral, the
operation was highly successful, although some adaptation to Canadian condi~
tions was required, some methods proved impractical, and some encountered
.resistance for various reasons. In many cases the transfer was two-way, as
some Canadian techniques proved to be useful to the foreign advisors. 1In
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retrospect it seems likely that the transfer of technolegy from the govern-
ment expert would have been better accompl ished by the use of extension
techniques in the fisherman's own environment rwather than by formal central-
ized courses. Nevertheless, Canada was able to decvelop its fisheries vory
rapidly through a planned program of technology transfer from both dowestic
and foreign sources. Having experienced the process themselves, Canadian

experts have already applicd it in a number of developing countries. Expertise.

is available from the Federal and the various provincial governments, univer-
sities, fisheries training institutions, the fishing industry, and development
assistance organizations. A central register of Canadian experts in fisheries
technology is being developed by the Federal government.

52. Domestic fisheries have taken on a new importance with the introcduction
of the 200-mile exclusive econcmic zone. This will put demands not onlv on
our capability of harvesting the fish resources in this enlarged area but
also assessing and managing them. Canada is prepared to continue to offer
development assistance in most of these fisheries-related subjects.

~ NATURAL RESCURCES AND ENERGY -~

Intrcducticn

-
53. The pattern of the historical develomment of Canada's natural resources
was set by its geographical and demographical structures. A large, wild and
sparsely inhabited country favoured the lone prospector and ambitious entre--
preneur. As a result many mineral deposits were discovered after only
limited scientific investigation or even by chance. It became obvious that
a sound topographical.and geological survey program was a pre~-requisite to a
proper assessment and development of the country's resources. This func-
“tion, with accompanying scientific research, became a prime concern of
government. at both federal and provincial levels.

54. Today, Canada's energy and mineral resources are of key importance to
the socio~economic development of the nation. The development of energy
resources is illustrated by the following production figures for 1977:

daily production of crude oil 1.4 million barrels and of liquid propane gas -
150,000 barrels; annual prcduction of coal 31.6 million short tons; electri-
cal energy 290 million mega-watt hours and natural gas 25.9 billion cubic
feet. Mineral resources in c¢crude or semi-manufactured form accounted for one
third ($5.7 billion) of Canada'‘s total exports in 1975. These resource
industries account, directly or indirectly, for some 12% of the total labOUL
force.

Application of Sclence and Technology to non-renewable resource development

55. Canadian experience suggests that the following steps are desirvable for
the orderly develomment of a natlon's mineral and encray resources:  Mhe
preparation of the resource information base, the determination of thoe qu—
logical, geophivsical and geochemical Cramework, the cstJnaLuon of rosources:
and the ccmmorc1al exololtatlon of deposits.
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The Topographic- Information Base

56. Before any comprehensive and orderly program for the development of”
non-renawable resources can be instituted, the first requirement is for
adequate topographic base maps. One major impact of science and technology
(S&T) on topographical surveying in Canada has been to improve the speed with
which the essential base maps can be made. The production of these maps
requires acrial photographic coverage and the establishment of a gecdetic
ground central network. The efficiency of the latter, which involves
expensive field operations, has been improved by using new types of equipment
and techniques including a Doppler Satellite Positioning System, inertial
swmvey systems and electronic distance measuring instruments. Further
scientific developments include two systems for the automatic drafting of
topographic maps from air photographs.

‘Determination of the Geological, Geophysical and Geochemical Framework

57. There is general agreement that the progressive development of natural
resources in any country depends upon an understanding of the geological,
geophysical and geochemical environment. Canadian experience suggests that

basic programs aimed at obtaining this understanding are best carried out by
govermment institutions. ‘

58. The Canadian Department of Energy, Mines and Resources carries out
research into the configuration, evolution, and dynamic processes of the
structural . framework of the North American continent, and the hazards as~-
sociated with natural and induced geophysical phencmena. Canadian earth
physicists have considerable experience 'in conducting the gravity and mag-
netic surveys, deep crustal sounding surveys, and field studies in paleo~
magnetism, magnetotellurics and geothermics necessary to establish the
fundamental structural framework. Geological surveys exist in both the
Federal and various provincial governments.

59. The impact of S&T on these basic activities has not been to change their
fundamental nature but rather to provide more sophisticated tools which have
spacific applications. For example, the advent of the air photograph and more
recently the satellite image has provided the geologist with the means of
recognizing first order structures and terrain features not always visible at
ground level. Important work has been done on the development of remote
sensing techniques by the Canada Centre for Remote Sensing, a branch of the
Department of Energy, Mines and Resources. Many applications of satellite
technology have been developed in the fields of agriculture, forestry and
natural resources where the cyclic nature of a satellite borne system provides

unique advantages at reasonable cost.

60. In the field of geophysics the continuing improvement of instrimenta-
tion for airborne magnetic and radiometric surveving has steadily promoted
the use of airborne surveys as a means of acquiring geophysical data over

-large arcas in a short time.
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61. There has also been a steady increase in the developnent of regional
geochemical surveys with improvements in analytical techniques facilitating
the analysis of large nurmkers of samples. chniques being developed in the
digitization and computer processing of Uath Qﬂochy51cal and geochemical
data now provide a flexible means of presenting graphically the results of
these surveys for the evaluation of mineral and element distribution pat-
terns. Computer prcqrammlng provides a means of analyzxwg and ordering the
explosive. increase in nunerical data acqulsltlon which is now taking place.

. Estimation of Enerqay and Mineral Resourccs and the Development of Cowmerc1al
Deposxts

62. In Canada, the estimation of energy and mineral resources is a concern of
the govermment geological surveys at the federal and provincial levels.

Such estimates consider not only the traditional economic and technological
factors but also possible impacts due to environmental damage in the
productlon of resources. Liaison with private companies is maintained and
reports on exploration work are requlred by government agencies responsible
for licensing and granting of concessions. :

63. The commercial development of natural resources, on the other hand, is
normally seen for the most part as the responsibility of the private sector
with govermment, at federal -and provincial levels, playing a supportive role
by conducting, through their laboratories, investigations into mining metheds,
metallurgy and equipment design. Thus, while encouraging on the-one hand the
entrepreneurial initiatives required for resource development, the involvement
of government S&T facilities ensures, by providing the technical knowledge
required for the development of government policies, that such initiatives are
undertaken within the context of the socio-economic development of the country
as a whole.

