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Chairman 
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Dear Dr . Whitham, 

The theme of this year's meeting of the Canadian Advisory 
Committee on Remote Sensing (CACRS) was "The Future of the National 
Remote Sensing Program" . The chairman of the organizing committee 
was Mr. Frank Hegyi, Director of the Inventory Branch of the B.C. 
Ministry of Forests. A total of 71 recommendations were presented 
of which 62 can be handled by the Canada Centre for Remote Sensing 
and 9 must be passed up to the Interagency Committee on Remote Sensing 
for action. 

A major event at this year ' s meeting was the opening address 
given by Dr. A.E . Collin, Associate Deputy Minister, on behalf of 
Mrs . Judy Ero l a, Minister of State for Mines. This address set the 
stage for the meeting and contributed greatly to its success . 

This year ' s meeting was important in that it allowed the 
full CACRS body to examine and discuss major issues such as RADARSAT, 
and also the impact on the regional programs of the quantum jump in 
price imposed by NOAA for satellite data reception which will occur 
on October 1 . 1982. It would have been very difficult to deal with 
the full implications of the latter issue without the CACRS organ
ization. 

A new feature of this year ' s program was a panel composed 
of senior officials from the major remote sensing technology companies 
which presented the viewpoint of industry on the National Program and 
the direction it has taken. The panel discussion was a high point of 
the meeting and it is evident that industrial participation will be 
a regular feature of further CACRS ' meetings. 

30 July 1982 

Yours sincerely, 

/ 

E. A. Go,dby 
Chairman, Canadian Advisory 
Committee on Remote Sensing 
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1.0 EXECUTIVE SUMMARY 

The following is a summary of the 
discussions that occurred at the annual 
meeting of the Canadian Advisory Committee 
on Remote Sensing, which took place at 
Arnprior, Ontario, between March 29 and 
April 1, 1982. 

Objectives of the Meeting 

The overall theme of the meeting 
~uture of the National Remote 
Program". The major . topics to be 
were: 

was "The 
Sensing 

examined 

1. What are the major challenges and 
opportunities in applications? 

2. How does technology meet the 
challenges? 

As well as this, recommendations emanating 
from the provinces and the working groups 
were to be tabled and discussed. 

Organization 

The participants in the meeting (see 
Section 10 for a detailed list) repre
senting the provincial and federal 
governments, industry, and the univer
sities, formed four teams in the following 
discipline areas: 

1) Agriculture, Forestry and Wildlife 
2) Arctic Navigation and Oceans 
3) Cartography and Engineering 
4) Geography, Geology, and Water 

Resources 

Presentations were made to the plenary 
session by invited speakers on the 
state-of - the-art in Canada at present in 
all these applications areas. Each 
speaker gave a brief overview of the 
status of current activities in Canada, 
eraphasizing the results of successful 
projects , highlighting potential 
challenges and opportunities, showing the 
economic impacts of the technology, and 
winding up with recommendations on future 
plans. 

These papers formed the basis of 
dis cussion in each of the four workshop 
groups, which themselves developed more 
detailed recommendations which were then 
pre sented and discussed in plenary 
session. 
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There was also a panel discussion in which 
five of the major Canadian companies 
involved in the technology of remote 
sensing were represented, to present the 
ways in which Canadian industry can meet 
the technological needs of Canadian 
resource managers. 

RESULTS 

The Agriculture/Forestry/Wildlife work
shop, led by Dr. Peter Kourtz, (see 
recommendations 3.1.1 to 3.1.9) focussed 
mainly on the Canadian radar satellite 
program, expressing their strong support 
for RADARSAT and emphasizing the need for 
a complementary VIR scanner as the 
secondary sensor on the satellite. They 
also highlighted the need for money to be 
spent on applications research while the 
satellite is still in the planning stages, 
and suggested the establishment of a 
national microwave spectrometer/radiometer 
laboratory. They were concerned about the 
present low level of funding in forestry 
remote sensing research at the federal 
level, and also recommended that the 
Technology Transfer Office assess the best 
means of making remote sensing training 
materials available. 

The Arctic Navigation/Oceans workshop, led 
by Dr. Jim Gower (see recommenda t ions 
3.2.1 to 3.2.10) concentrated to a great 
degree on sensor development. They 
emphasized the value of an optical sensor 
for RADARSAT, as did other group5, dnd 
also recommended more coordination and 
planning between the various government 
agencies which presently fund sensor 
development in Canada. They recommended 
better integration between CCRS and AES in 
the reception and distribution of AVHRR 
and CZCS data, and the inclusion of such 
data in MOSAICS correction. They 
expressed concern about the lack of 
microwave-related training in Canada and 
suggested the initiation of a series of 
workshop/courses. 

The Cartography/Engineering workshop, led 
by Dr. George Zarzycki, (see recommenda
tions 3.3.1 to 3.3.3) looked in detail at 
the problem of assuring continuity of data 
in light of the increases in reception and 
royalty charges recently announced by NOAA 
for LANDSAT. They recommended that 
royalty payments for LANDSAT products be 
considered as a common good and therefore 



that they not be recoverable from the 
user. They also recommended that in 
making plans to assure continuity of data, 
the government ensure that the price of 
satellite data will remain competitive 
with alternative methods. They also made 
specific statements about the parameters 
needed in future satellite systems in 
orde r to meet cartographic requirements. 

The Geography/Geology/Mining/Water 
Resources workshop, led by Ms. Diane 
Thompson, (see recommendations 3.4.1 to 
3.4.8) emphasized their support for a 
Canadian domestic satellite in order to 
assure continuity of data as well as to 
provide a better bargaining stance with 
other nations ; given the existence of the 
RADARSAT program, they recommended the 
inclusion of a VIR scanner as the 
secondary sensor, to provide continuity of 
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visible data. They also emphasized the 
need for proper archival of LANDSAT data, 
to provide the primary base for continuity 
of data. Further, they pointed out the 
need for coordination of training courses 
and facilities, and they suggested a live 
demonstration of image analysis systems at 
the Eighth Canadian Symposium on Remote 
Sensing (May 1983, Montreal). 

CACRS REOKGARIZATIOH 

The terms of reference of CACRS and of the 
CACRS Exe cu ti ve were tabled for approval. 
The terms of reference for CACRS had been 
tabled the previous year in much the same 
format, but had been changed slightly at 
the suggestion of IACRS. The new terms of 
reference are included in this report in 
Section 2, but are subject to final 
approval by IACRS. The terms of reference 
for the Executive were approved as tabled. 



2.0 THE CANADIAN ADVISORY COMMITTEE 
ON REMOTE SENSING (CACRS) 

Introduction 

The Canadian Advisory Committee on 
Remote Sensing (CACRS) was established 
in January 1 972 to effect the develop
ment of a national program of remote 
sensing . Membersh i p in the committee 
comprises representatives of provin
cial and federal organizations, 
industry and universities. Most 
members represent~ government agency 
or national working group and thus 
ensure a broad representation of 
users, scientists and technologists. 
Annual meetings are held early in the 
calendar year to review programs and 
make recommendations. 

Terms of Reference of CACRS 

The Canadian Advisory Committee on 
Remote Sensing has the following 
purposes : 

1. Advising and assisting the govern
ment of Canada , through the 
Minister of Energy, Mines and 
Resources , in meeting the object
ives of the national program of 
remote sensing , by assessing 
national needs and capabilities , 
and making recommendations regard
ing existing and proposed programs 
funded by EMR. 

2 . Advising and assisting all partic
ipants in the national program of 
remote sensing in the application 
of remote sensing techniques to 
the nation 's resource management 
systems by : 

studying the need for technol 
ogy transfer to the end-user 
and industry; 

promoting the active partic 
ipat i on of interested parties 
in the execution of such 
transfer , and facilitating the 
coordination of their efforts; 

evaluating the results. 

3 . Promoting the development and 
diffusion of remote sensing 
methods and applications by: 
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promoting research and 
development activity 

exchanging scientific and 
technical information 

organizing conferences, 
seminars and training courses. 

Structure of CACRS 

The Canadian Advisory Committee on 
Remote Sensing has the following 
structure : 

Chairman : 

Executive : 

IPTASC: 

Director General,CCRS 

An executive commit
tee was established 
in 1981 with terms 
of reference and 
structure described 
below . 

The Interprovincial / 
Territorial Advisory 
Subcommittee of CACRS 
is a body of repre 
sentatives appointed 
to CACRS on the 
recommendation of the 
provinces and terri
tories. 

Working Groups : CACRS establishes 
such working groups 
as it deems necessary 
to carry out its work . 
Some of the groups 
may operate on an on
going basis, while 
others may be ad - hoc 
groups appointed to 
carry out a specific 
task and then disband 
ed upon completion of 
the task 

Secretariat: Provided by CCRS . 

Terms of Reference of the CACRS 
Executive 

The Canadian Advisory Committee on 
Remote Sensing has an Executive with 
the following functions : 

1. To analyze and rank, in order of 
priority , the recommendations of 
CACRS. 

2 . To decide on realistic methods of 



implementing these recommend
ations. 

3 . To review and approve the work 
plans of the working groups and 
to provide guidance to improve 
effectiveness . 

4 . To approve the establishment and 
t erms of reference of limited
life working groups to meet 
specific needs. 

5 . To oversee special studies. 

6. To prepare plans for and to over
see the reorganization or evolu
tion of CACRS. 

7. To plan and co- ordinate the 
organization of the annual CACRS 
meeting. 

8. To approve a summary of the 
results and recommendations of 
the annual CACRS meeting for 
transmittal to higher authority 
(i . e. IACRS in the case of the 
federa l government) . 

9 . To review the above-listed Terms 
of Reference at the CACRS meeting 
annually. 
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Structure of the CACRS Executive 

The representation on the CACRS 
Executive is as fo llows : 

Chairman : Director General, 
Canada Centre for 
Remote Sensing 

Provinces: Chairman , Vice
Chairman, and Past 
Chairman, IPTASC , 
(Interprovincial/ 
Territorial Advisory 
Subcommittee of 
CACRS) . 

Working Groups : Two representatives 
elected by the work 
ing group chairmen, 
to be appointed for 
a t wo - year term. 

Industry : A representative of 
Canadian industry 
may be invited on 
an as-required basis 
to address a 
particular agenda 
item at an Executive 
meet ing . 

Universities : The Chair~~n , 
Education Working 
Group . 



3.0 RECOMMENDATIONS 

These recommendations have been extracted 
from the Working Group and Provincial 
reports and from the reports of the workshop 
groups which met at CACRS. They have been 
considered by the CACRS Executive, and the 
comments of the Executive have in some cases 
been expanded upon by CCRS. 

3.1 

3.1.2 

3 .1.3 

3,1.4 

Recollllllendations fro• the Workshop on 
Agriculture, Forestry and Wildlife: 

That a steerable VIR Scanner, with a 
resolution of 25m, be the second 
sensor on the RADARSAT satellite. 

Comments on 3.1.1: 

The supporters of this recommenda
tion should submit a technical brief 
to the RADARSAT Office. 

Whereas a need exists for satellite 
SAR data in supplementing the VIR 
monitoring of land resource (agricul-
ture, forestry, wildlife), we 
strongly support the RADARSAT 
program. 

Comments on 3.1.2: 

This statement will be forwarded to 
IACRS and to the RADARSAT Office. 

That CCRS ensure that adequate man
power and financial resources are 
identified in the future SAR program 
to support the development of opera
tional land applications of RADARSAT 
data; for example, that a combined 
SAR/VIR agricultural experiment in 
Melfort, Saskatchewan be supported 
by CCRS and Agriculture Canada in 
1983 as a high priority project. 

Comments on 3.1.3: 

CCRS would welcome a formal project 
proposal on this subject through the 
regular channels. 

That as part of a long term Canadian 
microwave program, the feasibility 
of establishing a flexible microwave 
spectrometer/radiometer laboratory 
be evaluated, as a national facility 
which would be funded and maintained 
for use by Canadian investigators. 

Comments on 3,1.4: 
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3.1.6 

3 .1. 7 

3.1.8 

This recommendation will be consi
dered by CCRS Management, including 
the RADAR.SAT Office. Other govern
ment departments which might also be 
interested in pursuing it will be 
informed through IACRS. 

That the RADARSAT test line (Ottawa 
to Petawawa) be used as a standard 
test line for all CCRS airborne sen
sors and that all useable data be 
archived for use by interested 
investigators, and that the exis
tence of this line be made known to 
all organizations testing airborne 
sensors. 

Comments on 3.1,5: 

This test line has been selected as 
convenient and as providing a suit
able variety of imagery from a micro
wave sensor point of view. It is 
certainly possible to use it for 
other airborne sensors as well, but 
it may not be equally appropriate 
for the wide variety of sensors 
presently flown, This will be 
investigated and recommendations 
provided to those involved in sensor 
and applications development. 

That CCRS assess the best 
making remote sensing 
materials available. 

Comments on 3,1.6: 

means of 
training 

This recommendation will be 
forwarded to the Technology Transfer 
Office, CCRS. 

That CACRS express concern about the 
current level of support for federal 
forestry remote sensing research, 
and that it request that the 
Canadian Forestry Service increase 
activities Ln this very important 
area. 

Comments on 3.1,7: 

This recommendation will be 
forwarded to IACRS. 

That a Chairman 
revitalize the 
Group. 

Comments on 3.1,8: 

be appointed to 
Forestry Working 



3.1. 9 

3.2 

3.2.1 

3.2.2 

The Chairmanship 
Working Group has 
Dr. Peter Murtha, 
British Columbia. 

of the Forestry 
been accepted by 

University of 

Now that TOPAS is entering its 
initial design and development 
phase, that an ad hoc committee be 
formed to ensure that there is 
continuous interface with and review 
of the program by users, and that 
this committee report to the 
Chairman of CACRS every six months. 

Comments on 3.1.9: 

This recommendation will be 
forwarded to the CCRS Project 
Selection and Review Committee. 

Recommendations from the Workshop on 
Arctic Navigation and Oceans: 

Because of the vital importance of 
secondary sensor choice on RADARSAT, 
that prior to consideration by the 
RADARSAT Review Board and taking of 
a final decision, members of CACRS 
be informed of the basis for the 
choice and be given time to make 
comments and recommendations. 

Comments on 3.2.1 (See 3.1.1 above) 

Individuals or groups with 
feelings on this question 
present technical briefs 
RADARSAT Office before a 
decision is made. 

strong 
should 

to the 
final 

Although other sensors might have 
higher total priority for all 
interests represented by this group, 
nonetheless the group agrees that an 
optical sensor has value for 
ocean/ice (water colour, wide 
coverage ice imaging, continuity 
with current analyses) as well as 
for land. The group also feels that 
more cost effective designs than the 
thematic mapper may well exist 
(flexible parameters, solid state 
optics could be more useful for all 
projected applications), and 
therefore recommends that RADARSAT 
actively investigate the options for 
a baseline optical sensor design. 

Comments on 3.2.2: 

See response to 3.2.1. 

3.2.3 

3.2.4 

3.2.5 
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In order to improve availability of 
meteorological and ocean imagery 
(especially AVHRR and CZCS), that 
AES and CCRS hold meetings to plan 
to improve and coordinate reception, 
distribution and archival. (AES 
already operates facilities at 
Edmonton, Toronto, with plans for 
Halifax; Shoe Cove will be 
concentrating more 
future; facilities 
needed.) 

Comments on 3.2.3: 

on this in 
for CZCS 

the 
are 

This recommendation will be 
considered by the CCRS Management 
Committee. It is understood that 
AES is actively interested in 
pursuing this. 

That a DCP reception facility be 
established for the east coast; data 
is presently received at Shoe Cove, 
but is currently discarded. 

Comments on 3.2.4: 

See response to 3.4.8 below. 

Since it is possible that government 
funded sensor development in Canada 
has resulted in fragmentation of 
industrial effort into several 
parallel projects that are not well 
directed at commercial markets, it 
is recommended that a working group 
be established to investigate this 
problem, and to recommend future 
action to all concerned, especially 
to funding agencies such as PILP, 
DSS and NSERC. Membership should 
include representatives of these 
agencies, as well as of industry, 
universities and government agencies 
such as CCRS, AES and DFO that are 
involved in sensor development. 
(The group cited possible examples 
in optical spectroscopy and 
microwave sensor development, where 
the viability of Canadian industry 
in international markets could 
possibly be improved by increased 
coordination.) 

Comments on 3.2.5: 

This recommendation 
refe rred to the PILP 

has been 
Committee for 

their comments and action. 



3.2.6 

3.2.7 

In view of RADARSAT and related 
developments, that a microwave 
remote sensing course be organized 
in Canada along the lines of the 
digital image workshop; such 
workshops have now been successfully 
held on several occasions around 
Canada by a variety of instructors. 

Comments on 3.2.6: 

This recommendation will be referred 
to the RADARSAT Office for its 
opinion and advice. 

Since there is a need for courses in 
Canada lasting between 3 days and 
one month, (such courses are curren
tly given in the U.S.), that 
Canadian education establishments be 
assisted to develop such courses, 
particularly focussing on oceans and 
ice; such courses need to be held 
regularly, and advertised 
internationally. 

Comments on 3.2.7: 

The issues raised in this recommenda
tion will be included in the terms 
of reference of the consultant hired 
to do a study of remote sensing 
education in Canada. (See 3.4.2 
below.) 
Since there is concern that during 
development of new digital capabili
ties for handling satellite images, 
the quality and throughput of pre
sent hardcopy products might suffer, 
that sufficient emphasis be placed 
on maintaining quality of these 
hardcopy photographic products. 

Comments on 3.2.8: 

This concern will be placed before 
the CCRS Management Committee. 

That meteorological and ocean image 
formats (AVHRR and CZCS) be included 
in the design of MOSAICS to allow 
geometric correction of this data. 

Comments on 3.2.9: 

At present, MOSAICS is funded only 
to produce LANDSAT and SPOT data. 
Its design has been made suffi
ciently flexible, however, to allow 
for other data sources to be 
included as options when funds 
become available. 
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3.2.10 That consideration be given to 
monitoring RADARSAT bus position and 
attitude to sufficient accuracy to 
allow precision processing of image 
data with minimal use of land marks. 

Comments on 3.2.10: 

This recommendation will be referred 
to the RADARSAT Office. As in 3 .1.1 
and 3.2.1 above, the most effective 
way to influence the planning and 
development of RADARSAT is to 
present briefs to the Project Office 
and become actively involved in the 
planning process. 

3.3 Reco-ndations from the Workshop on 
Cartography and Engineering: 

3. 3 .1 Whereas the current LANDSAT imagery 
has a useful application in 
topographic mapping, that in 
considering future satellite 
systems, cartographic requirements 
be kept in mind and the following 
minimum characteristics be met: 

1) resolution equal to or better 
than LANDSAT MSS 

2) detection of cultural change 
equivalent to MSS band 5 

3) detection of water features 
equivalent to MSS band 7 

4) coverage of prescribed areas 
(i.e. 100-200 1:250,000 map 
sheets) in a time frame not 
exceeding two years. 

Comments on 3.3.1: 

The Chairman of the 
Working Group has agreed 
technical brief on this 
the RADARSAT Office. 

Cartography 
to submit a 
subject to 

Recognizing that two potential 
methods of acquiring remote sensing 
data are either a national satellite 
program or an international 
arrangement involving royalty 
payments, and accepting the fact 
that the former would be considered 
a common good and therefore not 
recoverable from the data user, it 
is recommended that any royalties 
payable in the latter case also be 
considered a common good and 
therefore not recoverable from the 
data user. 



3 . 3. 3 

3.4 

3.4.1 

3 . 4 . 2 

Comments on 3.3.2: 

This recommendation will be referred 
t o IACRS. 

Whereas Canada has the task of 
ma pping the second largest landmass 
i'1 t he world and whereas satellite 
imagery is now being used 
o pe rati o nal ly in a cos t ef fe ctive 
way in certain cartographic 
applications, it i s r ecommended 
that: 

l ) the continuity of sa tellite 
imagery of the Canad ian land 
mass be ass ured i n. a time frame 
and format suitable for opera
tional uses 

2) the pr ice for the satellite data 
be competitive with alternative 
,net hods. 

Comments on 3.3 . 3: 

This recommendati on will be referred 
t o IACRS. 

Reco1111Dendations from the Workshop on 
Geography, Geology and Water 
Resources: 

Gi ve n t he need for continuity of 
data, to have the capability of 
bartering with other satellite 
ape rating countries, and to maintain 
a viable Cana dian r emo te sensing 
i ndustry , it is recommended that 
Canada strongly support the RADARSAT 
Project. 

Comment s on 3.4.1: 

This reco ;nmendation will be 
forwarded t o IACRS and t o the 
RADARSAT Office. 

I t i s appa r en t that there is a 
variety of training needs, both 
nat i onal and international, in 
remote sensing and that there is no 
co- o r dinated so ur ce or mechanism for 
providing infor ma tion on existing 
training courses. It is t herefore 
r eco=ended that the Education 
Nor~ing Grou p be r e - es tablished to 
consider needs and availability of 
courses, the Chairman of the Working 
Gr oup not t o be a membe r of an 
educational institution . 

3.4.3 

3.4.4 

3.4.5 
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Comments on 3.4.2: 

It is noted that the Education 
Working Group has been disbanded, 
with Dr. Philip Howarth remaining as 
rapporteur, until the CACRS 
Executive has examined the final 
report on Education presently being 
compiled by Dr. Howarth. This 
recommendation would require the 
involvement of more time and effort 
than is normally given by volunteer 
working group members, and therefore 
it will be referred to the CCRS 
Management Committee to see if funds 
are available to hire a consultant 
for this purpose. (See 3.2.7 
above.) 

Since continuity of LANDSAT data 
availability is essential, that high 
quality archiving of both processed 
and unprocessed LANDSAT data be 
es tablished for good quality 
Canadian data over the LANDSAT 
period of record. 

Comments on 3.4.3: 

This recommendation will be referred 
to the CCRS Management Committee. 
See comments on 3.8.1. 

Given the importance of visible and 
infrared data to many satellite data 
users in Canada, that the continuity 
of such sat e llite data be ensured, 
if necessary through inclusion of 
VIR as the second RADARSAT sensor. 

Comments on 3.4.4: 

The RADARSAT Office has established 
a group to consider the merits of 
various secondary sensor options. 
The supporters of this recommenda
tion are encouraged to submit a 
technical brief to the RADARSAT 
Office to help this group with its 
work. 

The fo rmation of an Image Analysis 
Working Group, as recommended by the 
Data Handling Working Group, is 
supported. This Group should 
arrange for a 'live' demonstration 
of image analysis systems by the 
systems companies at the next 
Canadian Remote Sensing Symposium, 
possibly supported financially by 



3.4.6 

3.4.7 

the CCRS or Symposium Committee. 
This Working Group should arrange 
for the preparation of a brief 
description of the programs and 
capabilities currently available on 
image analysis systems in Canada. 

Comments on 3.4.5: 

This recommendation has 
forwarded to the Chairman 
Eighth Canadian Symposium on 
Sensing (Montr€al, May 1983). 

been 
of the 

Remote 

That the Treasury Board guidelines 
for evaluation of economic benefits 
be distributed to CACRS members, in 
order to promote the realistic 
evaluation of remote sensing 
cost-benefits in individual 
programs. 

Comments on 3.4.6: 

This document, "Benefit-Cost 
Analysis Guide", published by the 
Department of Supply and Services, 
is now somewhat out of date 
(published 1976). The summary, 5 
pages, has been circulated to CACRS 
members. Those wishing the full 
book may order it from the Canadian 
Government Publishing Centre, Hull, 
Qu€bec, KlA OS9, Catalogue No. 
BT 35-2-1976. 

In order to improve communications 
between aircraft and ground crew, 
that all CCRS aircraft be provided 
with air-to-ground communication 
facilities, and that ground sets be 
made available to field parties. 

Comments on 3.4.7: 

This is an ongoing problem for which 
adequate solutions are continuously 
being sought. "Air-to-ground" 
communications ~eans something 
completely different depending on 
the area, the aircraft involved and 
the facilities available to the 
g round crew. Also of importance is 
whether the activity is strictly 
data acquisition, where all that the 
ground truth team wants to confirm 
is the exact time of coverage, or 
whether the activity is an inter
active one involving activities on 

3.4.8 

3.5 

3.5.1 

3.5.2 
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the ground affecting the imagery to 
be collected. CCRS has recently 
added FM communication capability to 
its Dakotas in an attempt to see if 
this will provide an improvement 
over conventional aircraft communi
cations systems. Should this prove 
useful, its use will be expanded to 
the other aircraft as appropriate. 

Given that data retransmission via 
satellite is an important remote 
sensing tool in Canada, that Energy, 
Mines and Resources (CCRS), in 
conjunction with the 
Interdepartmental Committee on 
Space, assess the vaiability of (1) 
e s tablishing and operating a 
Canadian receiving station for DCP 
data; and (2) providing facilities 
for data retransmission on 
appropriate Canadian satellites. 

Comments on 3.4.8: 

A joint Working Group meeting on 
this subject took place in May, 
1982. The Chairmen of the Water 
Resources Working Group and the 
Working Group on Oceans are 
preparing a brief that can be sent 
to IACRS. A preliminary draft 
policy has been received and the 
appendices to it should be complete 
by September. 

Reco111111endations from the Province of 
Ontario: 

Professor R. Parent of the Royal 
Military College recommends that the 
Working Group of CACRS on 
Engineering Applications have 
lab-exercise material based on 
actual studies prepared for civil 
engineering students at various 
levels. 

Comments on 3.5.1: 

The CCRS 
Marketing 
Professor 
needs. 

User 
Unit 

Parent 

Ass is tance and 
will contact 

to discuss his 

The Ontario Centre for Remote 
Sensing commends CCRS on the quality 
of LANDSAT data production - with 
special mention of the excellent 



3.5.3 

3.5.4 

3.6 

3.6.1 

quality of colour composites - and 
on the efficiency of service; on the 
establishment of a well-funded 
office for technology transfer; and 
on the program to upgrade Canadian 
receiving stations for the next 
generation of satellite data. 

Comments on 3.5.2: 

This statement will be forwarded to 
IACRS. 

Air, Earth 
recommends 
communication 
sensing data, 
a more 
newsletter. 

and Oceans Ltd. 
an improvement in 
among users of remote 
through, for example, 

up-to-date national 

Comments on 3.5.2: 

CCRS is doing the best it can with 
limited staff to prepare, edit, 
translate, and send out a national 
newsletter several times a year. 
Contributions from other agencies, 
the provinces, industry, and 
universities are welcome. 

Kenting Earth Sciences Ltd. wishes 
to participate more actively in the 
national remote sensing program and 
proposes two members of its staff 
for membership in the Working Group 
on Geography. 

Comments on 3.5.4: 

The Working Group on Geography is at 
present a task-oriented limited-life 
group. The interest of Kenting 
Earth Sciences is noted, however, 
and it is possible that other 
working groups could use the new 
members indicated. 

Recommendations from the Province of 
Nova Scotia: 

Under any revised LANDSAT 
acquisition or pricing plan, it is 
recommended that CCRS ensure that 
the Nova Scotia user community is 
supplied with complete MSS and TM 
Canadian coverage at a uniform 
Canadian price and in a delivery 
time frame similar to that for 
central Canadian coverage. 
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Comments on 3.6.1: 

The needs of the Atlantic Provinces 
are well recognized by CCRS. 
Discussions have been held with Nova 
Scotia and the other Atlantic 
Provinces to discuss coverage in 
more detail. Talks are underway with 
NASA and NOAA to ensure that 
coverage comparable to that from 
PASS will be available. 

That CCRS through whatever means 
necessary, including transfer of 
funds from other programs, provide 
the necessary financial, equipment, 
data, and technical manpower to 
support a full scale technology 
transfer program. 

Comments on 3.6.2: 

This 
will 

recommendation 
be forwarded 

Management Committee. 

is 
to 

noted 
the 

and 
CCRS 

Due to the greatly increased number 
of installed or soon to be installed 
image analysis systems outside the 
Ottawa area and also due to the 
deleterious price increases proposed 
for CCT's and DICS tapes, it is 
recommended that CCRS set up a more 
formalized lending 1i brary for those 
tapes already in their possession, 
In addition, it is recommended that 
CCRS make available an up-to-date 
list of the owners of all such 
Canadian tapes with complete 
information r egarding image 
location, date, quality, etc. that 
the owner is prepared to release. 

Comments on 3.6.3: 

CCRS will be announcing a policy 
shortly on the lending of CCT's and 
DICS tapes. It is worth noting, 
however, that Canada mus t not appear 
to be evading the royalty fees 
imposed by NOAA for the use of data, 
since a more stringent and higher 
cost charging system might well then 
be imposed. 

CCRS further feel that it is not 
appropriate for them to make public 
a listing of tapes or products 
ordered by individuals, companies, 
or agencies . 



3.7 

3.7.1 

3.7.2 

3 . 7.3 

Recomnendations fr011 the Working 
Group on Data Handling and Satellite 
Technology: 

a) That the Working Group be split 
into three full Working Groups: 
a Satellite Technology Working 
Group; a Computer Compatible 
Tape Working Group and an Image 
Analysis Sys tern Working Group 
(IASSWG). 

b) That the IASSWG become an Image 
Analysis Systems Working Group 
with the IASSWG forming the 
nucleus of the sub-group 
concerned with analysis science 
and technology and a second 
sub- group being completed by 
some users of analysis systems; 
the IASSWG also recommends that 
the Chairman of the IASSWG be 
the Chairman of the new Working 
Group for continuity. 

Comments on 3.7.1: 

This recommendation was referred to 
the Chairman of CACRS for decision, 
and after discussion with many 
people, he decided not to implement 
it at this time. However, a new 
group called "Image Analysis Systems 
Users Group" will be formed with 
cross membership between it and the 
IASSWG. 

CCRS should fund a study to 
investigate the requirements for an 
image analysis system network in 
Canada with an immediate objective 
of identifying the functions such a 
network could perform. 

Comments on 3.7.2: 

Any CCRS action on this recommenda
tion will be delayed until the 
completion of a study related to 
this subject presently being 
conducted by the University of 
Alberta under NSERC funding. 

CCRS should fund research and 
development in university on very 
long range problems to achieve 
future objectives for the Terra 
Observation Pattern Analysis System 
(TOPAS). 

Comments on 3.7.3: 

3.8 

3.8.1 

3.8.2 

3.8.3 
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This recommendation will be 
considered by the CCRS Management 
Committee. In the meantime, CCRS 
recommends that universities 
interested in conducting such 
studies apply for appropriate NSERC 
grants. 

Reco-ndations from the Geography 
Working Group: 

That the highest quality and most 
representative LANDSAT CCT's be 
selected over the period of record 
for Canada and preserved in an 
archive for future reference. 

Comments on 3.8.1: 

CCRS is in favour of this recommenda
tion but recognizes that consider
able help will be needed. CCRS has 
agreed to set up a library of 
approximately 30 CCT's, to be 
available for educational purposes. 
In general, LANDSAT data is archived 
as a matter of course. CCRS is 
considering a program of preserva
tion of early LANDSAT data against 
gradual deterioration of the 
original storage medium (HDDT's) 
over the years. 

That CCRS work with appropriate 
agencies (e.g. Lands Directorate) on 
the further development of land 
use/land cover mapping and 
monitoring in Canada using LANDSAT 
data. 

Comments on 3.8.2: 

Considerable work on developing 
methodologies in this area has been 
done by the Ontario Centre for 
Remote Sensing, and it is therefore 
suggested that the initiators of 
this recommendation contact OCRS. 

That continued emphasis be placed on 
the production of geometrically 
corrected (e.g. DICS) LANDSAT data. 

Comments on 3.8.3: 

CCRS is in full agreement with this 
recommendation and is carrying it 
out . 



3.8.4 

3.9 

3.9.1 

3. 9 . 2 

That CCRS prepar e suitable 
educational packages for remote 
sensing applications in geography 
for distribution to universities and 
other teaching institutions. 

Comments on 3.8.4: 

Their recommendation will be 
forwarded to the User Assistance and 
Marketing Unit, recognizing that 
much work in this area has already 
been done. 

That 
new 

the cost 
generation 

implications of 
of satellites 

the 
for 

image processing and analysis, and 
the availability of systems adequate 
to c'irry out such analysis, be 
evaluated by CCRS and reported upon 
to the user community . 

Comments on 3.8.S: 

(See response to 3.4.S). The 
Methodology Section , CCRS , will be 
asked to report on this at the next 
CACRS meeting . 

Recommendations from the Education 
Working Group: 

Given the comparatively s:nal l amount 
of research tunds available to 
universi ties thr ough federal 
granting agencies , the anticipated 
increases in <lata costs will have a 
considerable impact on univei:-sity 
r esearch. It is r ecommended that 
CCRS and the 1-lorking Group on 
Education determine methods to 
minimize the cost in.creases fo r bona 
fide r esearch projects. 

Comments on 3 .9.l: 

Dr. Philip Howarth will draft a 
letter to NSERC p-')i nting out the 
in.creased charges for LANDSAT dat,q 
and ;ciski ng for increases in funding 
to account for this . 

Given that university and college 
instructors are actively i nvolved 
with teac'ling on a long tenn basis , 
that CCRS involve educational 
institutions in workshops and 
technology trans fer activities as 
w1ch as possible. 

Comments on 3 . 9 . 2: 
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3.9.3 

3.10 

3.10.1 

CCRS takes note of this r ecommenda
tion and welcomes the help offered . 

Given that education is a provincial 
responsibility, it is recommended 
that CACRS require IPTASC members to 
actively explore with educational 
institutions ways i ,1 which they can 
aid remot e sensing teaching and 
research in their pr ovinces . 

Comments on 3 .9. 3: 

This recommendation will be referred 
to I PTASC through Vic tor Zsilinszky, 
who will report back on answers 
received at the next Executive 
meetings . It is t o be noted that 
OCRS already coordinates activities 
with Ontario universities . 

Comments on 3 . 9 .3: 

Reco11111tendations from the Water 
Resources Working Group: 

Since it is r ecognized ti-tat funding 
and software development were 
generally inadequate for data 
analysis for the SURSAT project, it 
is recommended t hat t here be 
sufficient effort and fund ing 
available for data analysis 
capabilities 
such as SAR, 
particularly 

for new data 
LANDSAT- D, and 

as they apply 
field of water res o urces. 

Comments on 3 . 10 .1: 

sources 
SPOT, 

t o the 

CCRS agrees to stud y the incorpora
tion of SAR, LS- D, and SPOT d;cita in 
its applications development pro
gram . The identification of choice 
water resources pr o jects with a high 
economic or social value by the 
\hter Resources Working Gr oup would 
be appreclated by CCRS as an input . 

3.10.2 That Canada acquire a ground based 
sc'l.tterometer and radi ometer system 
to carry out basic microwave studies 
in support of applications and 
,ievelopJJent wock . The capital cost 
and annual operating ex,1enses , 
in.eluding a support staff dedicated 
to the system, r-rnuld best be funded 
by a central age:1cy . The facility 
is viewed as having one- half of its 
time being available to agenci es and 
g roups other than the central agenc y 
(e . g. CCRS). 



3.10.3 

3.10.4 

3.10.5 

Comments on 3.10 .2: 

See response to 3.1.4. 

That water be recognized 
separate element and not put 
workshop groups with land and 
resources there are land, 
and marine elements. 

Comments on 3.10.3: 

as a 
into 
land 

water 

The Sxecutive has taken note of this 
recoIJ.mendation for future CACRS 
meetings . 

That there be Lnproved coordination 
on airborne missions between crew 
and ground personnel; the aircraft 
should respond to the needs of the 
user and to do this properly, an 
understanding of "coincident ground 
data" in terms of hydrological 
applications is required by CCRS 
personnel. 

Comments on 3.10.4: 

CCRS wholeheartedly agrees with this 
recommendA. t io!1. CCRS personnel 
involved in airborne missions 
continuously strive to better 
understand user r equirements, 
particula rly as relates to ground 
truth operations coincident with 
airborne coverage. In particular 
r esponse to hydrological applica
tions, CCRS plans to meet with users 
t o better understand their require
ments and to agree on approp riate 
procedures to en.sure validity of the 
data collected. 

In a truly national remote sen.sing 
program that there be consideration 
an how users can 
dat.;i irJ. image or 
any source 
satellites in 

get remote sensing 
digital form from 

including weather 
real or near-real 

time. ~gain in a truly national 
remote sensing program, that there 
be s~rious support of not only 
LANDSAT type data collection, but 
also of systems useful to other 
applications - e.g. SMMR, altimeter, 
scatterometer, SAR - many of these 
apply to oceans and ice. 

Comments on 3.10.5: 

This recommendation will be 
forwarded to the User Assistance and 
Marketing Unit. 
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3.10.6 

3-11 

3.11.1 

3.11.2 

3.11.3 

That Water Resource agencies be 
encouraged to make clearer 
statements of their needs and 
identify the benefits. (The WRWG 
tries to do this, but water 
resources is a big field). At the 
same time, CCRS should broaden their 
perspective as to what constitutes 
"water resources". 

Comments on 10.6: 

The executive feels that the Working 
Group on Water Resources is the best 
group to undertake this task. It 
would also welcome a broader 
definition of "water resources" from 
the Working Group . 

Reco-ndations 
Group on Ice: 

froa the Working 

That CCRS obtain historical ~OAA 
data from the ~ . S. Archives, for all 
Canadian land areas, offshore areas 
and to the North Pole (befoi:-e this 
data becomes irretrievably lost). 

Comments on 3.11.1: 

This idea is being investigated by a 
CCRS/AES/DFO team. 

That 
CCRS, 

the Applications Division, 
perform or cooperate in 

research related 
classification of 
of sea ice. 

Comments on 3.11.2: 

to 
digital 

machine 
SAR data 

A project is be ing developed to 
investigate this problem . 

That the 
Division 

CCRS Data 
the 

Acquisition 
devote necessary 

resources to continue the systematic 
evaluation of the current SAR system 
( Ice W. G. 1:lecommenda tion No. 1, 
1980) so that more meaningful study 
of quantitative radar signals can be 
undertaken . 

Comments on 3.11.3: 

This activity is presently 
and is considered one of 
priority objectives of the 
program. 

underway 
the high 
airborne 



3.12 Recoaaendations from the Working 
Group on Agriculture: 

3.12.1 That a Canadian satellite provide 
repetitively on a 1O-day cycle (or 
less), sun synchronous, contiguous 
coverage of the Canadian agricul
tural area during the entire April 1 
to October 1 growing season. 

Comments on 3.12.1: 

See comments on 3.4.4. 

3.12.2 That an imaging system collecting 
reflected energy in the Visible and 
Reflected Infrared portions of the 
spectrum, with a minimum spatial 
resolution of 3Om, along with a 
recording device to store foreign 
data be carried as part of the 
Canadian satellite payload. 

Comments on 3.12.2: 

See comments on 3.4.4. 

3.12.3 That Canada participate with any 
foreign country or agency in terms 
of satellite data acquisition to 
ensure a continuous supply of 
domestic and foreign imagery. 

Comments on 3.12.3: 

This recommendation will be referred 
to the CCRS Management Committee and 
to IACRS. 

3.12.4 That the Canadian effort in the area 
of sensor development, satellite 
systems and cooperation with foreign 
governments and/or agencies not 
neglect the necessary support 
required for data handling, 
processing and distribution to the 
user communities. 

Comments on 3.12.4: 

This recommendation will be referred 
to the CCRS Management Committee and 
to IACRS. 

3.12.S That as a standard product, LANDSAT 
185mm black and white positive 
transparencies be produced, on 
request, using any user-specified 
look-up table values. The 
Agriculture Working Group also 
recommends that as a special product 
such transparencies be produced from 
DICS tapes. 
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3.13.1 

Comments on 3.12.5: 

The feasibility and 
producing these products 
investigated. 

costs of 
are being 

Recommendations from the Working 
Group on Engineering Applications: 

That geometrically-corrected 
imageries, similar to those produced 
by DICS for the present LANDSAT 
data, be available for high 
resolution satellite imageries from 
the national facility. 

Comments on 3.13.1: 

See comments on 3. 2. 9. The MOSAICS 
project, which will be operational 
in 1986, will provide this data. 

3.13.2 That the potential of mapping using 
SPOT imagery be investigated. 

Comments on 3.13.2: 

CCRS has indeed undertaken SPOT 
simulation programs to evaluate its 
potential for mapping. 

3.13.3 That pilot projects using si;nulated 
imageries be conducted to 
investigate systematically their 
application to engineering studies 
and to demonstrate and document the 
benefits of digital analysis sys terns 
to those who presently rely on 
airphotos alone. 

Comments on 3.13.3: 

With the imminent launch of 
LANDSAT-D, CCRS and the user 
community will be able to use the 
actual LS-D data for evaluation. As 
far as SPOT simulations and SAR data 
are concerned, CCRS is indeed 
interested in incorporating a 
selection of projects in its 
applications development portfolio, 
subject to resource limitations. 
The identification of choice 
engineering projects with a high 
econo1nic or social value by the 
Working Group on Engineering 
Applications would be appreciated by 
CCRS as an input. 

3.13.4 That pilot projects be organized by 
the Working Group, involving person
nel having relevant experience, 



3.13.S 

qualification and interest. 
Projects should be carried out in 
conjunction with various agencies 
such as government, industry and 
educational institutions. 

Comments on 3.13.4: 

This activity should indeed be 
undertaken by the Working Gro up. 

That test areas for such projects: 

a) be located in different 
physiographic regions of Canada, 

b) already have sufficient airphoto 
coverage and ground truth. 

Comments on 3.13 .5: 

CCRS is in agreement 
reco:nmendation . 

this 

3 .13. 6 That for Thematic Mapper imageries, 
the rendition which assigns blue, 
o reen and red to Bands TM 3, 4 and 5 
;esoectively be available for all 
future pilot projects. 

3.13.7 

Comments on 3.13.6: 

Such products will be available to 
the extent possible •o1i.th the planned 
production facilities and at a cost 
yet to be determined. 

That the 
composite 
signatures, 
types from 
be defined. 

most useful 
for analysing 
water quality 

Thematic Mapper 

colour 
thermal 

and rock 
imd.geries 
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3.13.8 

Comments on 3.13.7: 

CCRS agrees to include in its 
1983-84 program, the evaluation of 
the most useful colour composites of 
TM data for a number of applica
tions, including water quality and 
geology . 

That the Working Group investigate, 
at the earliest possible date, the 
feasibility of having programs 
established in colleges and 
universities to meet the manpower 
requirements in satisfying future 
demands in high resolution satellite 
imagery programs. 

Comments on 3.13.8: 

CCRS encourages the Working Group to 
undertake this activity. 

3.13.9 That the National Workshop on 
Engineering Applications be an 
annual event, held in rotation 
across the country to foster 
national in terest and awareness in 
engineering applications of remote 
sensing . 

Comments on 3.13.9: 

There is considerable expense 
involved in this workshop. Under 
present financial restraints, it is 
probably impossible to make it an 
annual event 11nless additional 
sponsors or sources of f unding can 
be found. 



4.0 REPORTS OF THE CADDA CENTRE FOR 
REMOTE SENSING 

Historica1 Highlights 

1968 

MAY: Meeting of Interdepartmental Committee 
on Remote Sensing of Earth Resources from 
Aircraft Satellites convened by Dr. L.W. 
Morley to discuss advantages of joint 
programs in remote sensing. 

1969 

JULY: The Program Planning Office 
officially established with Dr. L.W. Morley 
as Director. 

1970 

FEB.: First Montebello meeting to form the 
working groups of the Program Planning 
Office. 

MAY: Cabinet Committee on Science Policy 
and Technology gave approval for EMR to 
negotiate a Memorandum of Understanding 
between EMR and NASA. 

1971 

JAIi. 16-20: Second Montebello meeting to 
review reports of the working groups. 

APRIL 1: Canada Centre for Remote Sensing 
officially established. 

MAY: Agreement with NASA signed. 

1972 

FEB. 22-24: First CACRS (third "Monte
bello") meeting at Montebello, Quebec. 

JULY 23: LANDSAT-! launched. 

1973 

FEBRUARY 7-9: First Canadian Symposium on 
Remote Sensing (Ottawa). 

FEBRUARY 19-22: Second CACRS Meeting, 
Montebello, Quebec. 

APRIL: Manitoba Remote Sensing Centre 
established in Winnipeg. 

SEPTEMBER: Ontario Remote Sensing Centre 
established in Toronto. 
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1974 

FEBRUARY 18-21: Third CACRS Meeting, 
Montebello, Quebec. 

APRIL 2-May 1: Second Canadian Symposium on 
Remote Sensing (Guelph, Ontario). 

.JUJIIB: Alberta Remote Sensing Center estab
lished in Edmonton. 

1975 

JAIIIJARY 23: Launch of LANDSAT-2. 

HAJlCB 31-APRIL 3: Fourth CACRS Meeting, 
Montebello, Quebec. 

SPETEIIBElt 22-24: Third Canadian Symposium 
on Remote Sensing (Edmonton). 

1976 

HAJlCB 29-AP:R.IL 1: Fifth 
Arnprior, Ontario. 

1977 

CACRS Meeting, 

AP:R.IL 4-7 : Sixth CACRS Meeting, Arnprior, 
Ontario. 

MAY 16-18: Fourth Canadian Symposium 
Remote Sensing (Quebec, Quebec). 

on 

JULY: Opening of the Shoe Cove Satellite 
Station in Newfoundland and subsequent 
reception of LANDSAT data. 

1978 

JAIIIJARY 7: Closedown of LANDSAT-! after 5~ 
successful years . 

MAltCB 5: Launch of LANDSAT-3. 

APRIL: Launch of HCMM. 

APRIL 10-13: Seventh CACRS 
Arnprior, Ontario. 

JURE 27: Launch of SEASAT. 

Meeting, 

JULY: ERIM SAR installed and operational in 
the Convair 580 as part of the SURSAT 
Program. 

AUGUST 28-31: Fifth Canadian Symposium on 
Remote Sensing (Victoria, B.C.). 

OCTOBER 10: Failure of SEASAT. 



DECKIDIEll: Signing of the Co-operative 
Agreement between the European Space Agency 
and Canada, to take effect January 1, 1979. 

1979 

APR.IL 9-12: Eighth CACRS Meeting, Arnprior, 
Ontario. 

OCTOBEll: Digital Image Correction System 
(DICS) became operational at CCRS. 

DECEIIBKB.: Cabinet approved Canada's partici
pation in ESA' s Preparatory Program for a 
Remote Sensing Satellite, expected to be 
launched with a radar in 1987. 

1980 

APR.IL 8-11: Ninth CACRS Meeting, Arnprior, 
Ontario. 

KAY 21-23: Sixth Canadian Symposium on 
Remote Sensing (Halifax, N.S.). 

KAY: Cabinet approved the arrangement under 
which CCRS aircraft may be leased by private 
industry for blocks of time 

AUGUST: Dr. L.W Morley, who had been 
Director General of CCRS from its earliest 
days, resigned to become Science Counsellor 
at the Canadian High Commission in London. 
Mr. E .A. Godby, formerly Associate Director 
General, was appointed Director General. 

SEPTFJIBKK.: 
Summary of 
summarizing 
tion made 
Project. 

Publication of the Executive 
the SURSAT Project Report, 

results received. Recommenda
to establish follow-on RADARSAT 

1981 

APR.IL 13-16: Tenth CACRS Meeting Arnprior, 
Ontario. 

SEPTFJIBKK. 7-10: Seventh Canadian Symposium 
on Remote Sensing (Winnipeg, Manitoba). 

DECENBKR: Cabinet approval received for 
programs to; a) continue actively in the 
Co-operative Program for the European Space 
Agency's ERS-1 Satellite Program; b) upgrade 
the Prince Albert Satellite Station to 
receive LANDSAT-D; c) develop the LANDSAT-D 
Image Analysis System (LDIAS); develop the 
MOSAICS- System (Multi-Observation Satellite 
..!_mage Correction _0,stem). 
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SATELLITE PROGRAII 

In 1981, the Prince Albert Satellite 
Station, PASS, continued to track 
LANDSAT-2, LANDSAT-3 and the NOAA series 
of satellites, and recorded some 1400 
orbits. PASS completed the changeover 
from the of cibachrome photo-graphic 
process to the new cibachrome products 
which are receiving wide acceptance and 
praise by the user community. A computer 
compatible tape (CCT) system upgrade was 
also completed this year and allowed PASS 
to support user near-real time monitoring 
projects. 

A display system was added to the system 
to provide a moving window display 
capability during reception and a display 
of CCT scenes for quality control 
analysis. 

The LANDSAT-D program was approved and 
the station upgrades for reception and 
recording of the LANDSAT-D MSS and 
Thematic Mapper (TM) sensors was 
initiated in the fall of 1981. The 
letter from NASA/NOAA establishing the 
new fees, $600,000 per station, for 
LANDSAT-D was received in January 1982 
and required rethinking of Canada's 
LANDSAT-D program. The LANDSAT-D program 
was altered as follows: 

1) Prince Albert will be upgraded to 
receive LANDSAT-D MSS and TM data; 

2) The present processing system 
PASS, MIPS, will be upgraded 
modified to process MSS-D data. 

at 
and 

3) No TM data will be processed at PASS 
for the first year and a half. CCRS 
Ottawa will develop a simple TM 
transcription system for generating 
TM CCTs from TM HDDTs. There will be 
no corrections applied using this 
transcription system. 

4) MDA of Vancouver is being contracted 
to develop a TM bulk processing 
system. This system will be ready in 
October 1983 and will generate TM 
bulk (system) corrected imagery and 
CCTs for Canadian users. 

In 1981, Shoe Cove Satellite Station, 
SCSS, continued to track and record 
LANDSAT-2 and the NOAA series of 
satellites and recorded some 360 LANDSAT 
orbits and over 700 NOAA orbits. The 
SCSS system was still undergoing trouble-



shooting to eliminate speckling or noise 
occurring in CCT products of both LANDSAT 
and NOAA data. Major elements of the 
original system were replaced. Software 
was being r ewritten to bypass the DVTR 
which was the station's early archive 
re ::order. CCTs have been made with the 
new configuration and are being 

evaluatP.d. 

