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Dear Dr. Keys: 

The sixth meeting of CACRS was able to devote more time to discussions 
than was the case in previous meetings, because the formal reports were written 
and circulated to the membership ahead of time. 

I wish particularly to refer you to sections 3.6 to 3.9 which are the 
reports of the four workshops: Oceans, Water, Land and Vegetation. They déalt 
mainly with the much-debated draft CCRS three-year plan. The groups concerned 
themselves largely with anticipated quality, quantity and usefulness of the 
expected output of the plan. 

The Oceans Workshop predictably pushed for more support for microwave 
systems over the oceans. Not having had much data previously, they are data 
hungry. Users in the other three workshops, having enjoyed a wealth of Landsat 
and airborne data for the previous four years, were naturally pre-occupied with 
the problem of how to transfer the successful results of experiments into opera
tional systems. lt is perhaps worth repeating here the main reconmendation of 
the Water Workshop: 

"Considering that it may take an extended period from the 
proof of concept stage to an operational information system, 
it is recommended that a concerted effort be made to provide 
resources on a continuing basis to support projects designed 
to bridge this period. lt is further reconmended that it be 
accepted in principle that CCRS play a strong lead role in 
initiating, guiding and assuring continuity during the trans
fer period. 11 

I am stressing this point here because top financial managers tend to 
become impatient in the matter of technology transfer to users. 

"If the technology is so good, why do not the users recognize it and 
pickup the funding? How long after a successful experiment does the R & D 
organization have to go on funding the project?" These are the questions 
constantly being asked. In an attempt to handle this problem, which is at the 
heart of CCRS management policy, remote sensing specialists have adopted a pro
ject hierarchy as follows: 

Stages in Technology Transfer Projects 

l. Instrument Development 

2. Geophysical Validation and 
Proof of Concept 

3. Pilot Project, Demonst ration 
Project, Economie Validation 
or Quasi-operational Project 

4. Operational Project 

100% R & D funding 

100% R & D funding 

User and R & D funding 

No R & D involvement 
User funded 
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The difficult stage is number 3 because the requirements are usually more 
rigorous and the costs begin to escalate rapidly. The principle is similar 
to that of providing technological aid to developing nations. 

We ask for patience, understanding and indulgence on the part of 
our managers in the difficult problem of technology transfer. The quicker 
we can get the user to pay, the greater is our success and we can then use 
our money to go on to the many new projects we are being asked to do and 
which we like to do, but we must not leave behind us a trail of unexploited 
technical successes. Canada has seen too many of those! 
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Yours sincerely, 

. ;} /h✓ ,. ( J ~ _.-
~ // / JvZ(~ . 

L. W. Morley 7 
Chairman, Canadian Advisory 
Cormiittee on Remote Sensing 
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1.0 THE CANADIAN ADVISORY COMMITTEE 
ON REMOTE SENSING 

1.1 Introduction 

The Canadian Advisory 
Committee on Remote Sensing (CACRS) was es
tablished in January 1972 to effect the dev
elopment of a national program of remote 
sensing. Membership in the committee compris
es representatives of provincial and federal 
organizations, industry and universities. 
Most members represent a 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. 

1.2 Terms of Reference 

The purpose of the Canadian 
Advisory Committee on Remote Sensing is 
advising and assisting the Goverrunent of 
Canada, through the Minister of Energy, Mines 
and Resources, in meeting the objectives of 
the national program on remote sensing of the 
surface environment by assessing national 
needs, promoting research and development, by 
diffusing remote-sensing technology into 
Camada, and by assisting in the coordination 
and evaluation of programs to assure a high 
level of national benefits relative to the 
cost of remote sensing. 

Its advisory duties shall 
include: 

- coordination of existing and proposed new 
programs and recommending priorities 

- advising on remote-sensing platforms: 
satellite svstems 
aircraft systems 
balloon systems 

- sensor development 

- data processing 

- cataloguing, reproduction and marketing of 
data 

- regional involvement 

- research grants and contracts 

It will assist: 

- by generating requests for airborne remote
sensing surveys 

- by carrying out on-going evaluation of 
existing projects 
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- by organizing conferences, seminars and 
training courses for the diffusion of remote
sensing technology into Canada. 

The Committee will establish 
such working g roups as it may deem necessary 
to carry out this work. 



2.0 

2.1 

SUMMARY MINUTES: CANADIAN ADVISORY 
COMMITTEE ON REMOTE SENSING, 
ARNPRIOR, ONTARIO, APRIL 4-7, 1977 

INTRODUCTORY SESSION 

Dr. L. W. Morley welcomed partici
pants to the annual CACRS meeting, including 
two representatives from the European Space 
Agency. He briefly mentioned some of the 
changes that were taking place, particularly 
in the airborne and satellite programs. 

Mr. Sen Mathur read a proposa! to 
establish a new working group on the engi
neering applications of remote sensing (see 
8.1, Appendix I). 

The meeting broke into small groups 
to prepare the consolidated reports for pre
sentation to the plenary session the following 
morning. 

2.2 CONSOLIDATED REPORTS 

Short consolidated reports were 
presented to the plenary session on behalf of 
the provinces by Mr. Victor Zsilinszky, the 
Ocean groups by Dr. Jim Gower, the Water 
groups by Dr. Ira Brown, the Land groups by 
Dr . Phil Howarth, the Vegetation groups by 
Dr. Fred Peet and Dr. Alex Mack, and the 
Technology groups by Mr. Ralph Baker. The 
detailed reports had all been circulated in 
advance. 

2 . 3 CCRS ACTIVITIES AND PLANS 

Mr. E. A. Godby, Associate Director
General , CCRS, gave a presentation to the ple
nary sess ion on the current activities of CCRS, 
stressing the emphasis on applications support. 
This was fo l l owed by a presentation by Mr. 
Jean-Claude Henein, Chi ef, Program Planning 
and Evaluation Unit, CCRS, on the CCRS three
year pl an (77-78 to 79-80) which is presently 
under considerat i on by t he Treasury Board. 
Copies of the t hr ee-year plan i n draft form 
had previous ly been circula t ed. 

2.4 POSITION PAPERS 

To pr ovide a background f or the 
de t ai l ed planning discussions to fo llow, posi
t ion papers had been prepar ed and cir cula t e d 
and wer e now presented . Dr . Ed Shaw , Chief , 
Da t a Pr ocessing Division, presented a pape r 
(see 3.2) on Oceans. Dr . Keith Thomson, Head, 
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Applications Development Section, presented a 
paper (see 3.3) on Water. Dr. Murray Strome, 
Chief, Applications Division, presented a 
paper (see 3.4) on Land. Mr. Lee Godby, 
Associate Director-General, presented a paper 
(see 3.5) on Vegetation. These papers des
cribed the present and proposed activities in 
remote sensing in Canada in their particular 
areas. 

2.5 WORKSHOP GROUPS 

Following the presentation of the 
position papers, each of which ended with a 
series of questions and concerns, the conference 
broke into four workshop groups consisting of 
specialists in oceans, water, land, and vege
tation. The members of these groupa spent a 
total of eleven hours discussing the concerna 
and priorities as they saw them for the national 
program within the time period covered by the 
three-year plan. Sorne interchange of personnel 
between groups was made towards the end of this 
period. 

2.6 ESA REPORT 

On Wednesday morning, April 6, a 
presentation was made to the plenary session 
by Mr. John Plevin, a representative of the 
European Space Agency, concerning its programs 
and priorities in the near future. 

2.7 TRAINING REPORT 

Following the ESA report, Mr. Roy 
Slaney of the Geological Survey of Canada gave 
the report of his ad hoc committee which was 
established by the previous CACRS meeting to 
investigate the need for a Canadian training 
centre in remote sensing (see 8.2). 

2.8 DISCUSSION OF RECOMMENDATIONS 

On the final day of the meeting, the 
members reconvened in plenary session to dis
cuss the conclusions reached and recommendations 
made by the individual workshop groups (see 3.6 
to 3.9). Some time was also allowed for dis
cussion of the general recommendations by the 
working groups, provinces, and specialty groups. 

2.9 CONCLUSION 

Dr. Morley closed the meeting at 
noon on Thursday, April 7, remarking on the 
amount that had been accomplished in three days, 
and looking forward to a successful year ahead. 



3.0 

3.1 

POSITION PAPERS, WORKSHOP PAPERS, 
AND RECOMMENDATIONS 

Introduction 

To provide a background for the de
tailed discussions planned for the workshop 
groups, position papers had been prepared as 
follows, raising particular questions: 

3.2 Oceans Dr. Ed Shaw 

3.3. Water Dr. Keith Thomson 

3.4 Land Dr. Murray Strome 

3.5 Vegetation - Mr. Lee Godby 

Subsequently, the chairmen of the 
four workshop groups prepared reports res
ponding to the questions raised in the 
position papers and discussing issues and 
concerns felt important by the members of the 
workshop groups. These reports are summarized 
as follows: 

3.6 

3.7 

3.8 

Oceans 

Water 

Land 

- Mr. Keith Greenaway 

- Dr. Jaan Kruus 

- Mr. Cal Bricker 

3.9 Vegetation - Mr. Jean Thie 

Section 3.10 provides a consolidation 
of the recommendations presented in the formal 
reports of the working groups, specialty groups, 
and provinces. The detailed recommendations 
are shown in the individual reports (sections 
5.1 to 7.4). 
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3.2 CCRS Remote Sensing of the Oceans-What Next? 
E. Shaw, CCRS 

Introduction: Traditionally information 
concerning the ocean has been gathered by 
ships and buoys. For surface phenomena air
craft and satellite sensors are able to sur
vey vast areas more quickly but often provide 
a less quantitative measurement of the ocean 
parameters. The Canada Centre for Remote 
Sensing (CCRS) has devoted a substantial 
amount of its resources to ocean applications, 
and is corrnnencing a major effort into micro
wave sensing of the oceans in a collaborative 
project with other government agencies. 

The applications that have been pursued 
are sea-ice distribution, oil pollution, 
bathymetry, chlorophyll concentration, and 
work is in progress on measuring seal popula
tions. The microwave sensors will be applied 
to fishing vessel surveillance, sea-ice and 
iceberg distribution, sea surface temperature, 
waves and surface winds and oil pollution. 

Sea-lce: The Arctic ocean and Labrador sea 
ice covered for the greater part of the year, 
pos i ng great difficulties to the exploitation 
of off-shore oil and gas, and Arctic island 
mi neral resources. Exploration activity has 
become more urgent as the known Canadian 
reserves are diminishing and the world price 
of oil is increasing. Sufficient gas has 
been found in the Arctic islands to consider 
a pipeline or liquefi ed gas tankers fortrans
portati on t o southern markets. The Gulf of 
St. Lawrence i s i ce covered in the winter 
mon t hs making transportation hazardous. 

Ice reconnais sance has been performed for 
many years in Canada us ing specially equipped 
aircraft operated for t he Atmospheric Environ
mental Services (AES). lce char ts, produced 
from these flights, are re l ayed by radio to 
shipping. With the launch of ERTS-1 (LANDSAT-
1) in 1972, an additional source of ice- i nfor
mation covering large areas in a few minutes 
of satellite travel became avai lable. Research 
studies showed that the sea - ice images would 
be useful for determining ice-extent but not 
ice-type, if they could be produced and dis
tributed in near real-time to the ice chart 
fo~ecasters. The quick-look facility at 
~rince Albert was capable of recording the 
images on film directly from the satellite, 
soin 1974, a demonstration project was con
duc~ed to use photo-facsimile equipment and 
~arious communications links to relay the 
images to the ice-chart forecasters and 
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directly to ships at sea. Images from the 
NOAA satellites, which provide more frequent 
coverage but at lower resolution than the 
LANDSAT satellites, were also included in the 
project. The results were encouraging and the 
service was continued in the following years 
using better land-lines and facsimile equip
ment and a greater volume of satellite data. 
AES has now developed an operational capability 
for reception and distribution of NOAA imagery 
and continues to receive LANDSAT imagery. 

The present satellite sea-ice imagery is 
often obscured by cloud-cover and does not 
show detailed ice conditions, such as rafting 
and ridging. Side-looking radars can operate 
through cloud and at night and are expected to 
become the prime ice-reconnaissance sensor. 
Major ice experiments are planned in the high 
Arctic, east coast and Great Lakes with the 
ERIM X and L-Band radar and the SEASAT-A 
L-Band radar over the next two years. 

An imaging radar should utilize the most 
appropriate polarization combinations, look 
angles and frequencies for the mission in mind. 
A scatterometer is a profiling radar that pro
vides along this profile line a set of returns 
at different look angles, and the different 
polarization combinations. 

The CCRS airborne scatterometer, which 
was modified by CRC, profiles the ground 
track 06 the aircraft, covering look-angles 
from 60 ahead of the aircraft to 60° behind, 
as measured from the vertical. It is dual 
polarized - it can transmit either a vertical 
or horizontal polarization and receive bath 
the like and cross polarized returns. It 
operates at a frequency of 13.3 GHz. 

This scatterometer has been used almost 
exclusively over sea-ice, bath in the Arctic 
(over first-year and multi-year ice), and in 
the Gulf of St. Lawrence (first-year ice, 
floating and shore-fast). 

The Arctic project was carried out in 
spr i ng 1975 as part of the Arct i c Ice Dynamics 
Joint Experiment (AIDJEX). Different ice 
cat egories could be di stingui shed wi t h 6ross 
poJarized returns for l ook angl es f rom 5 t o 
60 (from the vertical ). Li ke polar i zed re
turns were greatly infer ior , and for the more 
vertical incidence angles we re unab le to dis 
tinguish different ice categories. APS 94D 
SLAR data acquired by DND covered some areas 
several times such that the features in the 
imagery were at different look angles each time . 



The analysis of these data supported the like 
polarized scatterometer results. 

A more recent experiment was carried out 
in the spring of 1976 in which data were 
acquired over first-year sea-ice (floating 
and shore-fast) in the Bay of Chaleur. Anal
ysis of these data showed that it was possible 
to distinguish between new, young and first
year ice on the basis of spatial detail and 
backscatter amplitude at the incident angles 
more appropriate to a satellite-borne radar. 
In this case, however, it was found that 
polarization was essentially immaterial. 

Further flights of the scattèrometer will 
be carried out, particularly during the SEA
SAT experiment when it is planned to carry 
out underflights with both a four channel 
imaging radar and the scatterometer. 

Oil Pollution: Oils not only fluoresce 
strongly, but exhibit both fluorescent spec
tral signatures and fluorescent decay times 
that are characteristic of the oil when 
stimulated with short wavelength radiation. 

CCRS funded initial studies of these tech
niques at the University of Toronto Institute 
for Aerospace Studies (UTIAS) in 1970. This 
led to the construction of a prototype fluoro
sensor by UTIAS which they successfully 
tested and demonstrated from the Scarborough 
Bluffs using boomed "targets" of different 
oils on the surface of Lake Ontario, over a 
hundred metres away. Subsequently, the sys
tem was brought to CCRS, installed on a DC-3 
aircraft and evaluated over controlled oil 
spills, pulp mill effluents, water pollution 
and one target of opportunity, the oil spill 
at the Thousand Islands in July 1976. 

This prototype system employed a medium 
power nitrogen laser emitting very short 
pulses of ultra-violet light. The receiver, 
which looked at the surface area stimulated 
by the laser, detected one channel of the 
fluorescent return selected by a spectral 
filter chosen for the mission. The laser 
power and output divergence were not adequate 
to allow daylight operation. Although the 
evaluation flights had to be carried at dusk 
and at night, a great deal of useful informa
tion was obtained, which, together with 
laboratory studies being carried out by 
others, indicated not only the worth of such 
a technique but also the characteristics 
which should be designed into the next gener
ation system. 

In 1975, a contract was awarded to 
Barringer Research, Limited, for a system 
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that operates under daylight conditions (as 
well as at night), acquires complete spectral 
signatures and measures the decay time of the 
fluorescence in two parts of the spectrum. 
This should provide information that will not 
only identify whether the target is or is not 
oil, but also classify it into one of several 
broad categories. There is also a sophisti
cated in-flight data display and recording 
system. The flight evaluation of the system 
over oil spills and other targets will conmence 
this year. 