The Development of Renewable Enerdgy Resources

64. Total estimated expenditures by the Canadian Covernment on energy -
related scientific activities will be $183.5 million in 1978-73, an increase
of $23.1 million over 1977-78. Of these funds, some $13.6 million will be
devoted to R&D on renewable energy resources.

65. This funding covers a series of programs underway in various government
departments in the renewable energy field. ne of these programs involves
the search for high temperature water reservoirs in areas of young volcanic
belts which may be used for the generation of electric power on a relatively
small and local basis ~ a promising area for the application of S&T
potential in a number of developing countries.

66. The National Research Council of Canada has its own encrgy project of-

fice with major pregrams underway in solar enerqgy, conservation of encrgy in

buildings and wind energy. In the field of solar heating the approach has
_been to establish a number of solar heated homes in various locations across
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Canada with the aim of domonstrating the technology to the public and

collecting data on the performance of these systems under a variety of dlf-

ferent matcorn]nglcal situations.

67. Finally, a nunber of small scale demonstration projects fov wind driven
generators are also currently in progress in Canada. These include both
horizontal axis windmills with power outputs in the 1-10 kilowatt range, and a
large vertical axis turbine with a 200 kilowatt capacity now being installed
on the Magdalen Islands.

International Development Assistance

'68. Although active in most aspects of assistance in resource planning and

management, the Canadian International Development Agency, (CIDA¥ has
traditionally concentrated on the energy sector. Activities in this sector
represent somz 20% of the Agency's bilateral program and account, together
with projects funded through the main international banks, for some $180-200 -
million (Canadian) annually.

69. While assistance has been provided in such areas ‘as resource anento*5
preparation - including aerial surveys and interpretation - and the provi-
sion of master resource plans, a heavy weighting has been given to the
electric power sector. Projects have included the establishment of hydro-
electric power systems, thermal generating plants (diesel, gas, coal and
nuclear), transmission lines and substations.

70. A major-lesson learnt from experience in both domestic and interna~
tional spheres concerns the fundamental importance of the preparation of an
overall national energy strategy including consideration of the socio-
economic impact of energy sector projects.

71. A wide spectrum of Canadian S&T expartise in Federal goverhment depart-
ments, provincial organizations, the universities and the private sector is
used by CIDA to assist in the preparation of energy options for the develop—
ing country concerned, to assist in subsequent planning to arrive at the
most viable development sequence of the sectors chosen, and to build up the
indigenous capability of the developing partner to plan, oparate and main-
tain projects as they come on stream.

= COMMUNICATIONS AND TRANSPORTATION -

Intrcduction

72. Transportation has been the key to Canadian development. Without these
man-made elements little else would have been possible in a country whose
landmass is almost 10 million sguare kilometres. The problem of size goes
beyond sheer dimension and distance. Ninety-seven percent of Canada has
been repeatedly covered by glaciers within the last million years leaving
vast tracts of the country eroded down to bare rock where large-scale, per—

* See paragraph 137 et seq




-17 ~

manent human settlement hds been virtually impossible. Only seven percent
of our land area is suitable for agriculture and thus for the traditional
patterns of community life which have taken root in other parts of the
American continent., The basic Canadian need, therefore, has been to provide
not only the internal arteries of commerce and trade but a network of move-
ment and communication to overcome the sense of remoteness and physical
isolation which have heen endemic in our society. Canadian nationhcod has
been not only a political and constitutional experiment but a conscious and
planned attempt to forge the physical links of a national identity. '

73. The medern era in building the national transportation network began
about 1850 with the first attempts to apply the imported technology of the
industrial revolution to a pioneer system which consisted of the seasonal
use of lakes and rivers and the sporadic construction of military roads
which were little better than bush trails.

74." In 1850 Canada possessed 106 km of railway track: by 1974 the figure had
increased to 96,958 km, At the present time there are some 405,000 km of
rozds and highways outside municipal jurisdiction and the registration of all
types of motorized vehicles is now in excess of 11,000,000. 1In 1975 there
were 12.5 million telephcnes or approximately one telephone for every two
people in the country. The figures for the ownership of radios and television
sets have reached almost 100% of Canadian households. Domestic air transport-
ation now carries 15 millions passengers annually and another 5 million on
international routes.

75. ‘This complex of transportation and communication has been built up over
a century by a combination of private industrial investment and government
agencies.

TRANSPORTATION

76. Canada has establishcd an extensive transportation system over the last
one hundred ycars as part of a planned effort to achieve its national economic
and social goals. A large element of this network has been financed by
governments in Canada and legislation has been cnacted to ensure that control
remains in Canadian hands.

77. ‘The technolcgy needed for a modern transpoxtétion system has been largely
borrowed but Canadian industry has had a major task in adaptlng both vehicles
and systems to the Canadian c¢limate and topcgraphy.

78. The infrastructure of Canadian transportation can best be described
within the three mcdes of surface, air and marine.

Surface
79. Railways have'played a major role in the political integration, set-

. tlement and economic developmnent of Canada. ‘fThey are partners in multi-
modal transportation systems designed to move specific products and
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containers cover vast dictances with speed, efficiency and economy. Innova-
tions such as welded track, concrete ties, powerful locomotives, unit trains
and comfortable high-spzed passenger trains ensure for railways an important
role in intercity transportation in the future.

F
80. A number of ideas have recently been developed through research and
have proven arplicable to railways. These include a communications system.
in long trains to replace radio communications, which are not completely
satisfactory in tunnels, winding terrain, and in proximity to other trains;
guided radar for detection of snow and landslides around curves or over ‘
hills, using an clectramxanetic surface wave-quide such as coaxial cable;

- and control of multi- locamotive powered trains to reduce the incidence of

coupler failure due to high drawbar pull in long trains. 1Three types of
experimental passenger trains - the LRC (light, vapid and comfortable) which
uses present technology, the turbine-driven train, and a more futuristic
model ‘based on magnetic levitation principles - could provide ground
transportation capable of linking city centres of speeds competitive with
air travel. ' ' .