It had been planned to upgrr1d e SCSS for 
LANDSAT-D but, with the new fee structure 
from NASA/NOAA, it has been decided to: 

1) Receive and record LANDSAT MSS only 
at Sho e Cove until 1 October 1982. 
There will be no upgrades to SCSS for 
X-band reception of MSS and TM data-

2) Discontinue tracking all LANDSAT 
sat e llites on l October 1982. 

3) Continue to track, record and archive 
NOAA data and complete system upgrade 
for enhanced NOAA products in lat e 
1982. 

4) Conti.nue to supply archive data from 
the station. 

LANDSAT MSS CCTs are currently aval labJ.e 
in two formats: the old CCRS universal 
format and t·,e standard international 
format developed in 1978 by the LANDSAT 
Ground Stations Ope rator Working Group to 
faci.litate exchange of r emote sensing 
datr1 from various sources. After the 
launch of LANDSAT-D, MSS and TM CCTs will 
be offered i.n the standard format only . 
CCRS is also producing SEASAT SA.~ and 
a irborne SAR-580 CCTs in t 01e standard 
format. And, shortly NOAA AVHRR and 
airborne MEIS II imagery will be avail 
able tn the same standard format . 

The demand for geometrically corrected 
high precision LANDSAT MSS products has 
conti.nued to increas 2 in 19'31-1982. To 
meet this growing d emand for OICS pro
ducts, a second image terminal was added 
to the syst em in order to correct in 
par~llel two i mages. In 1982-19 83 the 
DICS system will have the capacity of 
proJucing 800 CCT products with faster 
turnaround time. 

To facilitate the utilization of data 
from multiple compleme ntary sensors such 
as LANDSAT MS S or TM and SPOT High Resol
ution Visible (HRV) sensors, and their 
integratlon with geographic information 
systems, CCRS has received approval in 
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principle from 
with industry 

Cabinet for developing 
an advanced precision 

processing facility named MOSAICS, 
Satellite Image 

'10SAICS will offer 
(Multi-Observation 
Correction 1ystem)-
resource managers platform- and 
sensor-independent digital and film 
geocoded products. These products will 
be in t~e UTM projection, will have a 
sub-pixel accuracy in multi-temporal 
registration and in absolute geodetic 
control. MOSAICS is planned t o become 
operational in 1985-1986. 

Data Processing Support Program 

The CCRS Synthetic Apertur ie Radar Proces
sing- (C-SHAR?) system ~as -been -phased 
into product ,.on. The C-SHARP sys tern can 
presently describe SAR-580 video signal 
dat,i ~rom HDDTs i'1to CCTs and can digi
tally process SA..~ image data in the form 
of CCT or film products. The sensor data 
supported are the SAR-580 X, Land C-band 
and SEASAT-1 L-band. The systems proces
sing capability is designed to be expan
dable to other SAR s enso rs as they become 
available. The Time Sharing System (TSS) 
and the comblned airborne/LANDSAT play
back system have continued to provide 
efficient and effec tive computer 
s er vices: 

1) by performing transcription, pro
cessing and quality assessment of 
satellite and airborne remote sensing 
data and products: 

2) by providing an R&D facility for 
developing new products and simu
lati.ng data from future missions such 
as SPOT; 

3) by mahtain1. ng databases and 
reporting facilities for the LANDSAT 
image inventory (IISS), airborne 
operations, bibliographical searches 
(RF.SORS), project and materiel manage
ment, and remote sensing users direc
tory and proflle. 

In 1981, TSS has been available 99 % of 
th e ti.me and eight percent of syst em 
utilization was attributable to IISS and 
RESORS (remote) access by external users. 
At present, IISS contains over 200,000 
LANDS A er sce nes and RESORS has 33,000 
bibliographical citations. 

The Colour Image Recorder (CIR) product 
has continued to be offered on a user 
de~and basis. There we re some 850 CIR 



images produced in 1981. Digital 
enhancement techniques for applications 
such as rangeland, fores try as well as a 
standard enhancement have been developed 
and are currently being tested on the 
CIR. 

.AIRBOKBE PllOGRAH 

Microwave Sensors 

Substantial progress has been made impro
ving the radar systems on the CV-580 
aircraft. The integration of a new 
C-band transmitter and receiver was 
successfully accomplished early in 1981 
and the new channel was used in Europe 
and in some RADARSAT experiments. Under 
lower backscatter conditions the signal
to-noise ratio of the C-band channel is 
not very good and a plan is now in place 
to upgrade the C-band system, particu
larly by the addition of a new antenna 
and feed structure. It is anticipated 
that the C-band system upgrade will be 
complete by the end of 1982. Further 
improvements in motion compensation and 
antenna control are also planned. 

Processing of digitally recorded SAR data 
can be carried out now by both CCRS and 
the Radar Group at the Communications 
Research Centre. Pres e nt data processing 
rates are relatively slow. Optical 
processing of signal film has been per
formed by the Defence Research Establish
ment Ottawa and production processing of 
SAR imagery is expected to commence 
shortly. 

The K-band profiling radiometer , on loan 
from NASA, is available on the CV-580 
together with the Ku-band scatterometer 
as research systems to support SAR and 
microwave application research. A 
contract has also been let, supported by 
the RADARSAT Project Office, for the 
development of a new C-band scatterometer 
which will also be mounted on the CV-580. 

Continuing sea ice radar application 
research has been carried out with data 
acquisition missions to the Beaufort Sea 
under both freezing and melting condi
tions • The objectives of this work are 
to gather the da::a which is necessary to 
describe accurately the capabilities of 
radar and to help develop better ope ra
tional, airborne and space borne ice 
reconnaissance sensors. Particular 
attention is being paid to the problems 
associated with the quantitative use of 
SAR imagery for ice classification. 
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The CV-580 was also, as in previous 
years, leased to support the end of 
season drilling in the Beaufort Sea. 

Visible and Ill Scanners 

Although the lidar bathymeter was not 
flown in 1981, the Canadian Hydrographic 
Service has determined, on the basis of 
the 1980 flight trials of photogrammetric 
and lidar hydrography over the Bruce Pen
insula, that the lidar system can achieve 
the depth accuracy demanded by the inter
national charting standard. The photo
grammetric technique has been abandoned 
because of its poor depth accuracy, low 
r e liability and s ever e operational con
straints. The use of inertial navigation 
systems for the measurement of aircraft 
position and attitude during these 
surveys will be replaced by a microwave 
range/range positioning system and a low 
cost attitude-heading r e ference system 
from which data can be obtained rather 
more simply and accurately. A study of 
techniques to improve the depth accuracy 
of the lidar bathymeter is und e rway and 
the Canadian Hydrographic Service is now 
planning the development of a scanning 
lidar bathymeter. 

The wate r quality model deve loped to 
interpret airborne MSS and NIMBUS-7 CZCS 
data has been extended to produce images 
of coastal water depths and bottom type. 
A data set, collecte d over the Bruce 
Peninsula test site, has been processed 
and will be evaluated by the Canadian 
Hydrographic Service. 

In collaboration with the Canadian Coast 
Guard, the Environmental Protection 
Service and several oil companies, a 
remote sensing mission was flown over an 
oil spill dispersant trial off the 
Newfoundland coast. A digital IR/UV line 
scanner with the newly developed real 
time display, the low light level 
television, the laser fluoros ensor and 
annotated photographic cameras were 
ca r ried on a DC-3. The pr i ncipal outputs 
of the project were a series of images 
depict i ng the evolution of the spill ; and 
a data catalogue which will allow othe r 
agencies to access the data is being 
prepared. 

An att empt was made to fly the laser 
fluorosensor as an operational sensor on 
a number of external projec ts last year. 
None of the data acquired were completely 
satisfactory because the users were 
investigating targets other than hydro-



carbons on water for which the CCRS 
system was optimized. Because of the 
lack of user support and resources in the 
Centre, the fluorosensor development 
project will be terminated in the summer 
of 1982 and the sensor withdrawn from 
service. 

The OMA, MPPH and the single channel IR 
line scanner were not flown in the last 
year. 

A special 
operating at 
m will be 
simulations 
spring. 

dual channel IR detector 
1.55-1.75 m and 2.08-2.35 

available for LANDSAT-D 
on the MSS beginning this 

The single channel line scanner will be 
upgraded to acquire 3 or more channels of 
data as part of a gradual conversion of 
all systems to digital recording. The 
principal applications are expected to be 
those requiring an IR and UV or a 
multichannel IR capability. 

The pushbroom imager will be delivered 
this spring and will undergo an extensive 
series of laboratory and airborne trials 
before being offered as a production 
sensor in the spring of 1983. The 
imager, which presently has 5 channels 
defined by filters in the visible part of 
the spectrum, will offer higher spatial 
resolution and radiometric sensitivity 
than existing rotating mirror scanners. 

Aircraft Systeas 

The Mincom tape recorders in the aircraft 
are being replaced by Bell & Howell 
recorders. It is expected that this 
upgrade will alleviate many of the 
reliability problems which have been 
experienced over the past two years. A 
new data acquisition system, MAID, has 
been developed for recording precision 
navigation and other housekeeping data. 
To reduce the number of steps in the data 
reduction process, MAID will write 
directly on computer compatible tape. 
These tapes will be converted to standard 
disk files which are accessible to the 
existing software on the CCRS PDP-10 time 
sharing system. MAID will be available 
on the Falcon this spring and a special 
version capable of logging SAR parameters 
will replace ADAS on the CV-580 by early 
summer. MAID data will be used princi
pally for aircraft track recovery and the 
geometric correction of MSS imagery. 
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A new camera annotation system has been 
developed for use with the RC-lO's and 
specially modified Hasselblads. Each 
frame is annotated with aircraft number, 
date, time and position. The system is 
stand-alone, accepting data directly from 
the LTN-51 and the time code generator. 

The Falcon has been reconfigured, 
limiting its operations to MSS data 
acquisition projects. The sensor comple
ment can include the MSS, two annotated 
RC-lO's and the MPPH. MAID and a Bell & 
Howell tape recorder complete the 
package. The great demand for MSS data 
during the summer months, the complexity 
of the installation and the limited 
resources at the Centre have necessitated 
the reduction in flexibility of the 
s e nsor package; an analogous situation is 
found on the CV-580 in which only micro
wave projects are now flown. 

Software has been developed for photogram
metric bundle adjustments using inertial 
data. Although the software is not 
available for production use, the under
standing developed in the course of its 
development has suggested a new method of 
processing aircraft navigation data for 
track recovery and a novel, highly cost
effective method for carrying out the 
geometric correction of airborne electro
optical imagery. A new track recovery 
software package will be available for 
production use early in 1983 and work 
will begin shortly on the geometric 
correction problem. 

Airborne Operations 

The attached list summarizes the utiliz
ation of CCRS aircraft during the last 
year. There are four classes of airborne 
task: 

Internal: 

External: 

Lease: 

internal CCRS 
applications 
development. 

tasks for 
and sensor 

usually applications devel
opment projects proposed by 
external users (industry, 
university and government) 
which were flown at the 
subsidized rate of $18.50/
line mile. 

projects for which the air
craft are leased through 
Innotech Aviation. The two 



Co-op 

major projects in this class 
were the SAR-580 European 
Campaign (159 hours) and the 
SAR-580 support of drilling 
operations in the Beaufort 
Sea. 

tasks r eques t ed by other 
federal government agencies 
for which the full operating 
costs are recovered. There 
may be projects in which 
non-CCRS syst ems are flown 
(e.g. the DREO multi-channel 
IR line scanner, the ORES 
laser · terrain profiler and 
the AES laser ice profiler) 
or very large projects which 
cannot be supported by CCRS 
without additional resour
ces. Flying for the 
RADARSAT project falls in 
this category. 

The 20% increase 
over the previous 
but ed largely to 
Campaign. 

in aircraft utilization 
average may be attri
the SAR-580 European 

The number of hours flown on external 
projects has been decreasing slowly over 
the past few years. There are a number 
of possible reasons for this: the service 
is no longer being marketed aggressively, 
there is a growing commercial capability, 
and the data reduction and interpretation 
has become very sophisticated and costly. 

Aircraft operating costs have increased. 
Users should anticipate an increase of 
approximately 35% on the charges for 
services offered by the Airborne Program 
beginning April 1st, 1982. 

CCRS Aircraft Utilization 
F/Y 1981/82: 

Category No. of A/C Hours 
Tasks Flown Flown 

Internal (CCRS) 17 257 
External 22 119 
Lease 7 276 
Co-op (with other 
Gov't Dept.) 20 130 

Total 66 782 

Average yearly aircraft utilization over 
previous two years -- 657 hours. 
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The following is a breakdown of External 
projects flown: 

Discipline No. of A/C Hours 
Tasks Flown Flown 

Agriculture 2 21 
Forestry, Wildlife 9 33 
Geography 2 2 
Geology 4 37 
Limnology 1 13 
Oceanography 1 5 
Sensor Testing 1 1 
Environmental Impact 1 6 
Miscellaneous 1 1 

Province No. of A/C Hours 
Tasks Flown Flown 

Bri.tish Columbia 2 8 
Alberta 3 14 
Saskatchewan 2 30 
Ontario 8 24 
Quebec 2 10 
New Brunswick 1 9 
Nova Scotia 2 9 
Various Provinces 2 15 

APPLICATIONS PROGRAM 

LARDSAT-D Image Analysis System 

A major initi.ative was begun in the past 
year to develop a state-of-the-art image 
analysis facility to handle Landsat-D 
Thematic Mapper data. Cabinet approval 
was recei.ved in May 1981 and Treasury 
Board authorization in February 1982 to 
develop this Landsat-D Image Analysis 
System (LDIAS). The system is being 
desLgned to effectively analyze the 
Thematic Mapper data which has seven 
spectral bands and an increased spatial 
and radiometric r esolution over the 
multispectral scanner on the present 
Landsat satellites. Hardware acquisition 
and research on Landsat-D image analysis 
algorithms has begun. A VAX 11/780 will 
be the host computer for this system, 
supplemented by the necessary high speed 
processing equipment required to meet the 
functional specifications. 

A second major project received cabinet 
approval in 1981. The objective of this 
project is to develop the methodology to 
integrate geographical and remotely 
sensed data. As r emotely sensed data 
becomes more commonly used, in 
conjunction with other data sources in 



resource management sys terns, it will be 
necessary to effectively combine the 
various data types. In this manner it 
will be possible to make resource 
management decisions more effici e ntly, 
using all the available information. The 
program def inition phas e of the study has 
been funded for three years. 

App1ications Deve1opment 

Duri ng 1981 the Applications Division 
continued to work in conjunction with 
ot he r Canadian companies and agencies to 
find new and better ways to asses s and 
monl tor envir onme ntal change. 

In 1980 CCRS reported on experiments 
carried out in coope ration with Alberta 
Energy and Natural Resources and Alberta 
Environment, to develop an enhanced 
Landsat colour image product to asses s 
rangeland conditions. The success of 
this experiment led to a 1981 request for 
Landsat enhancements covering twenty-two 
range areas in Southern Alberta . These 
data wer~ used operationally by the field 
staff of the Public Lands Division of 
Albe rta Ene rgy and Natural Resources. 

This operational success in Alberta led 
to demonstrations of the use of rangeland 
enhancements to the PFRA (Prairie Farm 
Rehabilitation Association) in 
Saskatchewan. As a result of a demon
stnition project carried out under 
contract, in cooperation with CCRS and 
P"FRA, Saskatchewan has requested data for 
fifteen large range areas for the 1982 
grazing season . 

Cln the research side of the project, ;in 
experiment was carried out to evaluate 
the application of LANDSAT enhancements 
to the fescue prairie. The work was 
carried out at the University of Calgary, 
with data and analysis support from CCRS, 
and fun<iing by the Alberta Remot e Sensing 
Cent ,~r. Workshop s are planned fo r 1982 
to train the range management community 
in the use of the t ~chnology. 

Research on potato area estimation in New 
Brunswick was continued in 1981. With 
CCRS assistance, Statistics Canada staff 
used LANDSAT data t o generate a timely 
crop area estimate by early Sept ember. 
As in 1980, the estimate produce d by 
means of digital analysis of Landsat data 
was c los er t o the published figure than 
any of the conventionally produced 
estimates. Plans are underway to extend 
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coverage to a much larger area in the 
1982 crop year. 

Following on from earlier spectroscopic 
work on Canola-rapeseed, a joint CCRS
Statistics Canada proje c t was aimed at 
developing and applying crop area 
estimation procedures for this major 
oilseed crop. Methods were developed 
which use either standard LANDSAT dig ital 
data or Digital Image Correction System 
dat;i. A timely and accurate estimat e wa s 
made in the B.C. Peace River District, 
while a much larger area was eva l uat e d i. n 
the Alberta Peace and Crop District 4a. 
The project was co-sponsored by the 
Canola Council of Canada and both the 
Al berta and British Columbia Governments. 

A joint project was undertaken with the 
Canadian Whea t Board, Statistics Canada 
and Agriculture Canada to assess whether, 
and to what ext~nt, satel lite r emo tely 
sensed data can be use-:! to assess crop 
condition. Ext ensive work has been 
carried out during the past year using 
NOAA AVHRR (Advanced Very High Resolution 
Radiometer) (spatial r eso lution of 1.1 km 
at nadir). This sensor appears to be an 
excellent comple ment to the LANDSAT 
Multispectral Scanne r (MSS) giv1.ng a 
synop tic overview that can be used t o 
dir~ct the analys is of the highe r spatial 
resolution MSS data. 

Work has continued in the past year on 
the assessment of t he ability of 
microwave imagery t o disti.nguis h be twe en 
vegetation cover types. This is being 
carried out as part of a joint venture 
bet,,een CCRS and DFVLR i n Germany. 

CCRS initiated a project with the Geolo
gical Survey of Canada (GSC) to assess 
the pot e ntial of Landsat data in 
producing ma ps of surficial geology . To 
evaluate the procedur es a wid e range of 
Canadian northern e nvi ronme nts were 
s elec t ed . Pr e liminary r 2sults ind icat e 
that two methods will be use f ul. In 
environments wh e re vege tation patterns 
re f lect the surficial sed i ments, supe r
vis e d classification i s highly successful 
in discriminating most surfic i al units at 
a · scale of 1 : 125-000 . In other areas, 
such as t he Boreal "Forest and the High 
Arc tic Islancls, wh e re s ed iment vege t ation 
relat ions are not clear, e nhanc en Landsat 
imagery is us e ful in delimiting bound
aries and discriminating unit s such as 
gravel . rock outcrop, tur~id wa ter and 
organic terrain (bogs). 



In co-ope ration with the Nova Scotia 
Department of Lands and Forests (N.S.D.
L.F), CCRS c ommenced a project to monitor 
f orest change in Nova Scotia and to use 
t~i s information i n updating a f orest 
inventory. The change detection project 
was ca rried out in two ar eas of the 
province: Cape Breton Highlands, a 
r egion typ ifying softwood for e sts, and 
Guysborough County, a region typifying 
mixed an:i dee iduous for e s t s . The 
detection procedures made use of 
multi-t empor a l ove rlays (two and three 
summer dates) followed by supervised 
cla s sification. . Preliminary r e sults 
indicate a high accuracy in clearcut 
det ection, but estimat es of s e lective 
cuts were not consistent. 

In J un e 1980, CCRS contracted the 
planning and coordination of a project to 
demonstrat e the appli c ation of remot e 
sensing methods t o meet the information 
n .~,?ds of an industrial woodlands opera 
tion. An industrial partner 1¥as selected 
as the coope rator and participant in all 
stages of the project. A workshop was 
h e ld in Fredericton in November 1981 to 
present the results of the project to 
othe r for e stry companie s i n Eastern 
Canada. It is planned to present the 
r e s ults at other industrial assoc i ation 
meetings in 1982. 

CCRS has continued to support provincial 
a e encies, companies and educational 
inst i tutions interest ed in local spon
sorship of digital image analysi s 
1,orkshops. During the past year work
shops have been presented in Ontario, 
Nova Sco tia, New Brunswi c k and Quebe c . 
Additional workshops are being planned 
for 1982. 

The opera tion and development of the 
Remote Sensing Online Retrieval System 
(RESORS) is continuing with the support 
of CCRS contracts. The document database 
has gr own to 33,000 citations and the 
slide database to 4,000. During 1981, 
ove r 6000 s e arche s were pr ovided to usQrs 
u pon r e quest. The syst e m is now acces
s i ble on t~e DATAPAC network, and is 
being r outinely searched from as far as 
Australia -

International Activities 

During the 
Division's 
int e rnational 
modest but 
:. nt e rnational 

pa s t ye a r 
involvement 

Applications 
in vari ous 

r emained activities has 
very active. 
delegations 

Numerous 
have been 
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received and introduced to CCRS 
capabilities. Technical missions from 
several countries including Argentina, 
the Peoples Republic of China , Malaysia 
and the Philippines have been hosted for 
mor e extensive discussions conce rning 
Canadian remote sensing capabilities. 

Su;Jport of CIDA development projects has 
c. -:mtinued. Work continues toward the 
goal of a West African r emote sensing 
centre. The long-standing cooperative 

)ject with Peru has be en brought to a 
~cessful conclusion. It appears likely 

!'lat CIDA will approve a Peruvian pro
posal to continue this close tie with 
Peru with the goal of increasing Peruvian 
technical independence in r e mote sensing 
over the next thr e e yea r s. 

In support of Canadian industry, CCRS has 
provided intens i ve training opportuni ti e s 
to visiting experts fr om Argentina and 
Tha i lan<l. This type of inte rnational 
support contributes in a positive way to 
t he image of Canada and our industrial 
capabilities in overseas markets. 

:H th i n the limits of mandate and 
resources, it ls anticipated that CCRS 
Applications Divisio n will respond to a n 
ever increasing number of requests for 
interna tional support and involvemen t. 
The benefits to Canada from such 
a c tiviti e s have bee n such 
involvement is highly 
likely. 

that continuing 
desirable and 

Technology Transfer Program 

An int e rdepartme ntal r emot e sens i rig 
technology transfer progra:11 was approved 
by Cabine t in March, 1981, and Treasury 
Board approval was granted i n late 
Sept ~mbe r, 1981. The long-t e rm goal of 
the technology transfer program is to 
con tr i.but e t o a widespr e ad, r egular use 
of remote sensing data and methods f. or 
the invento ry, monitor i ng and manageme nt 
of Canada's land and water r e sources. In 
a given r egion or province, the program 
will be organized as a joint effort of 
federal agencies and provincial/regional 
resource management agencies, but other 
agencies (industry, un i versities) will 
al s o be involved. A new sect i on, the 
Technology Trans fe r Of f ice (TTO) has be en 
established in the Applications Division 
of CCRS. Alt"iough the initial work has 
been carried out by seconded personnel, 
the TTO will soon be staffed by newly 
hired personnel. 



Since the approved resources permit the 
program to start initially in one 
province only, preliminary discussions 
with the provinces and territories took 
place to ascertain their relative 
interests and needs. As a result of this 
assessment, IPTASC and CCRS agreed that 
the Maritime provinces (New Brunswick, 
Nova Scotia, Prince Edward Island) as a 
region, and the Province of Manitoba are 
the two best candidates for the first 
technology transfer program. Subse
quently, more detailed discussions took 
place between CCRS and these provinces to 
develop a preliminary plan for the 
technology transfer program in each 
region. This includes specification of 
demonstration projects, the involvement 
of end user agencies, and the contri
bution of resources to the joint program. 
It ls expected that the final choice will 
be made on the basis of the preliminary 
plans by late April, 1982. The program 
will start in the first province or 
region in early 1983 and wil 1 last 
approximately three years. If the 
program is successful (and subject to the 
approval of additional resources) an 
expansion into two other provinces is 
anticipated in 1984. 

CAR.ADA'S RADAR SATELLITE PROGRAM 

Introduction 

Can,:ida is pursu;_ng a role in remote sensing 
satellites by developing the capability to 
build airborne and spaceborne synthetic 
aperture radars (SAR) and high speed digital 
SAR processors, cooperating in the European 
remote sensing satellite program (ERS-1), 
and performing the Phase A technical and 
economic studies for a radar satellite 
system, RADARSAT. 

Since 1976 a serious effort has been made in 
Canada to concentrate on synthetic aperture 
radar (SAR) as the primary sensor to provide 
information over the frozen and open oceans 
bordering Canada, and in support of informa
tion needs in forestry, geology, hydrology 
and agricultur,~. During the period 1977 to 
1979 through its SURSAT project, Canada 
participated in the NASA SEASAT program. 
Despite the early failure of SEASAT, 35 SAR 
orbits were recorded at Shoe Cove and 80 SAR 
orbits obtained over western Canada from 
U.S. recording stations. 

In the same timeframe, CCRS acquired the 
ERIM multi-channel SAR, modified it, and 
installed it in their Convair 580 aircraft. 
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The aircraft flew over 530 hours in fulfil
ling the data acquisition needs for approxi
mately 100 experiments. The majority of the 
aircraft SAR data was optically processed by 
ERIM. Late in the project a real-time 
digital processor and digital recording 
capability provided a limited quantity of 
digitally processed data. 

The experience of both aircraft and space
craft SAR in serving Canadian needs as 
demonstrated in the SEASAT and SURSAT 
projects was sufficiently persuasive that 
both the airborne and the national satellite 
SAR interests of Canada are being extended. 
The SAR 580 was fitted with a third 
frequency - C-band (d = Sm) - in 1981, and 
there has been a commitment to Phase A of 
the RADARSAT Program (1981-1990), which is 
outlined below. These national activities 
are in parallel with and complementary to 
th,~ participation of Canada in the ERS-1 
microwave remote sensing satellite program. 

Applications 

Canada has diverse requirements for monit
oring human activities and environmental 
phenomena in ocean and remote areas. Such 
requirements include location and identifica
tion of ocean traffic, data on the type and 
extent of ice coverage information for pre
paration of weather and sea-state reports 
and forecasts, and location and identi f ica
tion of ocean pollution. The increase in 
exploration and development activities 
offshore and in the Arctic and the extension 
of jurisdictional limits offshore created an 
increased need for regulatory data. 

In general, regulatory data is required on a 
regular, frequent basis. Consequently for 
the Canadian North, only sensors which ciln 
penetrate cloud and operate in both darkness 
and daylight are applicable. The SURSAT 
Project thus considered only microwave 
sensors and gave particular emphas i. s to 
synthetic aperture radar (SAR) since this is 
the only microwave sensor capable of 
providing high resolution imagery from 
space. 

The major effort of the SURSAT Program was 
directed toward performing a set of experi
ments to assess the feasibility of satis
fying monitoring requirements via satellite 
and gaining experience in microwave satel
lite technology. The principal technical 
activities were participati.on in the N'ASA 
SEASAT satellite project by installation of 
reception and rewriting equipment at St. 
John's, Newfoundland and by developing a 



high quality digital image processor for the 
SAR data. Also the "SAR-580" facility was 
created - a Convair 580 aircraft equipped 
with a four channel X and L-band synthetic 
aperture radar, optical and digital 
recorders, and real-time X-band digital 
processor. 

SORSAT Experiaent Results 

The following 
obtained: 

principal results were 

Experiments dealing with surveillance of 
human activity were largely concerned with 
detection of ships ·on the ocean using SEASAT 
and airborne SAR data, detection of ocean 
pollution, detection of selected human 
activities on land and ice, and applications 
of SAR dat~ to search and rescue tasks. For 
activities that involve objects on the 
surface, such as seismic lines or fishing 
vessels, experiments suggested that finer 
resolution, shallower incidence angle, and a 
shorter wavelength were required, as 
compared to the 25 meters resolution, 20° 
incidence, and 23 centimeters wavelength of 
SF,ASAT. Detection of oil spills was 
verified using radar, but subtle distinc
t i.ons of petroleum slicks from natural 
phenomena resembling oil slicks required 
furt'1er work. 

Normally not considered an accurat e mapping 
tool, SAR, as flown on SEASAT and as 
processed digitally produces imagery that 
meets high standards for cartographic 
accuracy. For flood mapping, it was found 
from the Red River near Winnipeg that SAR 
imagery was superior to air photography 
because of its cons is tent tone contrast, its 
ability to show flooded wooded areas, and 
because wet soil had a similar appearance to 
standing water in aerial photographs. In 
surficial and structural geology, the 
results confirmed the usefulness of SAR and 
in particular led to the discovery in Nova 
Scotia of evidence of volcanic activity 
through structural features not previously 
known. Also . SAR data in combination with 
optical multispectral data could greatly 
increase the ability to discriminate between 
agricultural crops. 

Ice and ice related applications are the 
most important information needs to be 
addressed by a SAR system for Canada. The 
project grouped 19 ice related proposals 
into 3 major experiment areas, located in 
the Beaufort Sea, the Baffin-Labrador Seas, 
and the Gulf of St. Lawrence. 

Under summer melt conditions, SEASAT L-band 
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SAR imagery of sea ice is relatively 
featureless while airborne X-band SLAR 
imagery over identical ice fields show 
topographical features clearly. The effect 
of the low SAR incidence angle combined with 
presence of surface melt water is presumed 
to be responsible for this difference. 

During freeze-up conditions, information 
available from SEASAT SAR is much improved. 
Identificable ice types included old, 
first-year, and young ice . Smooth floes of 
second year, often not identifiable on SLAR 
because of high incidence angles involved, 
also showed a unique signature. Newly 
formed ice showed on open-water areas as 
regions of no sea clutter. 

Open-water areas provided strong sea clutter 
returns, often more so than adjacent ice 
surfaces, r esulting in a reverse image from 
that normally observed in SLAR. In the 
vicinity of ice floes, open water often 
showed a margin of low sea clutter along one 
side of the floes. This effect was 
confirmed in several cases to be associated 
with wind directions. 

From the examination of other optically 
processed data , it is quite evident that the 
dynamic range of first-year and multi-year 
ice equals the dynamic range of new ice. 
This makes it virtually impossible to 
classify sea ice at L-band frequencies based 
on backscatter alone. Using shape and 
texture does, however, permit the 
interpretation of a large number of · lee 
types and features. 

Future of Canadian Programs 

Canada is moving firmly ahead in its 
domestic airborne SAR development program, a 
domestic SAR satellite project, and on 
cooperative international activities such as 
ERS-1. These all are seen t o be 
complementary, and beneficial to the long 
term needs in Canada. 

The major project is RADARSAT, for which 
there are three elements: mission 
requirements definition supported by 
ai re raft SAR experiments; a Phase A concept 
study which analyses spacecraft and ground 
system alternatives that respond to the user 
requirements; and research and development 
of radar technology. 

The objectives of the RADARSAT Project are: 

To perform the Phase A technical and 
economic studies necessary to define a radar 
satellite implementation program that would 



provide a limited operational capability to 
supply timely ice information for selected 
Arctic or east coast operations, and provide 
research data and operational data to meet 
selected land and ocean requirements . The 
satellite payload consists of an imaging 
radar plus one or more of the following 
secondary sensors: scatterometer, optical 
imager . scanning microwave radiometer and 
altimeter. 

To develop Canadian industrial expertise 
in spaceborne radar technology through a 
r esearch and development program, so that a 
radar satellite including radar systems and 
major sub-systems in space and ground 
processing can be built in Canada. 

To develop program options for the 
satellite radar and secondary sensors, 
i.nclud ing international cooperation with 
other space agencies or companies, and cost 
sharing arrangements with domestic and 
foreign data users. 

The Canadian requirements for t ,1e mission 
have now been identified and reported. This 
work was performed in collaboration with 
NASA, who identified the U.S. requirements• 
Bilateral t eams were established for the 
discipline areas: ice, oceans, renewable and 
non-renewable land resour ces . In general 
there was good agreement between the 
requi_ rements of the U. S. and Canada in each 
i ndividual discipline but greater disparity 
b2tween the disciplines. The RADARSAT 
technical study is resr,onsive to these 
r~qui rements by adopting a multi-beam radar 
approach. 

The overall concept for the Canadian radar 
satellite r,rogram is as follows. It is an 
end- t o-end system that starts with a 
satellite in an inclined polar orbit 
transmitting signals from its wide swath SAR 
to ground receiving stations, where the data 
is converted into digital images. The image 
data is relayed via communications satellite 
(ANIK) to an ice-information centre, where 
other data such as from aircraft SAR or 
weather satellite is incorporated to provide 
a forecast of ice cond i. tions. The forecast 
is again relayed by communications satellite 
to the tankers and other users in the form 
of annotated images. 

The spacecraft will consist of a 3-axis 
stabilized platform with sufficient power 
and weight capacity to carry a C-band or 
L-band SAR and complementary microwave or 
optical sensor. In addition the transponder 
for search and rescue mission might be 
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carried. Preliminary studies of 
spacecraft buses have shown that 
several which could be adapted 

existing 
there are 
for this 

mission . The spacecraft would be designed 
for a 3-5 year life, with further 
spacecraft launched depending on the user 
neerls and success of the program . Three or 
four satellite would be needed to provide an 
operational service from 1990-2000. The 
baseline parameters for the radar payload 
are a swath of 150 Km. or greater with a 
resolution of 25 t o 30 metres at 4 looks and 
an incidence angle of 30° t o 45°. 
Preliminary orbit studies have sho,m that 
with this swat~ width it is possible t-'.l 
obtain twice-daily coverage over the primary 
Arctlc trans portation corridor , the 
North-West Passage. Coverage options may be 
extended t hrough the use of a varlable 
incidence angle antenna . 

Dir ,ec t telemetry will be sent to one or mo r ,, 
Canadian ground statlons. They will be 
equipped with hardware SAR processors, with 
sufficient throughput to maintain zero 
back-log for the areas r equiring near real 
time response plus a reserve capacity t o 
deal with back-up load-sharing between 
stations. The ice-information centre will 
hous~ image analysis facilities that will 
enhance ice features Ln the images, and add 
annotation to show the locatlon of 
ice-fields, the 1,ind vectors and other 
information obtained from aircraft data. 
The total data handling time between 
acquisition of satellite data to delivery to 
ships must occ,ir in 2 to 4 hours. A mission 
control facility will be used en monttor 
spacecraft performance, command orbit 
adjustments and schedule sensor coverage-

In order to develop Canadian industrial 
expertise in spaceborne SAR a substantlal 
development progr am has bee, ini t iated . A:i. 
assessment of the r adar components needed 
and the difficulty of building a space-borne 
radar at elther C-band or "!.-band has been 
undertake,:i. As a result of this work, 
digital processor studies and the preEerence 
of the miss Lon requirements tea ms, a C-band 
space-borne radar was s2lected for RADARSAT. 

Design studies are now underway on all major 
aspect;:; of a space-borne SAR. Bread-board 
versions of several transmit-and-receive 
radar electronic subsystems are under 
development. Future work is planned in 
antenna ,,tructur -2s and deployment, and high 
power amplifier tubes. 

Development 
elements for 
completlon. 

of high speed arithmeti. ,: 
SAR processing ls nearing 

A hj_gh speed processor capabl,e 



of speed operation on C-band satellite 
radar will be designed and built . 

A C-band scatterometer has been studied and 
will be built by late ' 83. The design and 
construction of advanced digital C-band 
iual-polarised aircraft SAR is planned by 
late '84. The aircraft SAR wi.ll be used to 
provide SAR system expertise, for use in a 
satellite support role, and for direct field 
use by industrial operators. The 
scatterometer wi.11 be used to determine 
r~dar backscatter coefficients of terrain, 
ice types, and open oceans for the satellite 
radar design. 

The current project is planning for a 
RADARS AT launch in 1990 with an estimated 
cost on the order of $300 M This is an 
ambitious program and will probably require 
offsetting contributions from industry and 
other international partnerships. The 
project is actively talking to other 
nations, and the oil and gas industry in 
Canada to nego tiate satisfactory cost 
sharing. The results of these negotiations 
,-ril l be incorporat e d in the Phase A 
documentation late in 1982, which will form 
the basis of Phas : B development and fi. nal 
project definition in 1983 and following 
years . 

Conclusions 

Canada's interest in SAR has bee n increasing 
since 1976, and is now suhstantial, 
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evidenced by national commitment to Phase A 
of a SA.ll satellite project in addition to 
domestic airborne and international SAR 
activities. The SEASAT experience was very 
positive , establishing a solid base of 
processing technology and informed users in 
Canada. The re is a well recogni.zed need for 
SA..ll information products, particularly in 
the Arct le, where reliable and routine 
weatherproof surveillance is essential. 

MULTILATERAL MEETING 

Canada hosted the first Multilateral Meeting 
in Ottawa -- May 8-9, 1980. 

The purpose of that me e ting which was 
attended by representatives from the ~ .S.A. , 
Japan, France , ESA and C11nada, was to 
explore how greater compatibility and 
complementarity could be achieved in 
space borne systems. 

The participants agreed: (a) to sponsor 3 
regional technical conferences (one in 
Afric,i., one 1:-i S . E. Asia and one ln South 
America); (b) to exchange long-term planning 
information; (c) to have a follow-on meeting 
in a year's time. The follow-on meeting 
originally scheduled for Spring '81, is now 
scheduled t o be held i n Paris under ESA 
sponsorship on Hay 12-13, 1982 . 

The Canadian delegation will be led by 
Dr. K. Whitham , Assistant Depu ty Mini. Ster 
Research and Technology Sector, EMR. 



5.1 REPORT OF THE WORKING 
GROUP ON AGRICULTURE 

AIRBORNE REMOTE SENSING 

The successful application 
of 35-mm color IR prints in stereo for classi
tying botanical communities under rangeland 
conditions illustrates the feasibility of 
studying vegetation growth and management 
practices in field and for field plot 
experiments. The camera system is 
readily adaptable to aircraft which are 
found at most small airports. It enables 
the spectral data to be obtained at the 
right stage of vegetative growth or state 
of disease infestation. At low altitude 
(< 1000 ft AGL) excellent IR images may be an 
acquired even under dense cumulus cloud 
cover with automatic exposure system . 
Vertical and oblique VIR 35-mm photos were 
used in assessing range productivity in the 
north- eastern pasturelands of Saskatchewan 
southern Alberta and interior range of B.c'. 
Other small format camera systems (50 and 
70- mm) were used in studying extent of leafy 
spurge in Manitoba, knap-weed in the B.C. 
interior range, grasshopper damage in 
Saskatchewan, and effort of soil erosion and 
changes from drainage. Detailed land-use 
studies were carried out in Eastern Ontario . 
Large scale format (280-mm) Color IR was 
acquired over the ground reference points in 
the three prairie provinces (42 sites) for 
the Crop Information System Landsat analyses 
program . 

SPACEBORNE REMOTE SENSING 

Landsat imagery was used 
for assessing potato acreage in New Brunswick 
and the results compared favorably on a pilot 
operational basis . Introducing modified 
radiation enhancement procedures in the non
red/IR portion the spectrum has increased the 
ability to interpret over-winter grazing 
conditions in the rangelands of the Brown 
Soil Zones of southern prairies. Overlaying 
Land Resource and Legal Survey information 
registered to Landsat imagery provides a 
capability of assessing crop management 
practices for specifically selected fields 
~it~in identified municipalities. The high 
i~cidence of cloud cover continues to preclude 
widespread adoption until more frequent 
orbital passes are available or microwave 
imagery becomes available for current crop 
assessment . 
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TECHNICAL AND SCIENTIFIC 
DEVELOPMENT 

Preliminary interpretation 
of the two visible infra-red bands from the 
NOAA meteorological polar orbiting satellite 
indicates it to be useful for determining 
changes in areal distribution of green vegeta
tion on a regional basis during the summer. 
The low resolution of the imagery provides a 
rapid analyses of the vegetative condition for 
a large area (eg. 600x600 miles) several times 
a week . The changing orbital paths, however, 
do not allow at present for rapid temporal 
registration (Cooperative Demonstration Cereal 
Crop Project - CCRS). 

Special radiation enhance
ment procedures were developed for analyzing 
rangelands of the southern prairies. Assessing 
the potential productivity of these areas 
requires the determination of matured vegeta
tion. Thus, enhancement of bands other than 
the chlorophyl-sensitive bands are required 
(eg . blue, green). 

Research on the correlation 
of the primary vegetation bands to Leaf Area 
Index (LAI) and associated vegetative growth 
conditions was carried out . Detailed studies 
were carried out on relation of the red band 
to crops using densiometric data from 
specially filtered black and white airborne 
photography. 

No further airborne radar 
studies were acquired pending return of the 
Convair 580 (CCRS) to Canada and its availa
bility during the entire growing season . 

USER lIAISON AND TRAINING 

A uumber of coopecative 
demonstration projects between the CCRS and 
other agencies in Canada assisted in providing 
expertise and image analyses facilities for 
assessing acreage of potatoes in New Brunswick 
range productivity in southern Alberta and 
canola acreage in Peace River Region . 

The tenth Agriculture 
Working Group was held in Fredericton, N.B., 
November 1981 . Papers on Remote Sensing 
Application using 35-mm aerial photography were 
presented and Potentials and Limitations of 
Satellite data in crop identification was 
presented at the meeting along with review of 
work being carried out across Canada. 



RECOMMENDATIONS 

A. RADARSAT PROJECT 

Whereas the entire growing season (April 1 
to October 1) is the crucial time frame 
for agricultural applications of satellite 
remote sensing data and not just the 
relatively short period when crops are a t 
their maximum photosynthe tic activity, and 

Whereas agricultural target calendars 
indicate relatively rapid, significant 
changes in the spectral character of 
crops, many of which are not manifested 
by changes in surface roughness or 
dielectric constant, and that the time
frames for image acquisition for various 
applications are relatively narrow (less 
than 14 days), and 

Whereas LANDSAT-D may be the last of its 
series and other proposed satellite 
imaging system would not provide conti
guous coverage, and 

Whereas considerable funds and successful 
effort have been expended in the applica
tion of current LANDSAT data to crop 
inventory and monitoring based on continual 
contiguous coverage with VISIBLE/Reflected 
IR imaging systems, 

The Agriculture Working Group gives its 
full endorsement to the recommendations 
of the Renewable Land Resource Study Team 
of the RADARSAT Project and further 
recommends that: 

1) A Canadian satellite provide repeti
tively on a 10-day cycle (or less), sun 
synchronous, contiguous coverage of the 
Canadian agricultural area during the 
entire April 1 to October 1 growing season: 

2) An imaging system collecting reflected 
energy in the VISIBLE and Reflected 
INFRARED portions of the spectrum, with a 
minimum spatial resolution of 30 m, along 
with a recording device to store foreign 
data be carried as part of the satellite 
payload : (The Agriculture Working Group 
recognizes that such a system could be 
de-activated during the winter, over 
oceans, or over clouded areas and that at 
such times a non-imaging system could be 
activated . In this regard the Agriculture 
Working Group support the recommendations 
presented to the SURSAT Project by hydro
logists con ce rned with snow cover mapping.) 
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3) Canada participate with any foreign 
country or agency in terms of satellite 
data acquisition to ensure a continuous 
supply of domestic and foreign imagery. 

4) The Canadian effort in the area of 
sensor development, satellite systems and 
cooperation with foreign governments and/or 
agencies not neglect the necessary support 
required for data handling, processing 
and distribution to the user communities. 

B. IMAGZ PROCESSING, C.C.R.S. 

Whereas the Alberta Remote Sensing Center, 
the Faculty of Forestry, University of 
British Columbia, and International Range 
Remote Sensing Limited desire high quality 
black and white positive transparencies of 
LANDSAT data for color additive viewers, 
and 

Whereas the above organizations have found 
that such transparencies in 185-mm format 
(and sometimes in 70-mm format) produced 
by C.C.R.S. are too dark for color additive 
viewing, and 

Whereas the Alberta Remote Sensing Center 
has found that black and white positive 
transparencies (185-mm format) produced at 
2X the normal look-up table values lead 
to suitable images for color additive 
viewers. 

The Agriculture Working Group recommends 
that as a standard product LANDSAT 185-mm 
black and white positive transparencies 
be produced, on request, using any user
specified look-up table values. The 
Agriculture Working Group also recommends 
that as a special product such transpa
rencies be produced from DICS tapes. 



APPENDIX I. LITERATURE 
CITED 

1. Watson, E.K. and A.L. van Ryswick. 1981. 
Remote sensing applications for British 
Columbia Wellands using 35-mm aerial photo
graphy. Proc. 7th Cdn. Symp. on Remote 
Sensing, Winnipeg. 

2. Geib, P., P. Crown, and A.R. Mack. 1981. 
Bibliography on application of remote 
sensing and aerial photography to agricul
tural crops, soil resources and land use. 
Research Branch, Agriculture Canada, 
Ottawa. 

3. Razdani, R. 1981. Potential and limita
tion of satellite data in crop identifica
tion in New Brunswick. 

APPENDIX II. LIST OF 
GROUP MEMBERS (APRIL 1981) 

1. Dr. A.R. Mack (Chairman), Land Resource 
Research Institute, Agriculture Canada, 
Arboretum Bldg. #74, Ottawa, Ontarjo 
KlA OC6 (613-995-9039) April 81 -
March 84. 
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5. Mr. R. ·Barry Proud, Crops Section, 
Agriculture Div., Main Bldg., Statistics 
Canada, Tunney's Pasture, Ottawa, Ontario 
KlA 017 (613-995-4877) April 81 - March 
84. 

6. Mr. R. Karamanos, Dept. of Soil Science, 
Saskatchewan Institute of Pedology, 
University of Saskatchewan Saskatoon 
S7N OWO (306-343-5184) Apr~l 79 - Mar~h 82, 

Honorary Life Member 

Mr. L.E. Philpotts, 7 Philips Drive, Ottawa, 
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Univ. of Manitoba, Winnipeg R3T 2N2 
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Agriculture Bldg., Edmonton, Alberta 
T5K 2C8 (403-427-4015) April 81 - March 84. 



5.2 REPORT ON WORKING GROUP ON 
CARTOGRAPHY AND PHOTOGRAMMETRY 

The National Landsat Collection 

In 1980, the Cartography and 
Geology Working groups recommended that a 
project be set up to investigate the 
establishment of a visual image library of 
best quality Landsat images. At the 1981 
CACRS meeting the proposal was presented for 
the creation of a 35- mm slide collection of 
Landsat scenes covering all of Canada . This 
proposal met with sufficient favourable res
ponse from the attendees to warrent action 
being taken. 

After discussion with Topo
graphical Survey, the National Air Photo 
Library and the Department of the Environment, 
a committment of manpower, funds and inter
agency cooper ation was agreed upon which en
abled the project to proceed. Work began in 
May 1981 and was completed February 1982. 

The basis on which the collec 
tion has been built is the library of 
1:1 000 000 Landsat colour transparencies 
acquired over a period of years by Clayton 
Rubec of the Lands Directorate, D. O. E . The 
objective of the DOE collection is the same 
as that of the National Collection - good 
quality , cloud-f ree , snow- free images at each 
image centre . When work commenced, the DOE 
collection was not complete, and contained 
many images which were desirable to up-grade. 

Contrary to popular opinion, 
there are not an excess of good Landsat 
scenes , nor is it easy to find the ones that 
may exist . Catalogue listings can, at best, 
be used only as indicators of possibilities . 
These must be cross - checked with microfiche 
for cloud content and image quality . In the 
neighbourhood of 60 new colour images had to 
be created on the CIR to fill gaps or up-grade 
exis ting images . 

Prior to copying to the 35- mm 
format , the images were provided with a legi
ble annotation giving the WRS number and the 
date of acquisition of the image. Copying 
was done by the Canadian Government Photo 
Centre of the NFB . Subsequent reproduction 
of these master slides will also be done by 
this organization . 

The collection numbers 889 
slides, and it has been divided into e l even 
regional groupings . A slide of the mosaic 
of the region , if it exists , is included in 
each group . These regional collections are 
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each assembled in 3 - hole binders using trans
parent sleeves to hold the slides. 

The price of the collection has 
been kept to its 1981 projected price of $500 . 
It is hoped that at this price it will attain 
good distribution and provide an opportunity 
for many more people to examine satellite 
imagery. 

The basic collection of 889 
slides avoids the redundancy of coverage that 
exists between orbits above 60°N lat ., by omit 
ting selected image centres. Work was started 
on completing the collection to include all 
image centres, but unfortunately staffing res
trictions resulted in the loss of the employee 
working on the project. Continuation of the 
porject is therefore temporarily suspended. 

Revision of 1:250 000 and 
Assessment of 1:50 000 maps 

The use of Landsat imagery to 
revise Topographic maps at 1:250 000 and to 
assess the revision requirements of 1 : 50 000 
maps, which was reported at CACRS 1981, has 
moved into an operational phase, with propo 
sals being solicited from the mapping commu
nity for the 1982 Topographic program . 

Extraction of Water features 
from Landsat MSS 

A project is underway to test 
the feasibility of extracting water features 
from digital MSS imagery processed in the DICS 
system. In map-making , cartographic restric
tions present accurate representation of lakes 
on small scale maps (1:500 000 and smaller) . 
This results in a distortion of the portrayal 
of the true character of the land in areas 
like the pre- Cambrian shield . If the drawing 
of lakes is replaced by Landsat - derived water 
bodies, many more lakes could be portrayed 
and they could retain their scale-correct 
dimensions, thus avoiding the generalization 
and exaggeration now present on these maps. 

Positioning of Off-Shore 
Features 

DICS products have continued to 
be a useful adjunct to positioning or con
firming the position of off - shore features 
for new 1:50 000 mapping . 
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5.3 DATA HANDLING AND SATELLITE TECHNOLOGY 

The working group as a whole had a fairly 
inactive year, which has led to proposals 
for restructuring the group into three 
independent entities. 

RECOMMENDATIONS 

Re-organization 

1. The Working Group be split into three 
full Working Groups: a Satellite 
Technology Working Group; a Computer 
Compatible Tape Working Group and an 
Image Analysis System Working Group 
( IASSWG). 

2. The IASSWG should establish an Image 
Analysis Systems Working Group with 
the IASSWG forming the nucleus of the 
sub-group concerned with analysis 
science and technology and a second 
sub-group to be completed by some 
users of analysis systems. The IASSWG 
also recommends that the Chairman of 
the IASSWG be the Chairman of the new 
Working Group for continuity. 

Technical 

3. CCRS should fund a study to 
investigate the requirements for an 
image analysis system network in 
Canada with an immediate objective of 
identifying the functions such a 
network could perform. 

4. CCRS should fund research and 
development in university on very long 
range problems to achieve future 
objectives for the Terra Observation 
Pattern Analysis System (TOPAS). 