As a companion to the development of this 
new system, CCRS has been funding studies in 
the Biological Science Division of NRC to 
compile a comprehensive atlas of the fluor
escent properties of oils likely to be found 
in Canadian waters. They are also investi
gating the properties of other materials of 
interest - pulp mill effluents, chlorophyl in 
vivo, etc. These studies are essential to 
understand just what can and cannot be dis
tinguished by this technique and so define 
both its full potential and its limitations. 

There is the relevant question: "Why use 
sophisticated laser techniques rather than 
more conventional remote sensing techniques?" 
For oil spills do indeed show up with other 
techniques. Both CCRS and other agencies have 
been investigating remote sensing techniques 
for identifying and tracking oil spills for 
several years. More conventional techniques 
such as photography (colour and multiband) 
image oil spills to varying degrees, sometimes 
well, sometimes not at all - depending on oil 
type, sea surface conditions, sun elevation, 
cloud conditions, etc. More important, photo
graphy cannot state that the target is oil, 
nor can it work at night. Infrared scanning, 
side-looking radar and imaging microwave 
radiometers will work in the dark, but are no 
better than photography. On the other hand, 
water fluorescences little, oil very strongly 
and in a manner different to that of other 
materials. This is why fluorosensing offers 
such a promising potential, part of which has 
already been demonstrated in evaluation flights. 

For the recent DOT Task Force Report on 
the Surveillance of Vessel Source Pollution, 
CCRS provided an in-depth report outlining a 
development program which would lead to an 
aircraft equipped with a complement of sensors 
that provided data suitable for prosecuting 
offenders in subsequent court actions. 

CCRS was appointed as the Canadian dele
gate to a new NATO Study Group on "Remote 
Sensing of Oil Pollution of the Seas". Most 
recently, EPS has asked CCRS to undertake a 
program to develop and demonstrate techniques 
to monitor and track oil spills in ice infested 
waters. 



Bathymetry: An important and time-consuming 
part of every hydrographie survey is the sur
veying of the intertidal and shallow water 
subtidal zones along the coasts. In these 
areas thP. sounding launch must operate 
at slow speeds and manoeuvre around 
subsurface rocks and shoals. Heights of the 
above surface rocks and depths over the sub
surface shoals must be obtained. However, 
in areas of complicated bottom topography, 
it is impossible to locate and measure all 
of these navigation hazards. 

Two remote sensing methods for measuring 
water depth from the air have been under 
development at CCRS for the past few years 
in a joint program with DFE. The first is 
Photo Hydrography, and the second Lidar 
(or Laser) Hydrography. 

Photo Hydrography: Mapping of elevation 
contours can be made by stereo-compilation 
of aerial photographs. A similar procedure 
can be used for charting surface topography 
of shallow coastal areas provided the atti
tude and altitude of the camera for each 
photograph ca n be determined. Over land, 
these photo control parameters are indirectly 
obtained by aerotriangulation of photo 
identif i able ground points. Over water,this 
facil i ty does not exist, hence, other methods 
of determi ning the photo control parameters 
with an inerti al platform and a radar 
alt imeter. 

CC RS has been develop i ng such a system 
for DFE . The airborne component compr ises 
an RC-10 aerial survey camera, a co-located 
modified LTN- 51 Inerti al Navigat i on System 
(INS) and a dig i t al data ai rborne reco rding 
system . The ground segment is made up of 
the computer-cont rol l ed ana lytical plotter 
at the University of New Brunswi ck and the 
PDP-10 computer fac i li t y at CC RS. 

The depth measurement capability of this 
system in Canadian waters is expected to 
range up to 10 meters (depending on water 
t urbid i ty) with an accuracy of 1 to 2 feet 
(90% confidence). The depth measurement 
accuracy and t he precision with which the 
depth data can be positioned on the charts, 
depends for t he most part on the performance 
of the INS , and the navigation data processing 
software impl emented in the PDP-10 computer. 
Navigation acc uracy objectives consistent 
with charting and photogrammetric requirements 
are 10 meters absolute position (90%) and 30 
arc seconds in relative attitude (90%) between 
consecutive phot ographs. The res ults of early 
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flight trials (Sudbury, spring/75) of the 
hardware indicate that these performance 
objectives are within the capability of the 
system. 

At present, all hardware is operational. 
CCRS is now concentrating on system software 
development which should be completed by 
early summer 1977. Flight trials of (a) the 
navigation system hardware/software, and (b) 
the fully integrated system are scheduled for 
April and September of 1977 respectively. 

By 1978, it is expected that CCRS and DFE 
will embark on pilot projects to evaluate the 
benefit/cost of this new technique, especially 
in remote areas in the Arctic. (These are 
very difficult to chart by conventional methods 
because of both the remoteness and the short 
period of time each year during which the 
waters are ice free.) 

Lidar Hydrography: Measuring water depth, 
using a high power pulsed laser, has a number 
of advantages over Photo Hydrography. These 
include a far superior depth penetration 
capability and the depth measurement is made 
directly from the time difference between 
return reflections from the top and bottom of 
the water surface. Attitude information is 
only needed to position the data correctly on 
a chart. A disadvantage is that present laser 
technology only allows a profile of water 
depth under the aircraft to be obtained. 
However, in the future it is expected that 
laser advances will allow one to construct a 
scanning system to give depth 11 images 11

• 

CCRS has been develop ing a profiling system 
for several years . It grew out of the highly suc
cessful fl uorcsensor development at UTIAS. For, by 
changing the gas in t he laser , it was possible 
to transmi t intense shor t pul ses of green light, 
that have the l east at t enuati on in sea-water. 

Thi s prototype lidar hydrogra phy system wa s 
flown many times . It not only proved the con
cept of making such depth measurements remot el y 
from the air, but culminated last December i n 
producing a profile of the bottom of Kings ton 
harbour, which matched existing charts quite 
remarkably. 

It was however limited to shallow depths 
and daytime operation by the laser power, and 
needed a receiver with wider dynamic ra nge to 
see bath the intense surface return, and the 
very weak bottom return. 

A contract, awarded to Optech Limited , 



completed a feasibility study on the basis of 
which CCRS is funding the development of a 
second generation system, designed to operate 
during the day and at even higher altitudes, 
to probe to depths several times that the 
photo hydrography system, and automatically 
to record the returns over an exceptionally 
wide dynamic range. 

Initial flights of the new system will 
commence later in 1977, in conjunction with 
those of the photo hydrography system. Sub
sequently, the two systems will be integrated 
so that the laser system can give the correct 
depth along the centre line of the photogr~ghs 
to improve the reduction accuracy of the 
stereo compilation. 

The new lidar hydrography system will 
also be used to evaluate the problems of a 
scanning system, and it is expected that the 
development of such an 11 imaging 11 system 
could follow shortly thereafter. 

The application of these systems is not 
limited to the Canadian Hydrographie Service. 
It could have application to recreational 
charting, overseas charting in developing 
countries, and possibly to military purposes. 

Ocean Colour: Chlorophyl in vivo, suspended 
sediments, shoaling, biological activity, 
nutrients, etc., have different spectral 
signatures, which change the colour of the 
ocean. Sorne inconclusive experiments with an 
airbone 4 channel photometer have been perfor
med to measure chlorophyl concentrations in the 
ocean. LANDSAT digital data has been used 
with some success to measure suspended sed
iment loads in the Bay of Fundy. 

Sea Waves: A small study was undertaken to 
determine the ability of the ERIM and JPL 
radars to image waves. The X band images 
were superior to the L band images in showing 
wave structure. But there were instances 
when the waves were not imaged at L band, 
although the sea wavelengths were higher than 
twice the radar resolution. 

SEASAT Project Experiments 

Provided that NASA will permit Canada to 
participate in SEASAT-A, a number of experi
ments to determine the effectiveness of satel
lite microwave data for measurinq a varietv 
of cultural and environmental features will 
be performed over the next two years. They 
can be surrmarized as follows: 
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Human Activities 

1. locate and identify all ocean traffic in 
waters under Canadian jurisdiction or for 
which Canada has a responsibility; 

2. monitor the positions of all floating 
navigation aids and locate and identify 
all floating hazards to navigation; 

3. detect and monitor selected human activit
ies on ice or land, in selected areas; 

Natural Phenomena 

4. provide frequent, accurate, timely data on 
the type and extent of ice coverage in 
navigable waters; 

5. provide frequent, accurate and timely data 
for the preparation of weather and sea
state reports and forecasts; 

6. monitor the growth of siltation in existing 
or potential ports and water ways; 

7. provide high-resolution imagery for pre
paring and/or correcting maps and charts. 

Aircraft radar experiments are planned to 
start in early 78 and the combined satellite 
and aircraft experiments should begin in 
August of 1978. Several government agencies 
and industrial companies are participating in 
these experiments. Their results will be 
accumulated into a report that will recorrmend 
to the Canadian Government whether or not to 
participate in further radar satellite programs. 

The sensors that will be used in this 
project are: 

SEASAT-A 

Imaging L-Band Radar 

The radar will eut a swath 100 Km. wide 
and yield images with 25 m resolution. It 
operates at a frequency of 1.35 GHz, which will 
penetrate all but the heaviest precipitation. 
The radar provides coverage up to 750 N, but 
since the data cannot be recorded aboard the 
satellite, coverage will be restricted to the 
acquisition range of the four stations shown 
in Figure 1. Currently it is estimated that 
some 400 images, each 100 Km. x lQO Km., will 
be needed to conduct the Canadian exoeriments. 
The major applications are in sea-ice distrib
ution and fishinq fleet location. 

Radar Altimeter 

The radar altimeter will provide a very 
short pulse (3 ns) by which bath the distance 
from the spacecraft to the ocean surface will 



be measured (<±20 cm rms) and the wave height 
determined from l to about 20 m (tl or 10%, 
whichever is larger). The instrument, operat
ing at 13.9 GHz, will provide geodetic, topo
graphie, and sea-state measurements along a 
narrow footprint below the spacecraft (l.6-
12 Km.). It is not yet certain whether data 
from this sensor will be available to Canadian 
researchers. 

The remaining SEASAT-A sensors have wide 
swath widths and since they are tape-recorded, 
provide almost complete (95%) world coverage 
every 36 hours. Although the direct trans
mission data from these sensors will be 
received at Shoe Cove, it is not planned to 
convert the raw data into geophysical units. 
It is expected that the U.S. N0AA agency will 
provide processed data to the Canadian 
experimenters. 

Microwave Radiometer 

The Scanning Multifrequency Microwave 
Radiometer (SMMR) will be flown on both 
SEASAT-A and Nimbus-G. The five frequencies 
(6.6, 10.69, 18, 22.235, and 37 GHz) or SMMR 
will permit the instrument to serve as an 
intermediate to high wind field anemometer 
(no wind direction) and to measure brightness 
temperature related to atmospheric corrections 
for liquid and vapor water, sea-surface temper
ature and icefields. 

Scatterometer 

The iEASAT-A Scatterometer ~stem (SASS) 
is an active sensor operating at 14.595 GHz 
and is designed primarily to serve as a low 
to intermediate wind velocity anemometer 
measuring roughness related to winds with an 
accuracy of ±2 m/s or 10% (whichever is larger) 
and ±20° in angle. The swath coverage is 
about 1000 Km., and the range of wind-field 
measurement is from about 3 m/s to potenti
ally 25 m/s. 

Visible and Infrared Radiometer 

The Visible and Infrared Radiometer (VIR) 
is a modified Scanning Radiometer (SR) flown 
on the N0AA series of operational satel
lites. The two channels provide day-and-night 
coverage of both cloud conditions and major 
ocean features. 

Convair 580 

ERIM Radar 

This radar provides four channels of 
imagery, eàch with a resolution of 3 metres 
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square, and covering the same 6 Km. ground 
swath. The 4 channels are composed of dual
polarization returns at L-band and X-band. 
Either horizontal or vertical polarization 
may be transmitted at Lor X band. The present 
estimate for radar use by the project is 200 
hours per year. 

In addition to the ERIM radar the air
craft can carry several other sensors, de
pending on weight and ancillary equipment 
requirements. It is expected that the scattero
meter, aerial camera and IR Scanner can be 
carried for most missions. It may be possible 
to also carry the fluorosensor, but aircraft 
range will likely be decreased. 

Discussion 

The ocean program at CCRS has been directed 
at sea-ice, bathymetry and oil pollution with 
a smaller effort in chlorophyl concentration, 
suspended sediments and sea-waves. 

Sea-Ice 

Undoubtedly information on sea-ice is 
important to Arctic operations of the oil, gas 
and mineral industries. Large potential bene
fits have been forecast from the use of remote 
sensing systems to gather this information. 
After several seasons of use, the additional 
use of NOAA and LANDSAT imagery together with 
the ice-reconnaissance aircraft data to pre
pare ice-charts has become established by Ice 
Forecast Central. It is known that a side
looking radar would be a considerable asset to 
the operational ice-reconnaissance aircraft 
and plans are underway to obtain this capabi
lity. The ERIM radar is being used to assess 
its ability to determine ice-parameters, and 
the SEASAT imaging radar will provide the ice
reconnaissance performance from space. 

There is still a need to use modern com
munications technology in these ice-information 
systems. The MARISAT satellite could now 
provide a commercial service for wire and 
facsimile directly to shipping. Both satellite 
and aircraft data should be promptly relayed 
over high quality circuits to photo-facsimile 
equipment on ships. U.S. projects in the 
Great Lakes have shown that there was a pre
ference for relayed radar images rather than 
ice-charts by the users of their products. 

Bathymetry 

The Canadian Hydrographie Service is in
terested in the bathymetry work and has pledged 
support in future years. This is an application 
which should be examined for its future 



operational role. What is the projected amount 
of hydrographie surveying needed over the next 
5-10 years? Does the speed of these new surveys 
make them mandatory for the Arctic? How do 
costs of the present ship methods and these air
craft methods compare when you include data 
reduction? Should both stereo-photo and lidar 
hydrography be followed? 

Oil Po 11 uti on 

In the case of oil pollution, the user 
agency EPS is prepared to directly fund a 
development program. It also appears that the 
latest fluorsensor under development by 
Barringer may overcome the· limitations of its 
predecessor. The major problem in the battle 
against oil pollution in the seas is obtaining 
successful court prosecutions. The major 
spills are always accounted for without 
difficulty. It is the small regular spillage 
that constitutes a bigger problem. Perhaps 
a lawyer, with relevant experience, should be 
involved in this project. Until the fluor
sensor is accepted by the courts as readily as 
the police radar this work will not be success
ful. 

Research Studies 

The research studies in chlorophyl measure
ment have shown it to be a difficult problem. 
The Bay of Fundy sediment load pollutions from 
LANDSAT data shows more promise and it could 
be a useful adjunct to a tidal power develop
ment. 

SEASAT Project 

The SEASAT project has a strong involve- : 
ment with user agencies. It is based on 
examining the satellite and aircraft radar 
performance in meeting their stated require
ments. These agencies are funding the exper
iments to measure these performances but 
remote sensing data will be supplied free of 
charge. 

Stemming from the recent declaration of 
a 200 mile Canadian fishing limit, and plans 
for vessel traffic management there is a strong 
interest in fishing vessel location. Even, if 
this is a feasible technique, it is necessary 
to have support aircraft and ships to ensure 
that the regulation of our new fishing limits 
are imposed. 

Knowledge of the wind, waves and sea
temperatures over large ocean areas should 
provide improved weather forecasts and better 
safety at sea. It is unlikely that much effort 
will be mounted to use SEASAT-A data for these 
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purposes due to lack of resources. A research 
interest should be mounted, with the goal of 
providing local wind, wave and temperature maps. 

Development of Canada's Arctic and off
shore resources are a set of problems requiring 
solutions. It has often been stated that 
11 remote sensing is a solution looking for a 
problem". In the cold oceans surrounding our 
coasts and islands, there is a meeting of these 
two counterpoints. At the CACRS meeting, we 
should examine such questions as: 

Are we pursuing the applications areas which 
will be most beneficial to our industrial and 
environmental concerns? 

Is there sufficient support from the user 
agencies? 