8l. The development of containerized shipments, requiring the ccoperation
of several modes of transportation and the design of smooth efficient inter-
change facilities, has been one of the most significant developments for
rail freight in recent yesars. .In 1975, 166,417 raiiway freight cars carried
3,558,082 metric tons of containerized freight. '

82. Canada, through CIDA, has completed a number of transport-oriented
projects including: a railway improvement investigation in Malaysia which

- made recomendations for improvemzent of major crossings enabling usage of

heavy and faster locomotives; the provision of materials to developing
countries such as steel rails, sleepers, etc; engineering technology for new
rail lines, renovations to existing lines, improved rail curvature in Malawi;
and refurbishing the major railway cystem in Bangladesh.

Air

83. The contribution of the aircraft to transportation in Canada has in-

creased sharply and dramatically ever since the delivery of the first pure jet
in 1960. This new type of aircraft, larger and capable of much greater speed

. and range, opened a new era not only for the passenger but for cargo as well.

84. Although Canadian air carriers perform many varied services - including
such specialty flying as crop dusting, forest fire patrol, pipeline inspec- .
tion, aerial survey and photography, construction, and flight training -
passenger and cargo transport is by far the most important activity.

85. Canadians have provided expertise to developing countries on master
planning and ultimate development of airport facilities of various sizes such
as; the extension and improvement of the new terminal at St. Vincent, the new -
apron facilities at Dominica, the now terminal with facilities at Barbodos,
and the new main arterial hub airport scheduled to commence construction in
the near future at St. Kitts and Antiqua.
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. STOL

86. . A pioneer in the develomment of short take-off and landing (STOI)
aircraft, Canada has added a further dimension to the use of such aircovatt.
In July 1974, Airtransit introduced an experimental city-centre to city-
centre conmutor service, using ll-passenger. de Havilland ‘Iwin Ctter (DHC-6). A
larger and much quicker STOL aircraft requiring only 2,000 feet of mmway,

capable of transporting 48 passengers at a cruise speed of about 275 miles per
hour, has been developed by the de Havilland Aircraft Co. This aircraft, the
Dash 7, a four-engine turbo prop, made its first flight on March 27, 1J75.

Marine

87. The Canadian Coast Guard is responsible for navigational aids and water-
ways, ship safety and regulations, pilotage, telecommunications and
electronics systems, and the Coastguard fleet. The duties of the fleet
“include ice-breaking and ice escort, search and rescue, fishery patrol and
maritime pollution control.

88. Because of Canada's long coastline, the marine mcde has, for years,
prOVlded the only means of transportation for numerous coastal villages and
remains the principal means of transportation in such areas.

89. Work in the hydraulic laboratory facilities fas involved rescarch
associated  with the movanent of large vessels in Canadian waterways including
the study and development of navigation standards incorporating the physical
aspects of .the waterwayc and vessels using them. Certain major research
categories involve; fixed and moveable bed model studies, tidal and non-tidal
estuary studies, vessel dynamics and performance, and wave generation and wave
related mcdel studies.

90. Canada, throuwgh CIDA, has provided small vessels/barges and related
equipment for use at seaports and river navigation, and engineering
technology on design and construction of new port facilities at Karachi,
Pakistan.

Air Cushion Technology

91. Canada, over the past 10 years, has been closely involved in various

aspects of air cushion technolagy to mecot sowe of our difficult and pocul jar
txan sportation pnohlcm‘ In particulir, we see its application in areas of
difficult river crossings, expansion and extension of port facilities, and
the carrying of cargo and passengers into areas where the terrain does not
permit the use of other tyvres of transportation without vast expenditures on
supporting facilities such as roads, docks and airfields. The possibility
also exists of using the technolegy for mineral exploration and mining.

"~
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THE ROLE OF TELEICOM”TUNICATIO\IS IN DEVELOPMENT

92. The first teleccrmunication service offered to the Canadian public was
the telegraph (1846), followed by telephone (1878), radio telecommunications
(1923) and, recently, ramote access to electronically stored information and
to data processing services. By massive expenditures, Canada has developed
a vast and complex telecommunication system which inclwies everything from
landline telegram systems and open wire telephone systems, dating from the
turn of the century, to 1985 fibre optics, using among other things micro—
wave, coaxial cable, coammunications satellites, and "intelligent" digital
switching. ‘

93, Canada is now in the process of examining the technical, econcmnic and
social aspects of this conglomerate. We are focusing our attention on
defining how all this telecommunication technology should inter-relate
technically, operationally and institutionally.

94, This erxamination of telecommunications at the damestic level could mean
that one of Canada's contributions to the developing world might be to .pro—

‘vide consultative know-how, at the policy as well as programme levels, on

how to integrate the range of available technologies into the specific
socio—-economic priorities of particular nation.

95. n the programme side, some of the Canadian developments which are most
relevant to the typns of problems faced by developing countmles, are the
following:

Satellite Technoloay and Apolications

96. Canada has been testing specific applications for the délivery of vital

. community services. In particular, it has been examining the delivery of

public services such as tele-medicine, tele-education, commnunity development
and administration, to remote areas through the Communications Technology
Satellite (Hermes) and the Anik-B Satelllte, which is to be launched late in
1978.

Switching Systems

97. Canada has begun examining the integration of advanced digital trans—
mission and switching systems with antecedent analogue and wide line plant.
This experience would be useful to developing countries wishing to mcdernize
their systems.

Remote Sensing

98. A major application of telecommunications technolagy to development is
the use of airborne or satellite-borne imaging radar. 1his technique por-
mits wide-area mapping of geographic arecas which, because of such features

as forest cover, lack of roads or difficult terrain, arce impenetrable or
inaccessible using other techniques such as acrial photoaraphy or ground
swveying. Some of the developing countries have already made arrangements to

have their territories extensively surveyed using airborne imaging radar.
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Development Assistance

99, In the field of telecommunications, assistance programmes have not, so
far, been & main separate sector of concentration. MHowover, there have been
substantial allocations in response to individual bilateral requests tfrom

developing countries for telecoununicaticns assistance and alse multilaterally

as a response to projoect proposals of the International Telecommunications
Union, (ITU). Allecations to telecommunications projects have amounted to
about $90 million over the last five yoars and have included both havdware and
technical assistance. In addition, CIPA's contribution to teleconmunications

development through multilateral agencies such as the UNDP amounted to about
$17.2 million. -

100, The largest project now besing implemented by Canada is the design,
engineering, supply and installation of about 3,000 kilometres of microwave
radio links which will extend, as part of the PANAFTEL network, over five
countries - Mali, Senegal, Upper Volta, Niger and Benin.