REPORT OF SUB-GROUPS 

Satellite Technology 

This group led by J. Taylor has not met 
this year. Its membership will be reviewed 
and brought up to date to include active 
respondents from the AIAC space committee. 
They will study and report on: 

(a) The Canadian industrial strategy for 
collaboration in RADARSAT by other 
space agencies. 
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(b) An industrial assessment of the 
opportunties for participation in 
read-out and distribution of SPOT 
satellite data. (This topic may be 
taken up by a larger 
government/industry task force.) 

Image Analysis 

This group, led by D. Goodenough, has met 
twice this year. They have focused their 
attention on transportability of image 
analysis software, and the development plan 
for a new generation analysis system TOPAS. 
They concluded that it is not feasible to 
standarize on analysis software because of 
various equipment peculiarities. The TOPAS 
development will use an industrial team 
with guidance provided by government 
scientists. They have proposed 
recommendations 2, 3 and 4. A copy of 
terms of reference and list of members is 
appended. 

Future plans for the working group include: 

A report on format for recording 
Landsat digital data on cassette 
tapes. 

A report on on-line remote sensing 
data bases. 

A review of specific satellite data 
production problems. 

A guide to CCT format documentation. 

Computer Compatible Tapes 

This recently appointed group, led by P. 
Pearl, has met once this year. The members 
are drawn from Industry, Government, and 
University across Canada and represent a 
broad cross section of capabilities, 
interests, and expertise. A list of 
members is attached. The terms of reference 
of the working group were reviewed and, 
after discussion, were accepted unmodified. 
A copy of these terms of reference is 
appended. 

Future plans for the working group include: 

A report on format for recording Landsat 
digital data on cassette tapes. 

A review of specified 
production problems. 

satellite 

A guide to CCT format documentation. 

data 



5.5 REPORT OF THE WORKING GROUP 
ON EDUCATION 

The Working Group on Educa
tion was a task-oriented working group 
established for the purpose of preparing a 
survey of remote sensing teaching and research 
in Canadian educational institutions. A 
questionnaire was distributed to educational 
institutions and the results are currently 
being compiled and analyzed. There have been 
delays in the completion of the survey, but 
it is anticipated that the report will be 
finalized in the summer of 1982. 
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5.6 REPORT OF THE WORKING GROUP 
ON ENGINEERING APPLICATIONS 

INTRODUCTION 

In 1981, the Working Group 
focussed its efforts in organizing the 
"Second National Workshop on Engineering 
Applications of Remote Sensing" and in 
coordinating the evaluation of simulated 
thematic mapper (LANDSAT D) and SPOT 
imageries. 

SECOND NATIONAL WORKSHOP 

The second national workshop, 
held in Edmonton, Alberta, February 11-12, 
1982, was jointly sponsored by the Canada 
Centre for Remote Sensing and the Ontario 
Ministry of Transportation and Communications. 
The Alberta Remote Sensing Centre acted as 
host and was also an active participant. 

The objectives of this work
shop were to provide an update on engineer
ing applications in general and to develop 
recommendations pertaining to the upcoming 
high resolution satellite imageries. 
Accordingly, the themes and program were 
designed to present the status of these two 
aspects before proceeding to the panel and 
group discussions from which recommendations 
were to be developed. 

For the first time, speakers 
from the U. S . were invited in order to obtain 
an insight into developments outside Canada. 
As in the case of the first workshop, invita
tion to participate was extended to those 
involved in remote sensing at the management 
level. 

CONCLUSIONS AND RECOMMENDA
TIONS 

The conclusions and recommen
dations pertaining to the thematic mapper 
(LANDSAT D) and SPOT imageries were based on 
evaluation of simulated imageries by the 
Working Group prior to the workshop and by 
the participants during the workshop. It 
should be noted that the results of such 
evaluation depended, to a large extent, on 
the nature of simulated imageries used and 
resources and time available for analysis. 

The 5 sets of conclusions 
and 4 major recommendations were developed 
during the panel and group discussion and 
are presented separately in two subsections 
following under specific headings. 
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Conclusions 

Direct Applications 

(1) The availability of high 
resolution thematic mapper and SPOT imagery 
will increase the general application of 
satellite imageries by the engineers. 

(2) Ground resolution for 
both types of imagery is still insufficient 
for detailed terrain analysis . However, they 
are suitable for general operational planning 
for large scale engineering projects such as 
pipeline and hydro-electric developments. 

(3) Compared to the thematic 
mapper imagery, SPOT imagery is more useful 
for visual interpretation since it provides 
a higher resolution and stereoscopic coverage . 

(4) Considering the resolution 
and scale at which it will be available and 
its stereoscopic capability, SPOT imagery has 
the potential to be a substitute for high 
altitude aerial photography . 

(5) Repetitive, up-to-date 
coverage provided by thematic mapper and 
SPOT imageries is important to engineering 
studies requiring change detection such as 
erosion, flooding and instabilities. 

(6) The availability and cost 
of these imageries will be determining factors 
in the extent of their use. 

Products 

Significant savings in mosaic 
construction will be realized if high 
resolution, geometrically- corrected 
imageries are available . 

Image Analysis 

(1) For the thematic mapper 
imagery, the colour composite which assigns 
blue, green and red to Bands TM 3, 4, 5 
respectively appears to have great potential 
for engineering applications. 

(2) The colour composite 
(multispectral mode) of the simulated SPOT 
imagery could approach t he small scale colour 
infrared aerial photography in terms of level 
of detail and type of information. 



Education and Training 

The full benefits of high 
resolution satellite imageries can be 
realized only if sufficien t qualified 
personnel in all related areas of operation 
is available . 

Workshop 

It is difficult to maintain 
interest, contact and momentum across the 
nation when the workshop is held at two-year 
intervals. 

Recommendations 

Products 

(1) Geometrically- corrected 
imageries, similar to those produced by 
DICS for the present LANDSAT data, should be 
available for high resolution satellite 
imageries from the national facility . 

(2) The potential of mapping 
using SPOT imagery should be investigated. 

Image Analysis and Pilot 
Projects 

(1) Pilot projects using 
simulated imageries should be conducted to 
inves tigate systematically their application 
to engineering studies and to demonstrate 
and document the benefits of digital analysis 
systems to those who presently rely on 
airphotos alone. 

(2) Pilot projects should be 
organized by the Working Group, involving 
personnel having relevant experience, 
qualification and interest. Projects should 
be carried out in conjunction with various 
agencies such as government, industry and 
educational institutions. 

(3) Test areas for such 
projects should 

(a) be located in different physiographic 
regions of Canada, 
(b) already have sufficient airphoto 
coverage and ground truth. 

(4) For thematic mapper 
imageries, the rendition which assigns blue, 
green and red to Bands TM 3, 4 and 5 respec
tively should be available for all future 
pilot projects. 

36 

(5) The most useful colour 
composite for analyzing thermal signatures, 
water quality and rock types from thematic 
mapper imageries should be defined. Special 
equipment may be required and such needs 
and corresponding availability should be 
investigated . 

Education and Training 

The Working Group should 
investigate, at the earliest possible date, 
the feasibility of having programs established 
in colleges and universities to meet the 
~anpower requirements in satisfying future 
demands in high resolution satellite imagery 
programs . 

Workshop 

The National Workshop on 
Engineering Applications should be an annual 
event, held in rotation across the country, 
to foster national interest and awareness in 
engineering applications of remote sensing . 

APPENDIX I 

Members of the Working Group on 
Engineering Applications 

Mr. B. Sen Mathur (Chairman) 
Remote Sensing Section 
Ontario Ministry of Transportation and 
Communications 
1201 Wilson Avenue 
Downsview, Ontario M3M 1J8 
(416) 248-3248 

Dr. Phillip A. Lapp (Vice- Chairman) 
Phillip A. Lapp Limited 
14A Hazelton Avenue 
Toronto, Ontario M5R 2E2 
(416) 920-1994 

Mr . Lawton Tam (Secretary) 
Remote Sensing Section 
Ontario Ministry of Transportation and 
Communications 
1201 Wilson Avenue 
Downsview, Ontario M3M 1J8 
(416) 248- 3248 

Mr. S.J. Glenn Bird 
Bird and Hale Limited 
1263 Bay Street 
Toronto, Ontario M5A 2Cl 
(416) 925- 1147 



Mr . Bill D. Haymond 
MacDonald, Dettwiler and Associates Limited 
3751 Shell Road 
Richmond, British Columbia V6X 2Z9 
(604) 278-3411 

Mr. N. Lee 
Applications Division 
Canada Centre for Remote Sensing 
717 Belfast Road 
Ottawa, On t ario KlA OY7 
(613) 995-1210 

37 

Dr. J.D. Mollard 
J.D. Mollard and Associates Limited 
815 McCallum- Hill Building 
Regina, Saskatchewan S4P 2G6 
(306) 352-8811 

Mr . Gordon Spafford 
UNIES Limited 
1666 Dublin Avenue 
Winnipeg, Manitoba R3H OHl 
(204) 633-6363 



5. 7 REPORT OF THE WORKING GROUP ON 
FORESTRY, WILDLANDS AND WILDLIFE 

This Working Group was previously chaired by 
De. Peter Kourtz, Petawawa National Forestry 
Institute, DOE, but after he resigned his 
chairmanship there was a hiatus of about one 
year before a new chairman was appointed, 
and no activity took place in this period. 
Dr . Peter A. Murtha, Faculty of Forestry, 
University of British Columbia, has now been 
appointed chairman, and it is expected that 
activities will now recommence . A Five-Year 
Organization and Work Plan is under discussion. 
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5.8 REPORT OF THE \\ORKING GROUP 
ON GEOGRAPHY 

Introduction 

In June 1981, the Geography Working 
Group undertook the specific task of the 
preparation of a pre-symposium 
pub I i cation and three papers on the use 
of Landsat for mapping the changing 
geography of Canada , for pres en tat ion in 
June 1982 at the COSPAR (Committee on 
Space Research) Symposium XXIV in 
Ottawa . 

Preparation of the pub I i cation and 
papers was sti I I in progress at the end 
of 1981. During the year, meetings of 
the Working Group were held in June and 
in September to p I an and carry out the 
work. The pub I ication wi 11 consist of 
three major papers written by Working 
Group members Dr . R. A. Ryerson, 
Dr. P.J. Howarth, and Dr . F.J. Bonn, with 
an editor i a I introduction and summary by 
M.D. Thompson, Working Group Chairman. 
The papers wil I cover the use of Landsat 
in Canada over the past decade for 
monitoring hydrologic and coastal change , 
urban/agricultural change , and resource 
development . A number of Canadian case 
studies wi 11 be discussed and summarized, 
with the original authors included as 
co-authors in the appropriate paper. A 
I imited amount of re- analysis of digital 
Landsat data w i I I be carried out on the 
CIAS , to produce i I lustrative materials 
for the pub I ication and for the paper 
presentations at the symposium. 

Forecast 

The specific task assigned to the 
Working Group during 1981 of preparation 
of a pub I ication and presentation to 
COSPAR on the use of Landsat for mapping 
the changing geography of Canada over the 
past decade wi 11 be completed in June 
1982. At this time, no additional work 
for the Working Group is planned beyond 
that date. 
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Recommendations 

Due to the task-oriented and 
s pee if i c nature of the work carried out 
by the Geography Working Group during 
1981, no general recommendations are made 
to CACRS at this time. 
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5.9 REPORT OF THE WORKING GROUP ON 
GEO SCIENCE 

Introduction 

At each of the last two CACRS 
meetings, CCRS management has urged 
working groups to concentrate their 
efforts on research issues of topical 
interest. This new policy was first 
implemented by the GWG when it agreed to 
participate in RADARSAT through a 
sub-working group called the Non-Renewable 
Resources Study Team. 

A second project of potential 
interest to GWG members, is a proposal to 
produce lineament maps of Canada using 
LANDSAT MSS images. 

Space borne Remote Sensing 
RADARSAT 

Shortly after the establishment of 
the RADARSAT Project office (RPO) in 
Ottawa, the GWG was invited to support 
Project activities by forming the 
Non-Renewable Resources (NRR) Study Team. 
The NRR Team is one of four applications 
teams formed to carry out definition 
studies for a Canadian controlled 
satellite, carrying as prime sensor, a 
Synthetic Aperture Radar. The activities 
of the other teams and the Project itself, 
are described elsewhere in the CACRS 
report. The Team has participated in 
numerous activities, all of which are 
designed to provide information for a 
Phase A (satellite definition) report to 
be produced in the late fall of 1982. 

During the summer, ten sites of 
geological interest were flown with the 
CCRS CV-580 aircraft carrying the modified 
ERIM 4 channel (XHH, XHV, CHH & CHV) SAR. 
C-band is the designated satellite SAR 
frequency. The SAR experiments are 
intended to provide a better understanding 
of stereo SAR imagery, rock structures, 
lineaments, rock units, surficial deposits 
and coastline morphology. A report 
describing the experiment sites and the 
aims of the airborne experiments, forms 
part of the RPO, Preliminary Mission 
Requirements Document. 

The Team also carried out 
investigations to define desirable 
parameters for a satellite SAR to be used 
for geological investigations using 
published literature, and available 
airborne SAR and SEASAT-SAR imagery. This 
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report forms part of the RPO 
Requirements Document. The 
requirements were identified as: 

Mission 
basic 

high resolution (20 to 25 meters) 
C-band (5.3 GHz, 6 centimeters) 
2 incidence angles ( 30° and 50°) to 
provide stereo cover 
HH polarization 
high geome tric accuracy to permit 
registration of different data sets 
radiometric range to provide images 
with grey tones comparable to an 
air photo 
a set policy for accumulating and 
archiving a world data set. 

Early indications suggest that the 
antenna can be electronically switched 
within a modest range of incidence angles, 
and that acquisition of a world set of 
stereo images will be given a high 
priority. 

Other activities included a meeting 
in April with the corresponding US NRR 
Team at NASA, where the Team received a 
briefing on US plans which included the 
Shuttle Imaging Radar (SIR- A flight). 
Examples of imagery produced by the SIR-A 
flight have confirmed the geological value 
of SAR imagery acquired at high incidence 
angles. The team was also instrumental in 
an RPO decision to acquire the University 
of Kansas software for computer modeling 
of SAR imagery. 

A Lineament Map of Canada 

The USGS recently asked for support 
from Canada to produce a lineament map of 
the North American Plate (Canada, USA, 
Greenland, Mexico, Central America) as a 
contribution to the centennial 
celebrations of the Geological Society of 
America to be held in 1989. The map would 
be produced using LANDSAT MSS images 
supplemented by published lineament data. 
The GSA publication would be at 
1:5,000,000 scale and, ideally, would 
overlay an image mosaic, digitally 
compiled from MSS data. The basic mapping 
of the lineaments should be carried out at 
a much larger scale, probably at 
1 :500,000, so that a fairly detailed set 
of lineament maps of Canada might also be 
produced at 1: 1,000,000 scale. 
Conceptually, the lineaments should be 
digitized to permit easy changes and 
updates to be made to the data, and to 
enable maps to be produced of any area at 
a range of scales. The Geological Survey 



of Canada does not have the funds or the 
manpower to carry out this project 
in-house. However, there is a reasonable 
possibility that GSC would support costs 
of drafting, editing and publication of 
lineament maps produced to an agreed 
format, by other groups in Canada. 

A trial lineament map of the 
Sudbury-Timmins area (76°-82°W, 46°-so0 N) 
at 1:1,000,000 scale, is being prepared to 
evaluate the problems associated with map 
production. If this trial map is 
favourably received, a second sub-group of 
GWG will be formed to help coordinate a 
national lineament mapping programme. 
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5.10 REPORT OF THE WORKING GROUP ON ICE 

Airborne Remote Sensing 

While en route to a European mission 
with the newly-installed C-Band SAR modi
fication (see Technical Developments) the 
CCRS Convair-580 overflew Julianehaab Bay, S. 
Greenland . In a co-operative experiment with 
the Danes small multi-year ice floes in close 
pack conditions were imaged with the X/C SAR 
and a Hasselblad (CV-580), imaging radio
meters (Danish Air Force C-130) SLAR and 
search radar (Greenland Ice Patrol Twin 
Otter). A surface-measurement party was 
deployed by Greenland Ice Patrol helicopter. 

The CV-580 flew a second sea ice mission 
in 1981, freeze-up conditions in the Beaufort 
Sea, as part of the Radarsat project. Also 
in October and organized by the Radarsat 
project, the University of Kansas scatter
ometer system was installed on a helicopter 
and flown off the NW and SE coasts of Prince 
Patrick Island. The field areas were also 
imaged by the AES Ice Patrol SLAR and a US 
Navy P3 equipped with a multi-frequency 
radiometer but, unfortunately, were out of 
r;inge for the Convair-580 based in Inuvik. 

Airborne radio-echo sounding of Elles
mere Island g laciers and ice shelves and 
glaciers at Mt . Pattullo, B.C., was carried 
out in 1981 by University of British 
Columbia, Dept. of Geophysics . 

Spaceborne Remote Sensing 

The major news item concerning ice is 
the study initiated in 1981 for the proposed 
Canadian Radarsat project. Ongoing field 
programs and engineering studies are 
focussing on the use of a C-Band (5.3 GHz) 
frequency for the spaceborne SAR. 

ESA is also proceeding with plans for 
the ERS-1 satellite which will include a 
combined SAR-scatterometer known as the 
c1ctive microwave instrument (AMI). In 
establishing the specification for the SAR 
component of the AMI Canadian requirements 
and desires for sea ice mapping have been 
considered. 

Surface Remote Sensing 

Marine radars have been used in ice 
detection studies at: Borden Peninsula, land 
based (O.S.S., Fisheries and Oceans), 
:1clCinley Bay, d ri 11-ship bridge and derrick 
top (Dome Petroleum Ltd.) and Eeaufort Sea, 
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tethered balloon (Dome Petroleum Ltd.). 
Developments in this area were reviewed 
during the Ice Working Group meeting in St. 
John's, Newfoundland . 

C-CORE is continuing to evaluate the 
potential for "over the horizon" radar for 
ice mapping and also the use of GODAR (a H.F. 
radar for coastal dynamics) for east coast 
operations. 

Technical Developments 

As previously mentioned, an additional 
frequency option was added to the X- and 
L-Band SAR onboard the CCRS CV-580. The 
C-Band modification was completed in June 
1981, and is being used for on-going CCRS 
programs as well as the requirements study 
for Radarsat. Unfortunately, the signal
to-noise ratio of this channel is poor and 
the performance of this channel is being 
upgraded to match the X-Band performance. 

Applications 

During the operational season in the 
Eeaufort Sea, Dome Petroleum utilized both 
SLAR and SAR imagery routinely. The SLAR was 
operated during the summer season by Mars 
Ltd., the CV- 580 SAR was operated by Intera 
during the freeze-up period. 

Benefits 

A Radarsat study has been completed by 
A. McQuillan on the potential benefits of 
satellite raJar data for Arctic activities, 
where the benefits derive mainly from ice 
hazard detection. 

User Liaison 

Extensive user input was solicited by 
Philip A. Lapp Ltd. for future operational 
ice parameters and data products required; 
whether these might be procured by Radarsat 
or aircraft missions. 

The Working Group on Ice sponsored an 
Ice Remote Sensing Information Meeting in St. 
John's, Newfoundland in November 1981, 
attended by thirty persons from the province. 
Presentations by AES Ice Branch management 
and by oil and shipping company represent
atives covered current ice reconnaissance 
services, future developments and industry 
?lans and requirements. 

The second workshop on the Microwave 
Remote Sensing of Sea Ice and Icebergs was 
held at Lang ley Research Centre, Hampton, 



Virginia on 6-9 April 1981. Fifteen of the 
60 attendees were from the Canadian ice 
community. 

Recommendations 

The Working Group on Ice recommends 
that:-

1. CCRS obtain historical NOAA data from 
the U.S. Archives, for all Canadian land 
areas, offshore areas and to the North 
Pole (before this data becomes 
irretrievably lost). 

2. Applications Division CCRS perform or 
co-operate in research related to 
machine classification of digital SAR 
data of sea ice. 

3. CCRS Data Acquisition Division devote 
the necessary resources to continue the 
systematic evaluation of the current SAR 
system (Ice W.G. Recommendation No. 1, 
1980) so that more meaningful study of 
quantitative radar signals can be 
undertaken. 

Appendices 

Appendix I - Current Projects 

For glacier, sea ice and ice physics 
studies in Canada see Ice, No. 65, 1981, the 
newsbulletin of the International Glacio
logical Society. 

Appendix II - Current Bibliography 

Information on snow and ice publications 
in Canada is available from Simon Ommanney, 
Snow and Ice Division, NHRI, who is preparing 
bibliographies up to 1981. These include 
special works on Ellesmere Island Glaciers 
and Ice Islands. 

, 1982, "Ice Remote Sensing Information 
---Meeting", St. John's, Newfoundland, 3 

November 1981, Working Group on Ice, 
January 1982, Ottawa, 60 pp. 

Lapp, P.A. and D.J. Lapp, 1981, "Preliminary 
Statement of User Requirements for Ice 
and Ocean Information", Radarsat Project 
Report 81-3, July 1981, Ottawa, 82 pp. 
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Report, in draft December 1981, Ottawa, 
95 PP• 
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5.11 REPORT OF THE WORKING GROUP ON 
OCEANOGRf.PHY 

The working group has not met since the last 
CACRS meeting, but areas of interest to the 
group were covered at other meetings as dis 
cussed below . 

Lack of satellite data is now strongly limit
ing activities in this field. New sensor pro
grams have been delayed or cancelled and even 
data already collected is slow in being pro
cessed to easily usable torm . Lower funding 
has also reduced the analysis effort, especi
ally in the U.S . A., and new initiatives are 
shifting to Europe and Japan . 

Satellite observations 

Microwave data 

Much U.S . Seasat data is now processed and 
available through NOAA ' s data distribution 
system (EDIS), but many of the more sophisti
cated analyses remain to be carried out for 
the following types of data . 

Scatterometry provides measurements of surface 
winds in a form that wo uld be extremely useful 
to ocean operators if used either by them 
directly or through AES, and processed to 
weather, wave, and ice drift forecasts. Remov
al of the directional ambiguities is still a 
problem and U.S. (NASA Goddard) and Canadian 
(AES, Toronto) studies continue on this . 

Altimetry can provide mean sea surface height 
variations that show the magnitude and direc
tion of ocean currents in geostroph ic balance. 
Such results would be of grea t interest for 
ocean circulation and climate studies but the 
measurement accuracy is limited to satellite 
tracking errors, inadequate knowledge of the 
geo id as well as by limited measurement pre
cision . Various techniques for extracting 
information from existing (Seasat and GEOS - 3) 
data are being examined and a study on the 
much more precise, planned U.S. TOPEX mission 
is continuing, but on a delayed schedule. 

Synthetic aperture radar (SAR) images show 
roughness patterns caused by wind , surface 
and internal waves, current boundaries and 
various types of ice cover. Analysis of Sea
sat data is far from complete. Early analyses 
relied on less precise optical processing and 
in many cases need to be repeated using digit 
ally derived images. Delays in digital process
ing is currently frustrating the Radarsat 
project in its etforts to evaluate applications 
of a satellite SAR, in particular as dis 
cussed at the Radarsat meeting BIO, Nov . 3- 4, 
1981 : 
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setting precise limits on wave measurement 
accuracy under different conditions 

- locating surface traces of internal wave 
patterns and bottom features 

- mapping the radial component of surface 
currents over an image 

Microwave radiome try provides multichannel 
data that is affected by, and can in principle 
measure, sea surface temperature, surface 
roughness, atmospheric water vapour and 
liquid water, fractional ice cover and various 
ice properties. Usefu l ness of the data depends 
on the accuracy that can be achieved in each 
case . Analyses to determine these are current
ly still complicated by sensor and calibra ti on 
problems (polarization, beam width, sun glint, 
interterence) as well as by inadequacy of 
comparison data sets . 

Infrared data 

This continues to be used as cloud cove r and 
data collection and processing limitations 
allow. Availability of digital, or suitably 
enhanced data appropriate to ocean applications 
does not appear to have improved much recently. 
Most successful uses r equire repeated coverage 
implying arrangements for large volume data 
acquisition and processing . (See comments on 
data processing below . ) 

Op t ical (water color data) 

Nimbus 7 CZCS data also suffers from availa
bility problems , with data from the first yea r 
of operat i on 19 78/9 now being available from 
NOAA/EDIS in raw form (Level 1 - CRTT) with 
very few fully processed (Level 2) scenes yet 
available . A west coast project using semi
qualitative analysis of water color images 
received at Scripps has demonstrated poten tial 
value to Canadian fisheries science, and a 
presentation of these and other results at the 
NAFO meeting (BIO, November 1981) has begun to 
show the potential importance of such data . 

Airborne observations 

The Convair 580 was involved in SAR data collec
tion on a Hibernia overflight (August 1981) for 
wave studies related to Radarsat (Keeley, UFO) . 

The Convair 580 also took part in a European 
campaign during the summer consisting of 
experiments designed to assist in planning the 
EKS - 1 satell jte SAR program, among those of 
oceanographic jnterest : 



North Sea Oil Slicks 
Bottom Topography Effects) 
Directional Surface Waves) Germany 
SAR Imaging Mechanism ) 

Directional Wave Spectra) 
Sandwave Experiment ) U.K. 
Marine Traffic Survey ) 

Oil versus Chlorophyll Italy 

Microwaves and Waten,aves Holland 

Oil Spills Eura t om 

Aerial hydrography flights were carried out 
with the inertially monitored stereo camera 
system , and the batnymetric lidar mounted in 
a DC-3. S tudies are being organ ized under 
contract t o promote transfer of this tech
nology to industry . 

Flights off the west coast measuring water 
color with the IOS spectrometer from a char
tered aircraf t (Brittain Norman Islander) 
were carried ou t as part of the CZCS st udy 
referred t o above . 

Radar imaging of waves on the Columbia River 
bar with a real aperture X band radar on a 
U. S . National Guard OV- ID aircraft was 
carried out in a joint NOAA (PMEL)/IOS project 
to observe wave current interactions . 

Sensor development 

Design studies for a solid state (CCD) opti
cal spectrometer scanner were completed , and 
a contract was let for i t s construction in 
March 1982 . The basic design borrows from 
recent electro- optic designs for astronomy 
and space science . The sensor is designed 
speci fically for ch l orophyll mapping using 
natural fluorescent emission at 68) nm , but 
is tlexible enough fo r many other uses in 
the optical region. 

Brief specifications for the present configu
r ation are : 

Spectral coverage 
Number of pixels 
Fi eld of view 
Number of bands 

430 to 800 nm 
1500 

70° 
8 

The bands are to r med by selective addition of 
the 256 outputs that cover the observed 
spectral band with a resolution of about 2 nm. 

The senso r will be delivered in mid - 1983 for 
airborne testing . It is designed to be t he 
prototype fo r a satellite sensor . 
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Data p rocessing 

A DFO study investigated the department ' s re 
quirements for image processing equipment . A 
report is available from H . Edel a nd a mor e 
de t ailed inte r nal report for BIO is in prepara
tion . Systems supplied by Dipix and OVAAC- 8 
were found lacking in sof tware and processing 
power, but recent developments in OVAAC- 8 are 
toward the larger VAX scale systems . Availa
bility of software developed for ocean appli
cat i ons on larger DEC systems, e . g . f rom the 
Uni versity of Miami, would also be a distinct 
advantage . 

A sophisticated image processing system is 
being implemented at UBC for the comp utational 
vision project which includes satellite data 
processing as one segment. The system has a 
larger VAX (780), with image processing 
terminal and Optronix film recorder and digit
izer . Hardware should be in place by mid - 1982 . 
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5.12 RENEWABLE LAND RESOURCES 

The Working Group on Renewable Land 
Resources was established in May, 1981 with 
the principal objective of preparing and 
documenting the renewable land resource 
mission requirements for a spaceborne 
synthetic aperture radar (SAR). The group 
is also a part of the RADARSAT project 
structure where it serves as a Study Team 
representing renewable land resources. 

Approach 

The work of the.group to date has 
concentrated on identifying significant 
resource information needs that could be 
met with satellite SAR data, reviewing the 
present knowledge about the use of space
borne SAR data for these applications, and 
defining mission requirements that a future 
satellite SAR mission would have to meet in 
order to satisfy the renewable land 
resources application requirements . The 
Working Group held four meetings in 1981 
(6 February; 12 and 13 March; 21 and 22 
April; 27 and 28 July) where the resource 
information requirements and their value, 
timeliness requirements, data processing 
constraints, and optimum SAR sensor 
parameters were discussed . In addition, 
specialty workshops on the state of the art 
of SAR applications in forestry (8 Sept
ember), hydrology (16 October) and 
agriculture (26 November) were organized 
and attended by scientists involved in 
previous R&D projects employing microwave 
data. An additional analysis of airborne 
SAR data from several SURSAT projects was 
also conducted. An extensive liturature 
review was undertaken in support of the 
mission requirements study. Based on the 
identified gaps in the knowledge of SAR 
data applications, an experimental program 
for the collection and analysis of airborne 
SAR images was defined . This program 
encompasses three major experiments (one 
in each of forestry, hydrology, and 
agriculture) as well as several targets 
of opportunity. 

Results 

Results of the Working Group's 
activities have been compiled in two 
documents (References 1 and 2). The 
presentations and discussions at the 
specialty workshops have been summarized 
separately (Reference 3). 

Thirteen agriculture, seven forestry, 
and nine hydrology information needs have 
been identified to which satellite SAR 
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data can contribute. Each information 
requirement was assessed in terms of optimum 
SAR sensor parameters, probability of success 
with various baseline SAR parameters, 
ancillary data sources required, revisit 
period, available temporal window, and 
processing requirements (both type and 
timeliness). The benefits to land resource 
management applications in Canada were found 
to depend on the SAR parameters selected. 
While dual frequency, dual incidence angle 
SAR was identified as the optimum system, a 
single frequency (C-band), high incidence 
angle system would also provide valuable 
information for renewable land resource 
applications. The ability of SAR to obtain 
data at pre- specified days is a key 
advantage in monitoring land resources whose 
condition and behaviour are linked to the 
growth/seasonal cycle. While the primary 
focus of the WG's activities has been a SAR 
system, the high importance of VIR satellite 
data for land resources applications has 
been realized and brought to the attention 
of the RADARSAT project. 

Recommendations 

The Renewable Land Resource Working 
Group recommends that: 

1. the second sensor onboard RADARSAT 
be a steerable VIR sensor; 

2 . CCRS ensure that adequate manpower and 
financial resources are identified in 
the future SAR program to support the 
development of operational land 
applications of RADARSAT data; 

3. 

4. 

5. 

a combined SAR/VIR agricultural 
experiment in Melfort, Saskatchewan 
be supported by CCRS and Agriculture 
Canada in 1983 as a high priority 
project; 

As part of a longterm Canadian microwave 
program, the feasibility of establishing 
a flexible microwave spectrometer/ 
radiometer laboratory be evaluated. 
This national facility would be funded 
and maintained for use by Canadian 
investigators; 

RADARSAT test line (Ottawa to Petawawa) 
be used as a standard test line for all 
CCRS airborne sensors and that all data 
be archived for use by interested 
investigators. The existence of this 
line should be made known to all 
organizations testing airborne sensors . 
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5 . 13 REPORT OF THE WORKING GROUP ON 
WATER RESOURCES 

Introduction 

One meeting of the Working Group was 
held in 1981 in Edmonton on October 20- 22 . 
The Alberta Remote Sensing Centre and 
Alberta Environment were our local hosts. 
Plans were initiated for the 2nd Canadian 
Workshop on Data Collection Platform Networks 
to be held in Ottawa on May 25 - 26 , 1982 in 
conjunction with the 16th Annual Congress 
of the Canadian Meteorological and Oceano
graphic Society . One day was devoted to 
scientific presentations , including invited 
presentations from Dr. Don Wiesnet of NOAA/ 
NESS and Dr. Jim Ormsby of NASA/Goddard . 
The annual business meeting was held on the 
third day . As in 1980 , much of the Group ' s 
attention focused on problems related to 
data collection platforms and data retrans 
mission via satellite. 

Six new members were appointed to the 
Working Group during the year. The entire 
list of members is given in Appendix II. 

Remote Sensing of Water Resource Elements 

Highlights of reports presented at the 
business meeting are given below . More 
complete information is available in the 
Minutes of the 8th Meeting of the Working 
Group which are available from either the 
Secretary or Chairman . Appendix I lists 
the scientific topics to be discussed at 
Working Group meetings and the rapporteurs 
responsible for reviewing the field . 

a) Precipitation 

The Atmospheric Environment Service 
(AES) is continuing the development of the 
RAINSAT project designed to produce short 
term precipitation forecasts. It involves 
the use of GOES - IR and weather radar data . 
At the Pacific Weather Centre of AES , work 
by Diane Ingraham on the analysis of GOES 
IR imagery for estimating precipitation is 
being studied in the hope of developing 
this method into a reliable quantitative 
precipitation forecasting tool. Recent 
research by Ingraham includes a project to 
refine rainfall depth - area-duration 
estimates made from GOES - IR imagery for 
incorporation into rainfall-runoff models 
and for river forecasting needs . This 
project was supported by the U.S. National 
Weather Service , Hydrologic Services 
Division. B.C . Hydro is particularly 
interested in this type of development. 
Installation of the Vancouver GOES 
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receiving station and Meteorological Data 
Analysis System is to be completed by the 
spring of 1982. 

The Alberta Research Council is to 
design and implement the systems required to 
transmit digital weather radar (precipita 
tion) data from Penhold to Edmonton , and 
display the data in several useful formats 
in the offices of the River Forecast Centre. 
The systems are to be fully operational by 
the spring of 1984. 

The Stormy Weather Group at McGill and 
INRS - Eau are continuing their research on 
the combination of radar and ground based 
rainfall measurements as improved inputs to 
the CEQUEAU hydrological model . 

At the 4th Hydrometeorological Con
ference of the American Meteorological 
Society held in Reno , Nevada , several papers 
were presented which dealt with the remote 
sensing of precipitation using satellite 
imagery and radar , particularly as applied 
to warning services of severe floods. 

b) Snowcover 

Snowcover mapping from aircraft (snow
line flights) was again conducted by B . C . 
Hydro twice during the freshet for all 
drainage basins operated by them. Snowcover 
data derived from NOAA satellite imagery 
was provided by NOAA/NESS for the Columbia 
River drainage above Mien dam. During 1981 
four analyses were made and the results 
agreed well with data obtained by other 
means. Imagery derived snowcover data for 
late July seemed to over- estimate snowcover, 
probably due to the inclusion of bare rock 
areas in the snowcovered total. 

Laval University and INRS - Eau are co
operating in a study using satellite data to 
improve the evaluation of the amount of snow 
on the ground throughout the winter and 
particularly during the snowmelt period . 
The investigation is being conducted for the 
James Bay Energy Corporation in basins of 
interest to them. 

The Hydrometeorology Division of the 
Atmospheric Environment Service continued to 
provide analyses of snowcover extent in the 
Saint John Basin and its sub-basins. A 
digital based system of image interpretation 
of NOAA data is used. 

The need for a country- wide snowcover 
mapping program capable of analysis of 
selected basins was discussed . The problems 
of access in real-time to digital data from 



weather satellites,of the resources required 
to implement such a system , and of who 
should be responsible for the provision of 
such analyses were discussed. The 
questions were basically left unresolved . 

A snow experiment was being planned 
as one of the RADARSAT Renewable Land 
Resources experiments . The target area was 
the Animal Research Institute near Ottawa . 
Members were invited to participate if they 
were interested. 

c) Ice 

The possible use of SAR imagery for 
monitoring the period during which ice 
roads on lakes could be safely operated was 
discussed. This was suggested as a useful 
target of opportunity project within the 
RADARSAT program. 

d) Soil Moisture and Groundwater 

Research by the USDA and NASA Goddard 
on the use o f active microwave data for 
es timating the average surface soil 
moisture for several watersheds in Oklahoma 
was noted . The best results were obtained 
using C band data at incidence angles of 
10 and 15 degrees and a soil moisture depth 
of Oto 15 cm. Surface soil moisture is 
not only an important variable in hydro
logical models , but it is an important 
element in global climatic models. 

In Saskatchewan , airborne remote 
sensing was more active in 1981 . One pro
ject by CCRS was to detect groundwater 
movement of chemically contaminated water 
in a uranium tailing pile near Uranium 
City . The Potash Corporation of 
Saskatchewan and Cominco Mines used Air 
Quest (of Winnipeg) to overfly their potash 
mines to detect if environmental degrada
tion was occurring . This project was 
termed commercial in 1980 after eight 
successful years of flying by CCRS. The 
task failed to be completed in 1980 and has 
been dropped from a multi - spectral mission 
to a photographic mission in 1981. 

The Ontario Centre for Remote Sensing 
used thermography (infrared line scanner) 
for ground-water spring detection with 
respect to establishing fish hatcheries for 
the Ministry of Natural Resources. Con
ventional photography and thermography are 
also being used as part of a feasibility 
study to delineate landfill leachate for 
the Ontario Ministry of Environment. 

In Nova Scotia , A.B.P . Consultants 
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Ltd., CCRS and the Nova Scotia Remote 
Sensing Centre were co- operating on the 
integration of ground and airborne MSS and 
colour IR data for the study of groundwater 
quality and saltwater intrusions in the 
lower Annapolis River Basin . 

e) Hydro-Geomorphic Processes 

Dr. Thomson reported on his work on 
drainage pattern analysis using X and L- band 
SAR data . Radar for this type of analysis 
is particularly suitable in areas for which 
adequate maps are not available and which 
are usually under cloud cover. 

f) Coastal 

CCRS initiated a joint project in 1980 
with Environment Canada to investigate the 
potential roles of present and future high 
resolution satellites for monitoring wetland 
vegetation in the Fraser River Estuary , 
British Columbia. Landsat MSS data and 
simulated LANDSAT - D Thematic Mapper data 
were tested; maximum wetland classification 
accuracy was achieved during the spring . 
Future work is to refine the analysis 
techniques and develop an operational 
satellite- based monitoring program for the 
Fraser Estuary. 

The groundwater/saltwater studies in 
the Annapolis Basin of Nova Scotia were 
noted ind) above. 

g) Water Qua lity 

A major remote sensing experiment on 
the Great Lakes was conducted by CCRS , 
Canada Centre for Inland Waters (CCIW) and 
Moniteq Ltd. using Coastal Zone Colour 
Scanner (CZCS) data and airborne MSS data. 
Correlation coefficients between CZCS 
derived estimates and in - situ measurements 
have been reported as high as 0 .7 2 for 
chlorophyll and 0.89 for total suspended 
solids . 

A chromaticity analysis package for 
obtaining measurements of suspended sediment 
concentration from Landsat MSS and airborne 
multispectral scanner data has been 
developed by CCRS. 

Results of optical studies for water 
quality measurements based on in- situ 
measurements of solids and chlorophyll that 
have been undertaken by NWRI / CCIW were 
reported in the May 1981 issue of Applied 
Optics. The model is suitable for low-level 
aircraft data, but progress on an algorithm 
for atmospheric attenuation adaptable for 



satellite use is not encouraging. 

York University (Prof. J. Miller) has 
initiated a two- year research program 
relating optical measurements to water 
quality parameters (dissolved organic con
tent , chlorophyll , turbidity , zooplankton , 
etc.). Moniteq has developed an opera
tional technique for lake bathymetry 
studies, using MSS data flown at 5 , 000 and 
10 , 000 ft. with pixel resolution of 3.5 and 
7 metres , respectively . The technique is 
applicable in depths of water up to 10 
metres with a resolution of plus or minus 
0.5 metre. Moniteq will also be investi 
gating the correlation of lake acidity to 
lake water clarity from Landsat data . 

A report on the " Development of an 
Operational Water Quality Monitoring System 
using Landsat Data" prepared for the Fresh
water Institute of Environment Canada by 
the Sibbald Group was brought the attention 
of the WRWG. In particular , the study 
centred on estimating and mapping the 
sediment levels in Southern Indian Lake , 
Manitoba. 

Satellite Data Retransmission 

The most effective satellite applica
tion in the water resource sector, 
affecting every water agency in the country , 
continues to be data retransmission from 
data collection platforms (DCPs). 

The number of DCPs known by WRWG 
members to be in operation as of October 
1980 and using satellite retransmission is 
as follows: 

British Columbia - 21 
Alberta - 8 
Saskatchewan - 13 
Ontario - 11 
Quebec - 58 

AES - 10 
IWD - 60 

Rapid expansion of DCP networks is 
planned in the next few years by all 
agencies. 

Problems in operating DCPs were dis 
cussed by members whose agencies were 
involved in such activities. These 
included DCP operation , sensor operations , 
data retrieval and archiving. 

The Working Group has on file a list 
of hydrometeorological sensors used on 
DCPs and a list of companies and their 
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representatives involved in the manufacture 
of DCPs , sensors , and receiving stations . 
These lists will be updated and made avail
able to others upon request. 

User Liaison 

The WRWG sponsored a one-day scientific 
meeting in Edmonton prior to the annual 
business meeting . Over forty persons were in 
attendance. Dr. Don Wiesnet , Chief , Land 
Sciences Branch , NOAA/NESS discussed present 
and future U.S. satellite systems , 
particularly as they relate to water resource 
applications. He reviewed the status of the 
polar orbiting (NOAA) and geostationary 
(GOES) weather satellites . The importance 
of reducing their annual costs and extend
ing their space life was pointed out . He 
noted that a potential user can influence 
the future of the system with the develop
ment of new applications and ideas . He dis
cussed in detail plans for Landsat - D and the 
Thematic Mapper (TM) . The availability of 
TM data over foreign areas , particularly 
during the evaluation period, was not known . 
The phased transfer of Landsat from NASA to 
NESS is to be completed by 1985 , with 
privatization of the program being a real 
possibility. 

Dr. Jim Ormsby of the Hydrologic 
Sciences Branch , NASA , Goddard Space Flight 
Center provided a review of their remote 
sensing research and technology transfer 
programs related to water resources . Their 
relative research effort is shifting from 
the visible and near - IR through the thermal 
IR to the microwave and longer wavelengths. 
Of particular interest , was his discussion 
of their Application System Verification 
Tests (ASVTs) which are intended to test 
new systems in a quasi-operational mode to 
bridge the gap to fully operational imple
mentation , if warranted. One major ASVT was 
the snowcover mapping by satellite and its 
application to both seasonal and real - time 
hydrologic modelling (i.e. SSARR Model) . 
The benefit/cost ratio of this application 
in the eleven Western States was estimated 
to be 75:1 given that the satellite is in 
place . Another ASVT dealt with water 
management and control , and particularly the 
use of Landsat derived land use information 
in runoff models. Other studies included 
the measurement of surface soil moisture 
using passive microwave (21 cm) , a coopera
tive snowmelt modelling study involving the 
percent snowcover by elevation zone , and a 
study of surface snowcover condition (depth, 
wetness , grain size , etc.) using 0 . 8 and 
21 cm microwave emissions. 



Other presentations at the meeting 
were from Dr. E. Langham on the RADARSAT 
program , Dr . K. Thomson on the SPOT 
satellite , and John Bullas and Bill Hume 
on the AES satellite receiving facilities 
in Edmonton for imagery and DCP ' s. 

Through the initiative of Dr. Peter 
Jolly , the Working Group now has an initial 
list of consultants carrying out remote 
sensing activities in water resources. A 
summary of remote sensing activities of 
eight companies is available. The list 
will be updated and expanded as new infor
mation becomes available and it will be 
made available to interested parties. The 
Working Group would appreciate being 
informed of other consultants not known to 
it who are working in the water resource 
field . 

Dr. B.E. Goodison and J. Whiting 
attended the first meeting of the Inter
national Association of Hydrologic Sciences 
(IAHS) Committee on Remote Sensing and 
Data Transmission for Hydrology. A review 
of remote sensing and water resources in 
Canada was given . B. E. Goodison was 
elected Secretary of the Committee . The 
President is A. I. Johnson (U . S . A.) and the 
Vice - Presidents are T. Andersen (Norway) , 
G. Schultz (F . R.G.) and S. Pieyns (France). 

Conclusion and Forecast 

The value of the Working Group format , 
beyond advising CACRS , was vividly 
brought home at the meeting of the IAHS 
Committee on Remote Sensing and Data Trans
mission. Because of this reporting 
structure , we were able to give an overview 
of Canadian activities in the water 
resources field . Representatives from other 
countries spoke of their own or their 
agency ' s work, but they generally were not 
able to review national activities. We 
would have been in a similar situation if 
the Working Group did not exist and our 
contribution at the international level 
would have been diminished. 

The Working Group aims to continue 
its activities in the development, promotion 
and application of remote sensing techniques 
in the field of water resources. As a 
follow-up to the Workshop on Data 
Collection Platform Networks held in Quebec 
City in 1980, the Working Group is co
sponsoring a second workshop on the subject 
with the Canadian Meteorological and 
Oceanographic Society ' s Special Interest 
Group in Hydrology. The Workshop will 
feature: presentations by manufacturers; 
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a presentation on the Department of Environ
ment ' s policy on standards for collection , 
communication and archiving of DCP data ; a 
panel discussion of the need for a Canadian 
receiving station and DCP transmission 
facilities on Canadian satellites ; and 
fourteen scientific/technical papers. The 
development of a DCP User Committee will 
be supported , hoping that it may be able to 
carry on some of the coordination role that 
the WRWG has been performing . 

The WRWG realizes that considerable 
expertise in the application of remote 
sensing to water resource problems now 
exists in the private sector. In a review 
of consultants activities , however , there 
are areas where remote sensing applications 
exist and have reached "operational status ", 
but the developed technologies do not appear 
to have been effectively transferred to 
the private sector. Such areas include: 
hydrological forecasting using snowline 
delineations as the main indicator; hydro 
logical modelling using drainage basin land 
cover and physiographic characteristics as 
the independent variables ; and , delineation 
of flooded area extents . The WRWG feels 
that it is necessary to foster closer ties 
with the private sector and to determine 
how it may improve technology transfer to 
this group . Canada is well ahead of other 
countries in the development of coordinated 
DCP networks. This expertise should be 
made known to Canadian consultants for 
their use on assignments in third world 
countries. 

An area of concern expressed to the 
WRWG is the lack of accurate information 
on costs of remote sensing services which 
could be used by consultants . It is most 
important for a consultant to have accurate 
estimates for such services. Information 
on costs for remote sensing technology 
should be determined as to costs for hard 
ware , software , installation , operation and 
maintenance as well as the in - field man 
hours required. Any assistance or direction 
on this concern that CCRS, particularly 
the Marketing Division , could provide to 
the WRWG and hence to consultants would be 
of great value in promoting technology 
transfer in water resources. 

In the near future there must be 
increased research on the application of 
remote sensing data in hydrologic models . 
Some initial work on this has been done by 
the Hydex Corportion in the United States , 
but little has been done in Canada . Yet , 
this is particularly one of the most 
important areas of application. 



Recommendations 

Since it is recognized that funding 
and software development were generally 
inadequate for data analysis for the 
SURSAT project , it is a concern of the WRWG 
that there is sufficient effort and fund 
ing available for data analysis capabilities 
for new data sources such as SAR , Landsat - D, 
and SPOT , particularly as they apply to the 
field of water resources . 

It is also recommended that Canada 
acquire a ground based scatterometer and 
radiometer system to carry out basic micro
wave studies in support of applications and 
development work. The capital cost and 
annual operati ng expenses , including a 
support staff dedicated to the system , 
would best be funded by a central agency. 
The facility is viewed as having one- half 
of its time being available to agencies and 
groups other than the central agency (eg. 
CCRS) . 

Appendix I - Review Topics and Rapporteurs 

Precipitation: Schaefer , Fortin 
Snow: Sporns , Langham, Goodison 
Ice: Whiting , Sherstone 
Soil Moisture and Groundwater : Ostry , Peters 
Hydro- Geomorphic Processes: McCullough 
Coastal: Thomson 
Data Transmission: Lamb, Myslik , Whiting 
Water Quality : Alfoldi , Ostry 
Hydrologic Modelling : Jolly 
Wetlands: Thomson 

Provincial Activities: as appropriate 

Appendix II - List of Members 

Dr . B. E. Goodison (Chairman) 
Hydrometeorology Division 
Atmospheric Environment Service 
4905 Dufferin Street 
Downsview , Ontario 
M3H 5T4 

Mr. U. Sporns (Secretary) 
Hydrology Section 
B.C . Hydro and Power Authority 
Burnaby Mountain 
c/o 970 Burrard Street 
Vancouver , B.C . 
V6Z 1Y3 

Mr. T.T . Alfoldi 
Interra Env. Cons. Ltd. 
2841 Riverside Drive 
Ottawa, Ontario 
KlV 8N 4 
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Dr . Jean-Pierre Fortin 
I nstitut national de la r echerche 
scientifique- eau 
C . P . 7500 
Universite du Quebec 
2700 , rue Einstein 
Ste-Foy , Quebec 
GlV 4C7 

Dr . J.P. Jolly 
P.O. Box 8922 
Ottawa , Ontario 
KlG 3J2 

Mr . P. Lamb 
Service de la Meteorologie 
Ministere de l ' Environnement 
194 Ave St. Sacrement 
Quebec , Quebec 
GlN 4J5 

Dr. E. Langham 
Nationa l Hydrology Research Institute 
Environment Canada 
Ottawa , Ontario 
KlA OE7 

Mr. G. McCullough 
Dept. of Fisheries and Oceans 
501 University Cres. 
Winnipeg, Manitoba 
R3T 2N6 

Mr. A.M. Mustapha 
Head , Alberta River Forecast Center 
Alberta Department of Envi r onment 
Oxbridge Place 
9820 - 106 Street 
Edmonton , Alberta 
T5K 2J6 

Mr. R.J. Myslik 
Water Resources Branch 
Dept . of Environment 
75 Farquhar Street 
Guelph , Ontario 
Nl H 3N4 

Mr. R. C . Ostry 
Hydrology and Monitoring Section 
Water Resources Branch 
Ontario Ministry of the Environment 
135 St . Clair Ave. West 
Toronto , Ontario 
M4V 1P5 

Mr . L . Peters 
Water Resources Branch 
Dept . of Environment 
P.O . Box 6000 
Fredericton , N.B. 
E3B 1H4 



Mr. D. G. Schaefer 
Hydrometeo r ologist 
Pacific Region 
Atmospheric Environment Service 
Ste 700 , 1200 W 73rd Avenue 
Vancouver , B. C . 
V6P 6H9 

Mr. D. A. Sherstone 
Inuvik Scientific Resource Centre 
P . O. Box 1430 
Inuvik , N. W.T . 
XOE OTO 
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Dr . K.P.B. Thomson 
Canada Centre for Remote Sensing 
717 Belfast Road 
Ottawa , Ontario 
KlA OY7 

Mr. J . Whiting 
Engineering Division 
Saskatchewan Research Council 
30 Campus Drive 
Saskatoon , Saskatchewan 
S7N OXl 



6.1 REPORT OF THE INTERPROVINCIAL/ 
TERRITORIAL ADVISORY SUBCOMMITTEE 
OF CACRS 

TEfil!S OF REFERENCE 

As an annual responsibility of IPTASC 
members at the CACRS meeting, the Terms of 
Reference of the Sub- Committee were reviewed 
and were amended slightly. The current ' 
Terms of Reference are as follows: 

Objectives 

1. 