Should our proposed activities be altered? 
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3.3 POSITION PAPER 
ON WATER 

K.P.B. Thomson 
Canada Centre for Remote Sensing 

. The application of remote sensing 
techniques to water oriented subjects involves 
a number of scientific disciplines. The title 
ab~ve is in fact rather broad in scope and for 
th1s paper, the following activities will be 
defi ned: 

(1) Water Management 
(2) Hydrological Measurements 
(3) Biophysical Mapping 
(4) Environmental Impact 

The two principal subjects are Water 
Management and Hydrological Measurements. 
Both these tapies are of major concern to 
~an~da and are in general regulated by Prov-
1nc1al Government agencies. The present state
of-the-art in these two areas, in terms of 
application of remote sensing, is sulTITiarized 
as follows: 

(1) Water Management 
Satellite and airborne imagery are 
used for qualitative assessment and 
mapping of water bodies. LANDSAT 
digital datais used as a tool in 
the inventory of lakes and reser
voirs particularly in the U.S.A. 
LANDSAT digital data has also been 
used, with varying degrees of suc
cess, to provide quantitative maps 
of suspended sediments in rivers, 
lakes and ocean areas. Quantitative 
~hlor~phyl~ mapping using LANDSAT 
1s st1ll h1ndered by many physical 
problems and is not yet an accept
able technique. 

For operational needs, real benefits 
of remote sensing can only be real
ized if water quality monitoring 
programs use remotely sensed data 
as a regular routine means of data 
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collection. At the present time, the 
major drawback is that this will not 
occur unless remote sensing data can 
provide more quantitative measurements. 

Research programs which concentrate 
on the quantitative aspect of water 
quality measurements are being car
ried out by a number of Canadian 
agencies. These include; York 
University, DOFE Victoria, Canada 
Centre for Inland Waters and CCRS. 
However, the level of funding and 
general level of effort in Canada is 
miserably low in comparison to that 
in the U.S.A. and in Europe. 
(Note for example the European con
tribution of 5 million dollars for 
the NIMBUS Coastal Ocean Colour 
Scanner Experiment.) 

In addition, there are other advances 
in instrumentation, such as the air
borne fluorosensor, which could have 
an important impact on water quality 
measurements. In the case of satel
lites the inclusion of a thermal 
infrared band on LANDSAT C will be an 
important advance for water studies 
in general. LANDSAT D with its pro
posed 8-bit radiometric resolution, 
30 metre spatial resolution and 7 
spectral bands will offer a much 
better view of water bodies, especi
ally the smaller ones. It will also 
be a much better system for "water 
colour" measurement. CCRS and CACRS 
should anticipate that LANDSAT D will 
provide a significant advance in 
water studies and plan for this by 
using existing developments to educate 
the operational user agencies. 

(2) Hydrological Measurements 
In hydrological applications, the 
qualitative aspect of remote sensing 
is predominant. Satellite and air
borne data are used in watershed 
monitoring, as base data for environ
mental studies of particular basins 
and for snow mapping. 

In the case of snow mapping and basic 
data for environmental studies the 
potential benefits are large (note 
that basic data for environmental 
studies apply specifically to hydro
electric power developments). 
Estimates of such benefits are in the 
order of 0.5-1 million dollars by 1980. 
Once again, the critical point is that 
more quantitative measurements would 



greatly increase the potential bene
fits and the operational use of 
remote sensing. For exampîe, snow 
caver is relatively easy to map using 
satellite or airborne imagery, but 
the really important parameter is the 
water equivalent of the snow pack in 
the basin. This however, can't be 
measured remotely at the present time. 
Further research in microwave tech
niques is required to bring this to 
a satisfactory stage. 

Similar constraints apply to the 
remote measurement of soil moisture. Potential 
benefits of soil moisture measurement are high 
for agriculture and hydrology. 

research: 
The following are areas requiring 

- Sail Emissivity Measurements 
- Plant Response to Moisture Stress 
- Effect of Atmospheric Conditions 

on Infrared Sensing Techniques 
- Microwave Techniques (there is a 

lack of suitable instrumentation) 
- Sail Water Balance Models for: 

- Various · agricultural crops 
- Hydrological Purposes 

- Sail Water Balance Modeling 

In the area of hydrological applica
tions, CCRS has been quite active. For 
example, CCRS has carried out a project on snow 
mapping in conjunction with the AES and the New 
Brunswick Department of the Enviroment. There 
is an active program on soil moisture and CCRS 
will be participating in the Heat Capacity 
Mapping Mission (HCMM) Satellite scheduled for 
1978. 

The remaining tapies of Biophysical 
Mapping and Enviromental Impact studies inte
grate water related tapies into their structure. 
Under these two headings, the qualitative 
aspects of remote sensing are important. How
ever, with the development of computer clas
sification techniques, the digital information 
~vailab~e, for example, from LANDSAT is becoming 
1ncr:as1n~ly more useful. Remote sensing here 
prov1des important data concerning water res
ources, drainage, total surface area of water 
~nd information on water quality. In many 
instances, especially in the case of environ
m:ntal i~pact studies, remote sensing can pro
vide an important data base in addition to the 
m?nitoring ?f change detection. The applica
tions techniques that can be applied in these 
two areas are essentially available and oper
ational. However, more awareness of remote 
sen~ing is re~uired on the part of the resp
ons1ble agencies or corporations . CCRS has 
assisted in helping agencies to become aware 
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of the value of remote sensing technology. 
The James Bay Development Corporation is a 
good example. 

Table 1 shows a list of the current 
activities of CCRS, which are related to 
water. There appears to be two essential 
problems regarding the realisation of real 
dollar benefits by the application or remote 
sensing in this context. These are: 

(1) Remote sensing must provide quan
titative measurements before real 
advances in use and benefits can be 
realised. This requires continuing 
support for research in visible 
spectroscopy, and microwave tech
niques in addition to fundamental 
hydro optics and atmospheric radia
tion studies. An important step 
that would advance research into 
quantitative measurements would be 
the provision of radiometrically 
calibrated LANDSAT data. CACRS 
should remind CCRS that after 5 
years of LANDSAT, we still do not 
have this calibrated data. The 
current climate in Canada is unfor
tunately biased against research 
and thus is working against the 
mechanism which can produce the 
benefits that society now demands. 
Can CACRS assist in identifying this 
problem to the people who decide and 
influence science policy and budget
ory priorities? 

(2) The second problem, which is a common 
one in remote sensing, is that opera
tional agencies are reluctant to try 
new techniques. In the water manage
ment sector, which includes both 
water quality and hydrology, this 
problem is made more complex for 
the reasons outlined in (1) above. 
It will, in fact, be difficult to 
make substantial improvements unless 
more quantitative measurements 
become a reality. Can CACRS provide 
more feedback to CCRS in terms of the 
operational requirements of regula
tory agencies? 



Activity or Project 

Atmospheric Correction 

Water Colour 

Sensor Development 

Sail Moisture and HCMM 

Snow Mapping 

Microwave Program 

Image Analysis Facility 

Midas Basin Study 

Chromaticity Analysis 

TABLE I 

CCRS Activities Pertaining to "Water" 

Goal 

Quantitative measurements 
using LANDSAT radiance 
data 

Quantitative measurement 
of suspended load and 
chlorophyll using airborne 
spectrometers 

Development of active and 
passive instrumentation 
to provide quantitative 
water quality data 

Quantitative measurement 
of soil moisture 

Operational applications 

Development of microwave 
sensors for the quantitative 
measurement of hydrologie 
parameters 

Development of analysis 
techniques for operational 
projects utilizing multi
spectral data 

Quantitative measurement 
of suspended sediment using 
LANDSAT. Preparation of 
routine maps of sediment 
concentration. 

Development of water quality 
index pertaining to suspended 
sediment and chlorophyll using 
LANDSAT data. 
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Discipline 

Water and land 

Water resources 
and oceanography 

Water resources 
and oceanography 

Agriculture, 
hydrology and 
climatology 

Hydrology 

Hydrology and 
agriculture 

Water, ocean 
and land 

Bay of Fundy 
Tidal Power Project 

Water resources 
and oceanography 



3.4 USE OF REM OTE SENSING FOR LAND APPLICATIONS 

- A Report to CACRS -

W. M. Strome 
Chief, Applications Division 

Canada Centre for Remote Sensing 

ABSTRACT 

A status report on the use of remote sensing for land (exclud
ing agriculture and forestry) activities is given. Problems asso
ciated with the transfer of technology are discussed, and a number 
of questions concerning the measurement of benefits are posed. 
It appears that excellent progress is being made toward operation
al use of remote sensing for many applications in Canada. However, 
it is difficult to assess the actual benefits being derived in quanti
tative dollar terms. That benefits do not materialize in the form 
of real dollar savings demonstrated by budget reductions, is a 
source of disappointment, even though such a goal is unrealistic. 

INTRODUCTION 

For the purpose of this paper, land 
applications include cartography, geosciences 
and land mapping. The current status of the use 
of Remote Sensing in these disciplines is dis
cussed. Many potential benefits have been fore
cast (McQuillan, 197 4) for the use of this tech
nology on a broad scale. Questions are raised 
as to why these benefits have not yet been fully 
realized, and some partial answers are suggested. 

PROBLEMS IN TECHNOLOGY TRANSFER 

Remote sensing in Canada is a relatively 
new technology. The problems associated with 
transferring this technology to user agencies, 
i.e. those entrusted with making the final 
management decisions with respect to our re
sources and environment, are complex. They 
are similar to those involved in any technology 
transfer. For example, Downs (1967) has exam
ined the difficulties associated with effective 
utilization of digital computers in "urban informa
tion systems". All new technical developments 
tend to be viewed with uncertainty and uneasiness 
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by the key decision makers. It is usually 
difficult to judge whether the new approaches 
are really worth the costs involved. Perhaps 
most important of all is the question as to how 
the information gathered with the aid of the new 
technology will affect the power and influence 
of the various individuals engaged in the 
decision making processes. 

The final payoffs of remote sensing will 
be determined by actual improvements in action, 
or by actual cost reductions realized in informa
tion gathering. Ultimately, for a decision
maker to be won over by the technology, "he 
must perceive a net gain in his decision-making 
effectiveness, and hence power, at the expense 
of another person's." (Downs, 1967) To tell 
a manager that he can eut many thousands of 
dollars from his budget and drastically eut his 
staff by effective use of remote sensing may 
actually have a negative effect on his view of the 
discipline, for he may perceive his power in 
terms of his budget and staff. However, the 
person in a position to redirect the saved re
sources may indeed see advantages in the new 
technology. 



There is another important factor miti
gating against adoption of new procedures. 
Generally, any decision-maker bas at bis dis
posa! an effective system for gathering the 
information he needs to do bis management tasks. 
However, he normally bas tight limits on the 
budgetary and other resources at bis disposa!. 
Implementation of a new technique usually re
quires diversion of already limited resources 
to gamble that the new approach may be more 
effective. To the resource or environmental 
manager, this may be a dangerous gamble. He 
normally doesn 't have the resources to attempt 
a parallel operation, the new method and the 
traditional one. Moreover, bis existing staff 
will likely have different, possibly lower skills 
than those required to exercise the new tech
niques. He knows how to do bis job with current 
resources. He isn 't certain that the new tech
niques will enable him to get bis job done at 
the same or lower costs, and he doesn't have 
excess resources to enable him to experiment. 
Thus, he cannot afford to take the risk of f ailing 
to meet bis goals in cost-effectiveness on the 
off-chance that he might exceed them with the 
new technology. 

CURRENT STATUS IN CANADA 

Sorne of the past achievements and 
current activities in the use of remote sensing 
in land applications in Canada are summarized 
in the following sections. The progress is en
couraging in some areas. However, relatively 
little effort is being expended in determining 
the value of the benefits being achieved. Sorne 
of these are obvious in a qualitative sense, but 
nearly all are difficult to measure quantitatively. 

CARTOGRAPHY 

For decades, cartographers have relied 
heavily upon the use of aerial photographs for 
the production of topographie maps. In recent 
years, LANDSAT imagery bas become an integral 
part of the information input into Canada's 
mapping program (Fleming, 1976). Much of 
Canada is a sparsely settled wilderness area, 
and in this region, LANDSAT images are pro
viding useful map revision information. While 
the normal revision cycle for maps covering the 
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more populated southern areas of the country is 
five years, that for the wilderness area is 
nominally thirty years. However, this region 
is not entirely static; exploration activity and 
development of natural resources results in 
construction of roads, townsites, dams and hydro
electric projects all of which must be recorded on 
the maps as quickly as possible. These additions 
are made in the form of interim revisions, as 
purple overprints of the new detail on published 
maps. Roads and power transmission lines are 
normally plotted from construction plans or 
aerial photography. lt is much faster and more 
economical to use LANDSAT images for revision 
of all maps from 1: 50, 000 scale to 1: 1,000, 000. 
On smaller scale maps, the accuracy is equivalent 
to that obtained from route photography, while 
on 1: 50, 000 maps, features positioned by LANDSAT 
imagery carry the designation "position approxi
mate". A field check of the revised maps of the 
700 km James Bay Road revealed that no changes 
greater than 100 metres were required. Detailed 
feature positioning can aw ait normal revision 
procedures and in the meantime, they are plotted 
with an accuracy which will give the maps many 
years of useful life. 

Relief shading on small scale mapping, 
such as the World Aeronautical Chart series at 
1: 1, 000, 000 requires detailed study of the physio
graphy of the landscape over extended areas. 
This is a laborious task when performed with 
hundreds of aerial photographs. Winter LANDSAT 
images are now providing a much more rapid 
assessment of the relief features, since the 
shadow pattern resulting from the low sun angle 
throws the topographie features into relief. 

LANDSAT imagery bas been used to 
revise the positions of shorelines which have 
changed because of flooding after completion 
of hydro-electric projects or because silt deposits 
have modified the size and shape of islands 
located in river deltas. "Islands" plotted on the 
maps of arctic regions have been found to be 
large ice floes. LANDSAT bas been used to 
extend mainland photogrammetric controls to 
accurately locate offshore shoals. 

LANDSAT imagery bas made it possible 
to produce complete 1: 1,000,000 photo-map 



coverage of Canada in a series of sixty-three 
snow-free, ice-free photo-maps. Band 6 was 
used for the majority of compilation to delineate 
water/land boundaries, while band 5 was used 
where cultural features predominate. 

LAND USE ACTIVITY CLASSIFICATION 

There is some overlap between land use 
studies and vegetation applications, as much of 
the land use classification is inferred from the 
type of vegetation cover (or lack thereof) ob
served by the remote sensing instruments. 
Many of the early LANDSAT investigations, par
ticularly in the United States, concentrated on 
this discipline. The first major operational use 
of remote sensing in which the Canada Centre 
for Remote Sensing took an active role was the 
classification of the watershed of the Great Lakes 
for the International Joint Commission (Gierman, 
David M. and Robert A. Ryerson, October 1974). 
This work used photo-interpretation of aerial 
photographs and LANDSAT images to produce 
present land use activity statistics for the Can
adian portion of the watershed, a total of 234, 000 
square kilometers. The methods used, while 
not as glamorous as the digital analysis of 
LANDSAT data as used in the U. S. portion of 
the study, provided accurate results quickly at 
a cost much lower than that of the U. S. work. 

The success of the Great Lakes project 
has resulted in a number of similar projects by 
users at various government levels. The govern
ment of Prince Edward Island, in cooperation 
with CCRS, is conducting studies of land use 
patterns for soil erosion control and land use 
planning. Other major work is being carried 
out in the coastal areas of the Maritimes 
(Alfoldi, 1975). CCRS has in preparation a 
manual on how to use airborne and spaceborne 
image data to map land use activity (Ryerson, 
1975). Conservation authorities, regional govern
ments, town planners, range managers and farm 
extension workers have been investigating the 
methods and costs involved. 

The territorial government of the Yukon 
is engaged in a pilot project, with CCRS assis
tance , to evaluate the operational use of LANDSAT 
data for producing maps u seful i n wildlife 
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studies. Parks Canada is planning to produce a 
complete inventory of the Grasslands National 
Park in 1977. The Oil Sands Environmental 
Research Program has let a contract for the 
monitoring of changes in vegetation using LANDSAT 
and airborne thermal data. 