101. Canada has also provided communication satellite earth stations in
India, Pakistan and Rangladesh. These facilities have had a remarkable
effect on upgrading the efficiency of international cowmmunications for all
three countries.

- o
102. Radio and television broadcast equipment have been supplied to several
countries, including an educaticnal telovision project for the Ivory Coast.

103. 1The provision of training, workshovs and specialists have been impor-
tant parts of Canada's telecommunication assistance programme. About $19
million has been spent or technical assistance over the last five years.

104. In common with other development assistance agencies, CIDA's hesitation
to concentrate a large portion of its funds in the telecommunications sector
results from a lack of real knowledge about the. impact of teleccmrunications
on econcmic and social development. CIDA is now involved with the Canadian
Cepartment of Communications and the ITU in studies which will lead to a
better understanding of the quantifiable links between telecommunications and
development. If the results prove positive, Canada's telecommunications
assistance program may be substantially increased.

INDUSTRIAL SCIENCE AND TECHNOLOGY .

Canada's Industrial Growth

105. For a pericd of three hundred year:: following Lhe establ ishment of a
Furopean presence in what is now Canada, the majorily of the tools and
supplies necoded by the populace were imported first [vom Prance and then
from Britain. In exchange for these imports, the original settlers exporied
animal furs, fish, timber, etc. Gradually, however, attompts werce made to
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produce these goods in Canada and by the boginning of the nineteenth contury
domestic manufacturers were supplylng an increasing proportion of the tools

. and equipment needed by Canadians.

106. In 1879, the Federal goveriwient adopted a "Natjonal Molicy" which called
for completion of a railway line from the Pacific Ocean to the Atlantic Ocean,

" intensive efforts to populate the largely unccocupied lands in Central Canada

and tariffs on imported goods. fThus, the policy was designed to increase.thc
size of the domestic market, improve transportation between the major .
population centres of the country and stimulate domestic manufacture of the
goods required by Canadians.

107. During the twentieth century, steady growth in the size of the domestic
market and the demands of two major wars resulted in a rapid expansion in
Cznadian manufacturing capability. This was effected in part by the devel-
oment of indiqenous technology but also to a great extent by the importa-
tion -of foreign techno]cqy and the establishment of manufacturing plaqu in

" Canada by fOL\.lgn companies.

108. An indigenous supply of raw materials and energy, a constant flow of
immigrants from the industrially developed parts of Europe, and close
proximity to, and trade with, the United States have Lequlted in Canadian
industrialization keeping pace with activities in other developed countries.
There are, however, two Important aspects of Canada's industrialization
history worth emphasizing. First, Canada's secondary manufacturing industry
was established to meet the needs of the domestic rather than the export
markst. Second, the sheer physical size of Canada has demanded a steady
‘stream of major construction projects associlated with railroads, highwavs,
waterways, airports, hydroelectric plants, telecommunications, etc. As a
result, Canada has developed consulting engineers, construction firms and
manufacturers with the competence and experience to undertake major
construction projects in any part of the world.

109. The Canadian industrial scene has companies ranging in size from the very
small to the very large including a number of multinational corporaticons; e.q.
Bata, Massey-Ferguson, Alcan, INCO, Northern Telecom. 'The inflow of foreiagn
investment into Canada, however, has resulted in a high proportion of Canada's
total manufacturing sector being foreign controlled. Thus, in 1974, 57% of the
value of Canadian manufacturing output was pLoduced by foreign controlled

companies.

110. Such foreign control scometimes results in Canada's comparative advan-
tages not being .optimally exploited and companie$ not developing a complete:
range of corporate activities. Thus, foreign-controlled firms in Canada are
often not encouraged or permitted by their home office to assume responsi-
bility for the develcomment and world-wide exploitation of specific prcducts.

 Instead, they are limited to adapting the wide-ranging technology of parent

firms for exploitation on the Canadian market only.
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111, Nevertheless, attractlng foreign 1nVﬁ%tm@nt continuzs to be a priprity
for the Canadian government for it has plgypd a large role in develeping
Canada's manufacturing base and in providing employment. Foreign investment
has in addition led to an infllow of technology from foreign parent firms into
Canadian subsidiaries. Such subsidliaries receive technology from the parent
firm in the form of drawlngs and plang, or access to advice on a personal
basis for which there is no explicit expenditure, Technology transfer is also
facilitated by the importation of new production machinery developed by the
parent firm. A recent study estimated the value of these invisible inflows of
technology in 1976 to be SGOG - $700 million.

112. The Canadian government is concetned to ensure that foreign investment
continues to provide appropriate benefits to Canada and has established the
Eorgign Investment Review Agency, (FIRA}, to ensure that this occurs. Aas part I'
of its existing mandate FIRA has been reguested to place particular emphasis

on assessing the sclentific and technologlcal component of a potential foreign
investment when determlnmg whether there is significant benefit to Canada. '

industrial R&D

113. Increases in knowledge and technolegical advances are an important fac-
tor in improving productivicy and enhancing economic growth. Studies have
indicated that, on average, R&D as an investment outper forms other invest~
ments in the private sector, not only in terms of return to the investor,
but alsc in terms of benefit to society.

1l4. It is estimated that for 1977, approximately $1.9 billion was spent on
R&D in Canada which represents about 0.9% of GNP. This percentage is leow in
compar ison with figures for other developed countries. With regard to in~
dustrial R&D, it is estimated that for 1977, 34.9% (i.e. $670 million) of '
the Canadian RsD effort will be funded by industry and that 44,2% (i.e. $850
million) will be performed by industry. Although the amount of R pertormad
by industry has increased significantly in absolute terms (from $129 million l
in 1961 and $47 million in 1971}, its growth since 1871, measured in consian
dollars, has been snall. This under-investment in' industrial R&D may be

partially attributable to the hlgh degree of foreign ownership of Canadian
irdustry.