2. 

To ensure that remote sensing technology, 
data resources and developments in 
methodologies of application, are made 
available to resource managers and 
scientific investigators in all 
Provinces and Territories of Canada. 

To ensure that the needs of regional 
users of remote sensing are reflected 
in the national program.* 

'""User" is an individual or agency 
actively engaged in a remote sensing 
role or having a jurisdiction related 
to present or potential remote sensing 
activities . 

Functions 

1. To facilitate an exchange of information 
originating in international, federal 
and provincial/territorial remote 
sensing programs, among the provincial/ 
territorial remote sensing 
representatives. 

2 . To facilitate the mutual assistance of 
provinces and territories regarding the 
technical and organizational problems 
of their respective remote sensing 
programs . 

3 . 

4. 

To encourage t½e efficient co- operation 
between federal and provincial/terri
torial efforts to better serve 
regional remote sensing practitioners 
and potential users. 

To facilitate the process of providing 
the federal remote sensing program 
with information as to use made 
regionally of remote sensing resources 
and the benefit derived from such use. 
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5. 

6 . 

7. 

To make recommendations regarding 
proposals for current and future 
changes in or additions to the federal 
remote sensing program. 

To prepare and present a report, that 
includes r ecommendations , to each 
CACRS meeting without prejudice to 
each provincial or territorial report 
to CACRS . 

To review the above Terms of Reference 
annually. 

Membership 

IPTASC is a body of representatives appointed 
by CACRS on the recommendation of the 
respective provinces and territories. 

Each member shall be entitled to one vote 
on each issue. For voting purposes a quorum 
shall be of four attending members . Up to, 
but not later than, four weeks after distri
bution of the minutes of a meeting attended 
by only four members, non-attending members 
may object to the chairman on an issue 
with which they do not agree. If agreement 
between the chairman and objecting members 
is not reached, the issue shall be resolved 
by a mail - in- vote of the majority of 
members. If a quorum of four produces a 
tie vote, the issue shall be resolved by a 
mail-in - vote of all members. 

Each representative may invite someone to 
attend any IPTASC meeting in his/her stead. 
The alt e rnate has the right to speak to 
and vote on any issue . In addition, the 
representative may invite someone to 
accompany him/her to any IPTASC meeting as 
observer. The observer may speak to any 
issue, but does not ,rnve the right to vote. 
The selection of alternate and observer 
is, in all respects, at the discretion of 
the representative. 

Chairmanship 

IPTASC elects both a chairman and vice
chairman to hold office for two years . 
At the end of that period, the vice
chairman becomes chairman automatically, 
and a new vice-chairman is elected. Elections 
are held only at an annual meeting or when 
a vacancy occurs . 

NEW OFFICERS 

Cal Bricker handed the chairmanship over 
to vice-chairman Victor Zsilinszky for a 



two-year term, effective April 16 , 1981 at 
the 1981 Annual Conference of CACRS according 
to the IPTASC Terms of Reference. Frank Hegyi 
was elected vice-chairman for the same term. 

As a result of a resolution at the 
1981 Annual Conference, CACRS formed a 
seven-member executive including three 
IPTASC officers: the past chairman, 
current chairman and vice-chairman. 

MEETINGS 

The IPTASC representatives on the 
Executive Board participated in two meetings 
during June 9-10 and November 24 - 25 1981 
when CACRS recommendations, plannin~ of the 
Arnprior ' 82 meeting and matters about the 
national remote sensing program were dealt 
with . 

On September 3, 1981, the Interagency 
Committee on Remote Sensing met and received 
an IPTASC presentation by Frank Hegyi for 
the purpose of bringing the two organizations 
closer together . The presentation included 
the following subjects: 

- provincial involvement in remote 
sensing; 

- concerns of users : principally , 
continuity of data, the future cost 
of LANDSAT products, and the 
development of an operational 
capability at the provincial level, 
in part by technology trans fe r 
from CCRS; 

- support from IPTASC for CCRS projec ts 
such as TOPAS and RADARSAT 

The mid-term IPTASC meeting was held 
in Winnipeg on September 8, in conjunction 
with the 7th Canadian Symposium on Remote 
Sensing . The meeting included a report on 
the IPTASC presentation to IACRS, a 
briefing by CCRS personnel about TOPAS and 
RADARSAT, reports on provincial activities 
and discussion on the theme of CACRS '82. 

On February 9, 1982, IPTASC members 
met at 2464 Sheffield Road, Ottawa, at the 
request of Ralph Baker, Acting Director
General of CCRS, to examine the implications 
of a major increase in the price of LANDSAT 
products and to assist the planning of 
the CCRS technology transfer program. To 
respond to CCRS proposals regarding the 
above matters, IPTASC formulated the 
followin g recommendations : 
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" 1. It is recommended that CCRS ensure 
complete Canadian coverage of 
Landsat-D (MSS and TM) whether 
from Canadian or other sources 
at uniform Canadian prices. ' 

2 . It is recommended that : 
a) international price of the 

Canadian-produced Landsat 
products meet the recommended 
price structure as of October 1, 
1982; 

b) discussion take place with U. S. 
space agencies to determine 
probable price structure changes 
between now and 19 86 ; 

c) domestic prices be g r a dually and 
uniformly phased in on an annual 
basis and designed to equa l 
international price by October 1, 
1984 starting on October 1, 1982 . 

3 . IPTASC agrees with the presented 
Technology Transfer scenario and 
recommends that the final question 
regarding priority provinces be 
resolved by mutual agreement between 
the competing provinces and CCRS." 

These recommendations were submitted to 
IACRS on February 9, 1982 by Ralph Baker and 
were received with the following r eaction : 
IACRS accepted recommendations 1, 2 (b) and 
3, while 2(a) and 2(c) will be treated accord 
ing to the results of negotiations with the 
r espons ible U. S . organizations. 

Finally, the Sub - Committee will hold its 
last meeting of the 1981/ 82 term on 
March 29, 1982 in Ottawa, to prepare for the 
Annual Conference at Arnprior. 

MEMBERSHIP 

The list of IPTASC members, as of the 
time of preparation of this report, is as 
fo llows: 

Cal D Bricker, Past Chairman 
Administrator 
Alberta Remote Sensing Centre 
11th Floor , Oxbridge Place 
9820 - 106 Street 
EDMONTON , Alberta T5K 2J6 
(403) 427-2381 

W.G. Best 
Chief 
Manitoba Remote Sensing Centre 
1007 Century Building 
WINNIPEG , Man itoba 
R3H OW4 
(204) 633-9543 



Victor Zsilinszky, Chairman 
Associate Director 
Ontario Centre for Remote Sensing 
880 Bay Street, 3rd Floor 
Toronto, Ontario M5S 1Z8 
(416) 965-8411 

Herve Audet 
Service de Teledetection 
Ministere des Terres et Forets 
1995 ouest, boulevard Charest 
STE-FOY, Quebec 
Gl 4H9 
(418) 643-6871 

John L. Bergsteinsson 
Saskatchewan Research Council 
30 Campus Drive 
SASKATOON, Saskatchewan 
S7N OXl 
(306) 664-5400 

Al Hodgson 
Department of Renewable Resources 
Government of Yukon 
P.O. Box 2703 
WHITEHORSE, Yukon 
YlA 2C6 
(403) 667-5811 

Dr. Don Gillis 
Engineering Department 
University of Prince Edward Island 
CHARLOTTETOWN, PEI 
ClA 4P3 
(902) 892-4121 
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Frank Hegyi, Vice-Chairman 
Director 
Forest Inventory Branch 
B.C. Forest Service 
1450 Government Street 
VICTORIA, B.C. 
V8V 3E7 
(604) 387-6722 

Bruce Stephenson 
Supervisor, Management Studies 
Fish and Wildlife Service 
Government of the Northwest 

Territories 
YELLOWKNIFE, N.W.T. 
XlA 2L9 
(403) 873-7761 

John F. Wightman 
Director 
Nova Scotia Remote Sensing Centre 
P.O . Box 10 
LAWRENCETOWN, Nova Scotia 
BOS lMO 
(902) 584-2228 

Ivan E. Ford 
Special Projects Division 
Department of Development 
Fifth Floor 
Atlantic Place 
ST. JOHN'S, Nfld. 
(709) 737-2796 

W. Randy Trenholm 
Registrar 
Farm Land and Identification Program 
Department of Agriculture and 

Rural Development 
FREDERICTON, New Brunswick 



6.2 THE MARITIME REMOTE SENSING 
COMMITTEE 

On December 10, 1981, the Maritime 
Council of Premiers signed into being 
the Maritime Remote Sensing Committee. 
This was done on the recommendation of 
the participating provincial govern
ments . 

The committee is comprised of two 
representatives from each of the three 
provinces and two members representing 
the Council of Maritime Premiers, with 
the Maritime Resource Management 
Service designated to provide 
administrative and technical support to 
the committee . 

The mandate of the committee is to 
investigate a remote sensing technology 
transfer and development program for 
the Maritimes . 

It should be noted that this concept 
was passed and supported at the CACRS 
meeting 1981 at Arnprior . 

The committee has recently engaged the 
services of Intera, Ottawa, to assist 
in the design of an appropriate 
technology transfer program . In fact , 
at a February 9, 1982 meeting of 
IPTASC it was announced by CCRS staff 
that the Maritimes and Manitoba had 
been selected as number one and number 
two respectively to be placed in semi 
finalist positions for the technology 
transfer program to be finalized later 
this year. 

The committee is compriseo of Mr . Don 
Gillis and Mr. Bob Nicholson, from 
Prince Edward Island, Mr . John Wight
man and Mr. Ed MacAuly from Nova Scotia 
Mr . W.R. Trenholm and Mr . Lawrence 
Peters from New Brunswick and Mr . Jim 
Stanley and Mr. Ron Johnston from the 
Council of Maritime Premiers . The 
committee executive is Mr . W. R. 
Trenholm, Chairman, Mr . Ed MacAuly, 
Vice Chairman, Mr . Don Gillis , 2nd 
Vice Chairman, and Mr . Jim Stanley , 
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Secretary. Also , with full observer 
status, Mr . Ivan Ford from Newfoundland 
has been attending the majority of the 
committee meetings . 

The committee has agreed to establish a 
Maritime Support Center , which will be 
located at the same location as the 
Maritime Resource Management Service in 
Amherst , Nova Scotia, but will be an 
entity unto itself to serve the 
Maritime Committee and provide support 
to the Provinces involved. 

Any joint venture of this nature and 
magnitude requires time and patience to 
develop but the Committee membe:::-s and 
others associated with this undertaking 
are very much encouraged by the fact 
the bureaucracy involving three pro
vinces and a regional body have been 
able to proceed together and develop 
this committee in a little as ten months 
or less. 

The Maritime Region has determined that 
Remote Sensing does have a place with
in the region ; however , local 
technological capabilities per se are 
lacking . A number of private sector 
organizations have expressed strong 
support for the activities of the 
Maritime Committee and are ready to 
respond appropriately . In fact, the 
structure is in place to very 
effectively ingrain the technology of 
remote sensing into the everyday 
operational activities of the public 
and private sector bodies provided an 
effective program of technology 
transfer with the necessary support and 
sustenance is developed and put into 
place . Now that the Maritime Committee 
is in plac~ timing is of the essence . 
Delays in implementing a technology 
transfer program with appropriate 
support will undoubtedly result in 
lessened impact on both the federal 
and maritime sector 



6.3 REPORT OF THE ALBERTA REPRESENTATIVE 

Airborne Remote Sensing 

The Alberta Remote Sensing Cente r coordinated 
requests for airborne f lights between Alberta 
requesters and the Canada Centre for Remote 
Sensing (CCRS) . Liaison was maintained with 
requesters and Airborne Operations, CCRS, 
throughout the flying program . 

Spaceborne Remote Sensing· 

The Alberta Center continued to provide 
through its Landsat ·program, advice and assis 
tance in the acquisition and application of 
Landsat to requesters not only in Alberta, but 
British Columbia, Saskatchewan, Yukon and the 
Northwest Territories . 

Alberta Remote Sensing Center 

The Center assisted Alberta and out-of
province users in the acquisition, application 
and analysis of remotel y sensed data . An 
ARIES II Image Analysis System was installed 
in the Center to provide an additional method 
of producing analysed data. 

Training 

In cooperation with the Faculty of Extension, 
University of Alberta, the Center conducted 
the "Tenth Alberta Remote Sensing Course" . 
Participants were from government, education , 
private industry and the public from across 
Canada . 

The Center conducted tours for educational 
institutions. Short courses and briefings 
were presented to government agencies, educa
tional institutions and the private sector 
throughout the province . A Remote Sensing 
Course was conducted in Whitehorse, Yukon, 
for the Federal Government . 

There was an increased number of remote sens
ing undergraduate courses and graduate studies 
at Alberta universities . Colleges , technical 
schools, high schools and elementary schools 
have also increased their remote sensing 
programs . 

The Center hosted the annual meeting of the 
CACRS Water Resources Working Group . The 
Second National Workshop on Engineering 
Applications of Remote Sensing was also held 
at the Center . 

Landsat Rangeland Project 

In 1981, the Public Lands Division of Alberta 
Energy & Natural Resources, the Canada Centre 
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for Remote Sensing of Ener gy , Mines & Resources, 
and the Alberta Remote Sensing Center of 
Alberta Environment comple t ed a two year joint 
project to evaluate Landsat data in monitoring 
range condition s in Southern Alberta . The pro
ject developed a useful and easil y interpreted 
Landsat product for practical on-the - range use . 

Southern Alberta Public Lands staff evaluation 
of the use of the enhanced color composite 
Landsat images, produced by the Canada Centre 
for Remo t e Sensing, was ext r emel y positive -
all field staff found the imagery useful and 
informative . September imagery proved the mos t 
useful in determining the past season ' s cattle 
distribution on the short grass prairie . Areas 
that received the greatest grazing pressure and 
those lightly gr azed a r e easi l y identified on 
the north- south oriented images by co l or dif
ferences . Attention is immediately drawn to 
problem areas, which considerably reduces 
range reconnaissance. Spring images are good 
indicators of the past year ' s use and range 
types can be more easily mapped . Previously 
d r awn range management plans were found to 
correspond to the image of that area . Images 
and slides of images proved to be a good visual 
presentation for Grazing Association meetings 
when discussing management problems and 
solutions . 

The Canada Centre for Remote Sensing will pub
lish a detailed report on the Project . As well, 
the Alberta Remote Sensing Center will publish 
an abridged ve r sion for distribution to range 
managers and others i nt erested in the practical 
applications of the Landsat imagery to range 
management . 

The project sponsors conducted Landsat Range
land Workshops in Lethbridge . The response of 
government and private range managers from 
Alberta, British Columbia and Saskatchewan re
quired three workshops. These were oriented to 
the practical needs of the range managers and 
utilized hands - on study of the project devel
oped Landsat images. The participants were so 
unanimous in their approval of this new product 
and methodology that production and distribu
tion of images is underway . The production of 
hard - copy enhanced color composite Landsat 
images of Alberta rangelands will be carried 
out at the Alberta Remote Sensing Center . 
Distribution will be made through the Alberta 
Bur eau of Surveying and Mapping ' s Distribution 
Services ' offices in Southern Alberta . 

The Center financially supported a number of 
Remote Sensing Demonstration Projects . 



Appendix I - Alberta Advisory Committee on 
Remote Sensing 

Cal D Bricker 
Alberta Remote Sensing Center 
11th Floor, Oxbridge Place 
9820 - 106 Street 
Edmonton, Alberta TSK 2J6 

P . H. Crown 
Department of Soil Science 
Room 240, Agriculture Building 
University of Alberta 
Edmonton, Alberta T6G 2El 

E. G. Hammond 
Operational Planning Branch 
Alberta Transportation 
Room 379, 9630 - 106 Street 
Edmonton, Alberta TSK 2E2 
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C. L. Kirby 
Northern Forest Research Centre 
5320 - 122 Street 
Edmonton , Alberta T6H 3SS 

J . Prokopchuk 
Alberta Energy & Natural Resources 
Resource Evaluation Branch 
3rd Floor, North Tower , Petroleum Plaza 
Edmonton, Alberta 

D. B. Patterson 
Land Reclamation Division 
Alberta Environment 
11th Floor, Oxbridge Place 
9820 - 106 Street 
Edmonton, Alberta TSK 2J6 

W. D. Wishart 
Alberta Recreation & Parks 
0 . S. Longman Building 
6909 - 169 Street 
Edmonton, Alberta T6H 4P2 



6.4 Report of the British Columbia 
Government Representative 

Airborne Remote Sensing 

The acquisition of air photography, 
covering a considerable portion of British 
Columbia, was coordinatea by Surveys and 
Mapping Branch of the Ministry of 
Environment, in cooperation with the 
Provincial Inter-agency Mapping Program 
Steering Committee. The highlights of the 
1981 air photography program are as 
follows: high-level (1:40 000) black-and
white photography covering N.T.S. 82 Jana 
K, plus partial coverage of N.T.S. 92 J and 
N, N.T.S. 93 C,H,L,M ana P, N.T.S. 94 Lana 
M, and N.T.S. 104 I and P; high-level (1:40 
000) colour infrared partial coverage of 
N.T.S. 92 Hand I; mid-scale (1:20 000) 
black-ana-white photography covering N.T.S. 
93 I, Land P, N.T.S. 94 A,B,E, and F, plus 
partial coverage of N.T.S. 92 E,F,J,K and 
N; normal colour photography (1:15 000) 
covering N.T.S. 92 P which will be utilized 
in mapping the mountain pine beetle 
infestation in the Chilko public sustainea 
yield unit. 

The operational use of 70 mm photography 
has continued as an integral part of the 
provincial multi-phase forest ana range 
inventory system. In aaaition, the 
following trials ana proJects were 
undertaken: debris movement in Carnation 
Creek, logging waste stuaies at the 
University of British Columbia Research 
Forest, aetection and mapping of root rot 
infection centres at Cowichan Lake, range 
productivity estimation ana the Joint 
Ministry of Forests - Pacific Forest 
Research Centre multi-stage sampling 
project in Kamloops for the detection, 
mapping ana assessment of aamage causea by 
mountain pine beetle. 

In addition, Timberline Lta., a forestry 
consulting company basea in Vancouver, has 
acquirea a helicopter boom and camera 
system and is using it among other things 
for Tree Farm Licence inventory, for spruce 
and balsam bark beetle and mountain pine 
beetle reconnaissance ana inventory, and 
for timber reconnaissance and inventory. 

B.C. Research initiated research into the 
potential roles of small-format aerial 
photography from remotely-controllea 
aircraft platforms. Both fixea-wing and 
rotary-wing platforms are unaer 
evaluation. Development to aate has 
centred upon appropriate control systems. 
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Spaceborne Remote Sensing 

The number of spaceborne remote sensing 
activities continuea to increase auring 
1981. Agencies involved in these 
activities include AES, B.C. Hyaro, B.C. 
Research, Institute of Ocean Sciences, 
MacDonala, Dettwiler ana Associates Lta., 
Ministry of Environment, Ministry of 
Forests, Pegasus Earth Sensing Corp., 
University of British Columbia, Canaaa 
Centre for Remote Sensing and others. 

Significant progress has been maae in the 
operational use of spaceborne data both in 
the public and private sectors. For 
example, the Ministry of Forests is using 
R.B.V. imagery to monitor and map 
depletions due to harvesting, fire and 
other causes. This program has been highly 
successful and cost effective. Pegasus 
Earth Sensing Corp. has unaertaken over ten 
contracts applying LANDSAT MSS data to such 
activities as geological exploration, 
vegetation classification and critical 
wilalife habitat mapping. The MacDonala, 
Dettwiler and Associates Lta. image 
analysis system is being used both 
internally and through contracts for such 
activities as ice stuaies, airecting tanker 
traffic in the Arctic, roaa ana highways 
planning ana other resource applications. 
The Institute of Ocean Sciences is applying 
spaceborne aata to ocean stuaies with 
emphasis on NOAA and NIMBUS 7 imagery. 

Through contracts supported by provincial 
agencies and private industry, B.C. 
Research has evaluated LANDSAT MSS data for 
lana-cover mapping, rangeland and turbidity 
monitoring ana wilalife habitat 
inventories. Thematic Mapper (TM) 
simulation stuaies for interior wetland 
inventories ana for monitoring the impacts 
of port construction have also been 
undertaken. 

A significant amount of work is being aone 
in the development of image analysis 
systems, hardware and software, and of 
applications of spaceborne aata to resource 
management. Examples include MacDonala, 
Dettwiter ana Associates development of a 
number of products for commercialization 
ana exploitation such as: 

l) Geocoaea image correction system hosted 
on a VAX computer, 

2) Rehosting of the CCRS-CIAS software on a 
VAX computer, 

3) Development of an airborne synthetic 
aperture raaar system, 

4) Development of a TM bulk processing 



system hostea on a VAX computer for CCRS , 

5) Recently completea development of an 
airborne multiple-detector 
electro- optical imaging scanner II 
(solid state ), 

6) Finalization of tne oevelopment of a 
meteorological (geostationary) satellite 
receiving stat ion anu aat a <lC qui s ition 
system for the Atmospheric Environmental 
Service, 

7) Miu - range systems oesignea for user 
specif ic applications, ana 

8) Development of proceaures ana 
applications for resource management . 

The U. B.C. Remote Sensin g Counc il, faculty, 
graduates and undergraauates are actively 
involvea in remote sensing research ana it s 
app lications in the Departments of Computer 
Sc ienc e , Forestry, Georgraphy, 
Oc eanography, and So il Science. Resea rch 
proJects are many and inter -disciplinary. 
Th ey include: monitoring reindeer 
rangeland cona i ti ons ; assessment of 
pre - vi sual symptoms of bark beetle attack ; 
sof tware ae velopment of navigation systems 
for polar orbiting space craft of the TIROS 
and NOAA var i ety ; monitoring changes in 
arct ic wetland oue to pipe- line 
construction; automat ic verification ana 
upaate of forest cover maps , use of GEOS 
aata i n climatology st uoi es , use of aigital 
terrain moa els in radiometric calibarat ion 
ana interµretat ion ot LA NDSAT 1v1SS imagery, 
incluu ing removal of sun iiluminati on 
effects anu atmospheric ano topographic 
ef fect s ; use of a i git al terrain mouels in 
tne precision rectification uf remotely 
senseo imagery ; analysis of air pollution 
ettects un vegetaion via MS'.:> oata anu air 
photography ; air photo studies of "healthy 
trees " as 1,ell as arct ic terrain ana lys is 
for terra in mob ili ty stua ies . 

Research facilities for uigital image 
ana lys i s at U.d. C. include Comptal Vision 
colour image process i ng aisplay system, 
connected vi a a megab i t per/ sec netl'1or~ 
communicat ion link, to U. B.C. ' s rna i n frame 
AMDAHL 470 V/8 computer system running 
MTS . Recently through maJor NSERC funo i ng , 
the laboratory for computat io na l vi sion has 
acqu irea a DEC VAX 11/780 system runn i ng 
UNIX and an OPTRON ICS Co lormat ion C- 4500 
moae l D co l our film scanner/writer . Tnis 
l atter facility i s aedicated to digital 
image analys i s with communications link to 
both Comtal and AMDAHL . 

Tnrough NSERC funainy i n cooperat ion 1vitli 
MDA, other et forts principally in 
oceanography , are unaerway to put together 
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a trac kin g antenna fac i lity to s tuuy space 
craft navigation. 

Some of the problems centred around data 
acquisition . Satel li te uata must flow more 
eas ily from the receiving stat ions a,,a 
archived aata source . The U. B.C. cornrnunity 
i s a user - commun i ty , and improvement in 
remote sensing wi ll only occur once the 
data oistr i out i on netwurk has been 
improved . Users shoula be contactea with 
respect to tneir requirements ana every 
effort shoula be maue to meet these 
requirements. Airoorne aata are alrrrost as 
aift icult to obta i n as satellite aata . 
Much of tne aeri al photography has oee11 
acqu i reo through private contractors , but 
the presence of only one MSS scanner maKes 
the acqu i s iti on of simultaneous uata a very 
speculative proJect . 

In conclusion, U.8 .C. has a thriving remote 
sensing community acing a large number of 
tasks wh ic h ultimately ~i l l play an 
importan t part i n Canaoa ' s national remote 
sensing program . Because they are 
primarily training both future users ana 
scientists, cooperation wi tn other elements 
of tlie Remote Sensing Cor,unu n i ty is very 
important. For further details, please 
contac t Or. Peter Murtha . 

The b.C. Hyaromet Networks Cooruinat i ng 
Comm ittee, represen ti ng AES , Air Services 
branch ot the b.C. Minist ry of 
Transportation ano Highways , b.C. Hyaru , 
Water Management Branch of tl1e b. C. 
1•1 inistry of Er,vironmenL ano i✓ ater Resources 
branch of Env i ronment Canaua , are act ively 
engageo in us i ng both spaceborne ana 
airborne remote sens i ng techniques for 
app li cations in water resources managemen t, 
i n the optimu111 uses of 1,ater resources for 
nyuroelectric generation , ana in flooJ 
control. Appi ications include s,10\v - cover 
mapping basea on snow - line flignts ana GOES 
anu TYROS - N satellite imagery . In 
aadition , an operational real time Data 
Collect ion Platform (DCPJ network using 
Labarge and Bristol systems to monitor 
water levels , temperature ana 
prec i pit at ion, a11d water content of 
snowpacks is in place . This system, whicn 
transmits aata via co,nmunicatiori satellites 
and GOES and TYROS satellites to grouna 
receiving stations such as PASS ana to a 
telecommunica tions network , has haa the 
greatest irnpact of the current remote 
sensing applicaLions . Ti1e Hanoar OCP \vill 
be eva luatea owing to some JitticJl ties 
be i ny exµeriencea v11tl1 the e>. isting 
systems . Storm preciµitation estimates 
from IR imagery s110w promise in provioing 



an operational storm warning system, which 
is urgently needed in Western Canada. 

The Pacific Forest Research Centre increased 
the number of staff involved in remote 
sensing, enhanced its digital image process
ing capability, established an agreement with 
the B. C. Research Council for the use of the 
PFRC i mage rirocess ing facility, and worked on 
the following remote sensing projects: 
ecological mapp ing of the Yukon Territory, 
mapping of root-rot centres in cooperation 
with the Greater Victoria Water District, 
mo nitorin g of wetland changes in the Queen 
Charlotte Islands in cooperation with the B.C. 
i1inistry of the Environment, monitoring the 
Comox harbour estuary in cooperation with the 
Canadian Wildlife Service, examination of 
SEASAT data over Southern Vancouver Island, 
investigation of slorie stability and land
slides in the Queen Charlotte Islands as riart 
of the fish and forestry interaction program, 
development of a multistage sampling pro
cedure in the interior of British Columbia 
in cooperation with the B.C. Ministry of 
Forests, and examination of airborne MSS data 
in the interior of British Columbia. 
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Conclusions and Forecasts 

The use of remotely sensed data has 
increasedgreatly owing to technological 
developments, successful demonstrations of 
applications, and cost effectiveness . 
Applications of both conventional and 
spaceborne remotely sensed data are expected 
to become more attractive as new systems 
become operational. The integration of image 
analysis with geo-data base systems will 
further increase the attractiveness of 
satellite data and is expected to provide 
a major impetus to the application of 
spaceborne data. 

Report coordinated by: 
Frank Hegyi , 
Inventory Branch, Ministry of Forests, 
1319 Government Street, 
Victoria, B.C. VS\-J 3E7, 
Tel: 604-387 -6722. 



6.5 REPORT OF THE PROVINCE OF MAN ITOBA 

AIROORNE REMOTE SENSING: 

During 19811 the Interdepartmental Committee 
on Aerial Photography (I . C. A. P. ) processed 
requests and served as a cl earing house for 
aerial photography requirements of Provinci al 
Government Departments and Crown Corporations . 
After completion of the 1981 flying season , a 
total of 29 1269 line kilometers of aerial 
photography were f l own in the Province of 
Manitoba with prints deposited in the Air 
Photo Library for general use . 

The purpose of this photography is as follows : 

(a) 

(b) 

(c) 
( d) 

(e) 

Federal Government Mapping programs -
3 ,324 line km . 
General use reconnaissance photography 
(70 mm) - 9 ,815 line km . 
Community base mapping - 281 line km . 
Forest inventory programs - 14 ,888 
line km . 
Highways construction programs - 961 
line km . 

The Provincial Air Photo Library has now 
completed its update of missing , archival 
photography. In addition , over 3,700 hard 
copy, colour , remote sensing photographs were 
acquired for the library. 

A 16 mm . microfilm system for the perusal of 
all aerial photography contained in the 
Provincial Library will be operational by the 
end of April , 1982. This quick look method 
of viewing photos on microfilm will greatly 
reduce the time required to conduct photo 
searches and make selections . 

7TH CANADIAN SYMFQSIUM ON REMOTE SENSING: 

Manitoba played host to the 7th Canadian 
Symposium on Remote Sensing. The Symposium 
was sponsored by the Canadian Remote Sensing 
Society of the Canadian Aeronautics and Space 
Institute . The event was organized by the 
Manitoba Branch of the Canadian Institute of 
Surveying and chaired by Mr. W. G. Best . 

The theme for this Symposium was "Down to 
Earth Management". Poster and plenary 
sessions were broken up into four categories : 
land use applications, ecological applica
tions , earth science applications and data 
management and acquisition. 

The symposium attracted 250 delegates and 13 
commercial exhibitors from Canada , the United 
States and abroad . Approximately 80 papers 
will be published in the proceedings. 
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SPACEOORNE REMOTE SENSING 

The Manitoba Remote Sensing Centre (M . R. S. C. ) 
conducted an investi gative study on satellite 
image analysis equipment for the Province . At 
the present time this type of service is not 
available in Manitoba. Project work becomes 
difficult when the service is external and at 
a considerable distance . Several options were 
suggested in the report and these are being 
actively persued. 

APPLICATIONS 

Many major remote sensing projects were 
carried out by the M. R. S. C. over the past 
year . A project to map barren land caribou 
habitat using LANDSAT data was completed for 
the Wildlife Branch , Department of Natural 
Resources . Various computer classification 
techniques were used to provide the necessary 
data to produce vegetation cover maps for six 
1 : 250 1000 map sheets in North Western Manitoba . 

A project was completed which provided a photo 
base map of Spruce Woods Provincial Park show
ing the distribution of leafy spurge 
(Euphorbia esula) . A total of 162 square 
kilometers were mapped. Colour infrar ed 
photography , supported by ground sampling was 
used for the interpretation. A similar pro
ject was conducted in C. F. B. Shilo area where 
the five main battle runs and fire guard were 
mapped . Both these areas are considered a 
source from which leafy spurge may spread to 
surrounding agricultural land. 

Colour infrared aerial photography was also 
used by the Agricultural Crown Lands Branch 
as a means of monitoring the effectiveness of 
aerial spraying on 100 parcels of wooded land 
which were to be cleared. 

The Provincial Wildlife Branch also used 
colour infrared photography to count muskrat 
huts in three marsh areas for purposes of 
obtaining census figures . This is an 
operational management technique used for 
establishing trapping quotas . 

A pilot study was conducted for the Wildlife 
Branch on the application of LANDSAT data in 
measuring white- tailed deer habitat in 
Southern Manitoba . The Wildlife Branch is 
concerned about the amount of bush land being 
cleared in favour of agricultural use . The 
mapping project was to define the accuracy of 
LANDSAT data in a test area for area calcula
tions of wooded cover . Statistical analysis 
was conducted to compare area calculations 
obtained by LANDSAT as compared to area 
calculations obtained f rom large scale 
1:15 ,840 aerial photographs . With a maximum 



discrepancy error of approximately 10% be
tween the two measuring techniques , the re
sults are very encouraging. With a few 
refinements this development will be used as 
an on going monitoring function . 

Two other remote sensing projects were 
initiated during the past year . One was to 
compare LANDSAT data to conventional photo
graphy for mapping wood salvage operations 
after a large forest fire devastated the 
Porcupine Mountain Forest Reserve . The 
second project is designed to evaluate the 
use of LANDSAT data for the mapping and 
monitoring of wood cutting operations in 
South East Manitoba. 

Ducks Unlimited has undertaken a project to 
map wetlands in designated areas in the 
three prairie provinces . Digital analysis 
of LANDSAT imagery was used as the primary 
data source . 

The Remote Sensing Centre provides a service 
to the Forestry Branch in mapping wild fire 
areas from LANDSAT data. Over the past year , 
16 areas were mapped, in various parts of the 
Province , covering 206 1181 hectares . 

A wood bison habitat mapping project was 
carried out for the Wildlife Branch , 
Department of Natural Resources to evaluate 
the potential of re-establishing a herd in 
Manitoba . The Canadian Wildlife Service is 
providing 50 animals as a breeding herd from 
Elk Island , Alberta . A 2800 square kilometer 
block of the Interlake west of Waterhen Lake 
and east of Provincial Highway No . 6 was 
assessed. Reconnaissance fixed- wing flights 
and forest inventory maps provided an over
view to select sites for detailed ground 
truthing , accessible only by helicopter . 
High level black and white aerial photography 
was interpreted to produce the habitat map . 
Critical wintering habitat types for wood 
bison are wet meadow and fen vegetation 
comprised mainly of sedges (Carex spp) and 
reedgrass (Calamagrostis spp) . Wetland 
vegetation types were classified high, 
moderate and low for habitat suitability. 
Upland sites were broadly categorized , into 
coniferous , deciduous , and mixed wood , re
generation , immature and mature forest types . 
A more detailed vegetation analysis and 
mapping project was also completed for a 25 
square kilometer proposed enclosure area 
where the initial herd will be intensively 
managed . The future progeny will be re
leased to range freely in the larger unre
stricted block . Digital analysis and 
enhancement techniques of LANDSAT scenes 
covering the broad study area may be employed 
in the future to further refine the habitat 
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map. 

A pilot , soil erosion-crop yield study cover
ing two quarter sections of agricultural land 
near Austin was initiated for the Land and 
Water Division , Department of Agriculture . 
Low level colour infrared supplementary 
aerial photography missions were flown by the 
Manitoba Remote Sensing Centre staff during 
crop emergence and prior to harvest . Eroded 
and non- eroded areas were delineated on the 
near I . R. photos . Soil samples were obtained 
from several of each of the site types and 
analysed for nutrient status . The objective 
was to determine crop yields for the sun
flower and barley crops on both eroded and 
non-eroded sites . Due to insect infestation 
and crop disease both crops failed to produce 
normal yields . Consequently the study was 
terminated. 

An ecological land classification of the 
Nejanilini Lake , 64P N.T.S . map sheet was 
initiated by the Manitoba Remote Sensing 
Centre with advisory and technical support 
from the Lands Directorate, Environment , 
Canada . The Lands Directorate has developed 
a methodology that has potential for national 
application to the Provinces and Territories . 
This pilot study will test the feasibility of 
the classification system . Field data re
lating to landform, soils, vegetation and 
permafrost were collected in conjunction 
with a major caribou habitat mapping project 
covering six map sheets in the northwest part 
of the Province . Terrain analysis was 
carried out using high level black and white 
photography. A geometrically corrected 
enlarged LANDSAT scene will be used for the 
final mapping base at a scale of 1: 250 , 000 . 
The new approach to land classification in
cludes an expanded ecosection data table that 
lists environmental factors relating to 
terrain, vegetation and water. In addition , 
resource management interpretations describe 
in detail, terrain trafficability and 
sensitivity, vegetation, hydrology, wildlife , 
fisheries , landscape aesthetics and special 
features . In the event of future development 
schemes in northern Manitoba this resource 
data base will provide resource planners and 
managers with an invaluable source document 
to make judicious environmental impact 
decisions . 

TRAINING 

A certificate program of studies in remote 
sensing is now being offered at the University 
of Winnipeg. The majority of the required 
courses are offered regularly through their 
evening program . This allows those that are 
already employed to expand their level of 



knowledge . The University of Manitoba and 
Brandon University are also offering courses 
in the field of remote sensing. 

A lecture series on boreal ecology and remote 
sensing techniques was presented to the 
zoology graduate studies class at the 
University of Manitoba . Introductory sessions 
included basic photo interpretation of black 
and white , true colour and near infrared 
aerial photography using a mirror stereoscope , 
Examples of digital analysi s of LANDSAT 
scenes , thermal scanner and radar imagery 
were exhibited and discussed. The ecological 
land classification methodology of mapping 
landforms , soils , vegetation and permafrost 
was explained in detail . Several classified 
maps and interpreted , sets of photos were 
examined covering the low , mid and high 
boreal ecoregions and the low and high sub
arctic ecoregions . During the final sessions 
the students carried out an ecological land 
classification project on part of an unmapped 
portion of the Province . 

A specially tailored mini- course was con
ducted through the Manitoba Centre for the 
Water Resources Branch. With assistance of 
staff from the Centre , Dr . J . D. Mollard 
presided over the sessions . Remote sensing 
and photo interpretation related to hydrology 
applications was the theme of the course . 
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Staff of the Manitoba Remote Sensing Centre 
also conducted 10 seminars on remote sensing 
at Brandon University and the University of 
Winnipeg. Seminars were also presented for 
high-school teachers during their in- service 
days with the aim of exposing them to remote 
sensing with respect to its use as a teaching 
aid in geography courses . As well two staff 
were invited as guests of the Geography 
Department of the University of North Dakota 
located at Grand Forks , North Dakota . The 
purpose of the trip was to tour the facilities 
in the Geography Department and to become 
aware of the post graduate remote sensing 
program being offered . 

CONCLUSION AND FORECAST 

The success of co-operative projects between 
the Department of Natural Resources , resource 
managers and the Remote Sensing Centre have 
had considerable impact on integrating remote 
sensing techniques into operational monitoring 
and data gathering needs . New projects are 
now being considered which were previously 
not feasible because of cost restraints . The 
future looks good for establishing more 
demonstration projects . 



6 . 6 REPORT OF THE PROVINCE 
OF NEW BRUNSWICK 

Since last years report the concept of 
Remote Sensing in New Brunswick has 
continued to develop as an operational 
means of information determinat ion for 
a number of areas . Remote Sensing is 
beginning to be seen as a tool to be 
used as an operational management 
device . 

The Provincial Remote Sensing Committee 
has met regularly and dealt with 
issues such as a Provincial Remote 
Sensing Centre, the development of a 
Maritime Remote Sensing Committee , a 
continuing education Remote Sensing 
Program , an Image Analysis Workshop , 
a Provincial Remote Sensing brochure, 
membership on CACRS working groups , 
the development of a list of present 
and potential remote sensing areas 
within the Province , and a strong 
attempt to cooperatively , with the 
Maritime Remote Sensing Committee , 
develop a technology transfer program 
that is appropriate to the Province . 

The Remote Sensing Committee in New 
Brunswick has now taken its proper 
place within the bureaucratic 
structure in that it is now properly 
associated with the provincial policy 
body dealing with documentation , 
mapping , surveying and land related 
data collection and has a reporting 
structure to the Official Committee 
on Land Use . 

ln support of the Maritime Remote 
Sensing Committee , a motion was put by 
the New Brunswick Committee to the 
N. B . Cabinet Committee on Economic 
Development that a Maritime Remote 
Sensing Committee be established under 
the Council of Maritime Premiers. This 
was passed and forwarded to the 
Council where it was formally 
established on the 10th of December , 
1981 . 

The concept of a Provincial Remote 
Sensing Centre has been dealt with and 
at this writing it has been established 
that the Province will open a Remote 
Sensing Office as an extension to the 
present photograph and mapping library . 
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In September 1981 at the University of 
New Brunswick a continuing education 
program on the introduction to Remote 
Sensing was commenced . The course was 
a direct result of the New Brunswick 
Committees efforts and the cooperation 
of the Survey Engineering Faculty of 
the University. The program which 
lasted for ten weeks was well attended 
and indicated a strong interest in this 
field . 

An Image Analysis Workshop joint l y 
sponsored by CCRS, the N. B . Committee 
and the Univers i ty of New Brunswick was 
held on February 22 - 24 , 1982, with an 
unexpected registration for the three 
day workshop . In excess of 30 
applicants were accepted for the 
program . As a result of this interest 
it is now expected that another work 
shop will be necessary in the fall of 
1982 . 

The New Brunswick Committee now has a 
color brochure which is being used to 
assist in the promotion of the use of 
remote sensing tools . This brochure 
is available in both English and 
French and is intended merely to 
indicate the existence of remote 
sensing and its possible applications 
within New Brunswick . 

The New Brunswick Remote Sensing 
Committee has a number of Sub 
Committees , one of which has the 
responsibility of membership on CACRS 
working groups . 

Any information or communication 
concerning working group activities 
should be addressed to Mr. David 
MacFarlane , Director of Forest 
Inventory , Department of Natural 
Resources , P . O. Box 6000 , Fredericton , 
N. B., E3B SHl . 

The N. B . Committee is looking forward 
to the acquisition of a Dipix image 
analysis system by the University of 
New Brunswick . This should influence 
greatly the continued i nterest in the 
use of remote sensing by people with
in the Province and at the same time 
provide people trained in the use of 
this equipment locally . 

Equipment with Remote Sensing applic 
ation is gradually increasing . 



Presently one company offers a small 
aircraft single camera 70mm format 
photography in a vertical mode . An 
angency of the Council of Maritime 
Premiers offers a twin engine aircraft 
with a variety of sensing equipment, 
including 70mm , 9X9 and video imaging 
formats. A number of government 
departments are using light aircraft 
with handheld 35mm sensing capability . 
Also available within the Province 
are three Linear Measurement Set 
Video Analysis Machines . 

It should also be noted that the 
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Provincial Committee is aware of the 
use being made of remote sensing 
techniques by STATS Canada in the 
enumeration of the areas of potato 
production within New Brunswick and is 
looking forward to the future develop
ments related to this activity . 

The use of remote sensing, other than 
normal aerial photography , but 
incorporating this normal aerial 
photography, is just beginning to 
germinate . One might refer to this as 
the neo - natal period of New Brunswick 
Remote Sensing. 



6. 9 REPORT OF THE PROVINCE OF NOVA SCOTIA 

The afterglow of the most successful 6th 
Canadian Symposium on Remote Sensing 
held in Halifax in 1980 has resulted in 
continued growth in remote sensing act
ivities and interest. The anticipation 
of the benefits to the user community 
which will flow from the technology 
transfer program scheduled for 1982 has 
promoted co-operative acti' ty in the 
Maritime region of an unpr• ~dented 
magnitude. The importance 'a fully 
funded and supported program by CCRS 
cannot be overemphasized at this time 
when hopes have been raised so high. 

Airborne Remote Sensing 

The majority of 
in the province 
airborne data. 

operational remote sensing 
was carried out using 
The Department of Lands 

and Forests has awarded a contract to 
prepare a Biophysical Land Inventory from 
normal color photography. High altitude 
CIR photography has been acquired to 
monitor spruce budworm damage in Cape 
Breton Island. 

The Environmental Protection Service with 
regional offices in Dartmouth carried out 
a number of image acquisitions and analysis 
projects on data collected mainly in 
Newfoundland. Lands Directorate has 
employed a number of airborne products 
such as: CIR, small-scale B & W, as well 
as video coverage to conduct studies in 
the province and the region. 

A number of Provincial Departments 
including Hines and Energy, Transportation, 
Agriculture and Municipal Affairs make use 
of existing airborne data in their 
operational and planning functions. 

The Nova Scotia Remote Sensing Centre in 
co-operation with CCRS acquired consider
able TIR, CIR, MSS, and other photographic 
data on projects relating to research in 
geological mapping to agricultural and 
environmental monitoring. The Centre also 
continued its acquisition of small format 
photographic data from light aircraft fur 
a wide variety of projects including 
construction monitoring of the site of 
the power house for the Annapolis River 
Tidal Power Project. Remote sensing data 
in the files of the Centre were used by 
staff researchers, staff and students at 
the Nova Scotia Land Survey Institute and 
Acadia University, government agencies at 
all levels, consulting firms, and private 
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individuals, including farmers and woodlot 
owners. 

Spaceborne Remote Sensing 

Three agencies reported significant work 
on spaceborne imagery, whi le several others 
started preliminary work in 1981 but µlan 
to expand this phase in 1982 . Dr. Duncan 
Keppie of the Nova Scotia Department of 
Hines has completed a geological linear.ient 
map for the entire Province from Landsat. 
This will he published in 1982. The Nova 
Scotia Department of Lands and Forests in 
conjunction 11ith CCl{S is assessing the 
application of Landsat imagery for c utover 
and gross-feature mapping. The regional 
offices of Environment Canada are using a 
variety of spaceborne data in such sections 
as Lands Directorate, Harine Environml.-!nt 
Branch and Inland Waters. The Bedford 
Institute of Oceanography and t he No va 
Scotia Land Survey Institute are both 
increasing staff in anticipation that 
either one or both will have a full-fledged 
image analysis system du ring 1962. It is 
unde rstood that a number of mining exµlor
ation firms active in the province have 
made extensive use of digital image 
analysis of Landsat; however, detailed 
information is not available. 

Technical Developments 

The most significant technical develoµment 
in l':181 was the establishment of Atlantic 
Canada Airborne Sensing as a joint venture 
by Maritime Resource Management Service 
and a private flyin g concern. This organ
ization operates a modern, twin-engine air
craft equipped with a 2:iO-mm mapping camera; 
two 70-mm cameras, as well as 3/4 inch 
color and B & W video systems. This µro
vides local, quick response service so 
necessary in this area of quickly changing 
weather conditions. 

The Nova Scotia Land Survey Institute 
announces that a team of three of their 
graduate computer programming students 
have developed an image analysis software 
package for use 011 a general purpose 
computer system. A stm1dard monochrome 
video terminal is used in conjunction with 
a dot matrix line printer for hard coµy 
maps. The Institute plans to install the 
first fully operational Geograpllic Inrorm
ation System in Atlantic Canada early in 
1982. Future work is expected which wil.i. 
combine the results of image analysis as 
one or more data sets iu the G.I.S. data 
base. 



User Liaison 

The Nova Scotia Remote Sensing Committee 
held a number of meetings throughout the 
year to provide liaison between major 
users. The loss of Tom Alfaldi as our 
regular contact \lith CCRS was deeply 
felt by all. CCRS was unable to supply 
a full-time replacement so that at many 
meetings no CCRS person was in attend
ance or a variety of individuals came. 
This has been interesting and each person 
has tried their utmost to provide assist
ance, however, it would be desirable if 
CCRS would appoint a full-time contact 
person and ensure that attendance at our 
meetings is a priority. 

Training 

The Nova Scotia Land Survey Institute in 
co-operation with the Canada Centre for 
Remote Sensing, tlte Nova Scotia Remote 
Sensing Centre, and the Nova Scotia 
Remote Sensing Coramittee conducted a 
Digital Image Analysis Workshop at the 
Nova Scotia Land Survey Institute on 
November 23-25. Dr. Andy Rentz of CCRS 
and Dr. R. V. Haher of Nova Scotia Land 
Survey Institute conducted the technical 
sessions for the 21 participants. The 
sessions featured a great deal of "hands
on" image analysis using the newly 
developed "image analysis software pack
age" at NSLSI. Response from participants 
was very favourable and discipline 
specific workshops arc planned at NSLSI 
when they receive their "stand-alone" 
image analysis system in 1982. 

The two year, four semester, remote 
sensing training program at NSLSI is 
being revised effective September 1982 
into a very intensive, three semester, 
48 week program. This training is aimed 
at recent graduates in the natural 
resources and environmental disciplines. 
Sixteen students are expected to enroll. 
For those 'Who qualify, financial assist
ance may be available ranging from 
$3,000. to $10,000., depending upon 
circumstances. 

Conclusions and Forecast 

1981 was a year of reflection on the 
success of the 6th Symposium and consider
able planning for major projects in 1982. 
The increased level of activity indicated 
at MR..~S, BIO, and NSLSI indicate that even 
with hard economic times, remote sensing 
in Nova Scotia has an expanding future. 
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The level of anticipation generated in 
the region by the CCRS Technology Transfer 
program must be nurtured by CCRS into an 
operational reality. To falter now uould 
have a serious negative impact on the 
development of remote sensing technology 
in Atlantic Canada. 

Recommendations 

(1) Under any revised Landsat acquisition 
or pricing plan, CCRS must ensure that the 
Nova Scotia user community is supplied with 
complete USS and TM Canadian coverage at 
a uniform Canadian price and in a delivery 
time frame similar to tliat for central 
Canadian coverage. 

(2) That CCRS through uhatever means 
necessary, including transfer of funds 
from other programs, provide the neces
sary financial, equipment, data, and 
technical manpower to support a full--scale 
technology transfer program. 

(3) That due to the greatly increased 
number of installed or soon to be 
installed image analysis systems outside 
the Ottawa area and also due to the 
deleterious price increases proposed 
for CCT's and DICS tapes, it is recor.mended 
that CCRS set up a more formalized lending 
library for these tapes already in their 
possession. In addition it is recomr.1e11ded 
that CCRS make available an up-to-date 
list of the owners of all such Canadian 
tapes with complete information regarding 
image location, date, quality, etc. that 
the owner is prepared to release. 