Lands Directorate of DFE is evaluating 
the use of remote sensing for biophysical mapping 
near Kenora in Northwestern Ontario and has 
plans to conduct an operational mapping project 
in the Hudson Bay Lowlands. A study has been 
initiated for operational mapping in the Caribou 
Range. Studies are underway in the Fraser 
Delta area, the Lac-St-Jean region, the James Bay 
Hydroelectric Development, the Saugeen Basin, 
and the Trent Waterways (Thie, 1976). 

GEOSCIENCES 

Remote sensing techniques are beginning 
to gain wider acceptance in many geoscience 
activities. As yet, the routine applications are 
at a comparatively unsophisticated stage, relying 
on qualitative assessment at the reconnaissance 
level. 

Geological information requirements fall 
into three primary categories: structures, 
lithology, and landforms. The continuity and 
regional perspective which is offered by certain 
remote sensing data sources is providing much 
useful structural information, particularly in 
areas which suffer from scarcity of conventional 
data due to size and/ or geographic location. In 
general, extraction of the structural information 
still requires careful work by experienced 
geologic interpreters knowledgeable of both remote 
sensing system characteristics and field conditions. 
The limited spectral differences between many 
lithologie units has thus far severely limited 
the application of remote sensing to lithologie 
mapping. In most cases, lithologie boundaries 
are interpreted more on the basis of textures and 
structural relationships than on spectral differ
ences. Those boundaries which can be interpreted, 
however, can be mapped with accuracies compar
able to those obtainable with other techniques. 
Landform interpretation is reasonably advanced, 
particularly in surficial geologic environments. 
Interpretations are still mainly qualitative in 



nature due to the indirect and variable relation
ships between interpretation criteria and ground 
conditions. Bio-physical approaches to automated 
image analysis hold much promise. However, 
much careful subsequent interpretation is re
quired before the results of such analyses can 
be reliably used for mapping. 

The greatest single problem in the use 
of remotely sensed data in the geosciences is 
consistency. The se two dimensional data sources 
do not provide information which can be used 
directly to provide the 3-d~mensional geologic 
interpretation, which is often required. The 
observed surface phenomena are often related 
to geologic parameters in only the most tenuous 
manner. 

Advances in the application of remotely 
sensed data to geologic interpretation will re
quire efforts to improve the compatibility of 
these with other geologic data source (eg. 
geophysical data). Such integration of data 
sources is basic to geologic interpretation. Thus 
the more compatible the data sources can be 
made, and the earlier in the interpretation pro
cedure integration can be achieved, the greater 
will be the reliability of the results. The poten
tials for automated image analysis in the geo
sciences will thus be increased significantly 
when closer integration of data sources is possible 
during image analysis and when methods of 
extracting image information from the spatial 
domain are more fully developed and available 
operationally. Like any other exploration tool, 
potential benefits will be highest in areas where 
existing knowledge is most limited. 

DISCUSSION 

Substantial potential benefits have been 
for ecast from the use of remote sensing. In the 
land applications for northern resource develop
ment alone, the estimated potential could be 
from $10 Million to $40 Million over five years 
(McQuillan, 1974). These benefits have been 
forecast largely on the basis of potential savings 
over the use of conventional approaches to solving 
the various problems. Is this a realistic approach? 
This is a difficult question to answer. How can 
the benefits achieved be measured? Only in very 
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rare instances will an actual cost saving be 
reported by an agency. Rather, if remote sensing 
methods are adopted, the agency's productivity 
may rise. For example, with its present resources 
and conventional methods, an organization might 
be able to generate certain information about x 
square kilometers per year. With the addition 
of remotely sensed data, it may be able to produce 
similar information for nx square kilometers with 
the same resources. It is very unlikely that 
the organization would voluntarily request or 
accept a reduction in resources to maintain its 
old level of productivity. Thus, the only simple 
quantitative measure of benefit is the theoretical 
dollar saving which might have been achieved 
over what would have been spent to achieve 
this increased output with a conventional approach, 
or (n-1) times the budget. But the question re
mains, what is the real value of this increased 
productivity? Certainly, the funding authorities 
would not likely have authorized increased ex
penditures to achieve the increase in productivity. 
On the other hand, to force the agency to reduce 
its resources to maintain the same output would 
guarantee that it would not look for ways to in
crease productivity, since all organizations 
resist reductions in their size. · 

Agencies which do adopt remote sensing 
to augment their information gathering capability 
may not be interested in documenting benefits to 
an extent greater than that required to maintain 
their own funding. Certainly, if a federal govern
ment department were to report huge savings in 
its operations by adopting some new techniques, 
it might run the risk of having these savings 
snatched from its budget by Treasury Board. 
It would be more likely to shift the saved funds 
as quietly as possible to some other high priority 
program which it wished to start up or expand. 

We must ask if the predicted potential 
benefits are realistic. The answer is that they 
probably are , provided increased productivity 
is accepted to be of real economic value. However , 
it is probably not realistic to realize any actual 
dollar savings which would be reflected in the 
budgets of government or private organizations. 
All savings will at best be in terms of what it 
might have cost to do the same job in some other 
manner. 



Next, we might ask how are we doing? 
Are the results to date satisf actory in terms of 
resource management systems in place or actively 
planned? In f act, from the status report given 
earlier, it would appear that the progress 
toward operational uses of remote sensing is 
generally much better than could have been 
reasonably expected in 1970. There have been 
disappointments; some expected applications 
have not adopted remote sensing, yet others 
have moved to operational stages much earlier 
than expected. Can we obtain even more rapid 
transfer of the technology to operational use? 
The proposed CCRS three-year plan suggests a 
stronger emphasis on demonstration projects 
and operational prototypes. However, a relatively 
small amount of the Centre's budget is available 
to support this activity. Will the proposed 
shift in emphasis by CCRS be helpful? 

Finally, how should benefits be mea
sured? Although benefit studies carefully out
line the assumptions made in predicting the 
potential value of remote sensing, do they give 
a false impression? Are people expecting to see 
real dollar savings, rather than more produc
tivity per unit cost? Who should be measuring 
the benefits? How can intangible benefits, such 
as sovereignty, quality of life, etc. be cast in 
dollar terms? 

There are no easy answers to these 
questions. However, by considering them, it 
is hoped that the members of CACRS will be able 
to provide guidance to CCRS, as well as to user 
or ganizations. Hopefully, this will result in 
an accelerated realization of the potential benefits 
to be achieved through sensible application of 
remote sensing to operational management of 
Canada's resources and environment. 
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3.5 VEGETATION 

E.A. Godby 
Canada Centre for Remote Sensing 

INTRODUCTION 

In the CCRS three-year plan, five projects 
which corne under the general classification of 
"Vegetation" have been identified for develop
ment to the prototype systems stage in co
operation with appropria~e agencies. 

These are: 

Forest Fire Mapping 
Rangeland Monitoring 

Complet ion 
Date 

Specialty Crop Monitoring 
Cereal Crop Information System 
Forest Inventory 

31/3/78 
31/3/78 

3/79 
3/83 
3/82 

3.5.1 FOREST FIRE MAPPING 

This is a project of 
Research Institute and is 
Kourtz of that Institute. 
initiated in October 1974 
objectives. 

the Forest Fire 
headed by Peter 

The project was 
with the following 

1. To demonstrate that reliable and in
expensive maps of important forest fire 
types can be produced from ERTS data. 

2. To evaluate existing automated techniques 
for differentiating fuel type categories. 

To date the CCRS MAD System has been used 
to produce a broad forest cover map for a 16 
million hectare area of Quebec. These results 
show that clearcut logging areas, new logging 
roads, swamps and predominantly homogeneous 
coniferous and decidious forest stands can be 
distinguished. 

Enhanced Landsat Images have been provided 
to the Société de Conservation de L'Outaouais, 
Maniwaki, Quebec for use in forest fire fight
ing operations. 

Improved classifications of fuel types 
are now being obtained by overlaying winter 
and summer imagery of the area. CCRS has pro
vided methodology support for the development 
of this overlay technique. 

This data will be used in the Outaouais 
region this summer. In addition, the Kenora 
District and the Dryden District of Ontario 
have expressed keen interest in this technology 
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and have requested imagery for the 1977 fire 
season. 

Five hundred thousand (500,000) acres of 
land were also mapped for the Northern Forest 
Research Centre. 

Assessment: This project seems well on 
the way to being operational. Datais now in 
the hands of the operators who are responsible 
for managing the fires. 

CCRS Involvement: CCRS will continue to 
provide image analysis support. One quarter 
(1/4) man-year has been allotted for coordina
tion and technical assistance. 

3.5.2 SPECIALTY CROP MONITORING 

Project SPUD-OP 

Objective: To institute an operational 
potato monitoring system for New 
Brunswick. 

Completion Date: Spring 1977. 

CCRS Resources: Three man-months and 
$14K (including salaries). 

N.B. Government Resources: Thirty-six 
man-months and $2K (not including 
salaries). 

This project is nearing the operational 
stage. Good success in developing potato crop 
acreages using aircraft and satellite data have 
been achieved. An acreage map can be produced 
in four heurs using the Image 100. New 
Brunswick has been well launched in this pro
ject and is now ready to continue on their own. 

CCRS will provide Image 100 support and 
technical assistance when required. 

White Bean Crop Assessment of Southern Ontario 

Objective: To assess the usefulness of 
"high-altitude airborne imagery and 
Landsat data for both acreage and crop 
condition measurement in S. Ontario for 
the Ontario Bean Producers Marketing 
Board, London, Ontario. 

CCRS have devoted 3 man-months and $2,000 
to this project. It has corne very close to 
providing the acreage accuracy required which 
is 90% accuracy 95% of the time. The value of 
the sales of beans varies from 15-50 million 
per annum. Improved forecasts of production 
could result in benefits as high as $10 million. 
CCRS will continue support for one more growing 
season after which the results will be evaluated 



and the Bean Producers Marketing Board will 
have to decide if they wish to continue on an 
operational basis. 

3.5.3 RANGELAND MONITORING 

A project entitled "Rangeland Remote 
Sensing Pilot Project" has been carried out by 
Intera Environmental Consultants Limited under 
DSS Contract OSZ 76-00183 awarded as a result 
of an unsolicited proposa!. 

The objective of the project was to intro
duce remote sensing from aircraft into oper
ational rangeland management in Alberta and 
Manitoba. 

The cost of the project was 43K, 5K being 
provided by CCRS and 38K by DSS. CCRS also 
provided a contract monitor. All flying and 
analysis was done by Intera. The equipment of 
the Alberta Center for Remote Sensing was used 
in some of the analysis. 

The project has been very successful. A 
summary of the project is attached. The full 
report is available through RESORS. This is a 
project which has gone operational in the sense 
that the people who require the information are 
paying the full cost of acquiring it. Future 
CCRS activity in the area will be to monitor 
the continued development of the techniques 
and to provide assistance where appropriate. 

3.5.4 CROP INVENTORY 

The Spring Wheat Project and Follow-On Projects 

The Spring Wheat Project started in the 
Spring of 1973 as a cooperative Canada/U.S. 
project to determine the feasibility of esti
mating spring wheat production through the use 
of ERTS data and other supporting data. Ten 
test sites of 2 x 10 miles were selected in 
the 4 Western Provinces of Canada and 6 in 
Montana and N. Dakota . 

An International Steering Committee was 
set up with J . MacDowall of CCRS and Clark 
Ison of USDA as Co-Chairman . 

CCRS contributed one methodologist to act 
as CCRS Project Manager, one computer program
mer 2 days/week, and analyses equipment . 

CDA provided one scientist to supervise 
the gathering of groundtruth data in the 10 
Canadian test si tes, and one scientist in 
Ottawa to d vote a portion of his time to co
ordinating th project. 

Th full-time m thodologist provided by 
CRS 1 •f t in August 1974 and was not r eplaced. 
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From that period on, the project was operated 
by CDA and contract personnel with CCRS provid
ing analysis facilities and data (computer 
compatible tapes). This project has continued 
on to the present and has formed the basis for 
the future phase of the Canadian AGRIS (Aerial 
Crop Information System) to be described below. 

While Canada was struggling to keep its 
minimum program alive, the U.S. announced its 
multi-million dollar LACIE Project. In Nov. 
1974 Canadian representatives were given a 
briefing on LACIE by officials from NASA, NOAA 
and USDA. Canada was invited to participate in 
the LACIE Project. Bath CDA and CCRS submitted 
B-Budget proposals for approximately 200K each 
to allow a meaningful Canadian program to be 
developed. CDA received approval for its pro
gram starting April 1/77 but the CCRS proposa! 
was rejected. The offer to participate in 
LACIE has been agreed to by CDA, EMR and E.A. 
and a Memorandum of Understanding "To Co
operate in the Development of a Global Crop 
Information System between the Department of 
Agriculture of Canada and the CCRS on the One 
Part and the USDA, NASA and NOAA on the Other 
Part" is being negotiated at the present time. 
USDA and CDA have been designate lead agencies 
for the U.S. and Canada respectively. 

The USDA is now planning a follow-on to 
the LACIE Project called PAYES, (Production 
Area Yield Estimation System). It will be 
developed under USDA management and financed 
by USDA. The cost for hardware and software 
will be approximately $10 million (over 3 
years) to employ 65 people. 

Contracts in Support of the Crop Inventory 
Project 

The contract works which have been carried 
out to date as a contribution to t he Canadian 
Agriculture Remot e Sensing Program are: 

A Proposed Crop Information System Using 
Remotely Sensed Data - July 1974 (CCRS 
Contract) - $10,000 

This report reconnnended the development 
of a global crop information system for Canada 
and that Canada begin investigations on the 
measurement and use of a "general biomass" 
index. 

Donald J . Clough - Remote Sknsing and Economie 
Value of Errors in Wheat Forecasting - CCRS 
Technical Note No. 74-20, October 9, 1974 

This report indicates that benefits of $10 
million would result from a 2% reduction in 
error in the Canadian wheat domestic production 
forecast during the growing season . A $44 



million benefit would result from a reduction 
in the Canadian export forecast error from 10% 
to 9%. The report reconnnends "that our initial 
project planning study to be carried out for 
about $100,000 and that subsequent systems 
development work be carried out at a level of 
at least $2 million per year over at least a 
five-year period. The federal make-or-buy 
policy should apply, with as much of the de
velopment work as possible contracted out". 

M. Dwyer Rigby - Analysis of Landsat Data -
$11,700, CDA, 1974/75 

1975/76 - Factors Affecting Landsat Reflect
ance Values of Selected Crop Land in 
Alberta Canada in 1975 - Prepared for 
CCRS under contract ISQ5-0095 (DSS 
Unsolicited Proposa!) 

This was a very detailed study which 
examined reflectance data from 14 test sites in 
seven soil zones and two agro-climatic regions. 
They examined the reflectance variation from 
pixel to pixel within individual field and the 
average reflectance values for fields of the 
same crop type in different test sites they 
found extreme variability in both instance and 
concluded "signature extension" from the train
ing site to surrounding areas was difficult or 
impossible. Hence training sites are required 
for every site. It is relatively easy however 
to classify to the level of Rapeseed, SUU1ner
fallow, Other Crop Types. 

Global Agricultural Productivity Estimating 
Project - Contract ISWS-0368 
(Unsolicited Proposa!) - Gregory 
Geoscience Ltd. Amount 85K over two 
years. 

Objective: To develop methods for util
izing satellite data to monitor growing con
ditions. A hierarchical approach defining the 
specificity of current growing conditions 
information was used. 
(1) General growing conditions affecting all 

crop and rangeland. 
(2) Growing conditions affecting crops. 
(3) Growing conditions of specific crops. 

For the least detailed indicator pre
dicted yields agreed with published yields with 
less than 10% error for 10 of 11 test cases in 
which the least detailed indicator i.e. the 
general vegetation index which is determined 
solely from Landsat data. The published yields 
varied from 16.6 to 34.4 bu/acre. The accura
cies achieved using a regression equation 
developed from 1973, 1974 and 1975 data when 
applied to 1976 data gave yield accuracies for 
three test sites as follows: 

Swift Current 
Melfort 
Raymond 

15.5% 
4.5% 
7.8% 

An example of the Yield Vs. Biomass Index 
Curve for rural municipalities is attached. 