115. A mumber of measurcs have becen taken by the Canadian government over
the years to encourage R&D in Canadian industry. The laboratorios cstabl ish
ed by the National Rescarch Council have done excellent work in both the
scientific and the technolegical areas and have been of considerable assist-
-ance to Canadian manufacturing companies by providing technical advice and
resolving difficult technical problems. Provincial Governments have gstab-
lished research organizations to serve the needs of industry in their

individual provinces and the larger: companies have also established RiD l
facilities.

116. In a few instances, cooperative research organizations have been estab.
lished to meet the needs of specific industrial sectors, e.g. pulp and
paper, welding, natural gas. Financial assistance was provided by the

k]
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) Canadlcm Government to establich these rescarch associations, but their

ongolng operation is supported by companies in the spacific J.ndw trial sectovs
which wish to avail themselves of the expertise Qnd facilities Lhc Lesearch

_assoclations offer.

117. Since the 1960's, a number of fiscal measures have been introduced by
the Federal Government to encourage R&D in Canadian industry. These are:

First: the discretionary shared-cost programs administered by the Depart-
ment of Industry, Trade and Commerce and by the National Research
Council. Together it is estimated that this group of programs will
contribute about $80 million to industrial R&D in the coming year.
These Programs tend to help established, medium~sized firms embark
on projects that have a clear prospect of commercialization.

Second: government R&D contracts awarded to industry are estimated to
reach about $130 million in 1977-78. These contracts reflect the
government's Contracting-Out Policy intraduced in 1973 for new RsD
requiramnents and recently extended to most sciehce requirements.
Contracting-Out does not represent an additional government ex-—
penditure, since the government has an R&D requirement which must
be paid for whether it is performed in~house by public servants or
contracted to industry.

Third: the government has introduced tax incentives to encourage come
panies to carry out R&D. Thus, when calculating taxable income, a
company may deduct from earnings the actual R&D expenditures
incurred during the year plus 50% of the amount by which current
ReD expenditures exceed the average R&D expenditures incurred in
the previous three years. Also, depending on its geographical
location in Canada, a company may claim a tax credit of fron 5% to
10% of its annual R&D expenditures.

Technology Transfer from Canada to Developing Cbuntries

118. In Canada, as in other Western countries, most of the information on
industrial processes, product-design and industrial kiow-how is contained in
the private sector. Clearly the private sector has a vital ‘interest in
prov1dlxg information to potential customors in both developed and developing
countries. This is done through conmercial advertising, trade fdxr', salos
drives and with the help of the Trade Commissioner Scrvice. fhere is however,
no formal mechanism existing in the private sector dirccted towards developing
‘countries as a group, although there may be regional offices catering malnly

" to developing countries, e.g. in Latin America. In the public sector it is

the Canadian International Develogment Xgency, (CIDA), which acts as the prime
mechanism for assisting in the transfer of technology to developing countrles.

119. By means of a program which shares the costs of pre-feasibility and
feasibility studies, CIDA supports Canadian firms in their exploration of
specific joint vehture investment opportunities in developing countries. Joint
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ventures are particularly encouraged since they represent a centinuing in-
volvement of the Canadian cowpany in the technical, managerial, financial- and
marketing aspects of the project. The program requires that an applicant
company fulfill certain criteria which indicate that an investment would be of
social and economic benefit to the host country and be acceptable to the host
governmmnt It assists only studies of new entreprises or the expansion of
existing enterprises into new fields. The applicant rust be an established
Canadian firm which has a demonstrated competency in a particular field and
which has adequate resources available for investment.

120. CIDa also provides information to Canadian industry and firms

interested in investing in developing countries. It has sponsored invest-~
ment promotion missions in Canada introducing developing country investment
mission groups to Canadian industry at meetings in citids across Canada. At
such meetings developing country groups are able to investigate Canadian
technologies while prospective Canadian partners have the opportunity to learn
more about investment climates in.the developing countries.,

121, Finally, specific¢ requests by developing country firms for Canadian
partners are matched through an active roster of Canadian firms which have
indicated interest in such partnerships. CIDA is only responsible for initial
contact in such requasts but successful matches may lead to applications under
the feasibility study program.

- .
SCIENTIFIC AND TECHNICAL INFORMATION

Introducticn

122. The supplying of scientific and technical information (STI) to users in
Canada is made difficult by such factors as a small population distributed
over large distances, a pluralistic society with two official languages,
multiple levels of government, and the need for an. industrialized country to
maintain coverage of virtually all fields of S&T while itself producing only
some 3 percent of the world's output. No matter what exact definition may

be chosen for STI, it is clear that maintenance of an adequate and up-to-

date data base must be an important part of Canadian scientific and technole-
gical activities. Within the federal government alone, about $100 million was
spent on scientific information services in 1977-78 out of a total budget of
$1664 million for scientific activities of all kinds. For the most part thesc
STI activities are elements of broader prcgrams, contributing to such
activities as training of highly qualified manpower, regulatory functions,
resource management, defence, and support of industrial technolcgy, as well as
scientific research in general.

123. In developing mechanisms for the collection and delivery of STI in
Canada, the emphasis is on practical tools and services rather than explicit
policies. The importance is recognized of interdependency and ccoperatlon,
both demestic and external,
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STI Organizaticns

. 124. Because Canada is largely dependent on knowledge published elsewhere,
we are accustomed to drawing on the world's science literature through
libraries arvi related systems and services. Foremost among these is the
Canada Institute for Scientific and Technical Information (CISTY), which
'holds our largest collecticn of STI - over one million volumes. CISTI is .
part of the National Research Council of Canada, which operates the Federal
government's largest multi-disciplinary ReD laboratories. It carries primary
responsibility for providing national STI services and related support, and 1is
specifically charged with building up a national network of STI services.
(General bibliographic matters of national scope are the partlgulax responsi-
bility of the National lezary of Canada).