APPEllDIX I - List of Group Members 

Dr. Andrew l{entz (613) 995-1210 
Canada Centre for Remote Sensing 

Hr. Bob Feindel (902) 469-7901 
Atlantic Air Survey Limited 

11r. Dave Wilson (902) 426-4196 
Lands Directorate 

Hr. Andre\/ Patton 
Community Planning Division 
N. S. Department of Municipal Affairs 

Mr. Graham Doyle (902) 455-7241 
Canadian British Consultants 

Hr. Don l-lirtle (902) 424-5300 
N. S. Department of Environment 



Dr. Duncan l~eppie (902) 424-8598 
N. S. Department of liines 

Mr. Herb Ripley (902) 667-7231 
Maritime Resource Management Service 

Mr. Ed MacAulay (902) 895-1591 
(902) 424-7594 

N. S. Department of Lands & Forests 

Hrs. Hary Duyer Rigby 
Consultant 
Dartmouth, N. S. 

(902) 463-7226 
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Hr. Roger Percy (902) 426-8301 
Environmental Protection Service 

Prof. P. Rangaswamy (902) 429-8300 
Nova Scotia Technical College 

Mr. David ltice Smith (902) 424-7769 
N. S. Department of Transportation 

Hr. Dave Sraith (902) 424-3266 
Inland Waters Directorate 

!!r. John Wightman, Chairman ('J02) 584-2226 
Nova Scotia Land Survey Institute 



6 .1 0 

replies 
Ontario 

REPORT FROM THE 
PROVINCE OF ONTARIO 

The following report is based on 
to a questionnaire distributed by the 
Centre fo r Remote Sensing. 

No . of agencies contacted: 58 

No . of replies: 

Total 

Government 
Private Sector 
Universities 

6 
9 

11 

26 

Airbo rne Remote Sensing 

Professor G. O. Tapper of the Depart 
ment of Geography , Laurentian University , 
reports the use of approximately 200 pan
chromatic, 9" x 9" aerial photographs, 
as well as app roximately 100 colour and 100 
colour infrared photographs of the same 
format . Some 10 thermal images of various 
Ontario cities and the same number of SAR 
images of Ontario and Eastern Canada were 
also employed . 

Professor P .J. Howarth of the Depart
of Geography, McMaster University, 
employed 35 copies of 10 panchromatic 
stereotriplets for teaching purposes, and 
approximately 30 photographs (panchromatic, 
colour and colour infrared) for an advanced 
course. Approximately 1400 panchromatic 
photos were employed in three r esearch 
projects, as well as 144 colour infrared 
photos ; not all of these photos were 
purchased by the university for these 
projects . Hand - held 35mm colour aerial 
photography was acquired for one of the 
studies . In addition, imagery from an 
11-channel MSS was requested from CCRS for a 
LANDSAT-D simulation study of land cover/land 
use mapping in Southern Ontario . CCRS also 
obtained colour infrared aerial photography 
in support of this project . Both thermal and 
radar data were used in teaching and labs . 
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Airborne SAR data was used together with 
LANDSAT data in a land cover mapping project . 

Professor R. Parent of the Depart
ment of Civil Engineering, Royal Military 
College , used one series of 32 black and 
white stereograms for each student, and a 
set of 20 black and white stereopairs and 
stereotriplets per student which were pur
chased from the National Air Photo Library 
(NAPL). 

Mr. I. Hale, Progr am Director of 
Survey Engineering Technology at Ryerson 
Polytechnical Institute, reports the use 
of approximately 1,000 black and white, 
20 colour and 20 colour infrared photographs . 
Samples of both thermal and radar data 
were used to demonstrate image characteris
tics. 

Dr . S . H. Watts , Teaching Master 
in Geology at Sir Sandford Fleming 
College, employed approximately 100 black 
and white photos for teaching purposes, 
and 30 black and white photos from NAPL 
for research. Thermal and radar data were 
used to a limited extent for lab 
demonstration . 

Professor F . Salvatori of the 
Department of Landscape Architecture , 
University of Toronto, reports the use of 
50 1:10 , 000 - scale black and white aerial 
photographs . 

Professors of the Department of 
Geography of Trent Un iversity employed 
several dozen panchromatic aerial photographs 
for teaching purposes . They made very 
limited use of thermal and radar data. 

Professor A. B . Kesik of the Depart
ment of Geography , Un iversity of Wa terloo , 
used approximately 600 black and white 
photographs, 500 reproduced by offset 
printing and 100 by photographic printing, 
and 40 colour photographs . Approximately 
50 thermal images and 50 SLAR images were 
used for teaching purposes . The r ma l imagery 
formed the basis of a study of lake surface 
temperature patterns . Professor E. LeDrew 
of the Department of Geography reports 
using approximately 60 large-scale black 
and white aerial photog raphs. Hand-held 
supplementary aerial photography was acquired 
from a helicopter. Video thermal imagery 
was requested from AGAtronics Ltd . Professor 
S . I . Solomon of the Department of Civil 
Engineering employed 10 aerial photographs . 

The Land Use Coo rdination and 



Special Studies Unit, Environmental Approvals 
Branch, Ministry of the Environment, 
acquired approximately 200 35mm and 70mm 
oblique colour aerial photographs internally, 
for the monitoring of liquid industrial 
waste disposal sites and for land use plan 
monitoring. Approximately 25 9" x 9" 
black and white aer ial photographs were also 
used. Aerial photography was also obtained 
through a private company, Airborne 
Applications Group, for pollution monitoring . 
Aerial thermography acquired through a joint 
project with the Ontario Centre for Remote 
Sensing was used in environmental monitoring . 

The Technical Support Unit of the 
Hydrology and Monitoring Section of the 
Ministry of the Environment employed 
approximately 100 1 :15,840-scale aerial 
photographs . 

The Surveys and Mapping Department 
of Ontario Hydro , which has the responsi
bility to provide remote sensing data to 
Ontario Hydro as a whole, reports the use 
of approximately 25,000 black and white 
photograph, as well as 250 colour and 50 
colour infrared photographs . Approximately 
3 ,300 miles of aerial photography at various 
scales were obtained through the private 
sector , producing over 5,000 near - vertical 
negatives. The Land Use and Environmental 
Planning Department employed 3,100 9" x 9" 
aerial photographs in scales from 1:10 , 000 
to 1:50,000, and approximately 30 colour 
photographs . 

The Remote Sensing Section , 
Maintenance Op erations Branch, Ministry 
of Transportation and Communications, 
reports the use of a large number of 
aerial photographs of various types for a 
range of purposes . Aerial photographic 
flights were obtained through the federal 
government and private companies. 

The Ontario Centre for Remote 
Sensing employed large quantities of 
aerial photography of all t ypes , from 
provincial and national sources, in research 
programs and training seminars . The Centre 
conducted an extensive and varied program 
of multi-camera airborne sensing, obtaining 
black and white, colour and colour infrared 
photography, principally in the 70mm 
format , in support of research and trial
application projects . Unde r the Centre's 
coordination, a large volume of colour 
infrared coverage was obtained by Capital 
Air Surveys within three administrative 
districts of the Ministry of Na tural 
Resources , fo r the assessment of forest 
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regeneration. The OCRS obtained aerial 
thermography with its Daedalus line- scanner 
for a number of projects, including a 
study to determine the usefulness of this 
imagery in the location of potential areas 
of roof instab i lity over mine sites . I n 
conjunction wit h the HEAT SAVE progr am of 
the Ministry of Energy, the OCRS coordinated, 
largely through Intertech Remote Sensing, 
the acquisit i on of aerial thermography for 
8 Ontario cities . Radar imagery was used 
in 1981 principally in training seminars . 

Air, Earth and Oceans Ltd . reports 
the use of 50 9" x 9" colour infrared and 
10 9" x 9" black and white aerial photographs , 
Aerial missions were requested to obtain 
1:2,000- scale colour infrar ed photography . 
Thermal imagery was extensively used in a 
search and rescue study . Ground - based 
thermal imagery was acquired . Experiments 
were performed on applications of the 
low- light - level viewer. SAR and SLAR 
image r y were used in sea ice studies and in 
radar image interpretation seminars conducted 
in cooperation with the Ontario Centre for 
Remote Sensing . 

Airphoto Analysis Associates 
Consultants Ltd . employed approximately 
2 , 000 black and white and colour aerial 
photographs. 

Beak Consultants Ltd . used 800 
black and white aerial photographs at 
scales of 1:15,840 to 1:5,000, and 
commissioned low- altitude black and 
white photography of a site in southwestern 
Saskatchewan from the North West Survey 
Corporation. 

Dendron Resources Surveys Ltd . 
reports the use of several thousands of 
aerial photographs of the following types : 
standard black and white photos at scales 
of 1 :15,840 and 1:10,000 ; 1 :15,840- scale 
colour infrared photos; and black and white 
and colour photos at scales of 1:1,000 to 
1:1,600 . One photographic mission was 
requested from a private company. Dendron 
itself obtained approximately 7,000 70mm 
large-scale black and white and 500 colour 
photographs for purposes of forest inventory 
and forest type map checking . 

Ecologistics Ltd . employed 100 
conventiona l black and white aerial 
photographs, and acquired low-level colour 
and colour infrared photography through a 
private company . 

Gregory Geoscience employed approxi-



mately 25 1 :50,000 panchromatic photographs, 
as well as 16 photomosaics at the same 
scale . The company itself acquired nearly 
800 frames of small-format, low-altitude, 
oblique photography for field verification 
of topographic map revision. Very limited 
use was made of airborne thermal and radar 
data for teaching purposes . 

Marshall Macklin Monaghan Ltd. 
reports using approximately 2,000 9" x 9" 
black and white photographs . The company 
acquired 9" x 9 " black and white coverage 
for mapping purposes through Capital Air 
Surveys, Global Remote Sensing, Western 
Remote Sensing, Northway-Gestalt and Kenting 
Earth Sciences . 

Scintrex Ltd . reports the use of 
approximately 1,000 black and white photo
graphs in 1981. 

Spaceborne Remote Sensing 

Professor G.O . Tapper of Laurentian 
University employed nearly 200 LANDSAT 
scenes, on 35mm slides, for teaching 
purposes. 

Professor P . J. Howarth of McMaster 
University employed LANDSAT imagery, as 
well as digital classifications and enhance
ments, in lectures and labs. Weather 
satellite imagery was also used. For 
three research projects, the following 
data were used : 10 DICS tapes, 15 MSS 
colour transparencies, 17 RBV transparencies, 
10 EBIR outputs, phtographs and electronic 
and line- printer 011tputs. SEASAT radar 
imagery in both 70mm format and enlargements 
was used in two projects. 

Both Professor R. Parent of the 
Royal Military College and Professor I . Hale 
of Ryerson Polytechnical Institute report 
using slides of LANDSAT images for 
teaching purposes . 

Professor S.H. Watts of Sir Sandford 
Fleming College reports the limited use of 
LANDSAT imagery, in print and transparency 
formats, for lab demonstration and term 
projects. 

At the Department of Geography of 
Trent University, a small number of 
LANDSAT images were used in one course . 

Professor A.B. Kesik of the 
Department of Geography, University of 
Waterloo, reports the use of 40 black and 
white LANDSAT prints and CCT ' s of two scenes 

76 

in the preparation of a master ' s thesis . 
Professor E . LeDrew of the same department 
reports the extensive use of LANDSAT 
imagery transparencies and CCT ' s in teaching 
and research. Professor S . I . Solomon of the 
Department of Civil Engineering reports the 
extensive use of LANDSAT and GOES imagery 
and CCT ' s, particularly in four research 
projects . 

The Land Use and Environmental 
Planning Department of Ontario Hydro 
reports the use of digitally- analyzed 
LANDSAT data for a land-cover mapping trial, 
in a joint project with the Ontario Centre 
for Remote Sensing. 

The Ontario Centre for Remote 
Sensing purchased approximately 500 
LANDSAT images for use in research and 
trial-application projects, in training 
seminars, and to update the OCRS imagery 
library. Approximately 75 LANDSAT CCT ' s 
were purchased as the primary data source 
for land use, wetland and forest mapping. 
The OCRS continued to receive GOES and 
NOAA weather satellite imagery daily, 
for particular use in the scheduling of 
airborne operations . 

Air, Earth and Oceans Ltd. 
employed LANDSAT imagery for engineering 
site selection . 

Dendron Resource Surveys Ltd . 
demonstrated the potential contribution 
of LANDSAT data to forest management, to 
representatives of the forest industry. 

The emphasis of the 1981 activities 
of Geostudio Consultants Ltd. was on the 
development of methodologies for the 
application of digitally - analyzed LA~DSAT 
data, using DICS tapes. 

Gregory Geoscience Ltd . used 
approximately 2,000 LANDSAT frames 
(48% were black and white MSS frames, 
40% RBV imagery and 12% colour imagery), 
as well as 8 CCT ' s, of which 5 were DICS 
tapes . 

Kenting Earth Sciences Ltd. reports 
the use of black and white and colour 
LANDSAT imagery in the initial preparation 
of project estimates and during the 
preliminary phase of projects in areas for 
which no maps were available . 

Marshall Macklin Monaghan Ltd . 
employed approximately 10 LANDSAT images 
at scales of 1:1,000,000 and 1:250,000 . 



Applications and Developments 

Professor P.J . Howarth reports that 
remote sensing was applied by investigators 
in the Department of Geography, McMaster 
University, to the following projects: 

- change detection in the Peace
Athabasca Delta using LANDSAT 
digital data 

LANDSAT-D simulation study of 
land cover/land use mapping in 
southern Ontario 

geologic . mapping in the Grenville 
Province of Ontario, using 
LANDSAT MSS and RBV data, and 
SEASAT radar data 

land use/land cover mapping in 
the Hamilton-Wentworth region 
of Ontario using LANDSAT MSS 
and RBV data and SAR airborne 
data 

Professor Howarth also reports the develop 
ment of a recommended procedure for deter 
mining hydrologic and vegetation changes 
using LANDSAT DICS data . 

Professo r I . Hale of Ryerson 
Polytechnical Institute reports the 
development of a method of multi- parameter 
analysis for route and site selection, 
in conjunction with Bird and Hale Ltd. 
Computerization of the method is underway. 

Professor S . H. Watts of Sir 
Sandford Fleming College reports the 
use of remote sensing imagery for the 
examination of structural control of fiord 
development in an Arctic field study area. 

Professor F . Salvatori of the 
Department of Landscape Architecture, 
University of Toronto, employed aerial 
photography in resource and environmental 
analysis. 

The Department of Geography of 
Trent University employed remote sensing 
imagery in hydrological research on small 
basins and in the study of ice cover on 
lakes . 

Professor A. B . Kesik of the 
Department of Geography , University of 
Waterloo, reports the interpretation of 
LANDSAT imagery and aerial photography 
for geological and geomorphological 
information. Professor E. LeDrew used 
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aerial thermography and small - format 
aerial photography to determine surface 
thermal gradients and cur r ent trajectories 
in a small lake. He also reports the devel
opment of computer programs for edge detec 
tion of thermal patterns from CCT ' s . 
Professor S . I. Solomon of the Department 
of Civil Engineering reports the following 
applications of satellite data : 

- LANDSAT- based land use/land 
cover mapping in Columbia 

- a flood prediction study in 
Pakistan using LANDSAT data 

- estimation of solar radiation 
at the earth surface using 
GOES data 

rough land use/land cover 
mapping using GOES data 

Professor Solomon also reports the 
development of software with which 
microcomputers (with disc, tape drive and 
line-printer) can be used to perform the 
digital analysis of LANDSAT and GOES CCT's . 

The Land Use Coordination and 
Special Studies Unit, Environmental 
Approvals Branch, Ministry of the Environment, 
applied aerial thermography supported by 
colour photography for the detection of 
leachate seepage from landfill sites . 

The Technical Support Unit of the 
Hydrology and Monitoring Section of the 
Ministry of the Environment interpreted 
aerial photography to obtain geological and 
hydrogeological information for the siting 
of landfills. 

The Surveys and Mapping Department 
of Ontario Hydro employed colour infrared 
aerial photography for the detection of 
sub-surface field drainage tiles in south
western Ontario, both in order to minimize 
damage during hydro line construction and to 
provide a historical record. The Land Use 
and Environmental Planning Department 
reported that it interprets conventional 
black and white aerial photographs for all 
route and site selection projects, 
extracting information on land use, agricul
ture, vegetation, pits and quarries, mines, 
topography, soil/slope conditions, 
wildlife habitat and surficial hydrology. 
Data identified on the photographs is checked 
in the field, then transferred to mosaics 
or topographic maps, or encoded for 
computer mapping and analysis. 



The Onta r io Centre for Remote 
Sensing put into full operation a system 
for compu t erized map production f r om 
digitally-analyzed LANDSAT data, based on 
the Applicon Colour Plotter . The Centre 
developed software to produce maps with 
a UTM grid, latitude and longitude 
references, legend, delineation of the 
boundaries of colour-coded themes in black 
or white, and annotation of features by 
characters o r graphic symbols . Programs 
have also been written to permit users 
of the system to effect outlining, shading 
and annotation of features on the final 
Applicon- printed map through manipulation 
of a cursor on t he display monitor of the 
image analysis system . A technique has been 
devised to integrate the analysis results 
from two or more images within a single 
map, for the complementary use of different 
seasons of imagery and for change 
detection from a comparison of data from 
different years . Work is presently 
underway on the development of software for 
the integration into a single Applicon
produced map of data from existing thematic 
maps and other forms of remote sensing 
imagery, with data derived from the digital 
analysis of LANDSAT data . 

The OCRS digital analysis/computer
ized map production system was employed in 
numerous LANDSAT- based programs in 1981 . 
The following are some examples: 

- classification and mapping of 
wetlands of the Ontario portion 
of the Hudson Bay - James Bay 
Lowland 

land use/land cover mapping of 
Ontario 

- trial application of digitally
analyzed LANDSAT data to 
agricultural land use mapping 
for the province 

- synthesis of vegetation change 
over a period of years, related 
to changes in the emission of 
industrial pollutants 

- forest mapping north of latitude 
52°N (the northern limit of the 
standard provincial forest 
inventory program) 

The following are examples of OCRS 
programs based on other forms of remote 
sensing data: 
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coordination of an extensive 
operational application of the 
OCRS - developed method for the 
assessment of forest regeneration 
success 

development of a technique using 
aerial thermography, photography 
and LANDSAT imagery for the 
location of potential areas of 
roof instability over mine sites 

- continued development of an 
aerial photographic method for the 
quantitative evaluation of forest 
damage from spruce budworm 
infestation 

- coordination of thermal and 
photographic data acquisition 
for 8 towns and cities; direction 
of thermography presentations 
to homeowners at 2 residential 
energy conservation clinics of the 
Ministry of Energy 

- test of digitized thermography for 
the analysis of thermal plumes in 
waterbodies 

Beak Consultants Ltd . interpreted 
1:25,000-scale aerial photography for 
forest cover and surficial geology mapping, 
as part of a reservoir preparation study 
conducted in northwestern Ontario . Black 
and white photographs at a scale of 
1:5,000 provided data on vegetation types 
and the distribution of wetlands . 

Dendron Resource Surveys Ltd . 
performed forest stand typing and the 
measurement of height and crown area on 
black and white, colour and colour infrared 
photography, to produce volume estimates 
for forest and biomass inventories . The 
company reports development of the use of 
inertial navigation systems for obtainin g 
orientation parameters for photogrammetric 
restitution; and the refinement of photo
grammetric tree volume estimation techniques. 

Ecologistics Ltd. emplo y ed black 
and white, colour and colour infrared 
photography to establish baseline environ 
mental conditions surrounding a proposed 
landfill site. 

Geostudio Consultants Ltd. reports 
further progress in the development of 
methodologies for the digital analysis of 
LANDSAT data . The GEOTHEHE analysis 
technique was successfully applied to the 



mapping of waterbodies in Western Canada. 
A project was completed for Agriculture 
Canada demonstrating the ability to retrieve 
automatically portions of DICS data on the 
basis of Land Survey System geographical 
land parcel descriptions. 

Gregory Geoscience Ltd. applied 
the interpretation of LANDSAT imagery using 
the Procom projection compositor to the 
revision of 35 1:250,000-scale Canadian 
topographic maps, and to change detection 
on 500 1:50,000-scale topographic maps for 
planning of revision photography. Inter
pretative geological mapping was performed 
for projects in Ethiopia and Canada, 
using the Procom system to integrate 
gamma-ray, aeromagnetic, gravity and 
LANDSAT data and existing geological maps. 
The company is aiming at automation of the 
Procom system. 

Kenting Earth Sciences Ltd . applied 
satellite data to small agriculture and 
land use mapping projects; employed it in 
initial project assessment and as basic 
data where no maps were available; and 
used repetitive coverage to supplement 
other information sources on large projects. 

Philip A. Lapp Ltd. is conducting 
a study of the suitability and viability 
of a range of satellite sensors for 
Canadian ice and oceanographic data require
ments. The final reports of the study will 
be available in mid-1982. 

Marshall Macklin Monaghan Ltd. 
employed a large volume of aerial 
photography and a limited amount of 
LANDSAT data in the historical review of 
landfill sites, the location of specific 
geological features, terrain evaluation 
and mapping. 

Training 

Professor G.O. Tapper reports that 
two undergraduate courses of the Department 
of Geography of Laurentian University 
include training in the interpretation 
of remote sensing imagery. 

Professor P.J. Howarth of McMaster 
University reports that remote sensing 
courses given at the third and fourth-year 
levels were attended by 83 students, that 
a graduate remote sensing class was con
ducted, and that three students completed 
master's degrees in geography with 
specialization in remote sensing. 
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Professor R. Parent of the Royal 
Military College reports that a terrain 
analysis course includes training in the 
interpretation of aerial photography. 

Professor I. Hale reports that 
two courses on airphoto interpretation, 
one of an introductory nature and one with 
emphasis on engineering studies, were 
conducted twice in 1981. 

Professor S.H. Watts of Sir Sandford 
Fleming College teaches an introductory 
course in remote sensing to third-year 
geology students. 

Professor F. Salvatori of the 
Department of Landscape Architecture, 
University of Toronto, includes applications 
of remote sensing within a Landscape 
Architectural Design Program. 

Professors of the Department of 
Geography of Trent University offer training 
in airphoto interpretation as part of 
several courses. It was reported that 
LANDSAT thermal and radar imagery were 
used, to a limited extent, in one course only. 

Professor A.B. Kesik of the 
Department of Geography, University of 
Waterloo, taught undergraduate and graduate 
courses in remote sensing, and supervised 
honours essays and master's and doctoral 
theses based on remote sensing applications . 
Professor E. LeDrew taught fourth - year and 
graduate remote sensing courses, and 
directed remote sensing- related graduate 
research. Professor S.I . Solomon of the 
Department of Civil Engineering, University 
of Waterloo, taught one graduate course on 
the use of remote sensing in hydrology, and 
supervised two graduate and one doctoral 
student in the performance of remote sensing 
research. 

In 1981, the Ontario Centre for 
Remote Sensing acted as catalyst in the 
formation of the Committee on Advanced 
Remote Sensing Education and Research 
(COARSER), which consists at present of 
24 professors from 12 universities and 
colleges, as well as a representative of the 
Ontario Centre for Remote Sensing. A Steering 
Committee made up of 5 professors and the 
Chief Scientist of the OCRS was established. 
The following are some of the objectives 
of COARSER: 

- to maintain, on behalf of the 
universities and colleges of 
Ontario, an inventory of courses 



offered in remote sensing in the 
province, instructors, curricula, 
written teaching materials, and 
equipment on hand and proposed for 
acquisition; 

- to provide, on request, advice to 
a post-secondary instituti0n or 
an individual instructor on 
curricula, methods of instruction 
and teaching materials in remote 
sensing; 

- to identify and request special
ists to teach specific courses, 
as required; 

- to act, on request, as a source 
of informed comment on programs 
in remote sensing at the graduate 
level; 

- to identify topics for which 
teaching materials are needed, 
to be prepared by the OCRS and 
other members of the Committee, 
with the cooperation of the 
Steering Committee; 

- to identify the types of wo rkshops 
to be organized at OCRS for 
remote sensing instructors; 

- to advise government ministries 
and departments of the need for 
research and development of 
sensors, techniques of remote 
sensing data analysis and app lica
tions of remote sensing technology, 
as necessary. 

Under its technology transfer 
program, the Ontario Centre for Remote 
Sensing conducted the following remote 
sensing training seminars in 1981: 

General Remote Sensing Seminar for 
Professionals (5 days) 

Genera l Remote Sensing Seminar for 
Managers (3 days) 

Remote Sensing Seminar on Forestry 
Applications (3 days) 

Remote Sensing Seminar on Land Use 
Applications (3 days) 

Remote Sensing Seminar on Geological 
Applications (3 days) 

Photo Interpretation for Boreal 
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Forest Conditions (5 days; 
conducted twice in 1981) 

Photo Interpretation for Great 
Lakes-St. Lawrence Forest 
Conditions (5 days; conducted 
t wice in 1981) 

All courses emphasized hands-on experience 
in the practical application of remote 
sensing data. Staff members from 
government organizations, private companies 
and universities participated. Attendance 
was limited to 10 for each course, to 
ensure individual attention. 

Under the Canada-Germany Scientific 
and Technical Exchange Program, the Chief 
Scientist of the OCRS conducted a series of 
advanced seminars on applications of LANDSAT 
and radar data to forestry, land use and 
geology for teaching staff of the Faculties 
of Geography and Forestry of the University 
of Freiburg, West Germany. 

Other aspects of the OCRS technology 
transfer program included the following: 

- A wide variety of remote sensing 
consultation and/or assistance 
was provided to 47 organizations 
of the Ontario Government; 

- A wide variety of remote sensing 
consultation was provided to 27 
private companies; 

- Consultation and assistance were 
provided to staff, graduate 
and senior undergraduate students 
from 15 university departments; 

- Eight workshops were given for 
students, at the OCRS, at the 
request of teaching staff; 

- Eight guest lec tures were pre
sented at universities by OCRS 
staff, at the request of 
professors; 

- Graduate or doctoral thesis super
vision and guidance were provided 
to 10 students. In some cases, 
the OCRS digital image analysis 
facility was made available for 
use in studies toward thesis 
preparation. 

Air, Earth and Oceans Ltd. conducted 
a radar image interpretation seminar in 
conjunction with the Ontario Centre for 



Remote Sensing, and gave lectures on the same 
subject at the University of Toronto and 
Ryerson Polytechnical Institute . 

Dendron Resource Surveys Ltd. 
demonstrated to repres e ntatives of the forest 
industry applications of large- scale and 
conventional photography and LANDSAT imagery 
to forest managemen t. Staff of the company 
provided instruction at a remote sensing 
workshop . 

Dr . A. F . Gregory, President of 
Gregory Geoscience Ltd. taught one course 
involving remote sensing applicat ion in 
1981 . 

Kenting Earth Sciences Ltd. 
conducted an in - house information program 
on spaceborne remote sensing . 

Assessment of Benefits 

The general consensus among the 
university and community-college professors 
who reported using remote sensing imagery 
to any significant extent, was that it was 
extremely valuable in teaching and 
indispensable in their research projects . 

Mr . R. C. Ostry of the Technical 
Support Unit , Hydrology and Monitoring 
Section, Minis try of the Environment, 
reported that, although the total commi tment 
of his Unit to remote sensing remains low, 
it has become an integral part of the work 
program . 

Mr . L . E . Milton, Manager of the 
Land Use and Environmental Planning 
Department of Ontario Hydro, commented 
that information derived from photo 
interpretation provides a major component 
of both site-specific and regional environ
mental assessment studies . 

The Ontario Centre for Remote 
Sensing believes that the computerized 
map production system it has established 
in tandem with its image analysis system 
has overcome an important obstacle t o the 
operational application of LANDSAT data 
to thematic mapping over large areas. 

The general consensus among the 
private companies which replied to the OCRS 
questionnaire was that the use of remote 
sensing was an essential part of their 
business . Kenting Earth Sciences Ltd. 
expressed a growing interest in the 
application of LANDSAT to topographic and 
thematic mapping. 
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Conclusions and Forecast 

The consensus of university and 
college professors who replied to the 
questionnaire was that the Committee 
on Advan ced Remote Sensing Education and 
Research would be useful in advancing 
training in the use of remote sensing, 
and that the OCRS technology transfer program 
was a valuable source of assistance. 
Several professors stated that more funds 
were required for the purchase of equipment 
and imagery for remote sensing instruction. 

The Ontario Centre for Remote 
Sensing is encouraged by evidence of a 
g rowing interest in the us e of remote sensing 
techniques on the part of private companies 
in the province, and by the high level of 
interest in advancing remote sensing 
education shown by university and college 
professors. 

Air, Earth and Oceans Ltd. 
recommended that OCRS conduct a comprehensive 
study into the status of remote sensing in 
Ontario, and that province-wide standards 
in remote sensing education be developed. 

Dendron Resource Surveys Ltd. 
commented that both CCRS and OCRS are 
succeeding in efforts to ex t end the use of 
remote sensing beyond the scientific 
community in that several companies are now 
prepared to carry out operational projects 
using sophisticated remote sensing technology. 

Recommendations 

Professor R. Parent of the Royal 
Military College recommends that the 
Working Group of CACRS on Engineering 
Applications have lab-exercise material 
based on actual studies prepared for civil 
engineering students at various levels . 

The Ontario Centre for Remote 
Sensing commends CCRS on the quality of 
LANDSAT data production - with special 
mention of the excellent quality of colour 
composites - and on the efficiency of 
service ; on the establishment of a well
funded office for technology transfer; and on 
the program to upgrade Canadian receiving 
stations for the next generation of 
satellite data. 

Air, Earth and Oceans Ltd. 
recommends an improvement in communication 
among users of remote sensing data, through , 
for example, a more up-to-date national 
newsletter . 



Kenting Earth Sciences Ltd. wishes 
to participate more actively in the 
national remote sensing program and proposes 
two members of its staff for membership in 
the Working Group on Geography . 

1981 Publications and Papers 

Boasson, E. LANDSAT and Airborne Radar for 
Land Cover/Use Mapping and Change 
Detection in Southern Ontario . 
Unpubl . M.Sc . Thesis, McMaster 
University, 151 pp. 

Boissonneau, A.N . Canadian Initiatives in 
Wetland Inventory . Presented Paper, 
Ontario Wetlands Conference, The 
Federation of Ontario Naturalists, 
Toronto, September, 1981 . 

Dalman, D.W. and R. Johnson . Operation 
Skywatch: the Ontario Ministry of the 
Environment Program of Aerial 
Surveillance for Environmental 
Monitoring. Proceedings, Remote 
Sensing for Resource Management 
Conference, Soil Conservation 
Society of America, Kansas City, 
Missouri (in press). 

Feldman, U. , P . J. Howarth and J . A. Dav ies. 
Estimating Surface Wind Direction 
over Drifting Pack Ice. Journal 
of Geophysical Resarch, Vol. 86, 
No. C9, pp. 8117-8120. 

Gregory, A. F. and H. D. Moore. Landsat 
as a Mapping Tool. Presented Paper, 
CPA Colloquium, Banff, Alberta . 

Howarth, P.J . an d G.M. Wickware. Procedures 
for Change Detection using LANDSAT 
Digital Data . International Journal 
of Remote Sensing, Vo l . 2, No . 3 , 
pp . 277- 291. 

Jano, A. P. Practical Applications of Remote 
Sensing for Fo rest Pest Damage 
Appraisal. Presented Pape r, 
In-House Seminar on the Uses of 
Remote Sensing in Forest Pest Damage 
Appraisals, Edmonton Alberta 
May, 1981. ' ' 

Jano, A. and S. Pala. LANDSAT-Based Fo rest 
Magping in Ontario North of Latitude 
52 North. Proceedings, Seventh 
Canadian Symposium on Remote Sensing, 
Winnipeg , Manitoba, September, 
1981 (in press) . 
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Johnston, I.L. and P.J . Howarth . Enhance
ment of LANDSAT Data for Hudson 
Bay Lowlands Vegetation. Proceedings, 
Fifteenth International Symposium 
on Remote Sensing of Environment, 
Ann Arbor, Michigan (in press). 

Kesik, A. R . Cartography and Remote Sensin g 
in Canada. Invited Lecture, Institute 
of Geography, University of Wa r saw , 
Poland, September, 1981. 

LeDrew, E. The Significance of Surface 
Temperature Patterns on the Energy 
Balance of a Small Lake in the 
Canadian Shield. Atmosphere Ocean 
(in press). 

Lucas, A. E. Community Ana l ysis and Aerial 
Photointerpretation of Salt Marsh 
Vegetation within the Sou thern 
Gulf of St. Lawrence. Unpubl . 
M.Sc. Thesis, McMaste r Universi t y, 
237 pp . 

Milton, L.E . Remote Sensing and the Computer 
Assisted Route and Site Selection 
System. Ontario Hydro . 

Pala, S ., T . J. Ellis and D. B. White. 
Operational Land Cove r Type t~apping 
in Ontario by LANDSAT-Based Digital 
Analysis and Map Production. 
Proceedings, Seventh Canadian Symposium 
on Remo te Sensing, Winnipeg, Manitoba , 
September, 1981 (in press). 

Pala, S . and W. Weischet . Toward a Physio 
graphic Analysis of the Hudson 
Bay-James Bay Lowland. Proceedings 
in Le Na turaliste Canadien, Inter
national Symposium on the Hudson Bay 
James Bay Lowland, Guelph, Ontario, 
April, 1981 (in press). 

Pala, S. and A. Boissonneau. Wetland Class i
fication Maps for the Hudson Bay 
Lowland. Proceedings in Le Naturaliste 
Canadien, International Symposium on 
the Hudson Bay-James Bay Lowland, 
Gue lph, Ontario, Ap ril, 1981 (in 
press) . 

Solomon, S.I. and B.J. Swa in . Minicomputer 
Oriented Software for Interpretation 
of LANDSAT and GOES Digital Data . 
Adv . En g. Software, 1981, · Vo l. 3 , 
No . 3 . 



Solomon, S . I ., B.J. Swain, A. Beaulac and 
D. McKay . Use of GOES Digital Data 
for Estimation of Solar Radiation 
at Earth Surface. Proceedings, 
Seventh Canadian Symposium on Remote 
Sensing, Winnipeg, Manitoba, 
September, 1981 (in press) . 

Spitzer, R. LANDSAT and SEASAT Data for 
Lineament and Lithologic Mapping in 
Southeastern Ontario. Unpubl . M.Sc. 
Thesis, McMaste r University, 190 pp. 

Steffensen , R. , J.A. Shields, L. C. Goodfellow 
and A. R. Hack. A Procedur e to Overlay 
Thematic Map and Dominion Land Survey 
System Data to Geometrically-Corrected 
LANDSAT Images and Its Application to 
Agricultural Land-Use Studies in 
Western Canada . Proceedings, Seventh 
Canadian Symposium on Remote Sensing, 
Winnipeg, Manitoba, September, 1981 
(in press). 
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Wedler, E. and R. Kessler. Interpretation 
of Vegetative Cover in Wetlands 
Using Four- Channel SAR imagery . 
Proceedings, Conference of American 
Society of Photogrammetry/American 
Congress of Surveying and Mapping, 
Washington, D. C., February , 1981. 

Wickware, G.M. and P . J. Howarth . Change 
Detection in the Peace-Athabasca 
Delta Using Digital LANDSAT Data . 
Remote Sensing of Environment, 
Vol. 11, No . 1, pp. 9-25 . 

Zs ilinszky , V.G . , S . Pala and A. P. Jano. 
Remote Sensing Research Serves 
Forest Management. Proceedings, 
XVII IUFRO World Congress, Kyoto, 
Japan , September, 1981 (in press) . 



6 .11 REPORT OF THE PRINCE EDWARD ISLAND 
REMOTE SENSING COMMITTEE 

The Prince Edward Island Remote 
Sensing Committee has not been ac t ive dur 
i ng t he past year . Interest has been 
shown by severa l users in resource depar t
ments to apply remote sensing techniques 
to particular problems . Of late , dis 
cussions among these potential users and 
t hei r counterpart s i n Nova Scotia and 
New Br unsw i ck have proceeded . Recentl y , 
the Council o f Mari t i me Premi ers has 
approved the formation of a Mari t ime 
Remote Sensing Committee . 

During the second week of January , 
representa t ives of government , industry 
and t he un i vers i ty met and agreed to 
re - ac t ivate the provincial committee . 
From that meeting t wo representatives , 
who coincidenta l ly are the new Chairman 
and Secretary of the Provincial Committee , 
were chosen to represent P . E . I . on t his 
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Maritime Remote Sensing Committee . 
The new Chairman is Don Gillis of the 
Engineering Department at U. P. E . I., and 
the new Secretary is Robert Nicholson 
of the P.E . I . Department of Agriculture 
& Forestry. 

The general consensus of the meeting 
was that new efforts through the Maritime 
Committee would be forthcoming in the 
new year . There appeared to be a real 
desire among meeting attendees to get 
some projects going and successes achieved 
in Prince Edward Island . 

General economic conditions, financial 
restraint, and staff reductions are the 
background against which this new interest 
should be tempered . However , the need 
and desire still exist and with co- opera 
tion of all and new approaches perhaps 
good progress can be made. 



6. 14 REPORT OF THE REPRESENTATIVE 
OF THE YUKON TERR ITORY 

Pass 
The 
NTS 

An integrated multidiscipline resource 
inventory was conducted in the MacMillan 
area of Yukon during the summer of 1981. 
study area is equivalent to one 1:250,000 
mapsheep in area . Mapping was done at a 
scale of 1:100,000 and included aquatic, 
vegetation, soil/surficial geology and 
archaeology components . Individual disci
pline maps will be published, in addition to 
ecosection-ecodistrict maps . 

A landsat image, bands 5, 6, 7, was enlarged 
to the 1:100,000 scale and contours were 
superimposed . This product was used to 
facilitate the stratifying of vegetation 
ground truth sites . 
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Vegetation community maps of the Demspter 
Highway Corridor will be available prior to 
March 31, 1982. The mapping technique 
involved unsupervised classification of 
landsat imagery on the image 100 system and 
ground surveys. Scale of mapping is 
1:100,000. 

The Forestry Section, DIAND will be employing 
visual interpretation of color landsat 
transparencies (bands 4, 5, and 7) to prepare 
a general map of vegetation types for the 
entire Yukon Territory. Scale 1 : 250,000. 
The Forestry Section will also be testing 
1:250,000 landsat color prints for use as a 
supplement to standard maps and air photo for 
fire detection work from fire towers during 
the 1982 summer season . 



7 .1 SPECIAL TY CENTRE REPORT: 

PETAWAWA NATIONAL FORESTRY INSTITUTE 

Introduction 

Remote sensing research is being undertaken 
by the digital remote sensing and fire management 
systems groups at the Petawawa National Forestry 
Institute. PNFI operates, maintains and upgrades 
the ARIES image analysis system and supports 
current research programs covering a wide range of 
sensors and applications (e.g., Landsat MSS, airborne 
MSS, airborne synthetic aperture radar and laser 
fluorosensor; insect defoliation, regrowth monitor
ing, forest classification and databases, and forest 
change detection). 

Assessment of Spruce Budworm Defoliation 
with Digital Airborne MSS Data 

Two approaches are being investigated. 1) The 
assessment of the total amount of defoliation (loss 
of foliage of current year and previous years). This 
approach will be useful for monitoring stand condi
tion, predicting mortality and planning salvage 
logging operations. 2) Assessment of current de
foliation (loss of current year's foliage; assessed by 
detecting the red-brown colour of affected trees 
caused by partially consumed needles adhering to a 
web-like feeding tunnel produced by the budworm). 
The approach will aid in determining the current 
distribution of the budworm, detecting new 
outbreaks and in managing control programs. 

Total Amount of Defoliation Eleven channel 
airborne MSS data were acquired at 19 m and 4.5 m 
resolutions over two predominantly fir /spruce, 
mixedwood forest on Cape Breton Island, N.S. 
Supervised and unsupervised classification techni
ques were examined. Variations in the signatures of 
stands due to differing hardwood component or 
crown closure make classification of defoliation 
level in stands of different composition or density 
difficult. Supervised classification of the 19 m data 
was unsuccessful due to the small size of the forest 
stands. The 4.5 m data was successfully classified 
although due to the effects of varying crown closure 
and hardwood component only dense fir/spruce 
stands were classified. Four levels of defoliation 0-
33%, 33-66%, 66-90% and > 90% plus a class of wind 
blowdown were identified. Misclassification was 
approximately 25%. A good classification was 
obtained using only channel 9 (0.77-0.90 im), chan
nel 3(0.45-0.50 µm) and channel 7(0.63-0.70 µm). 
Channel 9 and 3 were the most useful for separating 
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defoliation level. Unsupervised classification gave 
two broad levels of defoliation for both the 19 m and 
4.5 m data and may be particularly applicable for 
areas in which forest stands are small and supervised 
techniques are difficult. Results of this study are 
reported in "Assessment of Spruce Budworm Defolia
tion Using Digital Airborne MSS Data, D.G. Leckie 
and F.G. Gougeon, Proceedings 7th Canadian Sympo
sium on Remote Sensing, Winnipeg, September 1981 
(in press). 

Current Defoliation Two test areas in northern New 
Brunswick were flown in early July 1981 during the 
period when trees affected by the budworm had a 
red-brown colour. Eleven channel MSS data at 
approximately 8.5 m, 4.0 m and 1.0 m resolution as 
well as normal colour and colour infrared photography 
was acquired. Preliminary results show potential for 
both principle component enhancement and classifi
cation procedures for assessing current defoliation. 

Conifer Regrowth Monitoring with Landsat 

There is an increased demand for monitoring 
forest regrowth. PNFI is investigating methods for 
monitoring conifer regrowth based on winter Landsat 
imagery from successive years or intervals of years. 
Winter snow cover will eliminate interference due to 
hardwood regrowth and differing ground cover types. 
Landsat DICS tapes (1973, 76, 78, 80 and 81) and 
aerial photography of a test area (Lake Traverse, 
Algonquin Park, Ont.) have been acquired. Clearcut 
logging and planting have taken place between 1972 
and 1978. Jack pine regrowth predominates. A 
regrowth survey of selected sites has been completed. 

RADARSAT 

The remote sensing group at PNFI is conducting 
a forestry experiment as part of the renewable 
resources project of the RADARSAT program. The 
purpose of the study is to determine the potential of 
C band radar and the proposed RADARSA T satellite 
for forestry applications. Clearcut mapping and 
regrowth monitoring are of particular importance in 
light of forestry needs and radar capabilities. Air
borne C and X band synthetic aperture radar was 
obtained (Aug. 1981 and March 1982) over three test 
areas in the Petawawa region. Area l (Lake Traverse 
study area) is primarily for the assessment of conifer 
regrowth. Area 2 (PNFI research forest) will be used 
to investigate regrowth, clearcuts and species dis
crimination. Area 3 (Canadian Forces Base 
Petawawa) was flown for the Terrain Evaluation 
Group at McGill University (Dr. J.T. Parry) and will 
be used by PNFI for evaluating C band's potential for 
mapping clearcuts. Initial optical-visual analysis of 
the photographic radar image product indicates some 
ability of C band for regrowth assessment, some 
difficulties in clearcut mapping (cuts occasionally 
confused with other open areas), and possibilities for 
conifer species discrimination. Digital data will be 
processed, corrections applied and the imagery 



registered with the aid of digital terrain models. 
Spectral and textural analysis will be applied to the 
data. Airborne MSS was obtained over the same 
areas concurrent with the summer radar data. 
Combinations of radar and MSS data will be inves
tigated. 

Landsat Forest Database and Change Detection 

The remote sensing group is scientific author
ity for an unsolicited proposal hy Scientific Consult
ing Services of Ottawa (Dr. Mayer Alvo and Dr. 
Morris Goldberg primary investigators). The objec
tives are to use an unsupervised classifier developed 
by CCRS and Or. GoLdberg in order to construct a 
multi-temporal forest classification and reliability 
database, to improve the classification by comparing 
results from images of successive years, and to 
automatically detect and identify changes in forest 
cover. The system will be tested on a DICS frame in 
central Newfoundland and implemented as a pilot 
project for the rest of Newfoundland. PNFI staff 
are involved in monitoring the contract, and testing 
and implementing the results. 

The forest fire management systems group is 
using the same classifier to help build a 50 meter 
resolution forest cover type and terrain database for 
the 7. 9 million hectare area of the Societe de 
Conservation de l'Outaouais. Other databases 
already existing include weather, fire and lightning 
location. These databases are and will be used for 
forest fire management purposes. 

Other Activities 

The remote sensing group is also assisting DOE 
and CCRS in monitoring a large PILP contract to 
DIPIX Systems Ltd. for conversion of the ARIES 
software to operate on a 32 bit Digital VAX 
computer system . 
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Laser fluorosensor data were acquired over test 
areas of the PNFI forest as part of an initial 
examination of the usefulness of fluorosensor data for 
detecting vegetation stress and tree species. An 
oblique colour video camera system was tested as an 
aid to sketch mapping of spruce budworm defoliation 
during the red-brown stage. 

The staff also gives numerous demonstrations of 
the ARIES system and assists outside users of ARIES. 
The ARIES facilities are available to outside users 
and visitors are welcome. 

Appendix I: Project Staff 

Digital Remote Sensing 

Dr. P.H. Kourtz (A/Project Leader) 
Dr. D.G. Leckie 
F.G. Gougeon 

Fire Management Systems 

Dr. P.H. Kourtz (Project Leader) 
B. Todd 
B.E. Mroske 
B. Roosen 



8.1 RIMJffl SENSilE APPLICATICtiS IN 
J\GRIClJLTURE 

R.B. Proud, Chief, Crops Section 
Statistics Canada 

Introductiai 

This presentation might l~ described as a 
two-part paper or perhaps rrore accurately, 
two separate mini-papers . I intend to sho,.r 
in very general tern-s ho,., rerrote sensing has 
affected the work of the Agriculture 
Di vision of Statistics Canada and where I 
see it prcx."eeding in the future. 

'lhe Main Crcp Area Estina.tinJ System 

First, by way of l:ackground, and because I 
believe it is impossible to explain ho,.r 
renote sensing fits into our program of 
agricultural statistics without saying a 
little about the program itself, I want to 
say a few- words about what we do. 

The Crops Section is res_Exmsible for making 
estimates of area, yield and production for 
all crops in Canada on a provincial and to 
scrre extent, sub-provincial J:asis. Until we 
began working with rerrote sensing data, 
alrrost all of this information was obtained 
fran surveys of one kind or another. 
Limitin:J the description entirely to the 
estirmtion of crop area, two main procedures 
have daninated our methodology. For all 
major crops, one of the rrost reliable 
indications of the area has corre fran 
probability sample surveys using area 
segments as the sartI>lin:J unit. In other 
worr1s, -Lrrroughout Canada we select area 
segments measuring aoout 1 by 3 miles and by 
visiting all farms with land inside each 
segment, we obtain information as to the 
area of crops gro,.rn within the ooundaries of 
that particular segment. In various ways 
that are irrelevant to this description, we 
then exparrl those segment values into 
provincial estirmtes of crop area. This 
survey is supplemented by mail surveys of a 
panel of fanners .Eran whom somewhat similar 
information is received. The mail survey 
involves a questionnaire which asks fanners 
for their area of each crop for the current 
and the previous year. This obviously 
provides a change of area indication which 
is chai ned reek to the previous census 
estimate and then corrected to the current 
census \-.hen it beccmes available. These 
then are the tv.0 main indications of crop 
an'!a, one provided by enllilleration, the other 
via a mail panel. Other indications may 
becane available fran supply-disposition 
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analysis etc. Ultimat=>ly the canrrodity 
statistician analyses all the indicators and 
using p:i.st experience and any additional 
kno,.rledge available, arrives at an official 
est.i.rmte of area for the p:i.rticular crop in 
question. 

'lhe ~licatiai of RaJOte SensinJ to 
Crcp Area Estimates 

The Agriculture Di vision first examined 
rerrote sensing techniques in 1974. Unfortun
ately . few resources were devoted to the 
project and -Lhe person involved soon left 
Statistics Canada. In early 1979, it was 
decided to make a fresh appraisal of the 
possibilities of using r<mote sensing data 
fran the LANDSAT satellite series. Very 
early in our endeavours we contacted CCRS 
arrl were fortunate enoug•1 to make the 
acquai ntance of Bob Ryerson \-.ho ; along with 
several colleagues, has made a major contri
bution to the success of our i,,ork. In t110se 
early days (early mat is for us in 
Statistics Canada) I was convinc~ -Lhat su~h 
a procedure could be very useful. Ho,.rever, 
as Statistics Canada has few if any 
resources for research projects, it was very 
irn,.oortant to develop a project that could 
shew success and becorre ooerational alrrost 
imnediately. The decisi;n was made to 
estimate potato area in New- Brunswick. The 
high pn:il~bili ty of success was indicated by 
the con~iderable work previously ccrnpleted 
for tlns crop in this province. In 
addition, canpared to sare other provinces, 
New Brunswick's agricultural area is of 
"manageable size" . A third irnportant ooint 
was tJ1at we had considerable fa.i. th i~ our 
existing syste.'11, thereby providing check 
data for the irrlications that cnuld re 
developed fran LNIDSAT imagery. 

There is no time to cp into the details of 
the systen we developed, but in layman's 
terms, and I do not consider myself an 
expert in rerrote sensing, we digitallv 
analyzed the LANDSA::' iTIB.ges for the thre~ 
potato growing counties and we obtained crop 
informati on for all -L11e segrrents ,.,.rithin 
~ese_ ~unties. T}us procedure involved 
iden:ifying fields of p:,tatoes as well as 
possible confusion crops on air phot03raphs 
of ~ach segrrent. Certain S8glrents were used 
during tl1e classification of t.he LANDSAT 
scene ~th all segrrents b2ing used for 
~rrection . purpos~s. By correction I mean 
that by usi11g van.ous regression t echniques 
i\ ~s possible to correct the LANDSAT .L-nag~ 
P.s ~imate for confusion crops and other 
problems. This I believe is the key to the 
success of the system. 