Commenta: This study shows real promise as 
the basis for the development of a technique 
for obtaining global yield data. It bas the 
advantage of not straining the Landsat system, 
i.e. it uses broad classification categories, 
it does not depend on accurate area measurements 
and it does not depend on groundtruth measure
ments. For an initial system it gives the 
maximum information for the least cost and 
effort. 

Evaluation of Classification Procedures and 
Selection of a Proto-Operational Approach 
for Determining Spring Wheat Acreage from 
Landsat Data - Contract OWS76-00233 to 
Gregory Geoscience Ltd. - Value 36.2K -
16.5K by CDA and 19.7K ày DSS 

Objective: To select from existing methods 
the most accurate method for identifying spring 
wheat in Canada from Landsat data and to refine 
the selected method and to use it in estimating 
the acreage of wheat under proto-operational 
conditions in four test sites using 1976 data. 
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1. 
2. 
3. 

are: 

Three methods testeè were: 

Visual 
Field Classifier 
Per Pixel Classifier (MICA) 

An example of the kind of results obtained 

Accuracies for% correct Wheat and Non Wheat: 

Visual 
Field Classifier 
MICA Per Pixel 

Wheat Non Wheat Total 

71. 7 
55.9 
36 

84.1 
86.3 
77.8 

79.4 
75. 7 
63.3 

The conclusion was that the Visual inter
pretation method was best. The best automated 
classification method was the per field classi
fier. 

The variation from test site to test site 
was great; for example, using the visual tech
nique, the results for the three test sites 
were: Wheat Non Wheat Total 

Visual - Swift 
Current 100 100 100 

Raymond 95.2 93.6 93.8 
Stony Mountain 39.2 70.7 60.2 

Total 71. 7 84.1 79.4 



On this basis CDA are proposing to use 
visual interpretation from a CCT generated CRT 
display in their initial prototype system. 
This system combines has the advantages of best 
accuracy and low cost. Using a CCT generated 
CRT display gives flexibility and standardized 
presentation not available with photo products. 

Present Status of Crop Inventory Project 

CDA has proposed that a system be devel
oped using Canadian data, preferably in associ
ation with the LACIE Program (U.S.) which will 
eventually provide information on crop con
ditions and acreages of major crops or regions 
for selected time periods as requested by 
Canadian agencies and commercial firms. 

CDA have tentatively allocated funds of 
the Research Branch, CDA, to the development 
of a crop information system using meteoro
logical and remote sensed data and also to 
research in remote sensing in areas such as 
soil moisture determination, spectral proper
ties of crops, rangeland management, soil 
salinity and special crop inventories. 

CDA have suggested the following funding 
for an Aerial Crop Information System, 77/78: 

RB,CDA CCRS EB,PMB,CDA OTHER AGENCIES TOTAL 

130 175 65 160 630K 

The 175 from CCRS was requested as a 
B-Budget item and rejected. To date only the 
130 from RB, CDA is assured. 

It is proposed that a prototype system 
using visual interpretation from a CCT gene
rated colour CRT display would be developed 
in Ottawa and then transferred to Winnipeg 
where it would be providing inputs to supple
ment the existing crop information system. It 
is estimated that the system would cost 
$1,000,000 over three years to develop. 

CDA has established a Steering Committee 
for contract research recommendations for 
development of a crop information system. 
There is representation from CDA, Canadian 
Wheat Board, Canada Grains Council, Canadian 
Grains Commis~ion, Statistics Canada, CCRS and 
Science Procurement of DSS . 

CCRS Support 

CCRS is and will continue to provide 
analysis facilities support and has allocated 
1/4 man year directly to the project. CCRS will 
assume responsibility for producing the timely 
data required for the pilot project. 
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CCRS is providing additional support of a 
general nature -

- General methodology development. 
- Joseph Cihlar is the principal investigator 

on an HCMM project one of the objectives of 
which is to measure soil moisture. 

- The microwave program now being initiated 
could contribute to future crop inventory 
experiments. The methodology section (Frank 
Ahern) has conducted a very promising micro
wave scatterometry experiment over croplands. 

- The methodology section is also developing a 
visible and improved spectrophotometer 
mounted on a cherry picker to do detailed 
spectral analyses of ground targets. The 
budget for this project is 209K (10.9 M/Y) 
initial costs plus 37K/Y operating. 

Comments 

Canada is the fifth largest wheat growing 
area in the world, 29.4 million acres, behind 
Russia (169.2 million), China (61.4 million), 
USA (52.6 million), and India (33.3 million). 
Its annual production (663.9 million bushels) 
is sixth in magnitude in the world. Canada's 
domestic use is small (157.1 million bushels). 
Canada exports more wheat per capita (20 
bushels) than any other large producer. The 
value of these experts is in the order of 1-2 
billion dollars/year. 

Studies of the economic benefit of im
proved crop forecasting have shown large 
potential benefits. Apparently the product 
(potential benefits from improved forecasting) 
X (the probability of remote sensing being able 
to provide that improved forecasting) is still 
a small number in the minds of the people who 
hold the purse strings. However the work con
ducted to data in Canada, plus the relatively 
positive results of the LACIE project indicate 
that Canada should move forward in this field. 
It would appear that unless some very new, 
strong initiatives are taken, progress is going 
to be very slow. A system developed on the 
basis of using visual interpretation techniques 
and on providing data on crop conditions which 
is relatively easy and inexpensive to achieve 
could be the basis of a Canadian sized oper
ational system which could grow as the new 
methodologies are developed. 

FOREST INVENTORY 

A number of forest inventory experiments 
have been conducted in Canada over the years . 
Most of these are still in the experimental 
stage . 

A classification of the Banff-Jasper 
National Parks was conducted on a cooperative 



project with the Northern Forest Research 
Centre, Lands Directorate and CCRS. Themes of 
pine, spruce, water, snow and meadows were 1 
classified with 80-90% of the areas studies 
To date there has been no follow-up on this 
work. 

The Forest Pacifie Research Centre, under 
contract to the Yukon Territories, worked on a 
forest inventory using visual interpretation 
techniques with 9 x 9 Landsat imagery. Jim 
Lee of the Research Centre used the Image 100 
to analyse a few images. This work bas been 
followed up by direct contact between CCRS and 
the Game Branch of the Territories Government. 
The potential of using Landsat for mapping 
animal habitat of large areas of the Yukon is 
being investigated. 

Studies on the mapping of clear cutting 
of forests in B.C. have been undertaken by 
the Pacifie Forest Research Centre and the 
Faculty of Forestry, University of B.C. 
Although the technique looks promising, it 
does not appear to have reached an operational 
stage to date. 

A request bas been received from the 
Renewable Resources Consulting Services Ltd. 
to use the Image 100 in a project to study 
caribou habitat in a pipeline corridor from 
Baker Lake, N.W.T. to 260°N, 97°W. This study 
area covers 85,000 Km. The analysis will 
require from 30-60 hours Image 100 time. 

Mapping of Forest Fire Burns has been very 
successfully undertaken by the Ontario Centre 
for Remote Sensing and is considered an opera
tional technique. 

To date, no Canadian experimenters have 
been successful in mapping spruce budworm 
damage using _Landsat imagery. Excellent 
success has, however, been achieved using 
1/60,000 colour aerial photography. 

CCRS Contribution 

CCRS bas assigned 1/4 man year to this 
work and will continue to provide image analy
sis support where required. Forest Inventory 
using remote sensing however, is still, in 
general, in the experimental stage, 

1 Landsat Imagery for Banff and Jasper National 
Parks Inventory and Management. - Kirby, 
Goodenough, Day and Van Eck (Proceedings of 
3rd Canadian Remote Sensing Symposium). 
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"' V, 

SUMMARY OF THREE 1976 PILOT PROGRAMS IN ALBERTA AND MANITOBA 

ALBERTA FOREST SERVICE 

~REA OF JURISDICTION 900,000 acres (1400 square 
miles) in Forest Reserve 
(plus northern Alberta 
Green area) 

TYPE OF RANGELAND 

vURRENT MANAGEMENT 
PROGRAM 

PBJECTIVES FOR USE 
OF REMOTE SENSING 

IREMOTE SENSING 
iFOR OPERATIONAL 
~ORK 

TYPE(S) 

TIME OF YEAR 

SCALE 

METHOD OF 
INTERPRETATION 

PROBABILITY OF USING 
lŒMOTE SENSING IN 

1977: 

1978 

1979 

Mainly foothills grass
lands and bushlands range, 
(plus northern boreal 
areas) 

Regular inventory ( 15 year 
interval) for update of 
management plans for 
grazing allotments 

Reduce inventory interval 
through remote sensing 
interp. for better data 
base (range type, con
dition, trend, utili
zation) 

FCIR photography 

September 

1:16,000 

Visua], (band lens & 
stereoscope) 

100% 

100% 

100% 

ALBERTA LANDS DIVISION 

6 million acres (9000 square 
miles) in S. and Central 
Alberts 

Short-and mid-grass prairie 

Monitoring range product
ivity and condition on 
grazing leases 

Estimation of biomass 
productivity on grazing 
leases 

Landsat FCIR photog. 35 mm 

all June (end) June 
season July 

Sept. 

- 1:46,000 1:20,000 

milti- visual visual 
spectral (stereo- (hand 
viewer scope) lens) 

100% 50% 100% 

100% 100% 100% 

100% 100% 100% 

MANITOBA 
AGRICULTURE WILDLIFE 

2 million acres (3000 square Not available 
miles) 

Grasslands to bushlands 

Beginning Inventory of all 
leases to establish carrying 
capacity over 5-year period 

Inventory of grazing leases 
(species assoc., condition, 
utilization) 

FCIR photography 

Spring. July 

1:20,000 

visual (stereoscope) 

80% 

90% 

100% 

Grasslands to 
parklands and 
boreal forest 
and wetlands 

Evaluation of 
wildlife habitat 
especially for 
deer, grouse and 

-waterfowl 

Inventory and 
evaluation of 

1 
waterfowl habitat 
to be used in 
planning and 
development 

FCIR photography 

July 

1:10,000 (approx) 

visual (stereo-
scope) 

80% 

100% 

100% 



3.6 REPORT OF THE WORKSHOP 
GROUP ON OCEANS 

3.6.1 The work of the oceans group 
has been strongly affected by the 
surveillance satellite project. Ocean 
work represented 10-15% of the original 
3-year plan ($9M annually over three 
years) and forms a major applications 
part of the surveillance satellite 
project (total $SM over three years). 

Although most of the surveil
lance satellite funding cornes from 
other departments, the Group's dis
cussions considered the whole plan. 

This project has required a 
diversion of $1.6M from the 3-year 
allocation. Currently $1M of this, 
for 77/78 and 78/79, has been obtained 
from the satellite and airborne oper
ations budget by: 

3.6.2 

(a) 

(b) 

deferring purchase of a 
laser beam image record
er; and-
postponing the develop
ment of an airborne SAR 
research radar. 

CONCLUSIONS AND 
RECOMMENDATIONS 

3.6.2 1. To pay for the Surveil
lance Satellite plan, CCRS has had to 
postpone its plan to acquire a SAR. 
The ERIM SAR is to be rented and re
turned in 1979. Although this is a 
good choice for the short-term plan 
and will allow the 1979 surveillance 
satellite recommendations to be based 
on experience with the best available 
SAR, the group is concerned about lack 
of a research SAR in Canada after this 
time. 

3.6.2 2. Although SEASAT is a 
central part of the Surveillance Sat
ellite plan , a Canadian microwave 
program is important and other compon
ents of the Surveillance Satellite 
Program should continue even if SEASAT 
is not launched or Canada cannot par
ticipate. Also, any resources made 
available by this change should be 
directed to acquiring an airborne 
research SAR System . 
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3.6.2 3. We notice the following 
apparent gaps- in the Surveillance 
Satellite plan: 

i) lack of work directed 
at use of SEASAT non
SAR sensor data; and 

ii) insufficient effort on 
the development of 
assimilation methods for 
SEASAT type data into 
operational systems. 

3.6.2 4. While the Surveillance 
Satellite project is based on micro
wave all-weather sensors, visible/IR 
Satellite Sensors due to be launched 
on NASA Satellites (Landsat-C, Nimbus-G 
and HCMM) should continue to be eval
uated in small scale programs incorp
orating strong user involvement. 

3.6.2 5. Progress or results of the 
Aerial Hydrography project's stereo 
photography work should be brought to 
the attention of the aerial survey 
industry and photogrammetric experts 
to promote rapid realization of pro
jected benefits in topographie survey 
work and to judge the eventual useful
ness of the technique for hydrography. 
We note that a scanning lidat bathy
meter should give major benefits on a 
longer term. 

3.6.2 6. Oil pollution monitoring 
(by laser fluorescence or other means) 
seems to be limited in usefulness for 
prosecution of offenders mostly 
because of legal problems. Legal advice 
appears to be needed on the operational 
viability of these techniques. 

MISCELLANEOUS 

3.6.2 7. The oceans group endorsed 
the recommendation of the Working 
Group on Ice that AES should acquire 
an operational side looking radar. 

3.6.2 8. The Oceans Group agreed 
that the present CACRS working group 
structure should be preserved. The 
group pointed out that it was presently 
filling the role of theproposed ocean 
management "super group '' . 

3.6.2 9. The group feels strongly 
that the LRPA be reinvestigated as a 
remote sensing platform to meet 
national non-milit~ry needs, particularly 
for testing semi-operational equipment 
and techniques. 



3.7 

3.7.1. 

REPORT OF THE WORKSHOP GROUP ON 
WATER 

What Needs To Be Done? 

The group identified four general 
topics of interest. For each topic, we listed 
specific information needs, potential users, 
and status of remote sensing techniques. 
Priorities were discussed with reference to 
those prepared by the Associate Committee on 
Hydrology (see attachment). See Table l for 
a listing of topics, etc. 

3.7.2. Does the 3-Year Plan Provide For 
Perceived Needs? 

Needs identified were matched against 
proposed demonstration projects (see Table 2). 
There was at least one proposed project against 
each topic, but there was no assessment of 
priorities by CCRS. It was difficult or impos
sible to relate the significance of some 
efforts listed under "Airborne Systems" and 
"Research and Development" to the needs of 
users. This made tracing of the flow from 
research and development through to operations 
difficult. 

The group felt that projects related 
to oil pollution and water quality are not yet 
ready for demonstration, but need further 
"calibration" effort. 

The highest need for water resources 
is all-weather measurement of snow water con
tent, but there is no visibility in the plan 
of how much total effort is directed toward 
this end. 

Laser bathymetry and shoal mapping 
are of a low priority for water resources. 
The same is true of ice reconnaissance for 
inland waters. 

The mission now called "Hydrology" 
within applications should be renamed "Water 
Resources", with specific areas identified as: 
Run-off Forecasting, Inventory, Water Quality, 
and Hydraulics. 

The group welcomes the proposed 
restructuring of the 3-year plan along selected 
applications lines. We would welcome a corres
ponding emphasis in resource assignment to 
technology transfer rather than technology 
developments. 
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3.7.3 RECOMMENDATIONS 

Considering that it may take an 
extended period from the proof of concept 
stage to an operational information system, it 
is recommended that a concerted effort be made 
to provide resources on a continuing basis to 
support projects designed to bridge this period. 
It is further recommended that it be accepted 
in principle that CCRS play a strong lead role 
in initiating, guiding and assuring continuity 
during the transfer period. 

It is reconnnended that the Linmology 
Working Group be integrated with the Hydrology 
Working Group and the resulting group be named 
the Water Resources Working Group. 

3.7.4. RESEARCH PRIORITIES IN HYDROLOGY 
As Prepared By 

Associate Connnittee On Hydrology 
December 1976 

One of the responsibilities of the 
Associate Connnittee on Hydrology is to advise 
the National Research Council of Canada, 
federal departments and other organizations 
regarding research and development require
ments in the field of hydrology. 