125, The strength of CISTI is in the natural sciences and engineering, com-
plemented by other federal collections of national stature such as those of
‘the National Library in the social sciences and humanities, of the Geologi-
cal Survey of Canada, and several others. Additional scientific and special
libraries have grown up over the years in response to institutional needs,
and there is a great degree of ccoperation and interdependence in matters
such as inter-library loans. To aid this process CISTI maintains a Union List
of Scientific and Technical Serials in Canadian Libraries. Specific exanples
of this type of cooperation include the network of 26 branch libraries of the
Canada Department of Agriculture located across the country, at the hub of
which is the headquarters library in Ottawa. The network of cooperating
university libraries in Ontario and Quebec is an additional example.

126. This type of domestic rationalization and cooperation might commend
itself to developing countries. It is equally applicable to more special-
ized data collectlonu, such as the national index to sources of geoscience
data and the provision of a supporting referral service by the Centre for
Geoscience Data, part of the Canadian Department of Energy, Mines and
Resources, or the Water Resources Document Reference Centre opurated by the
Department of Fisheries and the Env1ronm=n :

127. Increasing use is being made of various computerized data~bases that
are available commercially, such as INFCMART and QL Systems in Canada, or
Iockheed's Dialog, which prov1de rapid and effective biblicgraphic search
services. '

Systems Development

128, CISTI has pioneered the development of a number of innovations in sys-
tems and services for blblloqraphlc search and retrieval appropriate to broad
national needs. A prime example is CAN/OLF (Canadian On-Line Phquiry), now
widely used in Canada and well-known internationally. At present over five
million citations from eight data-bases can be accessed, in either French or
English, through soime 240 cowmmunications terminals across the country. 1Tt is
not only a bibliographic scarch system but also a location tool and a national
directory of subject expertisc.
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129. Another CISTI Development is CAN/SDI (Selective Disseminaticon of Infor-
mation), which has been of particular ‘interest abroad.  CAN/SDI enables large
bases to be searched regularly and printed citations in very spocific subject
areas to be printed out for particular individuals. With the aid of CIsTI
expertise, the system is now oparational in nine organizations of seven
countries. Technical and educational assistance has been provided to build up
nationzl SDI services in Argentina, Indian and Mexico.

Asolstance to Indu LTy

130, In 1945 a TEchnlcal Information Service (TIS) was formed within the

NRC. TIS resembles an agricultural extension service but is oriented to the
needs of small and medium manufacturing industry, where there are few or

no technical staff or resources. Through a network of field offices, many
operated in conjunction with provincial organizations, it provides technical
information to help solve their manufacturing problems, improve productivity,
identify opportunities resulting from technolegical development, and promote
the use of research results in industry. With its three decades of operating
exper ience, TIS has been a model for similar schemes in a number of other
countries. Individuals have come to TIS for training from five developirg
countries and consultants have been sent to assist in the planning of similar
‘services in several other countries. A partlcularly 1nge1esb1ng example is
TECENONET-Asia, consisting of eleven institutions” in nine countries in south-
east Asia and nearby. Planning began in 1972, a ¢commitment of more than $3
million over a seven~year pericd being made by the Internationhal Develcpment
Resaarch Centre* and with technical advice and assistance being provided by
TIS.

External Links

131. Because of Canada's significant dependence on knowledge generated else-
where, particular attention has to be paid to external channels for the pur-
chase or exchange of STI. For example, to ensure that the National biblio-
graphic data-base is in a form capable of interfacing with foreign sesrvices,
the National.Library has developod standards and tools like Canadian MARC
(machine~-readable catalcguing) and megnetic tape distribution service,
de51gned with this compatibility in mind., The Canadian MARC offers services
in both french and english,

132. It is obvious that there are many foreign STI systems, both private and
public, which can meet the needs of our scientific community, but whore
Canadians have little or no influence over their management, control and
pricing. For this reason we are watching with particular interest the
develomment of cooperative international information systoms such as INIS,
the Intcernational Nuclear Information Systeom, where participatikg countrics
supply new information from within their tervitory for merging into a commen
data-base, which is then supplicd to members as magnetic tapes or in printed
form. It is hoped that similar success will be achieved by AGRIS, FAQ's
information system for agricultural S&T. In this area we also rely heavily on
a different type of internationally-directed STI system, that of the

* The International Development Research Centre -~ see pava 143 ct
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Commonwealth Agricultural Bureaux (CAB), of which Canada has been a member for
50 years. The CAB provides a data-base covering the world literature in
agriculture, forestry and nutrition, using its own professional staff but

"managed by Commonwealth countries.

133, Canada vicws with particular interest such cooperative international
efforts to attain wider accessibility and to develop mutually beneficial &1l
systems, and believes that thev should be encouraged. Iowever, mechanisms-are
necded to set priovities, coordinate initiatives from various international

“organizations, eliminate overlap, and ensure compatibility of system design.

Canada has welcomed the activities of the UNISIST program of UNESCO and of the
International Standards Organization in their efforts to hammonize such

- developments and ensure that systems can be inter-connected. A mechanism is

needed however, to ensure that the initiatives of all agencies are reviewed so
as to enable the broad priorities of member states to find expression; pos-
sibly the most logical focus is within the committee structure of UNESCO's

General Information Programme.

SECTION THREE

~ CANADA'S DEVELOPMENT ASSISTANCE PROGRAMS =

134, B=fore 1960 Canada's development assistance program was administered by
the Department of External Affairs and, to a much lesser extent, by the
Department of Trade and Commerce through the latter's Economic and Technical
Assistance Bureau. In 1960 that Bureau's functions were transferred to
External Affairs and an External Aid Office was established which in turn, in
1968, became the Canadian International Development Agency (CIDA). o

135. The initial approach to development assistance placed an emphasis upon
building up the physical infrastructures of developing countries and previding
extensive training and education for their students. By the late 1960's an
additional need for further strengthening the indigenous capabilities of the
developing countries in the science and technology (S&T) area had been
identified as a major concern. In 1970 therefore, the International
Development Research Centre was established with the mandate, simply stated,
to support research for the developing countries, by the developing countries
and, where possible, in the developing countries.

136. In 1975, the last year for which comparative data is available, Canada
and Sweden led the OECD countries in the share of gross national expenditure
on R&D devoted to the problems of less developed countries with 2% of
expenditures going to that purpose. The bulk of this funding is provided
through CIDA and IDRC.