SUcoess of the System 

In 1980 we ca.ire up with \<hat we oonsidered 
to be very acceptable results and oontinued 
the project with minor alterations in New 
Brunswick in 1981. This was a crucial year 
as ulti.rrately we will have Census of 
Agriculture infonnation providing very 
accurate infonnation of crop and therefore 
potato area. The project went well in 1981 
and although the Agriculture Census results 
are not yet finalized, it appears that the 
I.ANOOAT , ground data, regression indication 
will be within one per cent of the 
agriculture census esti.rrate. 

Last year, 1981, we initiated a project to 
esti.rrate rapeseed area in the Peace River 
District of British Columbia and Alberta. 
Of seoondary llllfX)rtance was an examination 
of the possibility of esti.rrating total 
grains and surrmerfallow First indications 
are that the rapeseed estimate for British 
Colurrbia is extrarely good ....tten ccmpared 
with other survey infonnation. In Alberta, 
\<here we had additional problems with 
cloud-cover, I am not sure that we yet know 
how good an indication was developed. One 
point vm.ich is worth noting is that the 
indication in the Peace River of British 
Columbia was developed using only 16 area 
segments yet the ooefficient of variation 
was less than the CT for the survey esti.rrate 
using over 50 segments. 

Future Plans for Use of RenDte Sensin;J 

Where do we go fran here? In 1982, 
providing that LANDSAT imagery is available, 
it is intended to continue the New Brunswick 
project and to expand the estimation of 
potato area into Prince Edward Island and 
Ontario. At the sane time, the project in 
Alberta and British Columbia will be 
expanded to include additional crop 
districts in southern Alberta. 

My philosophy in using rerrote sensing 
techniques is quite sirrple. I consider it 
to be one of a number of tools available to 
the agricultural statistician. I am 
canpletel y pragmatic in the use or otherwise 
of such techniques. In other words, 
ccmpared with other methods and techniques 
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that we use, r6!0te sensing rrust be oost 
effective, time effective and quaTity 
effective or at least in cxrribination of 
these criteria superior to other 
metllodologies . 'Ille techniques we have used 
with considerable success have involved the 
marriage of satellite i.rragery and ground 
truthing through regression techniques. 

This has convinced rre that vhile r6!0te 
sensing itself ma.y be a useful tool, it 
becanes rrore _IX)Werful \<hen integrated into a 
wider systan of estimation. In the Agricul
ture Division, we have every intention of 
expanding our use of this technique. 
However, in expanding we rrust reduce our 
input elsewhere. Obviously as an eoonanist, 
I make this mange tmtil rrarginal cost 
equals ma.rginal revenue, or in other words, 
r6!0te sensing systems no longer canpete 
with other methodologies. 

My concerns for the future are the possible 
loss of LI\NDSAT data this year and the 
sanewhat tmcertain future in the near tenn. 
A further concern is that Reagananics ma.y 
effectively destroy all the developments by 
pricing tapes out of our reach. For future 
crq, esti.rration I need at rrost a nine-day 
interval in satellite passes with little 
escalation in oost of tapes. The present 
resolution seems to be adequate for our 
purposes and I '-"Ould be '-"Orried that finer 
resolutions may escalate processing data to 
an tmacceptable level. 

Organi..zati.cn in the Future 

Fran an q,erational and organizational point 
of view, I favour the continued close 
liaison between ourselves in Statistics 
Canada and the Canada Centre for Rerrote 
Sensing. The r6!0te sensing part of our 
systen is an area of rapidly developing 
technology for ....ttich we are not and do not 
intend to becare experts. In future too, 
for budget and other reasons, we would like 
to transfer mudl of the work we do to the 
provinces. In this regard I believe the 
ideal type of collaboration would be one of 
equal partners : Statistics Canada . the 
provincial agricultural statistics 
departments or off ices, CCRS, and the 
provincial rerrote sensing centres. 



8.2 CONCERNS AND OPPORTUNITIES 

IN FORESTRY APPLICATIONS 

IN REMOTE SENSING 

Peter Kourtz 
Petawawa National Forestry Institute 

Canadian Forestry Service 
Department of the Environment 

Chalk River, Ontario 

Forestry and the Canadian Economy 

To begin, I would like to briefly 
review the importance of forestry to 
the Canadian economy and at the same 
time point out the meagre resources 
going into forestry remote sensing 
research. One million jobs, or the 
equivalent of one job in ten, is 
connected directly or indirectly with 
forestry. In 1980 the value of 
Canadian forest products totalled 22 
billion dollars or about $1000 per 
Canadian. If one were to add the 
export incomes from agriculture, 
fisheries and mining, they would not 
total the income received from 
forestry exports. Governments annually 
receive $3 billion from the taxation 
of forest industries; the federal 
government's share is $1.3 billion. 

The Federal government, through 
the Canadian Forestry Service (CFS), 
carries out the most of the forestry 
research for the country. The CFS has 
an annual budget of $44 million or 
about 3.4 % of the Federal government's 
annual income from forestry. The CFS 
currently spends about $200,000 on 
remote sensing research which is less 
than 0.5% of its research budget. 

An outsider might conclude from 
these figures that all must be going 
well in the forestry business and that 
there is no serious need for forestry 
research, especially in remote sensing. 
But all evidence points to the 
contrary. In some provinces we are 
cutting the forest significantly faster 
than it is growing. Local wood 
shortages are already apparent and, in 
the near future, things are predicted 
to get much worse. We have an age gap 
in the next generation of trees that 
could bring the forestry business to 
an abrupt halt. This gap in raw 
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material flow is the result of years 
of neglect and mismanagement. Fifteen 
percent of our forest land remains 
idle. Even today, for every five acres 
harvested one will remain in a non
productive state. In 1980, fires 
destroyed five times the average 
annual harvest area. 

A viqorous research program is 
necessary - to help ease the difficulties 
we are bound to encounter. Modern 
remote sensing will have an important 
role to play in clarifying the present 
forest state and how it is responding 
to our management efforts. 

Summary of Current Landsat Applications 
in Canadian Forestry 

Currently, most remote sensing 
applications in forestry involve the 
use of conventional and near-infrared 
medium-scale photography. Improved 
inventory methods based on large-scale 
photo sampling, developed during the 
last decade, are just now being 
applied. A few commercial companies 
and provinces have played a leading 
role in applying this technology for 
regeneration assessment and the 
updating of existing inventories. 

Applications of LANDSAT are slowly 
beginning to appear. In Ontario, a 
LANDSAT-based survey of forest and 
tundra lands north of the 52nd 
parallel is in progress. In Quebec, 
Jean Beaubien has been working on a 
LANDSAT survey of a huge area for 
Quebec Hydro. In British Columbia, the 
Ministry of Forests has just completed 
a province-wide forest change survey 
based on the use of LANDSAT's vidicon 
imagery. Enhancements of a 30 DICS 
frame area of the Lac St. Jean forest
fire region in Quebec were completed 
this year and are available for use 
for forest fire fuel assessment. The 
Forestry Statistics and Systems Branch 
of the Canadian Forestry Service has 
just completed an initial inventory of 
the forest resources of the Northwest 
Territories. CCRS LANDSAT products 
were used for areas where no suitable 
aerial photography existed. Updates 
of this inventory are currently being 
carried out using LANDSAT to include 
forest fires up to the end of the 1981 
season. 



Summary of Forestry Remote Sensing 
Research 

Research in forestry applications 
of remote sensing is carried out by 
the Canadian Forestry Service , 
provincial remote sensing centres, 
provincial forestry departments, and a 
few universities. During the past ten 
years this research has identified the 
role of LANDSAT in forestry and has 
developed and demonstrated application 
methods . Initially , the research 
efforts centered around LANDSAT ' s 
ability to map broad forest cover 
types . The ideas · and methods derived 
from this work form the foundation of 
the current applications . 

Research work of the past few 
years has concentrated on extracting 
additional information from the data. 
Geometric correction of the data 
enabled temporal overlays. The s e, it 
was quickly learned, provided more 
reliable and detailed information on 
forest types and provided us with the 
ability to monitor changes in these 
cover types. Current research efforts 
are aimed at developing database 
management systems to permit the easy 
use and presenta tion of the data. An 
important goal of this work is to be 
able to automatica l ly monitor major 
forest changes over huge areas on a 
regular basis . Applications during the 
next decade will be based on these 
concepts and methods that are now 
nearing completion in our research 
computer centres . 

Forestry Remote Sensing Concerns 

I have t wo major concerns related 
to the state of forestry remote 
sensing. The first one deals with the 
level of Canadian Forestry Service 
support. The CFS remote sensing 
research and applications activities 
reached a peak in 1978 . At that time 
a strong national research and 
development program was proceeding to 
integrate advanced statistical 
methods, large - scale photo sampling, 
and LANDSAT data with the aim or 
imp rov ing f o rest inventory procedures. 
During the past three years, the human 
resources associated with this work 
have been reduced to a level well 
below a viable threshold. Today this 
program does not exist and only four 
widely dispersed researchers remain. 
The prog ram cannot be rebuilt because 
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positions are not available . The 
productivity of the rema i ning group is 
so low as to bring into question the 
continued operation of the main 
research tools : the image processing 
computers . If remote sensing research 
is to continue in the Canadian 
Forestry Servic2 a renewed nat i onal 
program must be defined and quickly 
staffed . 

My second concern is related to a 
long term approach to technology trans
fer in forestry . Canadian forestry 
has played an active role in support
ing the national remote sensing 
program in the creation and use of 
regional image processing systems . 
Forestry, with the assistance of CCRS, 
has sponsored numerous publications, 
demonstration projects, and seminars 
aimed at transferring the technology 
to the users. Probably all potential 
users have had some opportunity to 
read our literature, examine the 
standard products, attend our 
semi nars , or work with our image 
processing equipment. 

It is certain that more exposure 
to the technology will bring about 
more transfer . The interdepartmental 
Technology Transfer Office must 
develop and implement a plan involving 
more demonstration type activities . 
Where we lack initiative is in a 
longer term approach to the problem 
We must expose all forestry technical 
and university students to the 
concepts and methods of modern remote 
sensing. These are the people who will 
demand that modern remote sensing 
methods be integrated into future 
forestry operations. 

With a few notable exceptions , the 
current course curriculums of forestry 
education programs include mainly 
conventional air photography topics . 
Few forestry remote sensing teachers 
have been exposed to modern image 
processing concepts or methods and 
some are not even aware of the 
standard products available from CCRS. 

There are many approaches that 
might be used to assist the forestry 
educators . A remote sensing teacher ' s 
package could be assembled and 
distributed . A 'travelling road show' 
could visit each school and assist in 
teaching and demonstrating the 
technology . This road show could 



include the use of a portable image 
display system. A special course, 
funded by government , could be set up 
to t each the teachers. A Canadian 
remote sensing textbook aimed at 
technical and university forestry 
school instruction might be 
commissioned. 

Opportunities in Forestry Applications 

I wou l d like to briefly mention 
three important activities that are 
taking place that could have important 
consequences for remote sensing in 
forestry. Canada is currently plann
ing and developing an imaging radar 
satellite that will have the potential 
to image general forest cover in all 
weather conditions. Preliminary tests 
of the CCRS airborne radar system, 
designed to simulate the future 
satellite performance, indicate that 
major forest changes will be able to 
be monitored. In addition, it may be 
possible to add to the satellite a 
visual-infrared imaging system . This 
secondary sensor package could consist 
of a steerable push- broom type , 
25 - meter resolution system . Such a 
system could provide Canadian forestry 
with a secure source of affordable 
operational data for the 1990s. 

A second opportunity in forestry 
remote sensing is associated with the 
development by provincial government 
inventory groups of geographic timber 
inventory database systems. The data 
stored in such systems will be 
essential for future forest management 
activities . Modern remote sensing has 
an important role in updating these 
databases. Information from existing 
inventories, high and low resolution 
satellite imagery , and large-scale 
photo-sampling methods could be used 
for automated change detection, 
Bayesian approaches to updating, and 
dol l ar-saving multi-stage sampling 
procedures . These future timber 
inventory requirements provide a more 
applications - orientated framework for 
our remote sensing research. A new 
initiative by the CFS in this 
direction would probably be very 
productive . Forest mensurationists, 
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statisticians , and remote sensing 
specialists could combine talents to 
develop new procedures that take 
advantage of the latest remote sensing 
developments to economically meet the 
demands of the new inventory systems. 

A third opportunity relates to the 
important developments that are 
underway in the remote sensing 
hardware and software fields. Powerful 
image processing and display systems 
are being planned and developed to 
economically connect to the next 
generation of mini-computers. These 
systems should make image processing 
and display available to most major 
forestry users in the next five to ten 
years. This ' in house' image process
ing capability combined with low-cost 
colour displays, huge bulk memories, 
and efficient database management 
systems, will encourage the pro 
liferation of small provincial and 
industry forestry information centres . 
The lack of affordable solutions to 
data communications problems will 
probably delay the implementation of 
large centralized information centres 
designed to support field users by 
remote displays . 

RECOMMENDATIONS 

To conclude, I would like to put 
forth three recommendations. 

1) That the direction of the technol
ogy transfer program be modified to 
include a long term approach; a 
program is required to ensure that 
students of post-secondary forestry 
remote sensing courses receive an 
adequate exposure to modern remote 
sensing concepts , equipment, and 
methods. 

2) That the necessary action be taken 
to include a visual-infrared sensor 
system on the Canadian RADARSAT 
satellite. 

3) That concern be expressed about 
the current level of support for 
forestry remote sensing research, 
especially in the CFS. 



8 . 3 Concerns and Opportunities in the 
Application of Remote Sensing to Water 

Resource Management 

Barry E. Goodison 
Hydrometeorology Division 

Atmospheric Environment Service 
Downsview , Ontario 

Introduction 

Next to air , water is the most vital 
natural resource. Yet , both water and air 
are so basic to Canada ' s economic and social 
activities that their importance is all too 
often overlooked . Although water plays an 
integral role in the management and develop
ment of other economic sectors , such as 
agriculture , energy , forestry and 
transportation , the needs for the 
application of remote sensing to water 
resource management may be quite different 
from these sectors. In particular , the 
temporal and spatial requirements for remote 
sensing data and the timeliness of receipt 
of these data by the user agency are often 
more stringent than for other land resource 
sectors . These differences are one reason 
why when we refer to data requirements that 
we should speak of "land and water 
resources " and not of "land and land 
resources ." 

This paper will provide an overview of 
some of the current activities in Canada 
where remote sensing and data transmission 
are used in water resources management . It 
will touch on some of the associated 
challenges and problems and conclude with 
recommendations appropriate to the water 
resource sector. 

Economic Value of Water 

The contribution of water resources to 
the Canadian economy can be demonstrated by 
cit i ng a few examples of the value of water 
based on the cost of the next best 
alternative for providing similar services 
and goods . To illustrate , 68 per cent of 
Canada ' s electricity was supplied from 
hydro - electric power in 1977 . For 1980 , the 
replacement value of hydro - electric 
generation in Canada using thermal plants , 
would be 5.4 billion dollars using the 
domestic price for oil or 11.7 billion 
dollars using the world price. Similarly , 
the five largest windrawal uses o f water in 
Canada , consisting of thermal power , 
manufacturing, municipal services , 
agriculture and mining, have an estimated 
value of 926 million dollars for 1980 on the 
basis of the next best alternative cost. 
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Further it is estimated that over two 
billion dollars was spent in 1980 for the 
design and construction of hydraulic 
structures (such as bridges , culverts , dams 
and irrigation projects and water control 
structures for hydro-electric power). Flood 
damage and relief assistance have amounted 
to some 200 million dollars annually . In 
contrast are the problems associated with 
the lack of water. In relation to 
agriculture , the Manitoba Crop Insurance 
Corporation has estimated that if a full 
scale drought developed in Manitoba and 
crops failed throughout the province , claims 
amounting to more than 150 million dollars 
could be made . Severe water shortages could 
have even greater implications for other 
economic sectors : power generation suffers 
decreased production because of low water 
levels and reduced water availability for 
cooling at thermal stations ; industries , 
such as pulp and paper which are heavily 
water dependent , suffer through production 
cutbacks due to the lack of processed 
cooling water and curtailed water - borne 
transportation; low water levels tend to 
lower water quality, increasing industrial 
and municipal water treatment costs ; and, 
deteriorating water quality economically 
damages the tourism and recreation industry . 

The above noted dollar values refer to 
the estimated worth of water to the economy. 
The economic value of remote sensing to the 
Canadian water sector is an area which needs 
further assessment. In the United States , 
NASA has carried out Applications Systems 
Verification and Transfer (ASVT) projects , 
one of which was on the Operational 
Applications of Satellite Snow Cover 
Observations. Rango (1981) reported that 
the benefit/cost analysis run in conjunction 
with this project showed that for hydropower 
and irrigation the benefit/cost ratio was 
72:1. The potential benefits from improved 
satellite (NOAA and Landsat) snowcover-based 
predictions across the eleven western U. S. 
states were 10 million dollars for 
hydropower and 26.5 million dollars for 
irrigation while the costs were about 
$505 , 000 . These types of projects are 
needed in Canada to demonstrate the 
importance of remote sensing to water 
resources management. 

Current Activities in Canada 

The report of the CACRS Water Resources 
Working Group, included later in this 
document , provides an overview of many of 
the current remote sensing activities 
related to water resources. The scientific 
specialities which are reviewed include: 



precipitation , snowcover, ice, soil moisture 
and groundwater , hydro - geomorphic processes , 
coastal processes , water quality , wetlands , 
hydrologic modelling , and satellite data 
retransmission. Areas of most activity both 
for research a nd applications include data 
retransmission, snowcover , precipitation , 
water quality and surface water t emperature 
measu rement. 

The most effective satellite 
application in the water resource sector , 
affecting every water agency in the country , 
continues to be data retransmission from 
data collection platforms (DCPs) . For B . C. 
Hydro , for exampl e , the establishment of DCP 
networks has had the greatest impact in 
l eading to i mproved short term flow 
forecasts , and DCPs are considered by them 
to be the only operational tool in the 
remote sensing field . DCP networks operated 
by federal , provincial and private agencies 
are expanding rapidly for the collection of 
data in remote regions . To improve short 
t erm flow forecasts , agencies need timely 
data (eg. hourly, 3- hourly) and DCPs offer 
this capability. 

In the near future , data retransmission 
via satellite and the operation of DCPs in 
remote regions will form both the major 
challenge and the opportunity for potential 
benefit in water resource applications of 
remote sensing and data transmission. This 
is not to say that other applications will 
not continue to be developed and applied , 
but most operational water agencies will be 
focusing their attention on the use of 
satellite data retransmission. This will 
present problems which must be addressed . 
Standards for sensors, communication and 
archiving of data will be desired. Is there 
a need for Canadian DCP receiving stations 
for data retransmission via GOES? Is there 
a need for data retransmission facilities on 
Canadian satellites such as M-SAT and 
RADARSAT? Many feel the answer to these 
questions is yes . These questions and 
others will be discussed more fully at the 
2nd Canadian DCP Workshop to be held in 
Ottawa in May , 1982. 

The first appl ication of satellite data 
in the water sector was the observation of 
snowcover. The Canadian contribution to the 
World Meteorological Organization's Snow 
Studies by Satellite Project was initiated 
in 1974. Snowcover analyses for four 
international basins - Columbia , Souris , 
Lake-of-the-Wood s and Saint John - were 
carried out by different agencies using NOAA 
and Landsat imagery. In most cases , the 
basic technique wa s opt ical - electrical 

94 

imagery analysis , but some analysis was 
conducted with digital satellite data. 
Satellite s nowcover analysis has been 
continued by the Atmospheric Environment 
Service (Hydrometeorology Division) for the 
Saint John Basin. A digital processing 
system using NOM/TIROS multi - channel data 
has been developed to determine the areal 
extent of snowcover in this forested basin 
(Waterman et al. , 1980) . The snowcover map 
is forwarded via telecopier to the 
Fredericton Flood Forecasting Centre within 
one day of data acquisition for use in their 
operational flood forecasting system . The 
timely acquisition, analysis and 
transmission of results to the user is 
critical if the satellite data are to be 
used effec tively in operational water 
resource management. 

From these studies the limitations of 
satellite data for snowcover studies were 
identified . In Canada , Landsat data cannot 
be used effectively on an operational basis 
because the 18- day temporal coverage is 
inadequate . The probability of cloud free 
coverage every 18 days is l ow and during 
that time interval the snowpack could 
disappear entirely. For large basins , the 
increased spatial resolution of Landsat 
means that passes on 4 or 5 successive days 
are required for coverage of the entire 
basin and this limits operational 
application to many snowcover problems . 
Cloud cover is a real problem in snowcover 
mapping both in obtaini ng coverage of the 
basin and in distinguishing between cloud 
and snow . Daily coverage of target areas by 
the weather satellites is an advantage in 
obtaining usable and timely data . 

At this time we are still only able to 
determine the areal extent of snowcover , and 
there is no centralized system for mapping 
every basin which might be required by user 
agencies. For each user to implement their 
own analysis system would require their 
receipt of satellite data in near real - time 
and the development of an objective 
interpretation system which is affordable 
and transferable to "non- specialists". 

A major chal l enge in the remote sensing 
o f snowcover is to develop algorithms for 
determiing areal snow depth , water 
equivalent , areal extent and liquid water 
content for sensors having all - weather 
capabilities . The most immediate promise in 
this area is the use of passive and active 
microwave. As part of the RADARSAT program , 
there is an experiment to assess the 
feasibility of using X and C band SAR data 
for the determination of snow depth , state 



of the ground and snowrnelt and to determine 
the effect of land cover , terrain roughness 
and diurnal and seasonal variations on the 
measurement capabilities. In addition , a 
major Canada/U.S. cooperative multi-stage 
remote sensing snowcover experiment was 
conducted during February 1982 over the 
Canadian Prairies . Ten agencies were 
involved . The study ' s objectives are : to 
assess the utility of passive microwave data 
for the mapping of Prairie snowcover , 
particularly in relation to areal extent , 
depth and water equivalent ; to develop the 
capability of mapping areal snowcover (areal 
extent , depth , water equivalent) on the 
Canadian Prairies; integrating ground based , 
airborne and satellite data; and , to provide 
a direct intercomparison of Canadian and 
American airborne gamma-ray systems for the 
measurement of snow water equivalent. In 
addition to the two gamma aircraft , a U. S. 
Air Force Hercules flew the NASA airborne 
multifrequency microwave radiometer over the 
target areas. Data were recorded for 
appropriate NOAA (visible and IR) and 
NIMBUS - 7 (SMMR) passes . A major success was 
in obtaining coincident ground , airborne and 
satellite data on the 700 miles of target 
lines over Saskatchewan. This occurred 
because the aircraft responded to meet 
appropriate snowpack and weather conditions 
as determined in consultation with the 
coordinator , aircrew , and ground personnel. 

The use of surface water temperatures 
derived from satellite data is another 
important operationa l application for water 
resources management . From 1966 to 1980 the 
Hydrometeorology Division of AES monitored 
temperatures of the Great Lakes (excluding 
Lakes Michigan and St . Clair) using airborne 
radiation thermometry (ART). Until 1978 
surveys were conducted approximately monthly 
on each of the lakes during the ice-free 
season. From 1978 onward , as the capability 
was perfected to determine water 
temperatures from NOAA infrared data , the 
ART program was gradually reduced. It was 
terminated in 1980. 

Retrieval of Great Lakes temperatures 
from satellite digital infrared data began 
in 1977. Analyses are based on data from 
the NOAA polar orbiting environmental 
satellites. Comparisons with meteorological 
buoy measurements to date indicate that the 
RMS error is about 0.6°c. SRT temperatures 
are averages of, at best , 1 km square 
surfaces at the satellite sub- point , and 
represent progressively larger areas outward 
to the edge of scan. At present most 
analyses are derived using data from the 
9 . 5 - 11.5 µ channel and an atmospheric 
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correction routine that requires real-time 
radiosonde data as input. 

The Hydrometeorology Division is 
analyzing Great Lakes and Bay of Fundy 
temperatures once every two weeks. To date , 
analyses of surface water temperature from 
SRT have been performed for the Great Lakes , 
Lake Winnipeg , Bay of Fundy and other 
Maritime coastal areas , and occasionally for 
smaller lakes in Ontario and on the 
St. Lawrence Seaway . 

Uses of the temperature data include 
local weather forecasting, forecasting lake 
effect snowstorms , radiation budget 
calculations , forecasting freeze-up on the 
St. Lawrence Seaway , coastal climate 
studies , studies of fish reproduction and 
fish population movements and the assessment 
of Great Lakes nearshore water quality. 

For smaller lakes where satellite 
resolution is insufficient for accurate 
temperature mapping , an airborne thermal 
line scanner has been used to acquire the 
data. These data have been used in energy 
budget calculations and the estimation of 
lake evaporation. 

In the field of water quality there has 
been considerable research conducted toward 
the utilization of multispectral radiance 
responses recorded by satellite as a means 
of water quality monitoring over inland 
lakes. Initially Landsat digital data were 
used to estimate sediment levels in the 
lakes. Chagarlamudi and Schubert (1979) 
reported correlations greater than 90% 
between estimated and measured sediment 
levels , expressed as upwelling irradiance. 
Not all investigators , however , are as 
positive about the use of satellite data for 
water quality measurement . 

Bukata et al. (1981) concluded that 
"the remote sensing of water quality 
parameters from aircraft altitudes presents 
distinct difficulties to thematic mapping of 
both chlorophyll - a and suspended minerals to 
much better accuracy than~ (50-100)% for 
inland water masses as optically complex as 
those found in Lake Ontario". They go on to 
state that "further complexities introduced 
by atmospheric scattering and absorption 
would only serve to render such water 
quality mapping from satellite altitudes 
even more tenuous ." Earlier Bukata et al. 
(1980) had cautioned about the use of 
operational atmospheric correction 
algorithms which had been developed for 
water quality work, particularly those based 
on the CZCS 670 nm and the 700-800 nm- bands. 



In discussions with some in the water 
quality field , it was pointed out that 
remote sensing had not yet made inroads into 
quantitative water quality measurement from 
satellites. As noted above , considerable 
research is being done on chlorophyll and 
suspended sediment measurement , but before a 
lot of the informaton gained is applicable 
to satellite monitoring more clarification 
is needed . It was also pointed out that as 
in the case of snowcover mapping the 18- day 
cycle of Landsat is not that good for water 
quality studies. It appears that there is 
still much to be done to meet operational 
water quality needs. 

Finally , one application which will be 
very useful in Canadian water resource 
operations when developed and implemented is 
the determination of rainfall from 
satellites. Many studies are currently in 
progress to develop these techniques for 
Canadian situations. At McGill University , 
the "Stormy Weather Group" is working on 
precipitation estimation using weather radar 
and the integration of satellite and radar 
data. INRS - Eau with assistance from McGill 
are conducting a study in the Yamaska River 
basin combining weather radar and ground 
based rainfall measurements to provide 
improved rainfall data to the CEQEAU 
hydrological model in an effort to increase 
the accuracy of the model ' s runoff 
prediction and to assess its sensitivity to 
remotely sensed precipitation information. 
Weather radar , although not an airborne or 
satellite remote sensor , has great potential 
application for improving flow forecasting 
operations and for this reason provincial 
water agencies and the CACRS Water Resources 
Working Group have tried to keep up-to-date 
on developments . Ultimately , one can 
foresee the integration of radar , satellite 
and ground based data. 

Currently the Atmospheric Environment 
Service , through outside contractors , is 
developing a program to produce short range 
(2 - 4 hours) forecasts of precipitation 
areas. These forecasts will initially 
identify areas of occurrence or non 
occurrence . The system uses radar data to 
develop statistical signatures of rain areas 
in the satellite data base. A rain map is 
produced using radar data, where available , 
and otherwise just GOES satellite data . 
Predictions of areal precipitation will be 
provided by automatic extrapolation using 
pattern correlation. 

On the west coast , Ingraham (1980) has 
developed a technique for estimating depth , 
area of coverage and duration of rainfall 
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from GOES infrared images , based on a simple 
physical - conceptual model of the atmospheric 
physics of clouds. The technique has had 
initial testing on several large frontal 
systems occurring over British Columbia. 
Efforts are now focusing on the estimation 
of the depth-area - duration of rainfall from 
several storms over a well gauged area, 
comparing these estimates with those from 
the ground station networks and then 
updating the satellite estimates with the 
observed rainfall data so that the updated 
satellite rainfall estimates can be used 
reliably for river flow forecasting . Again 
timely receipt and processing of the data 
will be critical for ultimate operational 
application . 

Implementation of a system using 
integrated ground based and remotely sensed 
data for rainfall determination is certainly 
a challenge for the future . 

Problems , Challenges and Needs 

Some of the problems and challenges 
facing those working in the water resource 
field have been summarized above. Again , 
the limitations of Landsat data must be 
remembered : repeat coverage only every 18 
days; cloud cover (in combination with the 
18-day cycle) limiting operational 
applications; passes on consecutive days may 
be necessary to cover the target area ; and , 
acquisition of the data (digital , 
transparencies) by the user in a near real 
time mode . Timely receipt of satellite data 
in a format directly useable by an agency is 
also a problem for satellites other than 
Landsat , particularly for near real-time 
applications. Implementation of a "deli very 
system" for satellite data to "outside 
users" to meet their operational 
requirements is a need and a challenge for 
current and future satellite systems. This 
need has been stressed by the RADARSAT 
Renewable Land Resources Study Team for 
consideration in the planning of the 
RADARSAT mission . 

The development of new satellite 
applications for water resources management 
often requires airborne missions to be 
carried out first. One successful example 
of such a program was the Prairie snow cover 
experiment noted above. In a few cases 
there have been problems , particularly with 
CCRS aircraft , in coordinating airborne and 
coincident ground surveys . It cannot be 
overemphasized that for most water resource 
investigations, the elements being 
investigated are extremely dynamic in terms 
of their temporal and spatial variability. 



In a recent SAR snow experiment near Ottawa , 
the mission was delayed because of aircraft 
malfunctions and was ultimately flown after 
most of the snow had melted . The principal 
investigator who had to arrange for 
coincident ground data, was not notified of 
the flight until three days later . Needless 
to say , the data were of limited use . In 
another instance , where coincident ground 
data were necessary , the principal 
investigator was not aware that the flight 
had occurred until one month after the 
thermal imagery mission was flown. The 
mission had to be repeated. There needs to 
be a greater awar~ness among the airborne 
personnel on the spatial and temporal 
constraints in the water resource sector . 
Airborne data should be collected when the 
principal investigator indicates that the 
target conditions are within those specified 
for the experiment . Close cooperation 
between ground and air crews is mandatory . 

Finally , there is what one might refer 
to as a mandate problem. The CACRS Water 
Resources Working Group reports to and is 
responsible to CACRS and thus CCRS . Yet , 
CCRS is not necessarily involved in , nor 
totally aware of , the types of operational 
problems faced by Canadian water agencies . 
Since water resource applications often 
require NOAA data, water agencies have 
looked to the Atmospheric Environment 
Service to meet their needs. But , AES is 
taxed to meet its own requirements. Close 
consultation between CCRS and AES on the 
receipt , archiving and distribution of NOAA 
data to other user groups might help clarify 
this problem. 

One of the problems and one of the 
challenges for the water resource community 
is to define its needs for remote sensing 
data , to outline the potential applications 
for remotely sensed data , and to begin 
looking at the associated cost/benefit 
statistics. During the last year , there has 
been considerable discussion on hydrology 
priorities and associated justifications for 
remote sensing data. Table 1 summarizes the 
needs for hydrology as determined by the 
RADARSAT Renewable Resources Study Team. 
The need for snow cover data rated as the 
top priority and satellite data are a major 
potential source of the temporal and spatial 
detail required for water resource 
applications. Further discussion of the 
elements in this Table is provided in the 
RADARSAT Mission Requirements Document 82 - 7. 

An independent study within the Inland 
Waters Directorate identified their needs 
for remote sensing data in support of water 
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quantity and water quality studies . Table 2 
outlines the needs and gives the 
applications for which the data would be 
used. Priorities have not yet been attached 
to this list. However, snowpack information 
again appears as an important need . 

The challenge for those of us working 
in hydrology and hydrometeorology is to 
develop and assess techniques to meet these 
needs. This is a broad and virtually a 
motherhood statement. To meet this 
objective , there are several more specific 
challenges facing us. Specifically , they 
include the need to : 

a) Make CCRS more fully aware of the 
economic importance of hydrological 
components. When the Wheat Board says that 
snow depth is important in their work , 
everyone listens; when hydrologists say the 
same thing , we are asked for more 
justification. 

b) Develop and assess techniques which 
use sensors with all - weather capabilities , 
i.e . passive and active microwave , and to 
gain continued support for our research on 
these applications . 

c) Conduct research into the 
applicatio n and integration of remote 
sensing data into hydrologic models and of 
the integration of ground , airborne and 
satellite data for the determination of 
components of the hydrological cycle . 

d) Institute a data base management 
system (including , quality control , 
archiving and delivery) for the timely 
dissemination to users of data that will 
increasingly flow from new sources , such as 
RADARSAT . 

e) Improve the transfer of technology 
to hydrology consultants. 

Recommendations 

To help meet the remote sensing needs 
in the field of water resources , it is 
recommended that: 

(1) Water be recognized as a separate 
component and that it not be lumped with 
land and land resources. In fact there are 
three distinct fields: land, water and 
marine . 

(2) As best possible within the 
mandate of this meeting , data retransmission 
should be recognized as a viable remote 
sensing tool and serious consideration 
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TABLE 1 

HYDROLOGY PRIORITIES AND JUSTIFICATON FOR SATELLITE INFORMATION 
(based on RADARSAT Renewable Land Resources Study Team) 

Information Need 
(Satellite Only) 

A - SNOW , ICE, RUNOFF 

Al AREAL EXTENT OF SNOW COVER 
A2 SNOW COVER WATER EQUIVALENT 
A3 SNOW DEPTH 
A4 FLOOD MAPPING-INNUNDATED AREAS 
AS SNOW: MELTING/NON-MELTING 
A6 LAKE ICE COVERAGE 
A7 GLACIER MELTING 

B - SOIL/GROUND 

Bl SOIL MOISTURE-DISTRIBUTION AND 
PERCENTAGE 

B2 SOIL MOISTURE- SALINITY 
B3 IRRIGATION 
B4 SOIL MOISTURE-PRECIPITATES 
BS STATE OF GROUND (FROZEN/ 

UNFROZEN , INCLUDING PERMAFROST) 
B6 WETLAND CLASSIFICATION 
B7 TERRAIN ROUGHNESS 
B8 PEAT RESERVE FIBRE CONTENT 

C - PRECIPITATION 

Economic 
Importance 

H 
H 
H 
M 

M 

M 

L 

M 

L 

L 

L 

M 

M 

M 

L 

H 

Cl PRECIPITATION DETERMINATION (GOES IR) 
C2 INTEGRATION OF SATELLITE AND 

WEATHER RADAR INFORMATION 
C3 MEASUREMENT OF SOURCES AND EFFECTS 

OF ACID PRECIPITATION 

Notes: 

l. Economic Importance: H-high , M-medium , L-low 
2. Geographic Significance: N- national , R-regional 
3 . Potential Importance of Satellite Data in Relation 

to Other Data Sets : H-h igh , M-medium , L-low 

Geographical 
Significance 

N 

N 

N 

R 
N 

N 

R 

N 

R 

R 

R 

N 

N 

N 

N 

N 

Value of 
Satellite Data 
vs . other Data 
Sets 

H 

H 

H 

M 

H 

M 

L 

H 

M 

L 

M 

H 

M 

M 

M 

H 

Timeliness 
Available Freq . of 
Window 

Oct- June 
Oct- June 
Oct-June 
Jan- Dec 
Feb- June 
Oct-June 
June-Oct 

Mar - Dec 
Apr-Oct 
May - Oct 
June-Dec 

Feb-June 
Apr-Sept 
seasonal 
fall 

all year 

Sensing 

2/week 
2/week 
2/week 
o n demand 
3/week 
1/week 
1/week 

2/week 
1/month 
1/day 
1/month 

2/week 
1/ month 
seasonal 
once 

continuous 



TABLE 2 

REMOTE SENSING OF HYDROLOGIC PARAMETERS : 
NEEDS AND APPLICATIONS IDENTIFIED BY INLAND WATERS DIRECTORATE, ENVIRONMENT CANADA 

A. QUANTITY - FLOW, WATER LEVELS, ETC . 

1. SNOW PACK MONITORING FOR WATER 
EQUIVALENT , EXTENT AND DEPTH 
OF SNOW COVERED AREAS , AND/OR 
AREAS OF ACTIVE MELT 

2 . OBSERVATION OF ICE CONDITIONS 

3 . OBSERVATIONS OF HYDROLOGIC 
PARAMETERS AND PROCESSES IN 
WATERSHEDS 

4. ESTIMATION OF WATER LEVELS 
AND FLOWS 

B . QUALITY - PHYSICAL AND CHEMICAL 
CHARACTERISTICS OF WATER BODIES 

1 . ESTIMATION OF CONTAMINANT 
TYPES 

2 . ESTIMATION OF BIOMASS OR 
PRODUCTIVITY 

3 . ESTIMATION OF CHEMICAL 
PROPERTIES 

4. ESTIMATION OF PHYSICAL 
PROPERTIES 

- i mproved operational forecasting of lake levels in Great 
Lakes basin 
- increasing accuracy of flood forecasting in small water
sheds prone to spring runoff floodi ng 
- improved flood forecasting in prairie and mountain 
regions 
- freeze - up , melt and break- up dates for rivers , presence 
or absence of ice and ice jams , tracking of ice floes to 
provide velocity estimates 
- freeze - up , melt and break- up dates for lakes 
- timing of runoff 
- estimation of size of contribut ing areas 
- improved estimates of soil moisture conditions for input 
into flood forecasting models , deve l opment of better 
physically based evapotranspiration models 
- identification of vegeta t ion types and es t imation o f 
their areal extent f or development of better physically 
based evapotranspiration models 
- identificaton of major changes in river channels in 
remote areas 
- observations of formation , growth and re l ease of 
glacier- dammed lakes 
- direct estimation of the areal extent of water - covered 
areas under flood condit i ons 
- indirect estimati on of the extent of recent flooding 
based on inferences on soil misture conditions as evidence 
of recent submersion 
- estimation of lake leve l fl uctuation , par t icularly for 
those i n remote areas , as a function of observed changes i n 
lake area 

estimation of changes i n river level for large rivers as 
a function of changes in river width 
- estimation of discharge 

- particularly the observation of oil spills on water to 
determine , e.g . oil type , oil thickness or concentration , 
spill volume , interactions with new and old ice 

- pH , especially for evaluating effects of the long range 
transport of air polluants ; salinity or conductivity) ; 
chloride ; dissolved phosphorus; dissolved oxygen 
- sediment loading , including sediment tracing and studies 
of sediment plumes , determination of areas contributing to 
sedimentation to provide background information for 
planning of sediment station network 
- temperature 
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should be given to : 1) establishment o f a 
Canadian receiving station for DCP data ; 
a nd , 2) provision of faci l ities for data 
retransmission on appropriat e Canadian 
satel lites to support this remote sensing 
activity. 

(3) There is improved coordination on 
airborne mission s between aircrew and ground 
personn e l . The aircraft should respond to 
the needs of the user and to do this 
p roperly , a n understand i ng of "coincident 
ground data " in terms of hydrological 
applications is required by CCRS personnel. 

(4) There is consideration of how 
users can get remote sensing data in image 
or digital form from any source - including 
weather satellites - in real or near - real 
time . For example , for snow cover mapping , 
data are needed in a time frame when they 
are most useful and this will vary 
throughout the country depending on the rate 
of melt . Delivery of the data is crucial if 
there is to be an effective transfer of 
technology to the users themselves so they 
can perform their own analyses . 

(5) If there is to be a truly national 
remote sensing program , there must be 
serious support of not only Landsat type 
data collection , but also support for 
systems useful to other applications - e.g. 
SMMR , altimeter , scatterometer , SAR . Many 
of these apply to oceans and ice research . 
In this regard , there is a need for a ground 
based radiometer/scatterometer system to 
support basic remote sensing research . 

(6) Water Resource agencies should be 
encouraged , if not pushed , to make a clearer 
statement of their needs and to identify the 
potential benefits. The Water Resources 
Working Group tries to do this , but water 
resources is a large field. At the same 
time , CCRS should broaden their perspective 
as to what is "water resources " . 
than water quality . 

It is more 

(7) The remote sensing agencies should 
give more consideration to the needs and 
probl ems in hydrology. 
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8.4 FUTURE OF THE NATIONAL REMOTE SENSING PROGRAM: 
MAJOR CHALLENGES AND OPPORTUNITIES 

IN APPLICATIONS IN GEOGRAPHY 

D.M. Thompson 
Chairman, Geography Working Group 

OVERVIEW OF CURRENT ACTIVITIES IN CANADA 

Although the discipline of geography tends to 
overlap relatively extensively with other 
disciplines (in particular, geology, carto
graphy, forestry, water resources, agriculture 
and wildlife management), three major areas of 
inter est are considered to be the particular 
manda t e of geographers . These are: (1) land 
use/land cover mapping and monitoring; (2) 
environmental monitoring; and (3) biophysical 
(ecological) mapping . The following overview 
of geography applications thus concentrates 
exclusivel y on these areas. It is interesting 
to note that some uses of remote sensing in 
geography are now so well-established as part 
of information systems that one is not sure 
whether to include them in t his list. 

The tables included in the following sections 
list a number of representative projects in 
each area of interest; information for each 
on location, remote sensor(s) used, the agency 
conducting the work, objective(s), and status 
are included. The definition of status is 
not rigorous, but divides the studies into 
three groups : research studies, pilo t projects 
(also termed demonstration projects), and 
operational (or routine) work . It is assumed 
that studies on the applica t ion of remote 
sensing fall somewhere on a continuum from 
research to operational application (Figure 1~ 
and that the general "push" is towards the 
operations end. 

L'\ND USE 

V 
RE Sf: ARCH ► ► ► ► PILOT 

------

LAND USE/LAND COVER MAPPING AND MONITORING 

Within the land use/land cover inventory and 
monitoring group , there appears to be a marked 
dichotomy between the traditional black and 
white aeria l photography interpretation 
methods, and the use of satellite data. No 
particular need to use the " in- between" t ech
nology of airborne remote sensors ( e.g . colour 
and colour infrared (CIR) photography, thermal 
data, radar data) has been identified. The 
use of radar data may be an exception to this 
generalization , as a number of studies have 
been carried out in recent year s to evaluate 
the use of radar data for land use mapping; 
however, this does not appear t o be as 
important as satellite data for future use in 
this field . 

A number of Canadian projects using various 
remote sensing techniques are being carried 
out in this category, ranging in scope from 
large- area, land cover inventory mapping pro
grams to thematic mapper simulation research 
projects over small, urban areas. Table 1 
provides a summary of representative projects. 

The majority of the projects are located in 
eastern Canada, are conducted by government 
agencies or universities, use LANDSAT data for 
mapping, and are research-oriented; 50% are 
thematic mapper (TM) and/or SPOT simulation 
land. use research projects using the airborne 
multispectral scanner (MSS) . The concentra
tion of the less-traditional land use mapping 
tools like LANDSAT and the airborne MSS has 
contributed to the research-orientation of 
this group (Figure 1) . 

ENVIR . 910PHYS . 
11mllT . MAPPING 

vv 
PROJECT ► ► ► ► OPERATIONS 

;:-1 GIJ D': 1. AVERAGE STATUS OF PPOJECTS IN THREE GEOGRAPHY AREAS OF 
IMTERESf 9ASrn ON OJRRENT ACTIVITIES 1981 - 82 
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Tabl e 1. Land use/ land cover inventor y and monitor i ng r emote sensing projects . 

Locati on 

1 • A I I On t ari o 

2 . So uther n 
Ontari o 

3 . Stratfor d, 
Ontari o 

4 . Gr anby , 
P . Q. 

5 . Bri dget own, 
N. S. 

6 . Sout hern 
Ontari o 

7 . New 
Bru nsw ick 

8 . Calgary , 
Albe r ta . 
Kitchener , 
On t ari o . 
St ratfor d, 
Ontar io . 

9 . Flath ead 
Va l ley , B. C. 

1 0 . James Bay 
Area , Quebec 

Remot e Se nsor 

Landsat 

Landsat 

Landsat , 
Airborne MSS 

Landsat , 
Airborne MS 

Air bor ne MSS 

Landsat , 
Airborne 
sensors 

Landsat 

Landsat , 
Airborne 
Phot og r aphy 
and MSS 

Landsat 

Landsat 

Aoe ncv 

Ont . R. S. 
Centre tor 
Land Use 
Co- or d i na
ti on Branch 

Ont . R. S. 
Centre tor 
Minis t ry ot 
Agriculture 

P. J . Howarth 
tor Lands 
Directorate 

University 
ot Sher 
br ooke 
( F . J . Bonn) 

CCRS 

McMaster 
Un iversity 
(E . Boasson) 

U. N. 8 . 

Ob iect ive 

To map land 
cover at 
1 : 100 000 
scale 

To map agr i
cu ltur al land 
use at 
1 : 50 000 scale 

To simulate 
thematic mapper 
in urban area 

To s i mu I ate 
TM & SPOT 
in urban area 

To sirnul:ite 
TM & SPOT 
tor rnapp i ng 
I and use 

To determine 
acc uracy of 
land cove, use 
mapping , change 
detect ion 

To monitor 
(R . Yazdan i ) c r op rotations 

and other t ie Id 
changes 

Status 

Operational 

Pi lot Project 

~esearch 

Resea rch 

Resea rch 

~esea ,ch 

Research 

Lands 
Directorate 

To test new CLI Research 
land use/cove:-
mapping and 
monitoring 

B. C. To evaluate 
Research tor Landsat for 
min i ng 
industry 

s . D. B. J . 

land cover/use 
mapping 

To rnon i tor 
effects 
ot reservoir 
development 

Research 

Opera ti ons 

.__ ________ ....__ ________ _,__ ______ __, __________ .__ ________________ _ 

102 



ENVIRONMENTAL r!ONITORING 

Compared to work in the land use field, the 
emphasis in environmental monitoring projects 
is quite different . Project objectives, and 
thus the remote sensing devices utilized, 
varv much more widely; remote sensors used 
effectively include thermal linescanners, 
colour and CIR photography , LANDSAT , and 
radar. Some of these have been used routinely 
for over 10 years of environmental monitoring 
(e.g . monitcring of vegetation condition with 
CIR photography), so that on the average the 
environmental monitoring studies appear to be 
farther along the continuum toward operational 
use than do the land use studies (Figure 1) . 

The seven remote sensing projects involving 
environmental monitoring described in Table 2 
use a variety of remote sensing techniques, 
including CIR and colour photography, and 
thermal and LANDSAT data. The majority of 
these projects are based in Alberta and 
Ontario and are conducted by government 
agencies; many more of these have reached the 
pilot project or operational stage than have 
those for land use/land cover mapping. 

Similarly , the objectives of these environ
mental monitoring studies using remote sensing 
data vary quite widely , from assessment of 
su~phur ~ioxide (S0

2
) damage over large areas 

(with LA~DSAT) and small areas (with CIR 
photography), monitoring of mine reclamation 
success , and evaluation of highway construc
tion impacts, to a number of hydrology- related 
environmental monitoring studies. The latter 
include monitoring environmental impact of a 
tidal power project and of water level changes 
in a large delta environment and thermal 
evaluation of a lake for nuclear waste 
disposal. 

BiiJPHYSICAL MAPPING PROJECTS 

The biophysical mapping projects discussed 
herein include, but are not restricted to, 
Ecological Land Classification . The emphasis 
in biophysical mapping is divided between 
standard photo interpretation procedures using 
black and white aerial photography, and the 
use of LANDSAT data (although colour and CIR 
photography do also play a role in some 
projects) . The frequent use of airborne 
photography in biophysical mapping projects 
has allowed the group to appear relatively far 
along the continuum toward operational status 
(Figure 1); however, the integration of 
LA~DSAT data is seen as important and many 
studies using LANDSAT are still at the pilot 
~roject stage . One of the areas in which the 
efficient multistage approach to the use of 
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remote sensing data is u t ilized is i n 
Ecological Land Classification; t he multi 
stage approach dovetails very wel l with the 
hierarchical nature of this mapping system . 

The projec t s described in Tabl e 3 are 
relatively few, but again are representative 
of projects being carried out in Canada in 
other areas and for similar purposes . As with 
environmental monitoring, most biophysical 
mapping projects listed have reached a pilot
project or operational stage . The majority 
are concentrated in the north and west of 
Canada, and make extensive use of LANDSAT 
data . They are being carried out by both 
government agencies and private industry. 

Two of the projects, conducted by provincial 
remote sensing centres, are testing the 
mapping methodology for the Northern 
Ecological Land Survey Map Series developed by 
the Lands Directorate for northern areas and 
will probably produce maps at a scale of.about 
1 : 100 000. A third , industry-conducted, 
sma l ler-area project produced ecological land 
classification maps at 1 : 50 000 scale for 
recreation planning in a provincial park. 
Similar work has been carried out previously 
in several other locations. 

The Lands Directorate is preparing a document 
regarding the diverse uses of remote sensing 
for ecological land survey, for use by 
resource managers . Finally, industry has pre
pared 1:50 000 scale maps of environmentally 
sensitive lands around major urban centres 
using LANDSAT and standard aerial photographs . 

SUCCESSFUL PROJECTS IN GEOGRAPHY IN CANADA 

"Successful" projects are here defined as 
those with positive conclusions regarding the 
use of remote sensing and with implications 
for upward change in status (i . e. toward 
routine or operational use) . Most of the pro 
jects listed in Section 1. Current Activities, 
are still in progress ; hence, their " success" 
cannot yet be determined . However , a 
selection of previous successful projects in 
the three subject areas is described below . 

With regard to land use/land cover mapping, 
LANDSAT data have been successfully used for 
regional scale land use/land cover mapping 
and monitoring, and for assessment of the areal 
extent of change. Identification of the type 
of change in land use/land cover has been less 
successful, due mainly to the spectral and 
spatial resolution of current LANDSAT data. 
However, as seen in the number of research 
projects currently being conducted into 
simulation of thematic mapper and SPOT data, 



Table 2 , Environmental monitoring projects using remote sensing . 

Location 

1 . Anna po I is 
Valley, N. S. 

2 . Sudbury, 
On tario 

3 . Peace
Athabasca 
Delta, 
Alberta . 