To fulfill this responsibility 
Committee Members were asked to draw on their 
areas of competence to define the areas in 
hydrology most in need of greater research 
and development effort. Areas in which there 
already were adequate efforts being made were 
not to be included even though the results 
might not be available yet. The 1976 study 
indicated that certain needs were of greatest 
national concern whereas others were directed 
to solution of problems within a given region 
having particular hydrological conditions. 

National Priorities 

Snowpack - Processes and Measurement 

The spatial and temporal processes 
of snowpack formation, metamorphism and melt; 
how and when and how much snowmelt contributes 
to stream runoff, soil moisture and ground
water recharge; the effect of soil moisture 
on snowmelt runoff; the correlation of the 
processes with ground cover, relief and 
meteorological parameters, the variations in 
these processes particularly in regions of 
shallow variable snowcover. 

Improved methods of measuring or 
estimating snowpack distribution, water equi
valent content, melt rate and runoff bath in 
time and space to provide more reliable input 



to hydrological models for forecasting, manage
ment and research purposes. These needs · 
include improvement of methods of measuring 
or estimating parameters at a point and extra
polating to provide areal data; and, the 
improvement of techniques for obtaining areal 
data in remote regions from surveys and remote 
sensing. 

Effect of Man 

Development of methods of assessing 
the effects of man's activities on different 
components of the hydrological regime in terms 
that can be used in hydrological models for 
f6~ecasting and studying these effects. 
Specific information is needed on the hydro
logical response to activities in forestry, 
agriculture, urbanization, industry, energy , 
development and river modification which 
result in changes in water quality, erosion 
and sedimentation, and water quantity. Such 
studies are needed to support environmental 
assessment activities. 

Precipitation - Measurement and Analysis 

Further improvement is needed in 
methods for directly measuring or calculating 
precipitation so as to provide information on 
the spatial and temporal variation of rainfall 
and snowfall on a real time basis. There is 
a special need for methods of obtaining infor
mation in remote areas. Such information is 
needed for input data to assist in the improve
ment and refinement of hydrological models 
used to study and forecast basin runoff. 

Groundwater - Quality and Contamination 

Determination of practical methods 
for detecting, preventing, tracing and over
coming groundwater contamination from inad
vertent or deliberate disposa! of waste pro
ducts on or near the ground surface and in 
deep wells. Information is needed on the 
effects of salts, from natural and artificial 
sources, on groundwater quality and the 
effects of salts orginating from groundwater 
discharge on the quality of surface water 
and land salinization. Also information is 
needed on the effects of hydrocarbons and 
herbicides on groundwater quality. Knowledge 
of these processes is needed particularly in 
relation to groundwate r in fractured rocks. 

Regional Pr iorities 

Cordillera 

Knowledge of the processes of 
groundwater movement in fractured rocks, to 

28 

improve understanding of quantitative assess
ment, salt water intrusion and contamination 
by man. 

Glacier processes as related to run
off prediction and as climatic indicators. 
Basin precipitation and evapotranspiration in 
mountainous terrain for runoff forecasting. 

Interior Plains 

Improved methods for determining the 
distribution and water content of prairie 
snowpack and of predicting snowmelt rates and 
volumes. Forecasting and removing ice jams. 
Saline water discharge processes. Methods of 
determining actual evapotranspiration. 

Saint Lawrence Lowlands 

Better knowledge of the snowmelt 
process in regions of shallow, variable snow
cover. Water quality as affected by man in 
heavily populated, industrialized.areas. 

Atlantic 

Knowledge of the processes of ground
water movement in fractured rocks, particularly 
as related to quantitative assessment, salt 
water intrusion and contamination by man. 

North (permafrost Area) 

Improved methods of obtaining data 
over vast thinly populated areas including use 
of remote sensing. Better methods of measuring 
flow of ice covered rivers. Methods of deter
mining actual evapotranspiration. 

The above priority areas represent 
the considered opinion of senior representa
tives of federal, provincial, university and 
private water resource organizations in Canada 
and are presented for use by those involved in 
planning and managing hydrological research 
and development programs. 



TABLE 1: TOPICS OF INTEREST FOR WATER RESOURCES 

TOPIC SPECIFICS PROBLEMS STATUS USERS 

SNOW PACK Extent Forest Cover Operational In - Hydro 
Time Sorne Areas - Provincial Water 
Clouds, Sun Glint Agencies 

Thickness 
Water Equivalent ~ Techniques 

- · 
WATER Macrophytes - Hydro 
QUALITY Temperature Uperational - Provincial Water 

Location Of Effluents Agencies 

Sediment Concentration Calibration Semi-Operational 
Chlorophyll Research 
Oil Pollution Legal Research - Transport Canada 

INVENTORY Land Cover Semi-Operational - Wildlife Agencies 
Land Use - Environmental 
Wetlands Agencies 
Small Lakes - Hydrographie 
Hydrography Pre-Operational Survey 

~ -~--
WATER Mass Transport Semi-Operational - Engineering 
MOVEMENT Environmental Impact Transport 

Freeze-up 
Break-up 
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5. 

6. 

7. 

8. 

11. 

12. 

14. 

TABLE 2: REVIEW OF PROPOSED DEMONSTRATION PROJECTS 

SNOW WATER WATER 
DEMO. PROJECTS PACK OUALITY INVENTORY MOVEMENT NOTES 

Snow mapping for X Ready for demonstration, but 
run-off forecast a real user is needed. May 

find group of users for indu-
stria! contract. Increase 
fundin~ for demonstrations. 

Aerial hydrography X Not a high priority for hyd-
eharting rology. Well-defined user 

link exists. 
Coastal shoal X Not a high priority for hyd-
mapping rology. Well-defined user 

link exists. 
Oil pollution X Two aspects: (a) mapping 
monitoring (b) identification. a) is 

aspect of proposed EPS coo-
perative program. b) is pre-
mature for demonstration. 

Water quality X York photometer, etc. - needs 
monitoring quantitative output prior to 

demonstration. Keally 
research. 

Ice reconnaissance X Gt. Lakes and Mackenzie only 
for inland waters potentially useful. Do we 

need or want year-round 
shipping? Why repeat U.S. 
experiment? Low prioritv. 

Environmental General consultations for 
impact assessment X engineering problems. As far 

as water resources are con-
cerned, part of "consultation 
and liaison". 

General Notes: 1) Technology transfer hindered by lack of "technical manuals". 

2) Problems are regi ona? or provincial, with need to resell in another region. 

3) "Hydrology" as an application should be labelled "Water Resources", with 
subtopics: 
Runoff Forecasting, Inventory, Wate r Quality, Hydraulics. 
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3.8. REPORT OF THE WORKSHOP GROUP 
ON LAND 

3.8.1 1. The Workshop Group studied the 
proposed list of application programs, and con
sidered that the following were of direct 
concern. They are listed in two groups ex
pressing primary and secondary importance. 

a) Primary 

Regional Land Use Activity 
(and Land Use Monitoring) 

Envi~~nmental Impact Assessment 

Geoscience Activity 

b) Secondary 

Energy Conservation 
(formerly Heat Loss) 

Biophysical mapping in the 
north 

Engineering applications 
(new program) 

Combination of (a) aerial 
hydropgraphy charting and 
(b) coastal shoal mapping. 

3.8. 2. In his introductory statement, Dr. 
Morley indicated that the proposed 3-year Plan 
represented a change in emphasis for CCRS, 
with more attention being given to applications 
development In the opinion of the Workshop 
Group, this is not evident in the document. It 
is suggested that careful attention be given 
to identifying those activities that are re
quired to support the major programs at CCRS; 
namely, airborne and satellite data acquisition 
and applications development. In particular, 
thought should be given to reducing the 
activities of peripheral programs. 

3.8. 3. In attempting to assign detailed 
priorities to the land-related programs, the 
group felt that the titles were too vague and 
all-encompassing to make this exercise 
worthwhile. It was recognized that in 
practice a pragmatic approach was usually 
applied, CCRS undertaking studies when they 
could interact with a potential user. The 
group felt that CCRS should be given blanket 
approval to execute those demonstration 
projects which are most likely to result in 
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the transfer of remote sensing technology to 
operational use. 

3.8. 4. The workshop realized that many 
demonstration projects have already been under
taken. Particularly in the case of the air
borne program, these are frequently supported 
by reports from the user. The group recommended 
that careful documentation of all demonstration 
projects should be undertaken and circulated 
to all relevant personnel at CCRS. These 
should include spaceborne as well as airborne 
projects, and dollar-values should be appended 
whenever possible. 

3.8. 5. Considering the funding and man-
power that bas been available in the past, it 
was felt that progress bas been satisfactory 
and benefits achieved in excess of what could 
reasonably be expected. It was pointed out, 
however, that in many cases it is not possible 
to place a dollar-value on the benefits or 
savings that are achieved through the use of 
remote sensing. This, however, does not pre
clude the documentation of such activities. 
It is recommended that in all studies, CACRS 
and CCRS should encourage the user community 
to provide as much documentation as possible. 

3.8. 6. Having carefully studied the dem
onstration projects already completed, CCRS 
should determine those areas that are likely 
to produce results and set up demonstration 
projects. It was noted that in the past, much 
of the funding for such projects came from DSS. 
How the funding will be carried out under the 
proposed three-year plan is not indicated. 
Before a project is undertaken, there should 
be assurance of adequate funding for proper 
analysis studies, but this funding need not 
necessarily be provided through CCRS. For 
example, if $1M is spent on a data acquisition 
system, a significant proportion should be 
made available for data analysis. 

3.8. 7. Although the workshop group was 
asked to consider the benfit figures presented 
in the three-year plan, the group felt that it 
did not have sufficient background knowledge to 
comment on the appropriateness or the accuracy 
of the figures quoted. 

3.8. 8. CCRS funding for R&D appears to be 
low at 5%. It is appreciated, however, that 
at the present time there is a stigma attached 
to such activities. As a result, development 
in support of operational activities is 
frequently charged to operations rather than 
Rand D. It is suggested that these costs 
might be designated as "Product Process 
Improvements". 

3.8. 9. The workshop group felt that CCRS 
should pay more attention to training and 
education. Without having seen a copy of the 
Slaney report, the group supported in principle 
the tenor of the document. 



3.8. 10. The workshop group on LAND 
reviewed the consolidated recommendations. 
It identified the following as worthy of spe
cial support by this group: 

In anticipation of LANDSAT-D and other high 
spectral and spatial resolution satellites, 
increased funding for research in the areas 
of pattern recognition and image analysis 
should be provided, especially through NRC 
grants to universities. (Data Handling) 

CCRS should continue to strongly encourage 
implementation of demonstration projects and 
the development of these to an operational 
status particularly by facilitating wide use 
and adoption of available technology. 

(Hydrology) 

Canada, through CCRS, should express an inter
est in the acquisition of photography over 
Canadian territory from the large format 
cartographie camera being developed for the 
Space Shuttie missions. (Cartography) 
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3.9 

3.9.1. 

REPORT OF THE WORKSHOP GROUP 
ON VEGETATION 

Questions addressed: 

1. Are the potential benefits realistic? 

2. Are the results of data acceptable? 

3. Is the proposed 3-year plan effective in 
achieving use potential? Should it be 
modified? 

4. What should other agencies do? 

3.9.2. Are the potential benefits realistic? 

a) In general, potential benefits for Crop 
Information Systems appear reasonable. 

b) Forest Information Benefits are too con
servative. They should be in the same order 
of magnitude as those for Crop Information 
Systems. 

c) Northern Resource Information benefits 
should be increased by about 3 times. 

Crop 
Information 
Systems 

Forest 
Information 
Systems 

Northern 
Resource 
Information 
Systems 

Rangeland 

Present 

10-44 
million 

5 
million 

670 
thousand 

? 

Adjusted 

10-44 
million 

>10 
million 

2-3 
million 

? 

Priority setting based on benefits should be 
done with much care, because intangible bene
fits should be considered in addition to hard 
ones, as well as the effectiveness (time, 
resources, user acceptability) with which a 
program can be put into place. 

RECOMMENDATIONS 

A. The CCRS should develop or encourage 
the development of a digital image analysis 
system that could be marketed at a price (<75k) 
within the financial capability of Regional 
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establishments. This should be considered a 
high priority, since this was also recommended 
a year ago (3.3.2.1.). The benefits of such a 
system to the national program would be con
siderable as it would allow full-scale utili
zation of Landsat Imagery rather than piece
meal. 

B. The need for effective links between 
digital analysis systems and geographic and 
resource information systems continues to be 
very important to the users. 

3.9.3. Are the results to date satisfactory 
in terms of resource management systems in 
place or planned? 

In general, results to date are con
sidered reasonably satisfactory. Taking into 
consideration the problems of technology trans
fer to users and government funding constraints, 
it seems unreasonable to expect much more than 
what has been achieved. 

DETAILS: a) FOREST INFORMATION AND MANAGEMENT 

The above general statement applies to fuel 
and fire mapping. 

- Spruce budworm problems have not had enough 
investigation. This will be rectified in the 
coming year. 

b) CROP STUDIES 

- Satisfactory, but only because of the very 
special efforts of Dr. Alex Mack (CDA). 

c) NORTHERN RESOURCE INFORMATION 
(BIO-PHYSICAL) 

- The general statement applies. At present 
it is not the remote sensing technology which 
is holding back programs, but the availability 
of funds. 

d) RANGELAND 

- Not satisfactory, but a reasonable start has 
been made. 

e) WILDLIFE HABITAT MAPPING AND 
MONITORING 

- Satisfactory in Ontario, but unsatisfactory 
at the federal level and in some other pro
vinces. 

3.9.4. Is the proposed 3-year plan conducive 
to better results? How should it be modified? 

Sub Question: 

What are Canada's priorities? 



What should be the CCRS priorities? 

PRIORITY 

PROGRAMS: CANADA CCRS 

Forest Fuel Type 1 3 
Forest Inventory 

and Damage 2 2 
Bio-Phys ical 

(Ecological) Class 4 4 
Rangeland Monitoring 6 6 
Crop Information Systems 2 1 
Specialty Crops 5 5 
(Quebec Project) 2 2 
Wildlife Habitat Monitoring 7 7 

3.9.5. BACKGROUND FOR RECOMMENDATIONS 

CCRS Objectives: 

1. To provide satellite and air-
borne data. 

2. To support user applications. 

Sub-Questions: 

1) Has CCRS support been adequate 
for user programs? - in line with priority? 

2) Does 3-year plan reflect 
vegetation priorities? 

A. Forest Fuel Type: 

1) Received good support. 

2) ¼ my should be extended for 78/79 to 
ensure technology transfer. 

B. Forest Inventory: 

1) No significant support in past. 

2) Not adequate. Quebec alone will need t 
manyear . There are also other activities: 
Kirby, Lee , Oswald, Hohner, e tc. ½ my scien
tific liaison officer is needed, but this man
year should be provided by the user agencies. 
Quebec may also need 3/4 my additional 
support. 

C. Crop Information Systems 

D. Specialty Crop Information System 

E. Rangeland Monitoring 

1) Present level of support reasonable . 

2) For Crop Information System, ! my and 2 
my backup may be required . CDA will submit 
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detailed 2-year requirements for negotiation 
with CCRS. 

3) ¼ my should be extended to 1978-79 to 
ensure follow up. 

F. Biophysical Ecological Land Inventory 

1) Received good support. 

2) Present resource allocation and timing are 
adequate. 

(The cost for surveying 2,000,000 
square miles would be $20-100 million, duration 
5-10 years. Probably Federal-Provincial pro
gram. Money main problem at present.) 

RECOMMENDATION 

From the vegetation viewpoint 
there is a significant benefit in grouping 
the 16 applications projects in 4 major areas: 
LAND, AGRICULTURE, FORESTRY, WATER, each sup
ported by about 1 my from the Applications 
Division. This may assist in moving around 
resources in relation to changing priorities. 

RECOMMENDATION 

CCRS should have and use the 
freedom to adjust its budget to provide ade
quate support for the transfer of technology 
efforts by the user departments and agencies. 
Technology transfer efforts should have high 
priority. 