Canadian International Development Agency (CIDA)

137. CIDA is the official govermnment channel through which development
assistance is offered to developing countries. The Agency's funding has
almost tripled since 1970, reaching $1.1 billion in 1977-78. About half of
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this was spent through the bilateral channel in 1976-77 ($478 millions)
including economic, food, technical and enargy assistance to approximately 80
developing countries in Asia, Cormmonwealth and Francophone Africa, tin
Mmerica and the Carribbean. $417 millions was disbursed through the
multilateral channel, including contributions to the World Bank, regional-
development Banks, United Nations agencies, Commonwealth and Francophone
progranmes, and international food aid channeled throuwgh the torld Foed
Program. A further $69 millions was spent on several special programmes,
including $38 millions in matching grants to numerous Canadian
non-governmental agencies.

138. Almost all of CIDA's programmes contain some element of technolegy
transfer either directly in the various forms of technical assistance provided
and research programmes funded, or indircctly through the provision of capital
equipment. In terms of technical assistance as an examnple, about 1,600
Canadian advisors and educators were serving overseas in 1976. ver 1,400
students and trainees were taking courses in Canada and another 648 were

studying throwh Canadian scholarships in "third country” institutions lccated
near their homelands.

139. In terms of support to the scientific and/or technolcgical programs more
strictly defined, CIDA estimates its spending as approximately $27.6 millions
in 1977-78. Examples of the kinds of projects supported bilaterally include
two wheat production pilot projects in Tanzania ard Zambia, a rapeseed farming
project in Peru projects concernsd with the protection of vegetables in Niger,
Mali and Upper Volta, and a project aimed at improving farming methods in the
drylands of India. Also under its bilateral programme the Agency is
encouraging interest in a different approach to the use of energy sources,
such as wocd and charcoal, and is looking at the benefits of alternate ensrgy
forms e.g. biomass, windpower and solar converters.

140. In carrying out these projects CIDA makes extensive use of Canada's
domestic ST capability and in particular the universities, no less than 20 of

which having been involved to sone degrec in the Agency's program. over the
last decade.

141, CIPA's multilateral programmes contain, as an important element, support
for international rescarch centres reflecting the value of potential perceived
for these centres as mechanisms for focussing scarce scientific resources on
major. problems of concern to a number of developing countries. The bulk of
this support ($5.15 millions in 1976-77) has been for agricultural research,
through the Consultative Group on International 2gricultural Research.

142, Since 1976 CIDA has contributed to research programmes of the torld
Health Crganization (WHO), including those on malaria, and other widespread
tropical parasitic diseases, and on human reproduction.

International Development Research Centre

143. The International Pevelopment Research Contre (IDRC) is a public éor~
poration established in 1970 by the Canadian parliament to promole the usce of
scientific and technological rescarch as a means of providing solutions to
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the social and economic problems of developing countries. BAs far as is known,

it was the world's first aid organization set up specifically to support
- research projects identified, designed, conducted and managced by developing

country researchers in their own countrics, in terms of their own priovities.

144. The IDRC is unique among Canadian public agencies in having its policy
set by an international and autonomous Board of Governors, “hoqg membaers
include representatives of developing countrles.

145. Under the IDRC ACT, the chairman, v1ce-chalrman, and nine other members
of the 2]1-member Board must be Canadian citizens; the other 10 are non-
Canadians. The Board is appointed by the Canadian Government, and all funds

- come from a parliamentary grant (last year's (1977) was $34.5 millions.)

146. The IDRC attempts to respond to a need first formally articulated by the
1963 United Nations Conference on the Application of Science and Technology
for the Benefit of the Less Developed Areas. One of the themes of that
conférence was the need for "research specifically designed to produce new
applications of spec1al interest to less developed countrles

147, Early studies showed that 98% of all research and developmnnt, (R&D),
outside the socialist world was performed by the industrialized countries, -
with only 2% taking place in the LDCs. In terms of (NP, the industrialized
countries devoted between 1 and 3% to R&D, the less-developed countries,
0.2%. :

148, In addltlon, much of the R&D conducted in developing countries was either
carried out in fields with little relevance to the needs of the majority of
their people, or duplicated research engaged in by industrialized countries to
meet their own specific problems. In other cases, it was even detrimental to
the interests of the LDCs ——- as where it dealt with synthetic flbLeS which
would compete with their exports.

149, The need for a greatly exbanded effort in ReD for development was obvious
if the developing countries were to gain some competence to pursue their own
needs and prlorltles. The IDRC was the Canadian govermment's answer to this
need.

150. The IDRC supports research primarily in areas that directly affect the
day-to-day lives of the majority of people in the Third World: the rural
poor. These people have also usually been the last to benefit from the
advantages of science and technology. The Centre's activities are carricd out
by five program divisions: ‘

The Agriculturc, Food and Nutrition Scicnces Division omphasizes
rescarch on crops, farming systoms and reaftorestation in arid and
semi-arid lands. It supports research on varicus food crops,
agroforestry (the combination of trees with food crops), multiple
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cropping systems, use of agricultural wastes and by-products,
post-harvest systems, fish farming and shell-fish culture:

The Health Sciences Division concentrates on four program areas:

basic health services, including care delivery and traditional health

workers; bilolocgical and enviroivrental control of some major tropical
diseases; studies of techniqueas to improve water supply systems and
sanitation in squatter settlements and rural areas; and studies of
more effective methods of fertility regulation and family planning.

The Information Sciences Division cooperates with U.N. agencies to
establish worldwide information services with the participation of
developing countries, and supports projects aimed at improving
industrial extension services and creating centres supplying
specialized information on subjects of interests to developing
countries. It also supports research related to communications
problems in developing countries, library services development and
map-making, especially from earth satellite images.