4 . Alberta 

5. Ontario 

6 . Alberta 

7 . Ontario 

8 . Man itoba 

9. Roberts Bank 
Port , B. C. 

Remote Sensor 

Airborne MSS, 
thermal, CIR 
and colour 
photography 

Landsat 

Landsat 

Ai rborne MSS , 
Thermal , 
Colour & CIR 
Photography 

Therm a I 

CIR Photo
graphy 

CIR & Colour 
Photography, 
thermal 

CIR Photography 

Landsat , 
Airborne MSS 

Agency 

N. S. L. S. I . 

o.R.s.c. 
tor I NCO . 

McMaster 
University 
(Howarth and 

I~ i ckware) 

Alberta 
Environ 
ment 

Univ . ot 
Waterloo 
( E. Ledrew) 

INTERA 

Ont . MOT 

Agric . Crown 
Lands Branch , 
Man . Agr i c . 

B.C. 
Research tor 
Port ot 
Vancouver 
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Object ive 

To gather base-
I i ne data prior 
to construction 
ot Anna po I is 
Tidal Power 
Projects , future 
monitor i ng using 
R/S . 

To evaluate 
environmental 
damage in area 
1973 to present . 

To monitor 
ettects ot 
hydrologic 
change in 
delta . 

To man i tor mine 
soi I rec I ama-
t ion at Alberta 
coa I mining 
sites . 

To model sur
face lake 
currents tor 
nuclear waste 
di sposa I . 

To man itor 
environment 
around sour 
gas p lants . 

To monitor 
environmental 
impact ot 
highway 
construction . 

To monitor 
ettects ot 
aer ial spraying 
ot wooded land . 

To assess area I 
extent and 
distr ibut ion ot 
emergent 
veqetation 

Stat us 

Pi lot project 

Operational 

Research 

Pi lot 
Project 

Research 

Operational 

Pi lot 
Project 

Pi lot Project 

Research 



a marked, future improvement in this field is 
anticipated . 

Several remote sensing techniques are now being 
used routinely for environmental monitoring. 
Airborne remote sensing techniques have been 
employed to monitor reclamation of mine wastes 
and for assessing vegetation damage around 
sour gas plants, gas or oil well blowouts or 
other industrial accidents, and nuclear power 
plants. Pollutant effects on vegetation have 
also been successfully identified using 
LANDSAT data, although these are large- area, 
regional effects of a relatively severe nature. 
Such effects may be 'found in regions like 
Sudbury, Ontario or the Alberta Oil Sands and, 
as such, are somewhat atypical. Thermal data 
are currently being used for monitoring thermal 
effluent and its dispersal in lakes and rivers . 

Recent work by Howarth and Wickware in the 
Peace-Athabasca Delta has identified a success
ful analysis technique for change detection in 
environmental monitoring using LANDSAT DICS 
data . This has important implications for 
other change detection studies. 

A number of operational-status projects have 
been carried out in the field of biophysical 
mapping using different remote sensing 
techniques . It is, however, more common to 
find biophysical mapping using LANDSAT data and 
some airborne techniques at the pilot project 
or demonstration stage . Extensive testing of 
biophysical mapping systems (specifically, 
Ecological Land Classification) is currently 
underway , and the methodology identified for 
use of LANDSAT data in a multistage approach 
appears to be successful. 

The notably successful use of LANDSAT data in 
the field of cartography, traditionally within 
the realm of geographers, will be reported by 
the Cartography Group and is only mentioned 
briefly here. 

CHALLENGES AND OPPORTUNITIES 

The challenges in the field of geographical 
applications for remote sensing appear to lie 
in the upgrading of the numerous research and 
pilot-project status studies to routine 
status . The same situation exists in all other 
fields , of course, but in several geographical 
applications, it appears that routine use is 
close to achievement. Land use/land cover 
mapping and change detection may now be 
carried out using LANDSAT data for assessment 
of areal change and for mapping of regional 
scale land use . It will require the increased 
spectral and spatial resolution of a new 
generation of satellites to permit assessment 
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and monitoring of the type of change some
thing to be expected of LANDSAT and SPOT. A 
marked "push" in this direction by CCRS 
should be considered . 

Change detection in the land use fie l d, as 
well as in environmental monitoring, will 
continue to increase in importance, making 
significant use of LANDSAT data. Some con
cern has been expressed for the present and 
the near future, in which LANDSAT data are 
not available as in the past, or are not 
available at all. Frequent coverage by 
LANDSAT is required on several of the pro
jects mentioned (e . g. the southern Ontario 
agricultural land use mapping project) and 
this may not be forthcoming for another year 
or two . Additional concern is centred on the 
deteriorating quality of older LANDSAT data . 
Several workers have experienced problems 
with acquisition of historical CCT ' s or data 
products required in a number of projects, 
particularly those involving change detection. 
A program to preserve LANDSAT coverage of 
Canada over the LANDSAT period of record 
should be implemented at once . 

Some have expressed concern that too much 
information will be available from these new 
satellites to be handled using current 
methodology, and that full machine inter
pretation will be a requirement for handling 
such information efficiently . This may mean 
a modification of the successful interpreta
tion procedures established to date; it will 
also have important implications for use of 
image analysis systems now proliferating 
across the country. 

Surprisingly, the much increased cost of 
LANDSAT CCT ' s is not expected to cause many 
problems for geographical projects . Most 
workers have stated that budgets will simply 
be increased to accommodate the LANDSAT cost, 
possibly a statement on the non- substitut
ability status which has now been assigned 
to LANDSAT data in many projects . After a 
decade of LANDSAT availability, use of such 
data has become a standard part of many 
projects, and users are prepared to pay to get 
the data. 

Individual data acquisition problems surface 
in the airborne remote sensing program . 
Inadequate response of the CCRS to thermal 
survey research work with stringent time 
requirements is frequently cited. 

In the educational field, treated separately 
by the Education Working Group in full, 
geographers have identified a lack of 
educational materials in the application of 
r~mote sensing to geographical studies . This 



Table 3. Biophysical mapping projects using remote sensing. 

Location Remote Sensor Agency Objective Status 

1. Hudson Bay - Landsat o.R.s.c. To test bio- Pi lot 
James Bay physical mapping Project 
Lowlands methodology 

and produce maps 
at 1 : 100 000 
scale. 

2. Northern Landsat, Manitoba To test b io- Pi lot 
Manitoba B/W Air Remote physical Project 

Photos Sensing mapping 
Centre methodology 

3. Central Landsat, B/W INTERA To map bio- Operational 
Saskatchewan Air Photos physical 

resources of 
provincial 
park for 
recreation 
planning. 

4. Canada Al I types Lands To prepare Research 
Directorate manual on 

remote sensing 
use for eco-
logical land 
survey for 
managers. 

5. Saskatchewan Landsat, B/W I NTERA To inventory Operational 
Air Photos environmentally 

sensitive lands 
around urban 
centres and 
map at 1 :50 000 
scale. 

6. British Landsat, B/W Lands To prepare Operational 
Columbia Air Photos Directorate biophysical maps 

of B.C. coast-
Ii ne 
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could be solved by preparation of such 
materials at CCRS from the wealth of materials 
and experience in that agency. 

ECONOMIC IMPACTS OF REMOTE SENSING TECHNOLOGY 

The economic impacts of remote sensing are 
difficult to properly assess on a casual 
basis; most workers have not evaluated the 
effects of remote sensing use in "dollars and 
cents" terms and thus cannot make accurate 
judgements or comments. As a result, only 
generalizations can be made herein. (Reference 
should be made to the CCRS Research Report 
No. 81-1, by R.A. Ryerson, regarding the cost 
benefits of the CCRS Airborne Program. More 
detailed information on geography-oriented 
projects is contained therein . ) 

It may be noted, however, that cost saving has 
a significant influence on the use of LANDSAT 
data over other data acquisition techniques 
in geography projects in land use mapping, 
environmental monitoring, and biophysical 
mapping . In fact, the majority of the research 
and demonstration projects do assess the 
quality and resolution of the LANDSAT analysis 
results compared with results from other data 
sources. Such comparisons result in a 
conscious or unconscious evaluation of the 
tradeoff in the increase in quality or 
generalization of the data available with the 
cost savings from use of LANDSAT . Of course, 
the monitoring capability of LANDSAT through 
its frequent overpasses, less easily available 
using other remote sensors, is figured into 
the cost-saving evaluation. 

This is the case for land use mapping, for 
environmental monitoring, and for biophysical 
mapping--in each of these areas, it has been 
shown that ground and airborne methods provide 
certainly more detailed, but much more costly, 
information than does LANDSAT. Particularly 
in biophysical mapping, methodologies have been 
devised using a multistage approach to make the 
most efficient use of both aspects, i.e . to 

save time and money using LANDSAT, and still 

107 

to obtain some detailed information from air
borne and ground surveys where required . 

The implications of the new-generation 
satellite data should be considered. More 
complex data sets will require more machine 
handling of data, not really a necessity up to 
this point when visual interpretation or 
minimal digital manipulation of LANDSAT data 
could often suffice. More image analysis 
systems are being purchased by industry, 
universities and government agencies across 
the country: although the CCRS TOPAS and 
MOSAICS systems are being designed to handle 
the new data, questions arise as to the 
ability of other current systems to handle 
the new data, to the increased costs of more 
complex analysis on the future use of LANDSAT 
data, and to the avilability of adequate 
analysis systems to the user community across 
Canada. 

RECOMMENDATIONS 

It is recommended that: 
(1) The highest quality and most representa

tive LANDSAT CCT's be selected over the 
period of record for Canada and preserved 
in an archive for future reference; 

(2) CCRS work with appropriate agencies 
(e.g. Lands Directorate) on the further 
development of land use/land cover 
mapping and monitoring in Canada using 
LANDSAT data; 

(3) Continued emphasis be placed on the 
production of geometrically corrected 
(e . g. DICS) LANDSAT data; 

(4) CCRS prepare suitable educational 
packages for remote sensing applications 
in geography for distribution to 
universities and other teaching insti
tutions; and 

(5) The cost implications of the new 
generation of satellites for image 
processing and analysis, and the 
availability of systems adequate to 
carry out such analysis, be evaluated by 
CCRS and reported upon to the user 
community. 



8.5 APPLICATIONS OF SPACE IMAGERY IN CARTOGRAPHY 

Dr. J.M. Zarzycki 
Director, Topographical Survey Division 

Surveys and Mapping Branch 
Department of Energy, Mines and Resources 

In terms of space imagery, only Landsat 
images are available at this time for photo
grammetric and cartographic applications. 
Their use is described in numerous papers by 
Betty Fleming of Topographical Survey and in 
reports of the Working Group on Photogram
metry and Cartography. I am therefore not 
planning to repeat these papers as I am sure 
that at one time or another you have read 
them and are aware of the use of Landsat 
imagery in cartography. Briefly, it is now 
a standard production practice at Topo
graphical Survey to make use of Landsat 
imagery for map revision at 1:250 000 and for 
the assessment of revision requirements for 
1 : 50 000 scale maps . DICS products are used 
to help position offshore features on 
1: 50 000 maps . As you can see from the 
reports of our Working Group, a research 
project is underway to extract water features 
from Landsat MSS imagery produced in the DICS 
system . Experiments were also carried out 
with SAR imagery obtained from the now dead 
SEASAT. Landsat was not designed to meet 
cartographic applications, and any use we 
make of Landsat imagery to topographical 
mapping is an additional side benefit . The 
next remote sensing satellite in the U. S . , 
the Landsat- D, will carry an MSS similar to 
that on Landsat-1, - 2, and -3, and also the 
Thematic Mapper which will provide 30 metre 
pixel resolution and 7 spectral bands . How
ever, so far as cartography is concerned, 
Landsat-D will suffer from the same problems 
as the other Landsats, i . e . limited ground 
resolution, no useful stereo, distorted image 
records, inadequate spacecraft position and 
attitude data. The potential for an expanded 
application of satellite imagery to cartog
raphy lies in new systems which are at 
different stages of development or planning. 

I would like to devote some remarks to the 
characteristics which satellite systems 
should have in order to be of maximum use for 
mapping applications, and I will also discuss 
the potential applications of satellite 
systems which will be orbiting the earth in 
the next few years, or which are now in the 
planning stages . 

There are five major requirements which must 
b e fulfilled in order for a satellite system 
to be useful for cartographic applica tions 
(on a global scale) . 
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1 . high resolution 
2 . geometric fidelity 
3. stereo coverage 
4 . weather independence 
5 . accura t e determination of position and 

attitude of exposure stations 

There seems to be a lot of confusion with 
regard to the definition of resolution of 
satellite systems. When remote sensors and 
photogrammetrists speak about resolution they 
don't mean the same thing. The remote sensors 
equate resolution with Instantaneous Field of 
View (IFOV) or the pixel size at the ground 
level, whereas to photogrammetrists, resolu
tion means the resolving power expressed in 
terms of lines per millemetre of a low con
trast target . The ratio of IFOV to resolving 
power is 1.0 to 2.5, that is, a 10 m IFOV 
is equivalent to a 25 m resolution in photo
grammetric terms. 

One of the limiting factors of non-photogram
metric camera systems in achieving the desired 
r esolution suitable for topographic mapping 
is the data transmission rat e . In the present 
Landsat the rate of data transmission is 15 
megabits per second . For Landsat D a data 
rate of 85 megabits per second will be neces·· 
sary . The present t echnological limit is 200 
megabits per second, disregarding cost con
siderations. However, in order to reach the 
resolution of current photography achievable 
with photogrammetric cameras, a data rate of 
900 megabits per second will be required. 
During the next decade it does not appear to 
be feasible to reach this rate . It would 
therefore appear that, for the foreseeable 
future, electronic sensors could not replac e 
space photography to provide data r equired for 
cartographic applications at medium and small 
sca l es . 

The Space Shuttle promises to be a suitable 
vehicle to provide space photography using 
photogrammetric- t ype cameras. The major 
advantage of the Shuttle is that its principal 
component, the orbiter vehicle, can be returned 
to earth with the exposed film . However. at 
present, when the Shuttle is launched from 
Cape Canaveral the permittin8 coverage is from 
latitude 30°N to latitude 30 S. The maximum 
inclination available from Cape Canaveral is 
57° which provid es coverage of most of the 
world ' s populated areas. However, to be use
ful to Canada, we would require polar orbit 
which will not be available until after 1984 
when the Western Test Range will become ' 
operational for Shuttle launches. Naturally, 
weather will also limit the usefulness of the 
system in Canada. 



Another possibility of using metric cameras 
is the Multimission Modular Spacecraft (MMS). 
It consists of a central core to which a 
power supply module can be attached , as well 
as an attitude control module and a command 
and data handling module. There is a pro
pulsion module to provide in-orbit maneuver
ing and an adapter between the spacecraft 
and its payload. The assembled spacecraft 
might be fitted with solar panels and 
various antenna for communication and might 
also be fitted with an adapter for launching 
expendable vehicles. The Multimission 
Spacecraft is especially designed for launch 
and retrieval by Shuttle. Photogrammetric 
cameras could be placed in the MMS and then 
retrieved by the Shuttle. 

One Shuttle payload sensor system which has 
been built by Itek Corporation is the Large 
Format Camera (LFC). The essential para
meters of the camera are focal length of 
30 .5 cm with 23 x 46 cm format. The camera 
has an automatic exposure sensor and forward 
motion compensation, permitting the use of 
high resolution, fine grain films. The 
magazine has a capacity of 4000 frames. The 
camera will be mounted on a pallet installed 
in the cargo bay of the Shuttle. Whenever 
the Shuttle is in the earth-viewing mode and 
illumination conditions are suitable, photo
graphy can be acquired . 

A ground r esolut ion (in photogrammetric 
terms) of 10 to 15 m can be obtained from 
nominal Shuttle altitudes. To date, this 
camera has not been assigned to a shuttle 
mission and will probably not f l y until 1984. 
It is hoped that eventually the large format 
camera will be mounted on a free flying 
satellite like the Multimission Modular 
Spacecraft to be launched and serviced by 
the Shuttle . 

Accurate determination of the position and 
attitude of the exposure station is important 
for cartographic application and NASA is 
proposing to develop an attitude reference 
package for use with the LFC. This will 
consis t of two stellar cameras looking 
towards the horizon and directed 45° fore 
and aft of the normal to the ground track. 
From measurement of the identified stellar 
pattern after each flight, it will be 
possible to determine the attitude of each 
LFC frame with an accuracy of+ 0.5 arc 
seconds about each of the three rotation 
axes. 

Modern technology would use stellar attitude 
reference systems employing electro- optical 
focal planes and on-board attitude reduction. 
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Such systems are capable of obtaining 2 arc 
seconds attitude accuracy with an attitude 
update every 1 to 2 seconds. The choice of 
the film camera attitude system is based 
upon the availability of lenses left over 
from the S-190A camera system on Skylab, and 
the desire to have the attitude reference 
system available for an early Shuttle flight. 

Accurate position in space of the exposure 
station can be provided by the Global 
Positioning System included in the payload 
package. 

A major approved payload for the Shuttle is 
Spacelab, which is a joint venture between 
the European Space Agency and NASA and which 
is presently scheduled for launch in May 
1983. Topographical Survey is participating 
in this experiment. The payload will consist 
of both manned experimental modules and 
pallets for other instruments. Of major 
interest to the cartographer is the Spacelab 
camera system. This is essentially a 
standard size Zeiss camera with 30 cm focal 
length and 23 x 23 cm format. From the 
anticipated altitude, these pictures will 
cover an area of 190 x 190 km with a ground 
resolution of approximately 20 m. This 
camera is phase A of ESA's camera develop
ment program called ATLAS. In phase B, con
sideration will be given to -

(a) adding image motion compensation to this 
camera and mounting it on an exterior 
pallet , and 

(b) using a similar camera but with 60 cm 
focal length and image motion compensa
tion, 

(c) developing a new high resolution camera 
with image motion compensation for 
mounting in the manned module. 

Under phase C, consideration will be given 
to mounting a camera system on free flying 
satelli t es which will operate independently 
of the Spacelab. 

Although we would like to have photogrammetric 
cameras in space, we are not disregarding 
electro- optical sensors. One of the most 
promising imaging sensors is the linear array 
of charge- coupled devices. These arrays 
consist of several thousand detector elements 
and they can be butt-joined to provide more 
than 10,000 detectors per line. An optical 
system images a line from the ground scene to 
the line of the detectors. Ground resolution 
in the cross track detection depends upon the 
ratio of the optical system focal length to 
flying altitude, and the along-track detec
tion depends upon the time in which the 



signals can be recorded as the vehicle moves 
along the orbit. NASA has undertaken 
studies on possible sensor configurations 
using linear arrays. 

The National Mapping Division of U.S. Geo
logical Survey has awarded a study contract 
for a system called MAPSAT which will pro
vide both multi-spectral data and stereo 
data adequate for compilation of 1:50 000 
scale maps with 20 m contour interval. The 
orbit will be the same as Landsat 1, 2 and 3. 
The Multispectral Linear Arrays will have a 
minimum of 10 m IFOV but the information 
could be clustered by onboard processing to 
provide lower resolution at multiples of the 
10 m IFOV. On-board processing and selective 
acquisition will reduce the average data rate 
to 15 megabits per second which is compatible 
with the exis ting worldwide network of 
Landsat ground receiving stations. A highly 
stable spacecraft will permit a simple 
algorithm to be employed for the ground data 
reduction. MAPSAT is not an approved program 
and has no funding beyond the feasibility 
study. 

The requirement that the MAPSAT system pro
vide stereo coverage on a demand basis is 
accommodated by multiple imaging systems, 
one looking vertically to provide the basic 
multispectral capability, and two looking 
forward and aft of vertical by 23°. The fore 
and aft pair provide a base height ratio of 
1 that gives strong heighting capability. 
For moderate to rough terrain where obstruc
tion effects could occur, a base height ratio 
of 0.5 is available through use of the 
vertical with either of the fore or aft 
sensors. 

A high degree of automation for the extrac
tion of topographic information is achieved 
by control of the spacecraft to satisfy the 
epi-polar condition in which a ground point 
images at the same relative field location 
in both of the stereo sensors, and by ex
ploitation of the resulting uni-dimensional 
aspect of the data in the identification 
of conjugate imagery and calculation of 
point e levations. 

The reduction of the stereo data is 
essentially the determination of conjugate 
image points within the fore and aft data 
sets that is traditionally done via the 
human stereoscopic facility. In existing 
instruments that replac e the human observer 
b y an automated correlation process , the 
search for image conjugates takes place in 
both the along-track and cross-track dimen
sions. The epi-polar condition reduces this 
search to a single dimension, thereby 

110 

improving the computational efficiency of the 
process. Dynamically the condition requires 
control of the spacecraft's absolute pitch, 
yaw and roll to within 10 arc-seconds to 
maintain fractional IFOV errors in epi
polarity. 

A somewhat similar concept called STEREOSAT 
has its origin in the requirements of the 
geological corrnnunity for stereo data. The 
vertical, fore-, and aft-looking linear 
arrays would be panchromatic, with multi
spectral data to come from the Landsat 
series. 

STEREOSAT would use the Multimission Modular 
Spacecraft and would be l aunched from the 
Western Test Range by the Shuttle into the 
same orbit as Landsat. It would have a 15 m 
IFOV and a 61.4 km swath. Like MAPSAT, 
STEREOSAT has not been app roved or funded 
beyond the study phase. 

We are also looking forward to evalua ting the 
images from the French SPOT satellite. The 
spacecraft will be launched into a sun
synchronous orbit at 822 km altitude. Mission 
control and data processing will be in 
Toulouse, France. The payload will consist 
of two high resolution optical systems which 
can operate in multispectral mode with 20 m 
IFOV or in panchromatic mode with 10 m IFOV. 
A rotating mirror will permit the scan to be 
acquired from areas left or right of the 
spacecraft as well as in the vertical, thus 
permitting stereo data acquisition. However, 
one of the practical disadvantages of the 
system is that the stereo coverage will be 
obtained from two adjacent orbits and it must 
be hoped that weather conditions will permit 
the obtaining of suitable stereo pho tography . 
We are anxiously awaiting this data so that 
the usefulness of the system to cartographic 
applications can be explored. 

It is somewhat disheartening that Canada, the 
second largest country in the world, must 
depend on other smaller countries' satellite 
systems for remote sensing data of our land
mass . We should seriously consider a Canadian 
satellite designed to satisfy our requirements 
for remote sensing and cartographic data from 
space. 

Reference: 
1. A. P. Colvocoresses: An Automa t ed 

Satellite System (MAPSAT) 
2. F. J. Doyle: Status of Satellite 

Sensing Program 



8.6 MAJOR CHALLENGES AND OPPORTUNITIES 
-IN OCEANOGRAPHY 

Dr. James F. Gower 
Institute of Ocean Sciences 
Department of Fisheries and Oceans 
Victoria, B.C. 

Capabilities of satellite-mounted sensors to 
map ocean temperature, colour, surface waves 
wind and currents have now been demonstrated'. 
but no operational ocean monitoring satellite 
has yet been launched. Experimental satel-
1 ites are planned by Japan and Europe, but 
the U.S. plan for the National Oceanic 
Satellite System (NOSS) has been discontinued. 
The Canadian RADARSAT would have ocean mapping 
capabilities and U.S. satellites will continue 
to carry infrared scanners, and possibly water 
colour mapping sensors. 

Lack of satellite data is now strongly limit
ing activities in this field. New sensor 
programs have been delayed or cancelled; 
moreover, data already collected is slow in 
being processed to easily usable form. Lower 
funding has also reduced the analysis effort, 
especially in the U.S.A., and new initiatives 
are shifting to Europe and Japan. 

Canadian work is concentrating on evaluation 
of U.S. satellite data, and of airborne data 
collected by CCRS and other facilities, in 
order to plan the ocean data gathering sector 
of RADARSAT and to design future airborne and 
satellite instruments. Spacelab and other 
shuttle payloads, as well as cooperative 
projects on other satellites, provide oppor
tunities for putting such instruments in 
space. 

As examples of this evaluation work, we show 
two types of satellite imagery. 

SEASAT SAR Example (Figure 1) 

Radar imagery is an important new data source 
for satellite oceanography. Figure 1 shows 
a SEASAT SAR image digitally processed by 
the Communications Research Centre, Ottawa. 
The processor is slow, but can produce very 
precise, full revolution (l look) image s 
retaining the phase information needed to 
compute s i gna 1 frequency spectra for differ
ent areas of the scene. 

SEASAT was moving to the northwest, at 850 km 
altitude and 300 km offshore of Vancouver 
Island, when the radar, looking out to the 
right, made Figure l, which shows mountains 
on Vancouver Island (top right) and the 
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Olympic Peninsula (bottom left) and the water 
at the mouth of Juan de Fuca Strait. Water 
roughness and surface wave slope patterns 
show up strongly. Surface waves moving in 
from the Pacific show as parallel crest lines 
with a wavelength of about 1 mm on the image 
(164 mat this scale). Internal waves gener
ated by the ebb tide, just ending at the time 
of the image, are made visible by modulation 
of water surface roughness. This causes the 
pattern of alternating dark and light bands 
across the mouth of the Strait. The bands 
show a wavelength of 650 mat the landward 
side (front) of the wave packet, decreasing 
to 300 mat the rear. The internal waves 
are oriented across the Juan de Fuca canyon 
which extends to the left of the image. They 
are being refracted by the shallower water on 
Swiftsure Bank at the top of the image, and 
advected by the tide, which has already 
turned to flood on the south side of the 
Strait near Cape Flattery. A second smaller 
and fainter pattern is visible in the lower 
right corner of the image. If this had also 
been generated near Cape Flattery, but 12 
hours earlier on the previous ebb tide, it 
would have had to travel at about 0.5 m/sec 
to reach this position, a plausible speed 
for a combination of group and tide velocities. 
Larger scale brightness variations over the 
water are due to wind patterns affected by 
the complicated mountain topography. 

Since all elements of the image are located 
in azimuth (the vertical coordinate here) by 
the apparent doppler shift of the radar 
returns received by the satellite, images of 
moving ships are displaced from their true 
positions at the end of the wake lines. This 
effect i s clearly seen in the ship return near 
the centre of the image. The displacement of 
1 .5 mm (250 m) indicates a velocity towards 
the satellite of 2.1 m/s, or 11 m/sec (21 kt) 
on the sea surface at the heading indicated 
by the wake. 

Measurements of the mean doppler spectrum 
from areas of the image can also give the 
range component of the apparent surface 
velocity of the water. Estimated precision 
is about~ 0.2 m/sec for averages over l km2 
areas, but systematic error sources may be 
larger than this. A cut across the internal 
wave packet off Cape Flattery shows a sur face 
velocity modulation of :!:: 2 m/sec, a measure
ment which may be affected by the strong 
associated signal amplitude variations. 

Design of the Canadian RADARSAT concentrates 
on mapping sea ice when the satellite is over 
the Arctic. Studies are now under way, using 
SEASAT and airborne radar (SAR 580) data, to 
make use of RA~ARSAT data when the satellite 
i s imaging open water further south. 



TOFINO. BC 
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DIGITRLLY PROCESSED BY THE COMMUl~ICRTIONS RESERRCH CENTRE -
Figure 1 Processed SEASAT SAR scene showing a variety of dynamic 

Digitally 
surface and internal wave phenomena as described in the text. 



Figure 2 Chlorophyll pigment concentration image derived from Coastal 
Zone Color Scanner data as described in the text. 
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In order to supplement RADARSAT's SAR data, 
a scatterometer may be included to measure 
surface wind, or an altimeter to map sea 
level changes due to currents and eddies. An 
optical sensor is also possible. 

Coastal Zone Color Scanner (CZCS) Example 
(Figure 2) 

Quantitative mapping of water colour from 
space has now been demonstrated by the CZCS 
on Nimbus 7. The data can be used to map 
chlorophyll concentrations showing the chang
ing patterns of primary productivity in the 
water, and to track movements in these 
patterns indicating the ocean dynamic that 
moves and mixes the water. Figure 2 shows 
an example of a processed image from this 
sensor which is formed from the ratio of 
signal levels in the green and blue bands of 
light received by the sensor. Land and cloud 
areas have been masked as white. The grey 
shades of this ratio image have been shown 
to relate directly to chlorophyll pigment 
concentrations in the water. The circular 
eddy in the centre of the image and the 
hammerhead feature further south contain about 
2 mg m-3, while values near shore are higher 
(>5 mg .m-3) and offshore diminish to< 
.5 mg.m-3. In addition the features suggest 
a variety of water movements including flow 
out of Hecate and Juan de Fuca Straits and 
an along-shore current near the coast. 

Thi s data is relatively new, and it will 
clearly have important applications in bio
logical and physical oceanography. In 
Canada the data i s currently being used off 
the east and west coasts, and an improved 
water colour sensor is being built to explore 
the future potential of this type of sens ing. 
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This sensor is the DFO Fluorescence Line 
Imager (FLI), which will make use of solid 
state imaging detectors to allow measurement 
of the natura 1 fluorescence s i gna 1 from 
chlo'.o~h~ll-9 in phytoplankton, and to improve 
sens1t1v1ty for measurements of chlorophyll 
absorption effects such as that illustrated 
above. Mapping two properties of the 
chlorophyll-~ simultaneously should lead 
to increa sed accuracy in the mapping of 
chlorophyll concentrations and may also allow 
changing properties of the phytoplankton to 
?e studied as they grow and decay. The imager 
1s _currently being designed for high altitude 
flights, but the eventual goal i s for improved 
measurements from space. 

The question of which additional sensors to 
launch on RADARSAT is sti ll open, and an 
optical imager may be included. Water colour 
(chlorophyll concentration) mapping is one 
important application that such an instrument 
should be capable of. 

Conclusions 

The above examples illustrate the types of 
satellite informat ion available. Use of this 
data is limited by the current restricted 
availability of high quality data, by a lack 
of image processing facilities even at major 
research institutes, and by lack of education 
and training in this field at universities. 

The working group has discussed these problems 
and identifies them as limiting factors for 
growth in this application of remote sensing. 



8.7 fP..10R CJW:..U2!EES NIJ CPPCimmTIES IN 
FH;DilEERilE APPLICATICBS 

B. Sen Mathur, P.Eng. 
Head, Renote Sensing Section 
Ministry of Transportation 

and Ccrrrnunications 
Covernrrent of Ontario 

Overview of CUrrent Activities in 
Canada 

a) List of Afplicable Papers 
Presented at the 2nd National Work
Shop on the Engineering Applications 
of Renote Sensing, &hronton, 1982. 

b) Available Abstracts Belo..,. 

'1belDa: Develcpnent. and Applicstioos of 
RalDt.e Sensin_J 

Fran Interpretation to Image Analysis - A 
Transition 

G. Spafford (Abstract follo.vs) 

Thennal Sensing of Soil Moisture 

J. Vlcek (Abstract follo.vs) 

Developrrent of Airborne and Satellite Renote 
Sensing A[Plications 

J.D. Mollard (Abstract follo.vs) 

Recent Developrrents in Engineering Applica
tions of Rerrote Sensing 

S.J.G. Bird (No Abstract) 

Route Location Using I.h'IDSAT Imagery 

T. Reimchen (No Abstract) 

'1belDa: High Resolutioo. Satellite Imageries 

High Resolution Visible and Infrared Obser
vations fran Space 

WM. Strane & J.P. Hession 
(Abstract follo.vs) 

Canada's Radar Satellite Program 

R.K. Raney (No Abstract) 

Topographic Map Revision with Satellite 
Imagery 

E. Fleming (Abstract follo.vs) 

llS 

ABS"lWICl' 
G. Spafford: Fran Interpretati.cn 

'lb IDElge Analysis - A Transiticn 

Air photo interpretation has been a valuable 
tool to the civil engineer for rrany decades. 
The introduction of satellite imagery has 
enhanced the ability of the interpreter to 
define the pattern and canposition of t.he 
eart.h' s surface. The paper briefly presents 
several examples in sare of which the 
satellite image ry alone was used. A variety 
of devices are used for image analysis, not 
all of v.hich are of general use to the 
interpreter. Sare of these devices are 
available through rerote sensing centres 
established by the provincial goverrurents. 
The quality of service provided at these 
centres varies and in rrost cases, the 
interpretive and analytic devices are 
limited. Methods of obtaining satellite 
imagery are surrmarized and problems in 
delivery discussed. The authors express t.he 
opinion that improvement of r ~.JTOte sensing 
centre facilities and services is justified. 

ABS"lWICl' 
J. Vlcek: 'lbenlal Sensin_J for 

SUbeurfaoe soil K:>isture 

Soil water content affects physical proper
ties of soil related to engineering 
applications as well as being a crucial 
factor in plant life. Survey of soil 
rroisture over large areas by point measure
ment can be tedious, inaccurate and imprac
tical. It is, therefore, not surprising 
t11at attention has been directed tawar~ 
re.TIOte sensing meiliods as means of obtaining 
such data. Three rerote sensing meiliods can 
be used for soil rroisture detection: air 
photography, ilierrrography and microwave 
imaging. Each of iliese methods has certain 
advantages and limitations. In tltls paper 
ilie awlication of thennal sensing will be 
discussed. In the first part basic thennal 
properties and behaviour of soils will be 
reviewed to establish a b3.sis for under
standing of iliennal image patterns. In ilie 
second part, will be a presented experimen
tal results with the emphasis on iliose 
obtained at ilie University of Toronto. 

AIBl.'R1CT 
J.D. K:>llard: Develcpnent of Airborne 

and Satellite RalDt.e Sensin_J Aa>licaticns 

I plan to use about 30 slides to illustrate 
~'lis talk, . v.hich deals with my experiences 
in develqnng renote sensing applications. 
The projects discussed date back to tJ1e 
1940s. Renote sensing case history examples 



begin wit..h searches for sand and gravel 
construction naterials, and with the 
location and napping of dense concentrations 
of boulders and frost-shattered rock. 
Studies involving the selection of different 
types of engineering sites and routes, and 
with terrain mapping along them, are 
discussed next. An exarrple of surficial 
geology and linearrent napping for oil and 
gas prospectin;J is folla,,red by one carried 
out for base rnetal exploration. Slides of 
airphotos interpreted for groundwater loca
tion and developrrent, arrl others illustra
tin,J shoreline erosion and bank stability 
napping around recreational lakes arrl 
rran-nade reservoirs are then presented. The 
next slide shcMs one facet of a study 
sha,,ring historical (SO-year) changes in 
erosion and sediirentation affectin,J wildlife 
habitat at a large rrodern delta in northern 
Canada. My final series of slides present 
exarrples of terrain data base napping and 
eight derived land suitability naps for use 
in guiding regional plannin;J and resource 
manageirent. Each of the case history 
exarrples is illustrated by a slide sha,,ring a 
portion of an interpreted black and white 
panchranatic airphoto, an airphoto nosaic, 
or a LANDSAT data product. 

ABS'l'R1\CT 
w.M. strane & J.P. Hessicn 

High Resoluticn Visible am Infrared 
Cllservatioos fran Space 

The National Aeronautics and Space Adminis
tration series of Earth Observation 
Satellites, LANDSAT' s-1, -2 and -3, have 
provided frequent, reliable high quality 
global observations usin;J a high quality 
Multispectral Scanner (MSS) operating in the 
visible and near infrared region of the 
spectrum. The use of these data to provide 
information to improve the effectiveness of 
resource rranageirent is increasing. For sane 
applications, the resolution of the data 
provided by the current LANDSAT series, 80 
metres, is a limitin,J factor. In 1982, 
LANDSAT-D will be launched by the United 
States. In addition to the familiar MSS, 
this satellite will carry a new sensor, the 
Thernatic Mapper (™) which will have 30 
metre spatial resolution arrl several new 
spectral bands. The data fran this 
instrument will not be widely available 
until 1983 or later. In 1984, France is 
planning to launch the first SPOT satellite, 
which will contain tv.o scanners which have 
20 metre resolution in the multispectral 
(three channel) rrode and 10 matre resolution 
in a panchranatic rrode. Canada is 
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developing plans to read rut and process 
data fran both of these satellites, as well 
as those fran several other rerote sensing 
satellites whose launches are being planned 
by the European Space Agency and Japan later 
this decade. 

ABS'l'R1\CT 
E.A. Fleming: ~ Map 

Revisi.ai UsiD_J Satellite Imagery 

I.ANr:SAT irragery is being used effectively to 
provide revision infonnation for 1:250,000 
naps and change detection for 1: 50, 000 naps 
in the National Topographic Series of 
napping. Off-shore features such as islands 
and sh:>als have been positioned using the 
CCRS DICS products and this type of digital 
irragery has been used for the autanatic 
extraction of lake inforrration for srrall 
scale naps on an experimantal basis. 

Qnclusioos ResultmJ fran the 2nd 
Natialal ~ 

Direct l\pplicatials 

1. The availability of high resolution 
Therratic Mapper arrl SPOT irragery will 
increase the general application of 
satellite irrageries by the Engineers. 

2. 

3. 

4. 

5. 

Ground resolution for both types of 
irragery is still insufficient for 
detailed terrain analysis. Ha,,rever, 
they are suitable for general 
operational planning for large scale 
engineering products such as pipeline 
arrl hydro-electric developrents. 

Canpared to the Thematic Mapper 
Imagery, SPOT irragery is rrore useful 
for visual interpretation since it 
provides a higher resolution and 
stereosccpic coverage. 

Considering the resolution and scale 
at which it will be available and its 
stereoscopic capability, SPOT irragery 
has the potential to be a substitute 
for high altitude aerial photography. 

Repetitive, up-to-date coverage 
provided by Thematic napper and SPOT 
irrageries is llllfOrtant to engineering 
studies requiring change detection 
such as erosion, flooding and 
instabilities. 



6. 

7. 

'l'he availability and oost of these 
:imageries will be detennining factors 
in the extent of their use. 

Products 

SigniEicant savings in rrosaic 
construction will be realized if high 
resolution, geanetrically-corrected 
:imageries are available. 

Inege Analysis 

8. For the Thematic Mapper Imagery the 
colour canposite whic.11 assigns blue, 
green and red to tands 1M 3, 4, 5 
respectively appears to have great 
potP.ntial for engineering applica
tions. 

9. 

10. 

11. 

12. 

3. 

The oolour ccmp::,site (multispectral 
mode) of the si.rnulated sror imagery 
could approach the STT13.ll seal,:! colour 
infrared aerial photography in terni.s 
of level of detail and type of infor
mation. 

'&lucaticn am Traini.nJ 

The full benefits of high resolution 
satellite brageries can be realized 
only if sufficient qualified personnel 
in all related areas of operation are 
available. 

li'.:>rkslq> 

It is difficult to maintain interest, 
contact and rrarentum across the nation 
when the workshop is held at two-year 
intervals. 

Mi.scellaneo.Is 

Because of diverse activities by 
various agencies throughout the 
country, there exists a need to 
establish and to ffi3.intai.n a record of 
the state-of-the-art in many areas. 

Solution: As an example, MI'C has been 
carrnissioning state-of-the-art rep::,rts 
on new investigations. 

Maintaining a realistic ba.lance 
between visual interpretation and 
digital techniques since conventional 
visual interpretation remains to be 
the only feasible methcxl for many 
agencies and will be so for sane time. 
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1, 

2. 

3. 

4. 

RecxmlEl'W:1at: 

Rea.Imeudati.aJs originating fran the 
2rn Nat.i.cnal ~ 

A. Products 

Gecmetrically-corrected :imageries, 
similar to those produced by DICS for 
the present LANDSAT data, should be 
available for high resolution 
satellite DT\3.geries fran the national 
facility. 

The p::,tential of rre.pping using sror 
imagery should be investigated. 

B. Inege Analysis am Pilot Projects 

Pilot projects using simulated 
:imageries should be conducted to 
investigate systematically their 
applicatioo to engineering studies and 
to derronstrate and document the 
benefits of digital analysis systems 
to those who presently rely on 
airphotos alone. 

Pilot projects should be organized by 
the Working Group, involving personnel 
having relevant experience, qualifica
tion and interest. Projects should be 
carried out in conjunction with 
various agencies such as government, 
industry and e:iucational institutions. 

5. Test areas for such projects should: 

6. 

7. 

(a) 

(b) 

For 

be located in di f.ferent physic-
graphic regions of Canada; 

Already have sufficient air
photo coverage and ground truth. 

Thematic Mapper :imageries, the 
rendition which assigns blue, green 
and r ed to bands 1M 3, 4 and 5 
respectively should be available for 
all future pilot projects. 

The rrost useful colour c:.'CK!p)site .for 
analyzing thermal signatures, water 
quality and rock types fran Thematic 
Mapper llTBgeries should be defined. 
Special equipment may be required and 
suc.h nee:is and corresponding avail
ability should be investigated. 



8. 

c. &lucaticn am '1'rain:iJ¥J 

The Working Group 
at the earliest 
feasibility of 
established in 
universities to 
r~irements in 
derrands in high 
imagery programs. 

should investigate, 
JX)SSible date ; the 

having programs 
colleges and 

meet the nanpo,,er 
satisfying future 

resolution satellite 

9. 
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D. W:>rkshop 

The National Workshop on Engineering 
Applications should be an annual 
event, held in rotation across the 
country, to foster ni'itional interest 
and awar2ness in engineering 
applications of renote sensing. 



8.8 HOW DOES REMOTE SENSING TECHNOLOGY 
MEET THE APPLICATION CHALLENGE? 

A PROVINCIAL PERSPECTIVE 
ON THE USE OF REMOTE SENSING TECHNOLOGY 

Victor G. Zsilinszky 
Ontario Representative 

My job is to provide an overall view of the 
provincial remote sensing situation from coast 
to coast, in answering the question of how 
remote sensing technology stands up to the 
challenges of actual or proposed applications. 
I thought to reduce this job to a more manage
able size by focusing on one specific 
provincial program - one which I am admirably 
familiar with, and which has been challenging 
the capabilities of remote sensing with some 
rigour for nearly a decade now. I speak of 
the Ontario Centre for Remote Sensing. I do 
think, however, that the overall assessment 
of the experience of users will be accurate -
even though I may inadvertently miss important 
highlights of the programs of other provinces 
(for which I offer my apologies in advance). 
I believe that the problems and successes 
which the OCRS has encountered would be common 
to all users . If you do not agree, there will 
be ample opportunity at the workshop to 
present the unique concerns of your own 
province . Therefore, I shall deal with the 
following topics predominantly from the view
point of Ontario. 

AVAILABILITY OF A CONTINUOUS SUPPLY OF DATA 

With regard to data production, the present 
turnaround time provided by CCRS satisfies 
OCRS needs . We update our library at approxi
mately three-month intervals, and place 
frequent special orders for particular 
projects . We generally receive hard- copy data 
within 2- 3 weeks, at the most, and CCT's 
within 3 to 4 weeks of placing the order. 
Continuity of data supply in this sense, 
therefore, is not a problem. 

With regard to weather-caused interruptions in 
the flow of satellite data for a particular 
purpose, back-up systems must be developed . 
These systems may not offer the same effi
ciency and economy as satellite data- based 
methods, but they should at least improve upon 
conventional methods which probably depend 
primarily upon ground surveys, and should, 
naturally, offer information compatible with 
that derived from satellite data . For example, 
for the OCRS program to map agricultural land 
use from the digital analysis of LANDSAT data, 
aerial photography is being considered and an 
airborne video recording system is being 
tested, for use as back- up . When a LANDSAT-
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based agricultural land use invento r y program 
becomes operational, the procedure will be to 
determine whether usable imagery has been 
acquired on a scheduled image date, from the 
microfiche imagery, and to put the back-up 
system into use at once. 

In some cases, changes in landscape conditions 
occur so gradually that up-to-date imagery is 
not required . One example is the biophysical 
c l assification of the Hudson Bay- James Bay 
Lowland. For the northern forest typing 
program, however, the recent occurrence of 
large, unfought fires would outdate the 
information until new imagery became available. 

If a satellite had a serious malfunction and 
there were no other operating satel lites which 
could make up the loss, the resulting data 
interruption would, of course, be fatal to 
programs based on continuous, near- real-time 
coverage. Naturally , operational users of this 
data need reassurance that, insofar as the 
matter lies within its power and not within 
that of NASA or NOAA, the federal government 
will not let the data flow dry up . We have 
encouraging signs that the federal government 
is aware of this responsibility . The Minister 
of State, Science and Technology has granted 
CCRS some $1 4 million to upgrade the receiving 
capability for LANDSAT D. A grant of $4 
million was allocated to continue collaboration 
with the European Space Agency, so that 
Canadian users may benefit as much as possible 
from the data produced by ESA satellites. 
Development s toward RADARSAT have also been 
funded with $17 million . 

One might worry that in the meantime, the real 
problem lies with the American cutback in 
funding for the space program. There are two 
facts to be borne in mind here : 

a) The planned cutback in NASA's budget is $357 
million in 1982 and $1 billion in 1983 . 
The diverse requirements of the Space 
Shuttle represent about half of NASA ' s 
remaining budget, but, in view of its value 
in defense, it may be relatively safe from 
cutbacks. The U.S. Office of Budget and 
Management apparently believes that, rather 
than constrain all the other programs, 
including earth-resources satellites, it 
would be better just to lop off the space 
exploration program . (This information is 
drawn from an article entitled, "The NASA 
Budget, Planetary Panic " , in Volume 120 of 
Science News.) However indignant we may 
feel about this approach, it would leave 
operational satelli t e - based programs on 
relatively firm ground. 



b) NOAA is directed to run LANDSAT data dis
tribution as something closer to a commer 
cial enterprise. Therefore, we hear of a 
charge of $600,000 per receiving station, 
and of significantly higher data costs in 
Canada. For the research and education 
centres, such increases will be difficult 
to bear. For a full-fledged operational 
program, however, I would venture to say 
that the cost of LANDSAT data will always 
represent considerably less than half the 
cost of the program . Furthermore, the 
cost-effectiveness of an operational 
LANDSAT-based methodology would justify a 
large data cost: although the cost of using 
satellite r emote sensing operationally may 
rise, it will still undercut the cost of 
traditional g round surveys. To cite an 
example from OCRS experience, it is 
projected from work done to date that 
LANDSAT-based operational land use mapping 
for Ontario will cost in the order of $1 . 50 
per square kilometer (from purchase of CCT 
at $230 to finished map). 

In short, I believe that concern and money 
are both available to keep earth-resources 
satellite data flowing without major inter
ruption, but that it will be necessary for 
users to provide their own insurance, as far 
as possible, by developing airborne back-up 
systems. 

STATE-OF- THE-ART OF IMAGE ANALYSIS SYSTEMS 
(AT PROVINCIAL CENTRES) 

Practical , relatively small image analysis 
systems are permit~ing increasingly wider use 
of digital LANDSAT analysis. This is a 
necessary development on the eve of LANDSAT D. 
Central remote sensing organizations in 
Ontario and Quebec have systems well estab
lished in operation . Nova Scotia is in the 
process of establishing a system; Alberta has 
acquired one; and Manitoba has similar plans . 
All systems are expected to be compatible, 
for the great advantage of easily-transferred 
software and shared experience . 

a) System Costs: 

The OCRS system consists of a PDP 11/34 
computer and two sets of image display hard
ware (a Norpak 3050 Image Display System and 
a Dipix LCT-11). In total, t he system has 
cost approximately $300 ,000 to purchase. 
Yearly maintenance costs $24,000 . Staff 
scientists operate the system for their own 
projects; however, the services of a system 
manager are required ($25,000). The only 
supply costs are $16 per blank tape. At this 
time, however, a sum of $36,000 per year is 
paid for the development of new software. 
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OCRS has established an Applicon Colour 
Plotting System in tandem with its digital 
analysis system . The purchase price of this 
instrument was $100,000 in 1980. Software 
maintenance cost $2,400 per year. The train
ing of an OCRS staff member for hardware 
maintenance and software problem diagnosis 
cost $1,000. The major component of the cost 
of hardware maintenance is the ink-application 
nozzles, which sell for $725 for a set of 
three. Supply costs are $265 for a 5-bottle 
carton of ink and less than $1 per 56cm x 86cm 
sheet of paper for printing maps . 

The development of software to convert digital 
analysis results to an Applicon- acceptable 
format and of software to increase the anno
tation capability, has to date cost $30,000 
per year. 

In summary, it is estimated that the total 
yearly operating cost of both the image 
analysis systems is $63,400, not including 
the cost of developing new software . 

b) System Output : 

Output cannot be precisely evaluated, as it 
depends upon area size and complexity . It 
could take from 1/2 day to over a week for a 
scientist to complete a single classification 
satisfactorily. Similarly, it may take from 
l hour to over one working day to convert the 
classified data to an Applicon - acceptable 
format . Printing of the final map, however, 
takes only 15 minutes . (A sample is appended 
to this paper.) Production of colour separa
tion masters of the map takes approximately 1 
hour . 

The OCRS digital analysis and computerized 
map production facilities operate 24 hours a 
day, 7 days a week, in order to meet the 
demand of research and application projects, 
and of access to the system granted under the 
OCRS technology transfer program to private 
companies and universities . 

c) Conclusion : 

Without undue boastfulness, I think I can pr e 
dict that the type of classification and map 
production facility established at the OCRS is 
probably the way of the future in the opera
tional application of LANDSAT and of similar 
satellite data, as it makes the information 
derived from the data available in a readily
usable format, rapidly and relatively 
inexpensively. 



RESEARCH AND DEVELOPMENT PROGRAMS 

Here, a short list of selected highlights will 
have to suffice. No attempt has been made at 
a comprehensive survey, in view of the time 
restrictions of this paper. You will, of 
course, all have an opportunity later to 
augment or correct what I have said. 

The Alberta Center is conducting a demonstra
tion project, together with CCRS, the Alberta 
Department of Energy and Natural Resources 
and the University of Calgary, to establish a 
LANDSAT-based technique for determining the 
capacity of rangelands for cattle grazing. 

Manitoba is testing the feasibility of using 
the digital analysis of LANDSAT data to main
tain an ongoing inventory of wooded cover in 
the southwest of the province, for the deter
mination of white-tailed deer habitat. 