3.9.6. Do the CCRS budget allocations 
reflect user/applications concerns? 

CCRS - BUDGET 

Applications 

$ Thousand 

1,017 

Satellite Ops 

3,051 

Airborne Ops 

3,741 

R & D 

455 

Support 

1,205 

11% 

32% 

39% 

5% 

13% 

(O . C.R.S. BUDGET: 700k; 25 my.) 

m/y 

12 

30 

29 

11 

24 

11% 

28% 

27% 

11% 

22% 



CONCLUS IONS 

A. We cannot provide constructive criti-
cism for improvement of budget allocations 
between the various element of the CCRS pro
gram, but there is a general feeling that 
Applications should receive more support. 

B. We feel that a meaningful subdivision 
of CCRS program sub-activities is impossible 
using an applications matrix, and in any case, 
we feel there are serious dangers involved in 
using the applications matrix. For instance, 
the prime responsibility for Applications is 
with the user. He may have to justify the 
CCRS applications expenditures related to his 
program. In the present situation of fiscal 
restraints, the user department may not be 
receptive to that. 

C. Applications should remain one of 
the most important elements of CCRS, but to 
eliminate all ambiguity related to responsi
bility, it should be called, "Technology and 
Methodology Transfer". 

It is recommended that CCRS change the 
Applications name and that CCRS continue to 
justify its program along its present sub
activity structure. At most only a very 
broad reference to application - use areas is 
advisable, as shown in the table below. 

LAND 

Technology Transfer 

Airborne Operations 

Satellite Operations 

R & D 

Support Services 

VEGETATION WATER CLIMATE 
1 
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3.10 CONSOLIDATED RECOMMENDATIONS 

Before the CACRS meeting, a group 
consisting of Dr. Jaan Kruus, Dr. Alex Mack, 
and Mr. Victor Zsilinszky met to consolidate 
the recommendations made by the working 
groups, specialty groups, and provinces. The 
detailed recommendations are found in the 
individual reports (see 5.1 to 7.4). Short 
comments by CCRS have been added where ap
propriate. 

3.10.1 Major Resource and Funding Requests 

3.10.1.1 In anticipation of LANDSAT-D and 
other high spectral and spatial resolution 
satellites, increased funding for research 
in the areas of pattern recognition and image 
analysis should be provided, especially 
through NRC grants to universities. 

- Data Handling 

This recommendation will be 
referred to NRC through IACRS 

3.10.1.2 CCRS should provide subsidies to 
ISIS to prevent a continuing increase in 
the cost of imagery. 

- Ontario 

CCRS must point out that since 
ISIS are the sole Canadian dis
tributors, they can raise prices 
as necessary and as permitted by 
DSS. CCRS will try to provide 
as much warning as possible of 
price increases. 

3.10.1.3 CCRS should send representatives to 
provincial governments to encourage and help 
the establishment of provincial centres. 

- Ontario, Newfoundland 

Thi s recommendation will be 
referred to t he Marketing and User Assistance 
Unit shortly to be f ormed at CCRS. 

3. 10 . 1 . 4 CACRS should strongly support the 
immediate acquis i tion of SLAR s ystems f or 
the Canadian oper a t iona l ice r econnaissance 
program . 

- Ice 

See 3.2. for a status r eport on 
what is be ing done in this area . 

3 . 10 . 2 Fut ur e Program Planni ng and 
Developrnent 

3.10 . 2 . l In order fo r Canada to maintain 
ad qua t knowledge concerni ng all options , 
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planning and technological development should 
continue toward the long range goal of a 
Canadian remote sensing satellite program. 
This should include examination of the impact 
of the Space Shuttle on the design of remote 
sensing satellites, engineering studies on 
the feasibility of deploying large, high 
frequency microwave antennas in space, and 
initiation of a system design study by 1978. 

Data Handling 

This recommendation will be 
referred to the Surveillance 
Satellite Project Office, but 
any possible action will prob
ably have to be delayed until 
after 1979. Meanwhile, studies 
are continuing in co-operation 
with ESA as well as with NASA. 

3.10.2.2 In light of the importance of ocean 
management and resources development in the 
ocean surrounding Newfoundland, the Federal 
Government should support major research and 
development projects designed to provide in
formation systems meeting user requirements 
in the fishery, offshore petroleum and 
shipping industries. 

Newfoundland 

Everything possible is being done, 
in light of funding restraints. 

3.10.2.3 CCRS should continue to strongly 
encourage implementation of democstration 
projects and the development of these to an 
operational status particularly by facil
itating wide use and adaption of available 
technology. The following areas show most 
promise of success: 

i) The WMO Snow Studies by Satellite 
Project has i ndicated a number of 
areas with strong potential for 
operational use. 

i i) Research should be encouraged into 
measurement of snow under forest 
cover. 

i ii) Encour agement should be given to more 
effec t i ve applicat i ons of the use of 
exist i ng gamma ray technology to 
measur ement of snow water equivalent 
and the pote ntial measurement of 
soil mois t ur e . 

iv) Attention should be given t o the ap
plication of pat t ern recogn i tion 
techniques to estimating regional and 
basin precipitation f r om cloud cover. 



Hydrology 

CCRS is doing as muchas it 
can with the resources available. 

3.10.3 Promotion of Practical Applications 

3.10.3.1 CCRS should promote the practical 
applications of remote sensing with special 
reference to: 

i) Preparation of a guide for potential 
users whose interest areas are ap
plication projects. These users 
would be researchers extension 
personnel, agricultural producers 
and industry. 

ii) Offering of courses to special in
terest groups who are involved in 
application projects. For example, 
a course could be given to a specific 
group involved in crop identification 
and special reference could be made 
to those particular agencies involved 
with it. 

iii) Provision of funds for the develop
ment of a guide to agricultural ap
plications of remote sensing with a 
view to increasing the number of 
practical users. 

Agriculture 

iv) Dissemination of information about 
LANDSAT and its applications through 
the publication of technical manuals 
and sample studies. 

Geography 

v) Preparation of a national list of 
user-oriented applications, prefer
ably including comparisons with 
traditional methods, with respect 
to time and costs. 

Ontario 

Two manuals, on agriculture and 
land use, are now being prepared. 
The recommendation in toto will 
be referred to the Marketing and 
User Assistance Unit. 

3.10.4 Sensors and Systems 

3.10.4.1 In view of the planned Canadian 
surveillance satellite program (including 
participation in SEASAT-A) user familiariz
ation experiments should begin immediately 
using aircraft-borne imaging radars and 
complementary sensors. 
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Ice 

This recommendation is referred 
to the Surveillance Satellite 
Project office, which is presently 
co-ordinating such experiments. 

3.10.4.2 Full support should be given to the 
further development of multispectral data 
acquisition system with high spectral res
olution that would be readily available to 
Canadian users. 

- Agriculture 

This is being done. 

3.10.4.3 Canada,through CCRS, should express 
an interest in the acquisition of photography 
over Canadian Territory from the large format 
cartographie camera being developed for the 
Space Shuttle Missions. 

Cartography and 
Photogrammetry 

Individual principal investigators 
should put in requests through CCRS for for
warding to NASA. 

3.10.5 Information 

3.10.5.1 To ensure access to the existing 
data base by all potential users, a Canadian 
data management systems should be developed 
immediately. Moreover, the management of 
data should be made an integral part of the 
development of all new remote sensing systems. 

Ice 

An interdepartmental committee is 
working on this. 

3.10.5.2 CCRS should ensure that radar imagery 
and associated ground truth be brought to the 
attention of all qualified and interested 
investigators. 

Oceanography 

This is being done, and requests 
for proposals for experiments will 
be sent out shortly. 

3.10.5.3 A program should be initiated to 
"sell" remote sensing to the executive level 
of resource management agencies across the 
country. 

Ontario 

This recommendation is r e ferred 
to the Marke ting and Us e r 
Assist ance Unit. 



3.10.5.4 The Applications Division of CCRS 
should compile information on international 
remote sensing application, for distribution 
to the provinces. 

Ontario 

This will be done through the 
CCRS newsletter. 

3.10.5.5 Costs of all remote sensing prod
ucts and services should be established as 
far in advance as possible (a full fiscal 
year) - especially for LANDSAT products. 

Geography 

This is being done as far as 
possible. 

3.10.5.6 CCRS should establish a computer 
based file similar to RESORS to ·contain a 
list of people experienced in RS interpretation 
and data handling and a list of private firms 
engaged in RS interpretation. 

Nova Scotia 

This recommendation will be in
vestigated for feasibility. 

3.10.5.7 Que le Centre canadien de 
télédétection expose très clairement sa 
politique de priorités concernant la fabric
ation des images LANDSAT. Qu' i l fasse aussi 
connaitre, de façon realiste et honnête, les 
delais auxquels l'usager doit s'attendre 
lorsqu'il commande soit une image nouvelle, 
soit une image déjà cataloguée. 

Cette informa tion pourrait être contenue dans 
un bulle t i n d' i nformation. à j our, expliquant 
en même t emps les techniques actuelles de 
fabrica t i on , d'une image, les t echni ques de 
r eproduc t i on a i nsi que la procédur e exacte 
qu'on doit sui vre pour demander la f abric
a t i on d'une i mage nouvelle ou commander une 
repr oduction. 

Québec 

It is recognized that occasionally 
unavoidable delays in producing 
imagery occur, and CCRS will 
attempt to inform customers, 
when such delays occur, how 
long they will have to wait for 
the imagery . 

3.10.5.8 Que le Centre canadien de télédé
tection entre dans un fichier informatise, 
au fur et à mesure de leur progression, 
l'état d'execution de missions de télédétection 
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aerienne, de sorte que les centres provinciaux 
de coordination, en interrogeant ce fichier 
par terminal (a la façon du système RESORS ou 
du système IISS), puissent être rapidement in 
formés des circonstances d'execution. Ou pourra 
ajouter à ce fichier les programmes d'estimation 
des couts. 

Québec 

CCRS will investigate the cost 
of producing this service. 

3.10.5.9 Que le Centre canadien de 
télédétection constate la marge consideréable 
séparant la réalité de ses intentions louables 
vis-a-vis la traduction de certains documents 
d'information qu'il publie (CAS type: Voir 
CACRS 1975 report, No. 9.3.8.). Que cette 
marge soit reduite à des proportions décentes. 

The government translation 
bureau's services are overloaded 
and efforts will be made to find 
alternative sources of 
translation. 

3.10.6 Marketing 

3.10.6.1 The marketing activities of the 
individual agencies involved in Remote 
Sensing should be examined in depth to det
ermine those activities which could be com
bined to increase the overall marketing impact 
and perhaps lower marketing expenditures for 
all concerned. 

Reproduction and Marketing 

This recommendation is unclear, 
and further clarification is 
requested from the working group. 

3.10.6.2 Canadian industry should be en
couraged to benef i t from Canadian involvement 
i n f ore ign satellite pro grams. 

- Oceanography 

Thi s i s being done . 

3 . 10 .6 . 3 CCRS should look into the f easibi l i t y 
of producing CCT ' s for sel ec t ed port ions of 
full LANDSAT scenes. 

FMI 

This is presently being 
investiga t ed by the 
Applications Division. 



3.10.7 Organization 

3.10.7.1 The working group meetings, normally 
held between the annual CACRS meetings, 
should be consolidated in a manner analogous 
to that now proposed for reporting purposes. 

FMI 

CCRS encourages this, as far as 
it is considered feasible by 
working group chairmen. 

3.10.7.2 In 1976 little information was re
ceived from the CACRS working groups. These 
groups should be reorganized or their work 
made more effective and their conununication 
with users' groups improved. 

- Newfoundland 

Sorne working groups never met in 
1976. In other cases, minutes 
were not distributed. If 
chairmen send minutes to CERS 
(Mr. J-C Henein), they will be 
distributed from there. 

3.10.7.3 Organization of the new "ocean 
management" working group should allow for 
continued existence of the Oceanography 
Working Group in its present form. 

This is happening as requested. 

3.10.7.4 The Agriculture Working Group should 
establish a subgroup on the applications of 
remote sensing for crop identification studies. 

- Agriculture 

This action may be taken by the 
Agriculture Working Group 
without reference to CACRS. 

3.10.8 Operational Digital Analysis Systems 

3.10.8.1 A digital analysis system shhould 
be made available at CCRS for which the first 
priority is the user concerned with the 
development of operational applications of 
LANDSAT data, for example, in implementing 
current research into an operational crop 
forecasting system. 

Geography, Agriculture 

Such a system is normally 
available at CCRS, but peak 
periods of overload do 
occasionally occur. 
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3.10.9 Training 

3.10.9.1 Because of 1) the increase in variety 
of remote sensing data, and 2) the lack of any 
good extension papers and/or demonstration 
models, CCRS should support the development of 
teaching modules for sale to High Schools, 
Community Colleges and Universities. 

- Agriculture 

CCRS will try to make known 
what is presently available in 
this area. 

3.10.10 Quality of Imagery 

3.10.10.1 CCRS should make continued efforts 
to maintain the best possible geometric 
quality of their products. In view of the 
recent disclosure of systematic differential 
scale changes associated with the earth 
rotation effect at extreme geographic latitudes, 
a study should be initiated to analyse these 
potential errors and modify current correction 
procedures. 

- Cartography and Photogrammetry 

This is a very specific request 
which is presently being worked 
on at CCRS. 

3.10.11 Recommendations Not Requiring 
CACRS Action 

3.10.11.1 National Research Council grants 
should be supplemented by grants from the 
provincial government, to enable private in
dustry to undertake research and development 
programs (e.g. 1/3 federal government investment, 
1/3 provincial goverrunent, 1/3 private company). 

- Ontario 

3.10.11.2 CACRS should express appreciation to 
V. Zsilinszky, Ontario Centre for Remote 
Sensing for basting the Agric. Working Group 
in Toronto on November 4 and 5, 1976. 

- Agriculture 

3.10.11.3 The NAPL catalogue kit, including 
both contemporary and historical coverage, 
should be provided to all provincial centres. 

- Ontario 
referred to NAPL 



3.10.11.4 CCRS should consider having one 
of the next Canadian Symposiums on Remote 
Sensing in the Maritime Area. 

Nova Scotia 
referred to Canadian Remote 
Sensing Society 

3.10.11.5 The Remote Sensing Science and 
Technology Conference should be scheduled 
either together with, or farther apart from, 
the general Canadian Synposium to permit 
greater attendance. 

- Ontario 
- referred to Canadian Aeronautics 

and Space Institute 
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4.0 

4.1 

REPORTS OF THE CANADA CENTRE 
FOR REMOTE SENSING 

Historical Highlights 

May 23: Meeting of Interdepartmental Commit
tee on Remote Sensing of Earth Resources from 
Aircraft Satellites convened by Dr. L. W. 
Morley to discuss advantages of joint pro
grams in remote sensing. Sixteen represent
atives from 8 government agencies attended. 

1969 

July 22: Cabinet Committee on Scientific and 
Industrial Research recommended that EMR 
should be the agency responsible for co
ordination and funding of "Resource Satel
lites - Canadian Research Program" and 
should establish an ad hoc interdepartmental 
committee to steer the program. The Program 
Planning Office was officially established 
with Dr. L. W. Morley as director. 

Oct. 28: Second meeting of the Interdepart
mental Committee, at which it endorsed a 
program of participation with the U.S.A. in 
the NASA Earth Resources Technology 
Satellite (ERTS) Program. 

Nov. 24: Memorandum to Cabinet from EMR re 
"Proposed Projects for Resource Satellites 
and Remote Airborne Sensing for 1970-71", 
requesting that the Cabinet Committee on 
Science and Technology consider four urgent 
projects: (1) hyper-altitude aircraft 
experimental earth sensor operation; (2) 
research and development on remote sensors; 
(3) study of incidence of cloud-free areas; 
and (4) study of data reproduction system 
for resource satellite data. Total funding: 
$550,000. 

Nov. 28: Cabinet Committee on Science Policy 
and Technology agreed that $550,000 funding 
be made available, as per memorandum of 
November 24, 1969. 

1970 

Feb. 14: First Montebello meeting to form 
the working groups of the Program Planning 
Office. 