The Publications Division disseminates the results of IDRC-~supportcd
research through a wide range of scientific and general publications
and audlovisual material. It also supplies articles on S&T to the
media in developing countries, and research is supported that is
aimed at devising media suited to linking scientists with rural
people. : o

The Social Sciences and Human Resources Division is primarily concer-
ned with helping rural people 1In transitlon trom a traditional to a
mcdern way of life. It focussés on studies that aim at balanced or

- harmonious develorment between city and countryside. The Divisicn
supports the formation of appropriate S&T policies, investigation of
the most effective means of delivering rural primary education, and
research into the determinants of population rargie. Its Fuman
Regources Awards Program aims to broaden .the resource base of

Canadians and developing country scholars trained in problems of
development.

151. In early stages of project formulation, Centre professional staff help
developing country institutions (such as government departments, universities,
and research centres) to fit their research proposals into this divisional
framework. Every project proposal is then reviewed by the Centre's
professional staff, and assessed in the light of factors such as:

National priority: Does the proposal fit into a priority
expressed by a government or research institute in a
developing country? '

Regional applicability: Are the research findings likely
to nave useful application over a region and in countries
beyond the one in which research takes place?
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Practicality: ~ Will the research help close gaps in
1iving standards in those countries, and lessen the
imbalance in development between rural and urban areas?

Local resources: Will it make the fullest possible use
ot local resources and rescarch workers from the region?

Research training: Will it result in better trained
and more expurienced Leseahchers, and more effective
research institutions? .

Research area: Does it fall within the IDRC's areas
of concentration?

152. Once projects are approved, each program division channels funds to the
institutions involved. In every project, the local institution is expected to

. pay & portion of local costs. Payments are made according to a contract

entered into by the Centre and the developing country institution concerned.

153. While concentrating on projects that develop the research capabilities of
the countries proposing them, the Centre has also stressed the ccordination of
research across national boundaries. and betw2en developing regions, through
the creation of research networks. For example, teams in .10 countries, from
Argentina to’ Yugoslavia to India, are studying how S&T policies can make the
greatest use of local skills and derive the most benefit from imported
technology, particularly in large and medium scale industry.

154, The C&ntre has also provided funding for research in the world-wide

network of international research institutes, such as the International Rice
Research Institute in the Philippines. Recently, it played a key role in
establishing two new international bodies, the International Centre for
Mricultural Research in the Dry Areas (ICARDA), and the International
Council for Research in Xgroforestry (ICRAF). These institutions are aimed at
filling vital gaps in the research capabilities of the Third World.

155. The Centre also fosters cooperation between developing country
ressarchers and Canadian and other institutions in developed nations. Last
year, for example, Asian scientists, supported by Canadian expertise and using
a hormone extract from British Columbia salmon, succeeded for the first time
in breeding milkfish in captivity, thus opening up the p0551b111ty of greatly

" increased protein supplies for Asia.

156. Finally, the IDRC contributes funds toward research in specific areas '
such as tropical diseases and contraceptive technology, which is conducted
through other international agencies, such as the World lecalth Organization,
and private foundations, such as the Ford Foundation. These programs make use

~ of the best available scientific talent in the world, furthering basic

knowledge in areas of value to developing countries.
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157. The validity of the Centre's approach as an agency that grants funds to
developing countries for research by their own nationals into problems they
themselves identify as important, has been amply confirmed since the IDRC's
incepticn in May, 1970. Not only has the budget grown steadily frem an
initial grant of $1 million for the first year to the present level of nearly
$40 million, reflecting increasing acceptance and requests from developirg
countries, but the concept has been increasingly regarded by other develcoped
countries as a model to be exemplified. .

Voluntary 2Agencies

158. In 197G, over 253 Cénadian non-government organizations, (NGO), were
involved with CIDA financial assistance, in more than 968 projects in 98
countries. The value of the projects was over $125.9 millions (Canadlian) of

which CIDA provided $38.1 millions in the form of grants designed to match the

cash raised by these organizations. Further matching contributions totalling
$6.65 millions were made by four provincial governments. Canada has- found

" this concept of matched funding to be very effective and the projects con-
ceived by the NGOs to be among scme of the most innovative of the whole
assistance program. : -

159. Many of the projects undertaken by NGOs are technolegical in nature or
have research ccmponents. Examples include the work on solar energy
applications, appropriate technolcgy and focd teghnology undertaken by such
organizations as the Canadian Council of Churches, the Brace Institute, the
Canadian Hurger Fund and the Mennonite Central Committee.

160, A further substantial - though often not very visible ~ contribution to
international assistance is made by the scientific and engineering associa- -
tions of Canada, many of which having affiliations to larger international
bodies. ‘The Canadian National committee for the International Council of
Scientific Unions (ICSU) is a case to point. Cperating on a very mcdest
budget this organization is able to secure the voluntary services of out-
standing sclentists in many countries, including Canada, and amorgst other -

“very useful activities provides valueble scientific advice to such bodies as
UNESCO, WMO and FAO.

Other Government Programmes

161. In addition to IDRC and CIDA a numnber of Federal government departments
have become involved in international development activities in the S&T
sector. For example, the Departments of Energy, Mines and Resources and
Agriculture Canada have provided technical experts for CIDA projects in a
number of developing countries. In the agricultural field research has been
carried out on several major projects, among them agricultural development in
Zambia, a soil survey and wheat production project in Tanzania, dryland
farming in India and Sri Lanka, training of wheat breeders in Brazil and soil
surveys in Malaysia. :
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Future Possibilities

'162. Canada believes that through the various forms of assistance provided, a

useful contribution has been made in the S&T area towards strengthening the

" indigenous capability of the developing countries. We are, nevertheless,

conscious of the evolutionary nature of development assistance and therefore
welcome the opportunity offered by UNCSTED to examine other initiatives which
would further enhance the appllcatlon of Canada's S&T capabllltles to
international development cooperation.

163. Anong initiatives currently underway ‘are studies aimed at seeking new
strategies and mechanisms for enhancing the application of Canada's demestic
S&T capabilities to international development assistance including consid-
erations of an enhanced involvement of Canadian universities. A major
emphasis in these studies is being placed upon the potential of a cooperative
‘R&D ,approach to selected problems of mutual concern to both Canada and certain

developing countries.

CONFERENCE PREPARATIONS

164. Canada views this national paper as but one early component of the
widespread national activities and studies just getting underway - activities
which it is hoped will enable us to contribute substantially as the Conference

preparations develop.