The OCRS is conducting the following programs 
based on the digital analysis of LANDSAT data: 

general land use/land cover mapping for 
the province 
agricultural land use mapping 

- forest type mapping north of latitude 52°N 
- forest fuel mapping 
- mapping wetlands of the Hudson-James Bay 

Lowland 
- vegetation change analysis for environmental 

impact assessment 
The following are some examples of programs 
based on airborne sensing: 

forest regeneration assessment by colour 
infrared photography 

- detection of mine roof instability aerial 
photography and thermography 

- completion of the surficial geology mapping 
of Northern Ontario 

In Quebec, the following programs are under
way: 
- cooperative program of the Laurentian Forest 

Research Centre and Hydro Quebec to map 
forest conditions over a 200,000 km2 region 
of the province 

- a joint project of the federal Forest Fire 
Research Institute and the Ottawa Valley 
Conservation Society in the use of 
digitally- analyzed LAi~DSAT data in the 
planning of forest fire fighting strate~y 

- initial environmental impact assessment of 
the James Bay project of ,Hydro Quebec; 
subsequent monitoring of reservoir flooding 

In New Brunswick, both LANDSAT data and aerial 
photography have been employed in the develop
ment of a technique for the mapping of forests 
susceptible to damage from spruce budworm 
infestation. 
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In Newfoundland, LANDSAT imagery was used to
gether with aerial photography for the mapping 
of structural and surficial geology by the 
Department of Mines and Energy. 

TECHNOLOGY TRANSFER 

One form of technology transfer is actively 
practised by the provincial remote sensing 
centres of Alberta, Manitoba and Quebec, which 
give users access to a remote sensing labora
tory and remote sensing data, and provide 
assistance in the performance of projects . 
Another form of technology transfer, that of 
cooperative projects, practised in at least 
5 provinces, is exemplified by the Alberta 
joint project with CCRS to establish a 
LANDSAT-based rangelands capacity assessment 
technique . I understand that rangeland 
managers are active participants in this 
program, thereby accomplishing a transfer to 
the user community of a spaceborne sensing 
technique . 

In 1981, the OCRS continued its program of 
technology transfer to government , the private 
sector and universities, through the following 
activities: 

a) OCRS gave formal general and project-related 
consultation in remote sensing use to 25 
different Ontario government agencies, some 
on several different occasions and topics. 
Consultation was also provided to 5 federal 
bodies and 4 organizations from other 
provinces . The Centre performed 31 
research and trial-application projects 
with Ontario government organizations, both 
on a charge-back basis and on the basis of 
mutual financial contribution. 

b) Approximately 25 Ontario companies received 
formal consultation (that is, lengthy,face
to-face discussion and advice, as disting
uished from the providing of specific 
information by phone or letter). In certain 
cases, scientists from companies were 
granted the supervised use of OCRS facili
ties, including the digital analysis system, 
for purposes of specific, small-scale 
research. OCRS worked with 4 companies on 
joint research and development projects. 

c) Fifteen different university departments 
took part in the OCRS technology transfer 
program in 1981. OCRS provides guest 
lectures, assistance in curriculum planning, 
workshops at the Centre for senior under
graduates, special training and access to 
lab and digital analysis facilities for 
graduate studies and assistance in thesis 
preparation. OCRS also performed 4 coopera
tive R&D projects with universities. 



TRAINI NG 

At the Alberta Center this past February, the 
tenth multidis c iplinary r emote sens ing course 
was given . The Manitoba Remote Sensing Centre 
provides discipline - oriented remote sensing 
training, in cooperation with t h e University 
of Manitoba . The Quebec Centre is also an 
active participant in r emot e sensing training 
in that province . The Land Survey Institute 
of Nova Sco tia, which now houses the r emo t e 
s e n sing centre of Nova Scotia, provides a 
unique national training centre for remo t e 
sensing t echnologis ts. 

In Ontario, 8 tra inin g seminars we r e given in 
1981, each e mphasizin g hands-on experien ce in 
data interpretation a nd a na l ys is, and based 
prima rily on actual remote sensing app l ica 
tions developed a t the OCRS. The courses 
were as follows: 
- Gener al Remo t e Sensing Seminar for 

Profess ionals (5 days) 
- General Remote Sensing Seminar for Managers 

( 3 days ) 
- Seminar in La nd Use Applica tions (3 days) 
- Seminar in Forestry Applications (3 days) 
- Seminar in Geo logical App l ica tion s (3 days) 
- Pho to Interpretation Course for Gr ea t Lakes-

St . Lawrence For es t Conditions (5 days ) 
- Pho to Int e r pr e t a tion Course for Boreal 

Fo r es t Conditions (5 da ys ) 

Governme nt employees , the staff of priva t e 
companies and, i n some instances, university 
professors, a tte nd e d these courses. 

ECONOMIC IMPACT 

This is a q ues tion on wh i ch I prefer t o speak 
of Onta rio's experie nce a l o n e , simply for the 
advantage of a basis in firm knowl e dge . 

First, some cos t-benef it da t a on the new OCRS 
comput e ri zed mapping t echnology . The economi c 
benefi t can only be es timated a t thi s point, 
but early OCRS r esult s have f urni shed t he 
following figure : to u se th is t echnolo gy for 
gen e r a l l a nd use or f ores t type mapping will 
cos t between $1.00 and $2 . 50 per km2. In the 
case of forest t yping , thi s is approximately 
one-tenth of th e co st of th e traditional 
aerial photography-based t echnique . The 
l e v e l s of de tail differ great l y , of co urse , 
but for northe rn region s of r e l a t ive l y simp l e 
forest conditions , the r esult s from LANDSAT 
t echnology are more than a d eq uate . A very 
important aspec t of the n ew technology is it s 
eff i cien cy . Fo r the OCRS l a nd us e mapping 
program, for example, it i s es timated to take 
approxima t e ly 40 man-days to produce one 
1 : 250,000-scale and 1 6 1 : 50 ,000- scale map 
s h ee t s , for one 1 : 250,000-scale NTS map sheet 
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area . (The calculation assumes t ha t the digi
tal sys t em could be d e dicated full-time to this 
one task . ) At thi s rate, mapping over ex t en
sive areas which may otherwise have proceeded 
very slowly, o r have been cu t off before 
completion, can now be fini shed wi thin a few 
year s . Wi thin the limit s of satellite data 
continuity , this a l so implies more up - to - date 
information. 

Permitted a personal obse r vation on the fu ture 
financial prospects of satellite remote sensing 
t echnolo gy in Canada, I woul d say that they are 
r easonably bright , despite infla t ion , recession 
and increased data costs . I have thr ee main 
r eason s for t his view: 

a ) Cu tbacks in traditional programs may force 
ma nage r s t o seek new methods; 

b) New areas of r esource exploration and 
deve l opment, par t icul ar l y i n the r emo te 
north, will c r ea t e a demand for qu i ck 
information on r eg ions for which satell ite 
da t a is th e on l y exis ting coverage ; and , 

c ) Initiatives are being ta ken toward t he 
es t ablishment of geographically-indexed 
digital data bases , fo r wh i ch digital 
sa t e llit e data will provide the foundation . 
The OCRS is itself t aking such an initia t ive 
through t he curren t development of software 
to integrate existi ng mapped data or da t a 
from other remote sensing data t ypes with 
digitally- analyzed LANDSAT data , in a single 
App l icon- p r oduced map . 

RECOMMENDATIONS 

Fi r st , OCRS wo uld l ike to commend CCRS fo r the 
excellent quality of i ts produ c t a nd service in 
LANDSAT data produc t ion ; for the establishment 
of a t echno l ogy transfe r office; for the pro 
gram to update Canadian r eceiving capability; 
a nd fo r i t s understanding and consul t ative 
app roach t o LANDSAT price i nc r eases . 

Secondly, on the basis of the foregoing dis 
c us sion , I would put forward th e following 
genera l recommendations: 

1 . That CCRS manage t he Canadian subscription 
t o int e rna tional satellite progr ams so as 
to minimize the possibility of a long - term 
interruption of da t a . 

2 . That the Technology Transfe r Office equip 
itse l f wi th cost - benefi t data from programs 
across t he country , and wi th complete data 
on exis t ing provincia l programs, in o r der to 
s up port provincial o r t e rritoria l organiza 
tions in efforts toward the establishment of 
r emo t e sensing centres . 



3. That successful provincial applications of 
remote sensing and their economic impli
cations be publicized promptly through 
such channels as the CCRS newsletter . The 
onus is on the organizations who develop 
these applications to report their results . 

4 . That all provincial centres actively 
conduct technology transfer with or without 
the collaboration of CCRS . 

5 . Finally , and most importantly, that all 
provincial remote sensing cen tres take as 
their function the actual performance of 
remote sensing research and trial-
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applica tion projects. I believe only in 
this way will true centres of expertise 
develop, grow and exchange the benefit of 
their experience . It is not that the 
coordinating and assisting roles which 
provincial centres have adop ted a r e 
unimportant : in fact , they are vital . 
However, we at the OCRS have had the 
experience many, many times , tha t wha t on e 
believes will work , from theory and 
previous related studies, may well fail to 
work as expected in practice . There is, 
therefore, no substi tute for "the horse ' s 
mouth" at the centre of a provincial 
remote sensing community . 
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8 . 9 REPORT ON THE PLAN FOR THE STUDY ON 
THE NATIONAL REMOTE SENSING PROGRAM 
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8.10 FUTURE OF THE NATIONAL REMOTE 
SENSING PROGRAM: HOW ARE 
EDUCATIONAL INSTITUTIONS MEETING 
THE CHALLENGE? 

Philip Howarth 
McMaster University 

ster of 
stated: 

In May 1980, John Roberts, Mini
State for Science and Technology 

··our universities are an essential 
element in the total national R & D 
effort. Without a strong, viable uni
versity research comC1Unity, we will not 
have access to the latest technology; 
we will not develop the bright, crea
tive minds that are so crucial to 
healthy science; and we will not be 
able to tackle the increasingly complex 
and urgent problems which concern us as 
a nation" (Source: CAUT Bulletin, 
Special Edition, 1982, p. 7) . 

These are worthy challenges for 
our educational institutions, but to what 
extent are these ideals being raet? 

The aim of this paper is to 
identify, with respect to remote sensing, the 
overall research and teaching capabilities of 
the universities and colleges of Canada. 
Strengths and weaknesses will be identified 
and the present capacity of educational insti
tutions t o meet the upcoming challenges of the 
Nationa l Remote Sensing Program will be 
assessed . 

Week Of National Concern 

It was appropriate that this year 
the Annual Meeting of the Canadian Advisory 
Committee on Remote Sensing (CACRS) should 
take place at the end of March, rather than at 
the usual time of mid-April . The CACRS meet
ing coincided with the "Week of National 
Concern '" (Harch 24 31) declared by the 
Canadian Association of Un i versi ty Teachers 
(CAUT) to draw attention to "the underfunding 
of universities and the decline of quality 
education" (CAUT Bulletin, Special Edition, 
1982, p . 1). 

Some of the major concerns have 
been identified in an article in the Bulletin 
by the Executive Secretary of the CAUT 
(Savage , 19 82) : 

- in most provinces, the percentage of 
provincial budget spent on education 
increased from 1960 to 1970. It then 
declined during the 1970s, so that it 
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is once again at the 1960 level. 

- although the percentage of federal 
support to universities has 
increased, there is concern that 
through the fiscal arrangements with 
the provinces, not all the support 
will reach the universities and 
colleges . 

scientific equipment is becoming 
outmoded and funds are not available 
for replacements. Buildings, especi
ally in older universities, are fall
ing into disrepair. 

- universities are finding it increas
ingly difficult to provide adequate 
support for libraries, technical 
staff and secretarial services . 

The basic problem facing all 
universities in Canada today is one of under
funding which in turn leads to non- productive 
pressures on the educational system. 

University Funding 

Funding of teaching and research 
at universities is a complex procedure, as 
illustrated in Figure l. In essence, a uni
versity has four sources of financing. First, 
operating grants originate with the federal 
go vernment, but are channelled to the univer
sities through the provincial governments. 
Operating grants are usually calculated on a 
per capi ta basis. A second source of income 
is tuition fees, which vary depending on the 
province and the program of study being under
taken by the student . Third is research fund
ing. Funding from federal sources is awarded 
to faculty or groups of faculty to support the 
direct costs of research. Funding for remote 
sensing specialists comes primarily from the 
Natural Sciences and Engineering Research 
Council (NSERC). Provincial funding for 
research is often available, but sources and 
amounts of money can vary greatly . The fourth 
and final source of funding would include 
research foundations and other private 
sources . 

Teaching 

There are several aspects to 
teaching that should be emphasized: 

Enrolment As already pointed 
out, in most cases student enrolment directly 
influences the amount of finance received by a 
university from operating grants. If the 
increase in the per capita grant keeps pace 
with inflation (rarely the case during the 
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last decade), but student enrolment declines, 
the real income of the university also 
declines. With many fixed costs, it is diffi
cult to absorb this decline. 

It is also difficult to predict 
enrolment. There are several factors that can 
influence it: 

the size of the post-secondary age 
cohort (18 to 24 years). 

- the participation rate, which in turn 
is influenced by the state of the econ
omy, the amou,nt of student aid, tuition 
costs and the availability of summer 
employment. 

the size of the non-traditional univer
sity group (e.g. mature students). 

the size of part-time enrolment. 

Projected enrolment patterns 
quoted in the GAUT Bulletin, indicate a peak 
in university enrolment in Canada by 1983-84, 
followed by a decline. Depending on which of 
the factors that influence enrolment are 
emphasized, the decline in undergraduate 
numbers is predicted as being anywhere from 
3.2% to 17% over the subsequent 20 years. 

Graduate enrolment in the scien
ces, based on figures from NSERC quoted by 
Willes ( 1982), showed a decrease of 36% from 
1970 to 1979. An encouraging trend is that in 
1980-81, "applications for the support of 
first year graduate students increased by 12%, 
according to NSERC President McNabb" (Willes, 
1982, p. 7). A similar increase occured in 
1981-82 and is also predicted for 1982-83. 

ant that members of CACRS appreciate the 
limited amount of instruction in remote sens
ing that undergraduate students are able to 
receive. Remote sensing is usually included 
as one of the topics in a degree program in an 
environmental science. In most universities, 
there are rarely more than two half courses in 
remote sensing. Each half course would usu
ally consist of two hours of lectures and a 
two-hour lab per week for 13 weeks. In a 
total of 26 hours of lectures and 2b hours of 
laboratory classes, it is difficult to achieve 
more than a basic understanding of the con
cepts and achievements in the subject. 

In the few colleges specializing 
in remote sensing, there are usually many more 
hours devoted to the subject. There is much 
more emphasis on the practical aspects of 
remote sensing and the technicians that are 
produced will form a vital element in the 
remote sensing community. 

A much greater depth of under
standing in remote sensing is achieved by 
students who specialize in the subject at the 
graduate level. With a two-year Master's 
program or a four-year Ph.D. program, a 
student not only receives in-depth instruction 
in remote sensing, but also carries out a 
great deal of reading and writing on the topic 
and is involved in the design, execution and 
writing of a specific research study. 

Education versus Training It is 
important to emphasize the differences between 
education and training. Universities are 
primarily concerned with providing an all
round education for their students. As 
pointed out earlier , remote sensing is usually 
just one of the areas of instruction for 
students working in the environmental scien-

A world-wide trend experienced ces. 
over the last few years has been an increase 
in tuition fees for foreign graduate students. 
In the spring of this year (1982) for example, 
Ontario announced that graduate tuition fees 
for foreign students would increase to $6,500 
in 1982-83 and to $9,000 for the 1983-84 aca
demic year. Discussion of the pros and cons 
of this move are beyond the scope of this 
paper. However, there will be a major effect 
on graduate programs where it has been diffi
cult to attract good Canadian students (i.e. 
programs where students obtain good employment 
after a bachelor's degree, such as engineer
ing). In such cases, numbers in graduate 
programs will be drastically reduced, making 
it difficult to maintain good undergraduate 
instruction and placing further pressures on 
the faculty. 

Course Instruction It is import-
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The need for short-term training 
courses in remote sensing is often stressed at 
CACRS meetings. This need is realized, but it 
is not the prime function of universities to 
meet this demand. The faculty member has to 
contribute to the education of both undergrad
uate and graduate students, has to supervise 
the research of graduate students and at the 
same time pursue his own research activities. 
Rarely does he escape undertaking some 
administration as well! Given the range of 
activities required of the university faculty 
member, the provision of training courses has 
to take a secondary role. 

During the present academic year, 
discussion of education and training has drawn 
some attention in the media as provincial 
education authorities have called for 



increased training for jobs in the whole edu
cational system, The university viewpoint has 
been expressed by several educators, among 
them the President of McMaster University, Dr. 
Alvin Lee, who in a university newsletter 
(Contact, Jan. 15, 1982) "questioned what he 
called a federal and provincial government 
obsession with making schools, colleges and 
universities increasingly job- and training
related at the expense of fundamental educa
tion. The consequences (of such re-structur
ing) will harm this country for a long time to 
come". Dr. Lee also said that "he is con
cerned that if the system is re-shaped to 
emphasize training to fit jobs as they are 
currently defined at the expense of the arts 
and sciences, massive human obsolescence a few 
years down the road on a scale that makes our 
current concerns about employment look like a 
parlour game will be the result". A further 
point emphasized in the article is that "one 
of the functions of the schools and universi
ties is to educate people who are capable of 
adapting their talents to new circumstances". 
Satellite remote sensing is an excellent exam
ple of this in that all of us who were 
employed prior to the 1970s have had to adapt 
and develop our skills to this new area of 
study. 

Short Courses In addition to the 
provision of education in universities and 
colleges, there is also a definite need for 
shorter-term specialist training programs or 
courses. However, the expertise and/or equip
ment to instruct in such courses is not always 
located in the educational institutions. In 
the long term, however, it will be valuable to 
transfer some of this expertise to the perman
ent educational sector. This would aid in the 
overall transfer of remote sensing technol
ogy. 

A variety of courses is currently 
being given in Canada, some by CCRS personnel, 
others by provincial centres. There is a need 
to identify types of programs and courses 
offered, and more importantly, to identify 
possible gaps that need to be filled. Involv
ing univ.ersities and colleges in these pro
grams would almost certainly be beneficial for 
long-term technology transfer. 

Research 

It is expected by universities 
that faculty members will maintain an active 
research program and publish the results of 
their work in research journals. For faculty 
in science and engineering, financial support 
of research is essential. For the majority, 
the NSERC operating grant is the major source 
of funding and it is important that members of 
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CACRS appreciate the mechanism of reviewing 
proposals and the amounts of funding that are 
available. 

In brief, faculty members submit 
research applications to NSERC which are 
assessed by peer review committees. Proposals 
are also sent to external reviewers. Several 
of us working in remote sensing have our 
applications considered by the Earth Sciences 
Grant Selection Committee (ESGSC). Barnes 
(1981) has provided a detailed description of 
the procedures involved and has also indicated 
the size of awards that are granted, Data 
from 1980 are shown in Figure 2, simplified 
from a histogram produced by Barnes (1981). 
Grants (both one year and three year) totalled 
approximately 500 of which about 330 were new 
applications. No award was made for 38 of the 
applications. Of the remainder, the range was 
from $2 - 3,000 to $38 - 39,000. The average 
operating grant in 1980 was $14,600, with the 
modal class being $7 - 8,000. Thirty-six 
researchers received $20,000 or more, while 
only seven received over $30,000. 
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Distribution of 1980 NSERC Operat
ing Grants in the earth sciences 
(from Barnes, 1981). 

Equipment requests in the range 
of $5 - 75,000 are also considered by the 
ESGSC Committee and in 1980 27 awards were 
made costing a total of $510,000 (Barnes, 
1981). Grants for equipment costing in excess 
of $75,000 are considered by another committee 
and in 1980, four grants were made. However, 
as Barnes (1981, p, 24) points out "in earlier 
years, earth scientists generally received 
one, rarely two, awards each year", 



Out of the grant, the faculty 
member has to provide some graduate student 
support and to cover costs of all materials, 
travel for field work, etc., not only for his 
own work, but also for his graduate student's 
research. Given the impending increase in the 
cost of LANDSAT tapes, the situation could 
easily arise where two LANDSAT tapes will cost 
101/. of the faculty member's operating grant. 

The suggestion is occasionally 
made that a remote sensing specialist be 
included as one of the NSERC committee members 
to cover our area of specialty. In practice, 
however, the num~er of university faculty 
specializing in remote sensing is small. It 
is estimated that of the approximately JOO 
applications reviewed each year by the ESGSC, 
only three applications (i.e . 1%) will be 
directly concerned with remote sensing . Simi
lar or smaller numbers of applicants will be 
found in the other grant selection commit
tees. 

The members of a committee cover 
a wide range of expertise and, from experience 
of site visits by the ESGSC committee, will 
have among their number persons with a good 
appreciation of remote sensing. In addition, 
they have specialist external reviews avail
able to them, often provided by government 
research scientists . 

As pointed out by Barnes (1981, 
p. 21) "tl1e main criterion for awards is the 
excellence of the individual as judged by his 
recent work, and the merit of his proposal". 
Thus, the "publish or perish" syndrome comes 
into force. One raust publish, not just any
where, but in the refereed journals (i.e. this 
report does not count!), and one must publish 
more than one's colleagues to receive more 
support from the limited funds available. 

In this section, the emphasis has 
been on Operating Grants . NSERC does have 
other granting schemes, the most relevant of 
which is the Strategic Grant. Special support 
is given to studies on selected aspects of 
oceans, energy, environmental toxicology, food 
and comn1unications. Further details are 
available in the NSEkC Awards Booklet. 

Questionnaire 

Background Two years ago, a 
questionnaire was prepared by the CACRS Edu
cat ion Working Group and circulated through 
the university and college systera. The pur
pose was to determine the state of remote 
sensing teaching and research in Canadian 
educational institutions. There have been 
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delays in analyzing the results, but a report 
is currently being prepared and should be 
completed and updated this summer. It was 
felt useful to present some summary results to 
give an idea of what is happening across the 
country. 

Problems In compiling and anal
yzing the results, several problems were 
encountered. The first was the problem of 
defining the operational boundaries of remote 
sensing, a task that may not in reality be 
possible. There are obviously close connec
tions between remote sensing, aerial photo
interpretation and photogramroetry. Some 
workers consider all three areas of study to 
be linked under the umbrella of remote sens
ing; others consider them separate disci 
plines. Moving further from remote sensing, 
where do the boundaries occur with astronomy, 
cartography, computer science, electrical 
engineering, geophysics and physics, to 
mention but a few related fields? A second 
problem can be referred to as the "bandwagon 
syndrome" or, if in doubt, call it remote 
sensing so as not to miss out on any possible 
benefits. For example, many environmental 
scientists will use aerial photographs in 
their studies for basic location and to give 
more spatial detail and information than can 
be obtained from topographic maps. Simply 
because the researcher looks at or uses aerial 
photographs does not mean that he is under
taking a remote sensing study . 

Results With some judicious 
editing of questionnaires to circumvent the 
problems referred to above, the following 
initial results can be presented. In all 
cases, the educational institutions have been 
placed in five locational groups. 

Table 1 shows the number of edu
cational institutions with interests in remote 
sensing. No reply indicates that an institu
tion is known to have some interest in re,:iote 
sensing but did not respond to the question
naire. 

Table 2 shows the number of uni
versity departments offering courses in re,note 
sensing. As can be seen, 31 university 
departments were offering introductory and/or 
advanced undergraduate courses, with only 20 
departments offering graduate courses. 

Table 3 shows the number of 
theses produced or in progress since 1974. 
Although the numbers are increasing, totals 
are smaller than one would anticipate and 
represent output from relatively few institu
tions . 



TABLE 1: Number. of Canadian Educational [nstituti.ons with Interests 
in Remote Sensing 

Institution 
British 
Columbia 

Prairie 
Provinces Ontario Quebec 

Atlantic 
Canada 

Colleges 

- Number 
- Departments 
- No Reply 

Universities 

- Humber 
- Departrnents 
- No Reply 

2 
2 
2 

l 
8 
2 

4 
4 

6 
8 

3 
3 

9 
14 

2 

6 
12 

TABLE 2: Humber of Uaiversity Departraents Offering Courses in 
Reraote Sensi'1g 

Level 

Undergraduate 

- Introduct ::>ry 
- Advanced 

Graduate 

Number of 
Universities 

British 
Columbia 

3 
5 

3 

Pr.air.ie 
Provinces 

6 
5 

'l. 

5 

Ontario 

11 
11 

7 

9 

Quebec 

6 
6 

5 

6 

Atlantic 
Canada* 

5 
4 

3 

4 

TABLE 1: Number of Theses Completed or in Progress Since 1974 
(Based on 1980 Data) 

flri.tish Pi:ai.ri.e Atlantic 
Level Columbia Provinces Ontario Quebec Canada* 

Remote Sensing 
,1ain Emphasis 

- Bachelor ' s 9 l L) 
- l1as ter' s 11 4 30 14 3 
- Ph.D. .~ 3 4 

Remote Sensing 
\Jsed 

- B;ichelor's 
- lfaster 's 2 8 20 
- Ph.D. 2 3 7 

l 
3 

J 
5 

Total 

31 
31 

20 

25 

Total 

2U 
62 
l3 

3 I 
l2 

---··---------------------------------·--------------------

* Includes Nova Scotia Land Survey Institute . 
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TABLE 4: Analysis of Canadian Remote Sensing Symposia Publications 

tlumber of papers 
Numbec of foreign papers 
Number of Canadian papers 

Number with CCRS input 
Percentage of CCRS papers 

Number with University/College input 
Percen tage of Unive rsity papers 

Total number Universi ty Personnel 
(racnlty and Graduate Students) 

Number of Educational Institutions 

Symposia Contributions 

Analysis of the questionnaire 
result:s provides an in.di.cation of how educa
tional institutions have contributed to the 
National Remote Sensing Progrdm in the recent 
past. It is diffi.cult, however, to provide a 
coraparative viewpoint with other sectors of 
the national program. 

One forum where universities, 
gove rnment and i'ldustries come together, how
ever, is at the Canadian Symposia on Remote 
Sensi'lg. Given that research is an important 
element of university activiti.es, it was felt 
that an analysis of university contributions 
to the Symposi:1 would provide an objective 
assessment of the level of research act i.vity 
in univers1t1..es. Number s and percent.:iges of 
papers emanating f r orn university sources were 
calculated for the Fourth, Fifth and Sixth 
Canadian Symposia on Remote Sensing held i:1 
11ay 1977, August 1978 and r1ay 1980, respect
ively . The Third Symposium was not included 
as many of the papers were iavited presenta
tions. An air strike parti.ally disrupted 
attendance at the Fifth Symposium so all 
papers accepted were included ia the calcula
tions. As a result, one or two errors in 
identifying affili.:itions as university or non
university may have occurred . Data for the 
Se·,renth Symposium were not available to the 
author. 

The results of the compilation 
are shown in Table 4. The total number of 
Canadi..:in papers incc-eased over time. Using 
CCRS as a control group, it was found that the 
percent.:ige of CCRS papec-s s tayed fairly con-
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4th 

53 
10 
43 

11 
26% 

18 
42% 

23 

15 

Symposium 
5th 

90 
24 
66 

15 
23% 

17 
27% 

33 

15 

6th 

98 
21 
77 

22 
29% 

15 
19% 

29 

11 

stant within the range of 23 - 29 %. Sub
mission of CCRS papers to the Fifth Symposium 
was down slightly, perhaps due to the problem 
of obtaining travel funds to visit Victoria. 

The disturbing observation is 
that the total number of university and 
college papers to the Symposia declined over 
time and, as a percentage of the total number 
submitted, declined from 42% in 1977 to 19% in 
1980, The total numbec- of university pec-son
nel involved has remained fairly constant, the 
figure for the Fif th Symposium being i.nflated 
by a paper from one institution with six 
author5. 

If one accepts that the number of 
Canadian contc-i.buti.ons to the Canadian Sympo
sia on Remote Sensing is an objecti.ve measure 
of the level of research activity in the 
country, then university activity remained 
sta ti.c during the second half of the 1970s. 
This is not unexpected . As pointed out in a 
previous CACRS contribution (Howarth, 197'.I), 
remote sensing arrived a decade too late . The 
decline in financial support for universiti.es 
in the l 970s has meant that faculty appoint
ments i.n remote sensing have not been made and 
the establishment of viable remote sensing 
prografil5 has not taken place. The outlook for 
the fi.rst half of the 1980s would suggest 
little change in this si.tuation. 

Highlights 

In spite of some of the difficul
ties described above, progress has been made 
in the universiti.es and colleges which will 
have a positive effect on the National Remote 



Sensing Program. Some of the highlights can 
be identified as follows: 

- using existing university faculty and 
facilities and aided by provincial 
funding, the University of British 
Columbia has established an inter
disciplinary program in remote sensing 
involving eight university depart
ments. 

in the Prairie Provinces, the Uni ver
sity of Alberta has made a strong 
commitment to remote sensing by purch
asing an image analysis system. 

- the Ontario Centre for Remote Sensing 
is attempting to encourage remote sens
ing in universities by establishing a 
Committee on Advanced Remote Sensing 
Education and Research. 

- in Quebec, strong remote sensing 
programs are being developed at Laval, 
McGill and Sherbrooke. 

- in Atlantic Canada, the University of 
New Brunswick has purchased an image 
analysis system and the Nova Scotia 
Land Survey Institute is leading the 
way for Canadian colleges with a spec
ialized remote sensing program. 

Conclusions 

On the basis of the above obser
vations and analysis, the following conclu
sions may be drawn: 

1. 

2. 

Underfunding of universities and col
leges is likely to continue for at 
least the first half of this decade. 
As a result, there will be limited 
growth of remote sensing programs in 
Canadian educational institutions. 

If the Canadian programs such as 
LANDSAT-D, TOPAS and RADARSAT develop 
as planned, the educational institu
tions will not be able to meet the 
demand for remote sensing specialists. 

In other words, as far as remote 
sensing is concerned, we are not able to fully 
meet the challenges outlined by John Roberts 
and reported in the opening paragraph of this 
paper. 

a number 
made. As 

Recommendations 

From this report, there are quite 
of recommendations that could be 

requested, the number has been limi-
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ted to three. These are all recommendations 
that can be acted upon by CACRS and CCRS: 

1. 

2. 

Given the comparatively small amount of 
research funds available to uni versi
ties through federal granting agencies, 
the anticipated increases in data costs 
will have a considerable impact on 
university research. It is recommended 
that CCRS and the Working Group on 
Education determine methods to minimize 
the cost increases for bona fide -- --research projects. 

Given that university and college 
instructors are actively involved with 
teaching on a long-term basis, CCRS 
should involve educational institutions 
in workshops and technology transfer 
activities as much as possible. 

3. Given that education is a provincial 
responsibility, it is recommended that 
CACRS require IPTASC members to 
actively explore with educational 
institutions ways in which they can aid 
remote sensing teaching and research in 
their provinces. 
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9.0 UPDATE TO THE REPORT ON THE ACTION 
TAKEN BY CCRS AS A RESULT OF THE 
7980 CACRS RECOMMENDATIONS 

In the 1980 Annual Report, al 1 the rec
ommendations made were compiled in Section 3, 
and comments by the CACRS Executive and by 
CCRS followed each recommendation. Most of 
the comments made at that time are still 
valid, but the following additional comments 
are published now, based on new facts and 
actions. The numbers below cross-reference 
to the 7980 CACRS Report. 

3.3 Both Dr. Robert O'Neil, Head, Sensor 
Section, CCRS, and Dr. Keith Raney, 
Head, Microwave Studies Section, 
CCRS, are members of the Working Group 
on Oceans. Since Dr. Raney is presently 
seconded to the RADARSAT Project, it is 
hoped that this meets the intent of the 
recommendation. 

9.1 The CCRS Technology Transfer Office 
has worked closely with the Maritime 
Remote Sensing Committee in discussing 
technology transfer possibilities in 
the Maritimes Region, and a formal 
agreement on technology transfer is now 
on the point of being s igned. 

9.5 The members of IPTASC have been involved 
at various stages in the Technology 
Transfer Program, and were in fact 
invited to decide the priority between 
the two provinces/regions which were 
contending for the first stage of the 
TTP. On the advice of IPTASC, nego
tiations were successfully made to begin 
trial projects in both provinces/regions 
(Manitoba and the Maritimes). 

9.6 Though this recommendation was specifi
cally concerned with the transportability 
of software among imaqe analysis systems, 
CCRS wi shes to point out that the estab
lishment of a new Working Group for users 
of image analysis systems should provide 
a means for users to meet and discuss 
problems and solutions they have 
encountered. 

9. 7 As mentioned in 9.1 above, a pilot 
project for Technology Transfer in the 
Maritimes Region has now been agreed on. 

It is hoped that Newfoundland, in its 
capacity as an observer on the Maritime 
Remote Sensing Committee, will be 
involved in this program. 

10.2 At present, CCRS continues to receive 
NOAA imagery at Prince Albert and 
Shoe Cove, and this will continue for 
the rest of 1982-83 . Moreover, by the 
end of June 1982, NOAA imagery will be 
acquired and archived in Prince Albert 
in LGSOWG format and CCT's may be order
ed in thi s new format. Imagery contin
ues to be received at Shoe Cove in JSC 
format. The overall question of 
reception of NOAA data beyond March 7983 
is under active discussion between CCRS 
and AES. 

71.7 After much discussion, it was dec i ded 
that the information which would have 
become available through a special CACRS 
questionnaire will become available 
during 1982 as a result of studies bei ng 
carried on both in suppo rt of the 
RADARSAT program and in connection with 
the cost-benefit analysis of the current 
status of the Canadian remote sens in g 
program. The directory proposed in 
this recommendation can then be prepared 
from the acquired data. 

71. 8 The originator of this recommendation 
has been informed that steps have been 
taken to meet the general aim of hi s 
recommendation, in the formation of the 
CACRS Executive and the creation of the 
Technolo gy Transfer Program. 

12.2 CCRS has corresponded with NSERC about 
the amount of grant money being made 
available for research into remote 
se nsing applications. The reply from 
NSERC listed several significant project 
grants in thi s area and also i nd icated 
that a good deal of support is addition
ally included in project grants wh ich 
may not be specifically identified as 
affecting remote sensing . It appears 
that NSERC made between S400K - S700K 
worth of grants for remote sens in g 
applications research i n 1981 - 82 , wh i ch 
certainly approximates the 5S figure 
mentioned in this recommendation. 
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10.0 PARTICIPANTS IN THE ANNUAL CACRS 
MEETING, ARNPRIOR, ONTARIO, 
APRIL 1982 

Mr. Ralph C. Baker 
Deputy Director General 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
KlA OY? 

Mr . W. G. Best 
Representative of Manitoba 
Manitoba Centre for Remote Sensing 
1007 Century Street 
Winnipeg, Manitoba 
R3H OW4 

Mr. Glenn Bird 
Ontario Association for Remote Sensing 
Bird and Hale Ltd. 
1263 Bay Street 
Toronto, Ontario 
M5R 2Cl 

nr. Ferdinanrl Bonn 
Association quebecoise de teledetection 
Laboratoire de teledetection 
Departement de geographie 
Universite de Sherbrooke 
Sherbrooke, P.Q. 
Jl K 2Rl 

Mr. Cal D Bricker 
Representative of Alberta 
Alberta Remote Sensing Center 
11th floor 
Oxbridge Place 
9820 - 106 Street 
Edmonton, Alberta 
T5K 2J2 

Mr. Leon Bronstein 
Chief, Data Acquisition Division 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
Kl A DY? 

Mr. Brian Bullock 
Intera Environmental Consultants Ltd. 
Centre 70 
4th floor 
7015 Macleod Trail SW 
Calgary, Alberta 
T2H 2K6 

Dr. Josef Cihlar 
Head, Applications Development Section 
Canada Centre for Remote Sensing 
717 Bel fast Road 
Ottawa, Ontario 
Kl A DY? 
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Or. Donald J. Clough 
Systems Engineering Associates Ltd. 
R.R. #2 
Baden, Ontario 
NOB l GO 

Mr. Arthur B. Collins 
Head, Data Control and Distribution Section 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
KlA DY? 

Dr. D. Neville Davis 
Head, Instrumentation Section 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
KlA DY? 

Mr. Howard Edel 
Marine Sciences Information Directorate 
Department of Fisheries and Oceans 
240 Sparks Street 
7th floor W. 
Ottawa, Ontario 
KlA OE6 

Ms. Elizabeth A. Fleming 
Cartography Working Group 
Research and Development Section 
Topographical Surveys Division 
Surveys and Mapping Branch 
615 Booth Street 
Ottawa, Ontario 
KlA OE9 

Dr. Donald Gillis 
Representative of Prince Edward Island 
Engineering Faculty 
University of Prince Edward Island 
Charlottetown, PEI 
ClA 4P3 

Mr. Ensley A. Godby 
Director General 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
KlA DY? 

Ms. Carolyn Goodfellow 
User Assistance and Marketing Unit 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
Kl A OY? 



Dr. Barry Goodison 
Water Resources Working Group 
Canadian Climate Centre 
Atmospheric Environment Service 
4905 Duffer i n Street 
Downsview, Ontario 
M3H 5T4 

Dr . James F. Gower 
Oceanography Working Group 
Institute of Ocean Sciences 
Dept. of Fisheries and Oceans 
9860 West Saanich Road 
Sydney, B.C. 
V8L 3S2 

Dr. A. Laurence Gray 
Working Group on Ice 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
KlA OY7 

M. Florian E. Guertin 
Chef, Section des systemes 
Centre canadien de teledetection 
2464, rue Sheffield 
Ottawa, Ontario 
KlA OY7 

Mr. Frank Hegyi 
Representative of British Columbia 
B. C. Forest Service 
Inventory Division 
Legislative Buildings 
Victoria , B. C. 
V8W 3E7 

Mr. J. Paul Hession 
Head, User Assistance and Marketing Unit 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
Kl A OY7 

Mr. Al Hodgson 
Representative of the Yukon Territory 
Resource Planning Branch 
Government of the Yukon 
P .0. Box 2703 
Whitehorse, Y.T. 
YlA 2C6 

Dr. Philip J. Howarth 
Education Working Group 
Department of Geography 
McMaster University 
1280 Main Street W. 
Hamilton, Ontario 
L8S 4Kl 
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Dr. Peter Kourtz 
Petawawa National Forestry Institute 
Department of the Environment 
Chalk River, Ontario 
KOJ l JO 

nr. John S. MacDonald 
MacDonald, Dettwiler, and Associates Ltd. 
Nootka Bldg. 
10280 Shellbridge Way 
Richmond, B.C. 
V6X t'Z9 

Ms. Frances Macdonnell 
CACRS Liaison Officer 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
KlA OY7 

Dr. Alex R. Mack 
Agriculture Working Group 
Soil Research Institute 
Agriculture Canada 
Sir John Carling Bldg. 
Ottawa, Ontario 
KlA OC5 

Mr. B. Sen Mathur 
Engineering Applications Working Group 
Surveys and Plans Office 
Ministry of Transport and Communications 
1201 Wilson Street 
Downsview, Ontario 
M3M lJ8 

Mr. Rob Mccuaig 
Representative of the Canadian Institute 

of Surveying 
13 Lancaster Crescent 
St. Albert, Alberta 
T8N 2N9 

Mr. Ron McCullough 
SPAR Aerospace Products Ltd. 
21025 Trans-Canada Highway 
Ste. Anne de Bellevue, Quebec 
H9X 3R2 

Captain Klaus Mueller 
Arctic Pilot Project 
Melville Shipping 
675 - 401 9th Avenue S~/ 
Calgary, Alberta 
T2P 3C5 

Dr. Robert A. O'Neil 
Head, Sensor Section 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
KlA OY7 



Dr. Paul Pearl 
DIPIX Systems Ltd. 
1785 Woodward Drive 
Ottawa, Ontario 
K2C OP9 

Mr. Lawrence Peters 
New Brunswick Remote Sensing Committee 
Department of Agriculture and Rural 

Development 
P.O. Box 6000 
Fredericton, N.B. 
E3B 5Hl 

Mr. Clayton Rubec . 
Canada Lands Directorate 
Department of the Environment 
Place Vincent Massey 
St. Joseph Blvd. 
Hull, P.Q. 

Dr. Edryd Shaw 
Data Handling and Satellite Technology 

Working Group 
Canada Cent re for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
Kl A OY7 

Mr. V. Roy Slaney 
Geoscience Working Group 
Geological Survey of Canada 
Room 540 
601 Booth Street 
Ottawa, Ontario 
KlA OE8 

Mr. A. Bruce Stephenson 
Representative of the North West Territories 
Supervisor, Management Stud ies 
Fish and Wildlife Se rvi ce 
Yellowknife, NWT 
XlA 2L9 

Dr. W. Murray Strome 
Chief, Digital Methods Division 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
Kl A OY7 

f)r . James Taylor 
Canadian Astronautics Ltd. 
Suite 201 
7024 Morr ison [)rive 
Ottawa , Ontario 
K2H 8K7 
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Ms. Diane Thompson 
Geography Working Group 
Intera Environmental Consultants Ltd. 
Centre 70, 4th floor 
7075 Macleod Trail SW 
Calgary, Alberta 
T2H 2K6 

Dr. Geo ff Tomlins 
British Columbia Remote Sensing Committee 
B.C. Research 
3650 Wesbrook Mall 
Vancouver, B.C. 
V6S 2L2 

Mr. Randy Trenholm 
Representative of New Brunswick 
nepartment of Agriculture and Rural 

Development 
P.O. Box 6000 
Fredericton, N.B. 
E3B 5Hl 

Mr. A. Leslie Whitney 
Program Planning and Evaluation Unit 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
Kl A OY7 

Mr. John Wightman 
Representative of Nova Scotia 
Vice-Principal 
No va Scotia Land Su rvey Institute 
Lawrence town 
Annapolis County, N.S. 
BOS l MO 

Dr. George Zarzycki 
Working Group on Cartography 
Surveys and Mapping Branch 
67 5 Booth Street 
Ottawa, Ontario 
KlA OE9 

Mr. Victor Zsil inszky 
Representative of Ontario 
Ontario Centre for Remote Sensing 
Ministry of Natura l Resources 
880 Bay Street 
3rd floor 
Toronto, Ontario 
M5S l Z8 



11.0 

ADAS 

AES 

TABLE OF ACRONYMS USED I N THIS 
REPORT 

Airborne Data Acquisition System 
(CCRS) 

Atmospheric Environment Service, 
DOE 

AGL Above ground leve l 

AIAC 

AMI 

AN IK 

ARIES 

ART 

ASVT 

(A)VHRR 

BIO 

CACRS 

CAUT 

CCIW 

CCRS 

CCT 

CFS 

CIAS 

CIDA 

CIR 

COARSER 

Air Industries Association of 
Canada 

Active Microwave Instrument (a 
sensor to be flown on ERS-1) 

DOC communications satellites 

Int er ac tive remote sensing 
interpr e t a t ion system (first 
installed in CFS, and now in the 
Alberta Remote Sensing Centre) 

Ai rborne Radiation The rmometr y 

Application System Ver ifica tion 
Tes t (a NASA Program) 

(Airborne) Very High Resolution 
Radiometer (AES instrument) 

Bedford Institute of Oceanography 
DFO 

The Canadian Advisory Committee 
on Remote Sensing 

Canadian Association of University 
Teachers 

Canada Centre for Inla nd Wa ters, 
DFO 

Canada Centre for Remote Sensing 

Computer-Compatible Tape 

Canadian Forestry Service, DOE 

CCRS Image Analysis System 

Canadian Inte rna tiona l Deve lopment 
Agency 

Colour Image Recorder (a CCRS 
instrument) 
Also Colour Infrared 

Committee on Advanced Remote 
Sensing Education a nd Research (an 
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COSPAR 

Ontario commun i t y r ep r esenting 
12 universities) 

Committee on Space Research 
(International) 

CZCS Coastal Zone Co l ou r Scanner , a 
sensor on NIMBUS - 6 

DCP 

DFO 

DICS 

DOE 

DREO 

DFVLR 

EB(I )R 

EDIS 

EMR 

ERIM 

ERS 

ESA 

ESGSC 

Data Collection Platform 

Depa rtment of Fisheries and Oceans 

Digital Image Correction Sys t em 
(CCRS) 

Department of t he Envi r onment 

Defence Research Establishment 
Or ganiza t ion, DND 

Deu ts che Fors chungs-un d Versuch
san s t a lt Fur Luft -und Raumfahrt 
(the West German Spac e Research 
Agency) 

El ec tron beam (image) r eco r der 

NOAA 'S da t a distribution system 

Department of Energy , Mines and 
Resources 

Environmental Research Institute 
of Michigan 

European Remote Sensing Sa t el lit e 
Progr am 

European Space Agency 

Earth Sciences Grant Selection 
Commi tt ee (a n NSERC committee) 

FLI Fluorescence Line Imager (a DFO 
instrumen t ) 

GEOS 

GOES 

GSC 

GWG 

HCMM 

HDDT 

Geode ti c Satellite (NASA) 

Geos tat ionary Oper ational Environ
mental Satellites (2 /5 ) SMS -
Synchronous Meteo r ological 
Satellite 

Geological Survev of Canada , EMR 

CACRS Wo r king Group on Geoscience 

Heat Capacity Mapping Mission (a 
US sa t ellite ) 

High density digital tape 

... 



IACRS 

IASSWG 

IOS 

IPTASC 

LANDSAT 

LDIAS 

LGSOWG 

MAID 

Inter-Agency Committee on Remote 
Sensing, an executive- level 
committee r epresenting many federal 
departments 

Image Analysis System Sub- working 
Group, a sub- group of the Wo r king 
Group on Data Handling and 
Satellite Technology 

Institute of Ocean Sciences, 
Victoria, (DFO) 

Interprovincial Territorial 
Advisory Subcommittee (of CACRS) 

US Remote Sensing Satellite series 
(Formerly ERTS) 

LANDSAT-D Image Analysis System, 
CCRS 

LANDSAT Ground Station Operators' 
Working Group, an association of 
countries which operate LANDSAT 
receiving stations . 

Maid- housekeeping data acquisition 
system (a CCRS airborne system) 

MDA Macdonald, Dettwiler and Associates 
Ltd . , Vancouver 

MIPS 

MOSAICS 

MPPH 

MRMS 

MRSC 

Multi-Image Processing System (a 
CCRS system installed at Prince 
Albert) 

Multi - Observation Satellite Image 
Correction System (CCRS) 

Miller Pieau Photometer (a CCRS 
Airborne Sensor) 

Maritime Resource Management 
Service 

Manitoba Remote Sensing Centre 

MSS Multispectral Scanner 

NAPL(RC) Natio nal Ai r Photo Library 
(Reproduction Centre), EMR 

NASA National Aeronautics and Space 
Administration (US) 

NFB Na tional Film Board 

NHRI Na tional Hydrographic Research 
Institute, DOE 

NIMBUS Weather and Earth Atmosphere 
Satellites (US) 
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NOAA 

NOSS 

NSERC 

NSLSI 

NWRI 

OCRS 

OMA 

PASS 

PFRC 

PNFI 

National Oceanographic and 
Atmospheric Administration (US) . 
Also a series of environmen tal 
satellites operated for that 
Administration. 

National Oceanic Satellite System 
(a joint program of NASA and 
NOAA) 

Natural Sciences and Engineering 
Research Council 

Nova Sco t ia Land Survey Institute 

National Water Research Institute 
(DOE) 

Ontario Centre for Remote Sensing 

Optical Multi - Channel Analyzer 
(a CCRS airborne sensor) 

Prince Albert Satellite Station, 
CCRS 

Pacific Forest Research Centre, 
DOE 

Petawawa National Forestry 
Institute, DOE 

RADARSAT Canadian radar satellite program 

RBV 

RESORS 

SAR 

SEASAT 

SLAR 

SMMR 

SPOT 

SURSAT 

TM 

TOPAS 

Return Beam Vidicon, a camera 
system on LANDSAT 

Remote Sensing On- Line Retrieval 
System, a document retrieval 
system at CCRS. 

Synthetic Aperture Radar 

Ocean parameter observing 
satellite (USA) (1978) 

Side - Looking Airborne Radar 

Scanning Multifrequency Microwave 
Radiometer 

Satellite pour l ' observation de 
la terre (a satellite proposed for 
launch in 1985 by CNES, France) 

Surveillance Satellite Program 
(Canada) 

Thematic mapper, a sensor to be 
carried on LANDSAT-D 

Terra Observation Pattern Analysis 
System (next generation CCRS 
ana l ysis system) 



TTO 

USDA 

Technology Transfer Office 

United States Department of 
Agriculture 
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UTM 

VIR 

Universal Transverse Mercator 
System 

Visible-Infrared 

WRS World Reference System 
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WALTZING KAT-RADAR 

(written late one night during the meeting) 

Once a Director General said to his underlings, 
"I have a way to achieve lasting fame; 
It may break the bank or rupture the economy, 
But let's put a radar in space just the same. 

"Sensing remotely, sensing remotely, 
You'll come a-sensing remotely with me, 
And he sang as he sat and argued with the Cabinet, 

"You'll come a-launching a satellite with me." 

Questions remain in this project so magnificent; 
Who will the Deity or Great God be? 
Will the image processor be anywhere near good enough? 
Can we transfer Joe and keep the technology? 

Sensing remotely, sensing remotely, 
Who'll come a-sensing remotely with us? 
Will our eye in the sky be an all-Canadian RADARSAT, 
Or must we mount our sensors on a multi-nation bus? 

Many of the users, especially in the provinces, 
Want CCT's from LANDSAT-!, -2, and -3; 
Waiting for images they ordered several years ago, 
Plaintively echo this question and plea: 

"Why launch a radar, who wants a rad,ar? 
We'd rather have a scanner in the visible/IR, 
For you can't see the colour of the wheat fields 

with a microwave, 
You'll cook all the salmon in the sea with a SAR." 

How can Lee justify spending half a billion? 
This bionic man and his old banjo, 
If the price of gas is high, all the money goes to Calgary, 
And who needs the Arctic if the price of gas is low? 

Sensing remotely, sensing remotely, 
Sense all the ice in the Great White North; 
RADARSAT gets three tries to do it economically, 
We'll launch Ed Shaw into space on the fourth! 

Sensing remotely, sensing remotely, 
Watch Ed Shaw as he a-sensing goes. 
We'll map all the world in the microwave and optical, 
You may like the data, but you'll pay through the nose. 
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