March 5: Fourth meeting of Interdepartmental 
Committee set (1) the functions of a 
Program Planning Office (PPO) to serve as 
its secretariat; (2) terms of reference for 
user groups; and (3) the membership of 14 
working groups. 
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These working groups are sub-committees of 
what is now called the Canadian Advisory 
Committee on Remote Sensing (CACRS). 

April 18: Memorandum to Cabinet from EMR 
re: "Resource Satellites and Remote Sensing: 
Collaborative Programs with the United States", 
proposing a 3-year experimental program of 
remote sensing from aircraft and satellites 
related to the ERTS-A satellite, to be 
launched on March 22, 1972. A proposed mem
orandum of agreement between EMR and NASA was 
appended to the memorandum. 

~: Cabinet Committee on Science 
Policy and Technology gave approval for EMR 
to negotiate a memorandum of understanding 
between EMR and NASA, as requested in the 
April 18 memorandum. 

1971 

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

Feb. 1: Beginning of systems integration 
contract with Computing Devices of Canada to 
produce a data processing facility to process 
the data from the LANDSAT-1 satellite. 

Feb. 11: Treasury Board's memorandum re: 
"Change in Organization" authorizing the 
establishment of the Remote Sensing Centre as 
a new organizational element of EMR. The 
Centre was subsequently renamed Canada Centre 
for Remote Sensing, with Dr. Morley appointed 
as its founding director. 

March 31: Submission of working group 
Reports: (1) Agriculture and Geography; 
(2) Atmospheric Constituents; (3) Cartography 
and Photogrammetry; (4) Forestry and Wildlife; 
(5) Geology; (6) Ice Reconnaissance and 
Glaciology; (7) Water Resources; (8) Satellite 
and Ground Station Engineering; and (9) Sensors. 

April 1: Canada Centre for Remote Sensing 
was officially established. 

April 21: Memorandum to Cabinet from E~ 
re "Earth Resources Survey (ERS) Agreement 
reviewing international policy aspects of the 
proposed agreement with the U.S. (April 18, 
1970). Included were drafts of a proposed 
exchange of diplomatie notes, with annexed 
arrangements between EMR and NASA. 

Agreement with NASA signed. 

June 23: Memorandum to Cabinet from EMR re 
"A Program for Remote Sensing of Earth 
Resources and the Surface Environment", seek
ing approval for (a) an increase of capacity 



for the Air Photo Production Unit (APPU) and 
the National Air Photo Library (NAPL) of the 
Surveys and Mapping Branch of EMR, to handle 
the additional load of the remote sensing 
centre; (b) an airborne remote sensing pro
gram; (c) conceptual studies of an inter
nationally shared resource satellite system 
and other remote sensng systems. The memo
randum recommended a supplementary budget 
to caver item (a) and a "B" budget for FY 
1972-73 to cover the other items as an in
tegrated remote sensing program to be under
taken in 1972-73. It is also recommended the 
replacement of the ad hoc Interdepartmental 
Committee by a senior interagency committee 
to be chaired by the ADM, Science and 
Technology, EMR. It àlso contained forecasts 
of expenditures for three alternative 
optional programs. 

CFASU formed and became oper~tional. 

July 29: Record of Cabinet decision, approv
ing (a) the supplementary budget to increase 
the capacity of the APPU/NAPL; (b) the FY 
1972-73 "B" Budget for the integrated remote 
sensing program (including an expansion of 
the airborne sensing part of the program); 
(c) the new Interagency Committee on Remote 
Sens ing (IACRS); and suggesting (d) shifting 
the t emorary Prcince Albert Receiving Station 
(PASS) from Prince Albert to Churchill. 
(Subs equently, it was decided not to move the 
Stat i on to Churchill.) 

Nov. 30: Purchase of Falcon Fanjet aircraft. 

1972 

Jan. 4: Meet i ng of the Interagency Committee 
on Remo t e Sensing (IACRS) at which t e rms of 
reference for the Canadian Advisory 
Committee on Remote Sens i ng (CACRS) were ap
proved , and at whi ch the fi rst part i al " cost 
recovery" or "shar ed f und i ng" fo rmula was 
approved(whereby CCRS may charge f eder a l 
Government user agencies fo r airborne remo t e 
sensing) . 

Jan. 17 : Submission of an nA" budge t fo r 
FY 1973-74, establishing t he CCRS "A" 
budget activity level at about $6 . 5 million , 
and 104 man years, a minimal datum for on
going activities. 

Feb. 22-24: First CACRS (third "Montebello" ) 
meeting at Montebello, Québec. 

March: "A" level budget of $5,431,000 and 
60 man years approved by Treasury Board . 
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July 6: Treasury Board Memorandum (1961) 
entitled "The Canada Centre for Remote 
Sensing" submitted, providing 3 options. 

The option approved included 5.431 
million and 84 man years. This option, though 
workable, does not include grants for 
regional centres. It is technology frozen 
and does not attain the objectives outlined 
in the Cabinet memorandum of June, 1971. 

July 23: LANDSAT-1 launched. 

July 26: First imagery of Canada received. 

July 27: First LANDSAT image presented to 
Honourable Robert Stanbury, Ministry of 
Communications, at the International Society 
of Photogrammetry conference held in Ottawa. 

1973 

January: Establishment of Applications 
Division of CCRS, and initiation of a con
centrated program of applications research 
and development. 

February: Establishment of remote sensing 
imagery Browse Facility at CCRS. 

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

February 19-22: (Fourth Montebello) second 
CACRS meeting. 

April: Manitoba Remote Sensing Centre 
established in Winnipeg. 

Distribution and sale of LANDSAT 
Quicklook imagery of Canada ynder ~aken by 
Donald Fisher and Assoc iates , Prince Albert, 
Saskatchewan. 

July: Ontario Assoc i a t i on f or Remote 
Sensing established. 

First stage of cost recovery im
plemen t ed fo r CCRS a i rborne r emote sens i ng 
progr am . 

Sept ember 18 : On t ario Remo t e Sensing Centre 
es t ablished i n Toront o . 

November : Program Planning and Eva lua t ion 
Unit established at CCRS . 

Experimental t racking and r ecep t ion 
of NOAA satellite data . 

1 . The name of this company was 
changed to Integrated Satellite Information 
Services Ltd. in January 1975. 



1974 

January: Proposals for private enterprise 
involvement in the CCRS airborne remote 
sensing programs requested from industry. 

February: LANDSATFICHE subscription became 
available from Donald Fisher and Associates. 

February 18-21: Third CACRS Meeting, 
Montebello, Québec. 

April 2-May 1: Second Canadian Symposium 
on Remote Sensing, Guelph, Ontario. 

April: Image 100 interactive image 
analysis system delivered to CCRS. 

June: Convair 580 longe-range 
turbo-propellor remote sensing aircraft 
acquired by CCRS. 

June 6: Alberta Remote Sensing Centre 
established in Edmonton. 

Summer: Experimental transmission of 
NOAA and ERTS imagery data of Canada to the 
Arctic for use in navigation in ice-infested 
waters. 

September: 1974-75 authorize~ budgetary 
level of $6,251,000 and 86 man-years. 

October: CF-100 jet aircraft retired. 

December: Contract to develop a sat-
ellite tracking station to be located in 
St. John's, Nfld., awarded to MacDonald, 
Dettwiler and Associates, Vancouver. 

1975 

January 23: Launch of LANDSAT-2. 

March 31-April 3: Fourth CACRS meeting, 
Montebello. 

~: Contract signed with Innotech 
Aviation Ltd., and Intera Environmental 
Consultants Ltd., for the transition of the 
airborne production system from government to 
industry. 

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

September: 1975-76 authorized budgetary 
level of $7,757,000 and 97 man-years. 

43 

1976 

February: ISIS began to produce and distrib
ute all black-and-white LANDSAT products from 
Prince Albert. 

March 29-April 1: Fifth CACRS meeting, 
Arnprior, Ontario. 

April: . Scientific and technical co-
operative agreement signed between CCRS and 
CNES. 

September: 1976-77 authorized budgetary level 
of $8,966,000 and 106 man-years. 

December: Cabinet approval of joint sub
mission by EMR and other interested govern
ment departments regarding participation in 
the proof-of-concept SEASAT experiment. 



4.2 

4.2.1 

REPORT OF THE DATA 
ACQUISITION DIVISION 

Introduction 

1976 has been somewhat of a 
mixed year insofar as DAD activities have been 
concerned. On one hand considerable effort 
and progress has occurred on major programs 
such as Aerial Hydrography, Microwave Remote 
Sensing and Industrial Involvement. However 
much of this acti vi ty has been ei ther planning, 
preparatory and/or preliminary, with much of 
the visible accomplishments yet to come. 

By mid 1976 all DAD aircraft 
except the Convair 580, were certified by MOT 
and being operated by Innotech/Intera for CCRS. 

The proposed airborne microwave 
program was developed to the cabinet submission 
level, with considerable planning underway for 
user related experiments and associated hard
ware development. 

The aerial hydrography program 
has progressed to the point where fully inte
grated system tests are scheduled for mid 1977. 

The Innotech/Intera Transfer 
Plan Report was received in early 1976 and has 
been reviewed in considerable detail, with the 
result that a joint company proposa! for an 
operational remote sensing facility is expected 
shortly. 

In addition to the above DAD 
has continued its ongoing activities in the 
area of Airborne Operations and Systems and 
Sensor Developrnent . Detailed summaries of all 
of the above are contained in the following 
sections. 

4.2.2 

4.2.2.1 

Airborne Operations 

Operations Surnrnary 1 April 
1976 to 31 December 1976 

a) Aircraft Utilized: 

1 Falcon , 2 DC 3's 

b) Projects Tasked: 

Falcon 43 
C- GRSB 33 
C-GRSA 10 

c) Projects Flown: 

Falcon 32 
C-GRSB 26 

'!'OTAL 86 
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C-GRSA 10 TOTAL 68 

d) Projects Cancelled: 14 

e) Total Line Miles to Date: 

Falcon 7,270 
C-GRSB 4,022 
C-GRSA 1,911 

f) Line Miles by Agency: 

Federal 

Agriculture Canada 
Atomic Energy of Canada 
DFE Atmospheric Environment Service 
DFE Canadian Forestry Service 
DFE Canadian Wildlife Service 
DFE Inland Waters Branch 
Dept. of Indian and Northern Affairs 
Dept. of National Defence 
EMR Canada Centre for Remote Sensing 
EMR Geological Survey of Canada 
EMR Interdept. Committee on Aerial Survey 
Parks Canada 
Transport 

Total 

Provincial 

Alberta Dept. of the Environment 
Alberta Remote Sensing Centre 
British Columbia Forest Service 
Hydro Quebec 
James Bay Development Society 
Manitoba Dept. of Agriculture 
Manitoba Dept. of Mines 
Manitoba Dept. of MREM 

Manitoba Dept. of Municipal Affairs 
Ontario Bean Producers Marketing Board 
Ontario Ministry of Agriculture 
Ontario Ministry of Natural Resources 
Ontario Ministry of the Envirorunent 
Ottawa Hydro 
Quebec Dept. of Natural Resources 
S.P.E.Q. 
Societe de L'Energie de La Baie James 
Yukon Game Branch 
Yukon Lands and ForestsService 

Total 

Industry 

British Columbia Research Council 
Hamel, Ruel and Associates 
Hudson's Bay Oil and Gas Company Limited 
Simpson Timber Company (Alberta) Limited 

Total 

357 
16 

132 
0 

119 
257 

0 
102 

1,924 
35 

272 
114 
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3,374 

15 
328 
428 
494 
330 
804 
440 

1,381 
378 
18 

189 
0 

225 
0 

107 
369 
619 

56 
881 

7,062 

203 
490 

56 
350 

1,099 



University 

British Columbia University 
Calgary University 
Guelph University 
Laval University 
Quebec University (Montreal) 
Sherbrooke University 
York University (CRESS) 
Toronto University 

Total 

4.2.2.2 Operational Sensors 

a) Vinten Cameras 

58 
631 
480 

15 
200 
216 

40 
28 

1,668 

The new Presenty controller 
has been erratic in operation and wiringchanges 
made in an effort to reduce failures have intro
duced unreliable camera operation. In addition, 
there is the possibility that the cameras will 
be required by DND and therefore unavailable to 
CCRS. A plan for solution to these problems has 
not yet been developed,therefore at this timeit 
is uncertain whether in-camera annotation will 
be available for 70 mm photography. 

4.2.2.3 Aircraft 

a) General 

All CCRS aircraft have now been 
converted to civilian registration. The two 
DC 3 Dakotas, C-GRSA and c-GRSB, were converted 
with minimum of delay last year and were both 
available for service during all of the past 
year, except for the period of November and 
December when C-GRSB was out of service for 
engine change. 

b) Falcon 

Conversion of the Falcon to 
.Civilian status was somewhat more involved. 
During inspection of the aircraft a deteriora
tion of metal components in the area of the 
camera ports was discovered. Because of the 
possibility of structural failure these areas 
had to be reworked with the result that the 
aircraft was not available until July. 

c) Convair 580 

The modification of the Convair 
580 by Innotech Aviation is in its final phase. 
The aircraft is expected to be delivered this 
spring and the installation and commissioning 
of different systems and sensors will be com
pleted in July, 1977. The aircraft is provided 
with two 21 inch glass ports (one 21 inch port 
could be open with a pressure dome), one 28 
inch and one 34 inch open port with pressure 
domes. 

45 

It has an upward looking port 
for a skylight reference, one drift sight (NF 22) 
down-looking port and provision for the instal
lation of two PRT 5's. The electronic boxes are 
installed in two double 19 inch racks and four 
19 inch single racks. Provisions are made for 
the installation of a Daedalus IR scanner, as 
well for the Scatterometer, Marconi Doppler 
MG712 and Colour TV camera. 

The modifications also included 
the upgrading of the aircraft avionics and the 
layout of the instrument panel. The arriva! of 
this aircraft will boost considerably the effec
tiveness and the capability of the airborne 
program for carrying out special projects 
involving: 

i. Long range (reduction in transit time) which 
will be especially useful in the Arctic; 

ii. A requirement for a multi-sensor complement, 
which is not possible at the present time 
utilizing the DC 3's or the Falcon; 

iii. Performing operational demonstrations for 
projects such as Aerial Hydrography which 
would benefit from the increased speed 
during flight lines of the Convair compared 
to the DC 3 since the navigation system 
position error growth is primarily depen
dent on flight time rather than distance 
travelled. 

4.2.3.1 Aerial Hydrography Project 

The Aerial Hydrography and Air
borne Bathymetry Projects have recently been 
brought together under one "roof" (Aerial 
Hydrography Proj .ect) with the ultimate goal of 
forming an integrated photo/lidar hydrographie 
system for charting shallow coastal waters. The 
two Projects have been renamed the Photo and 
Lidar Hydrography Projects. The status of each 
is summarized below. 

a) Photo Hydrography Project 

The Photo Hydrography Project is 
a joint venture conducted by CCRS and the Marine 
Sciences Directorate of DFE. The purpose of this 
Project is to combine photogrammetric and navi
gation technology to forma unique system for 
the remote measurement of shallow water depths 
and the generation of hydrographie charts. The 
Photo Hydrography System (PHS) includes both 
airborne and ground based equipment. The air
borne component comprises an RC 10 aerial survey 
camera, an LTN-51 Inertial Navigation System 
(INS) and CCRS's Airborne Data Acquisition 



System (ADAS). The ground segment is made up of 
the computer-controlled analytical plotter at 
the University of New Brunswick and the PDP-10 
computer facility at CCRS. The airborne equip
ment is used to gather photographie and 
navigational data over the waters to becharted. 
These data are processed post-flight on the 
PDP-10 computer and analytical plotter to 
provide the required hydrographie charts. 

The depth measurement capability 
of the PHS in Canadian waters is expected to 
range up to 10 meters (depending on water 
turbidity) with an accuracy of 1 to 2 feet (90% 
confidence). The depth measurement accuracy 
and the precision with which the depth data can 
be positioned on the charts, depends for the 
most part on the performance of the INS, and 
the navigation data processing software imple
mented in the PDP-10 computer. Navigation 
accuracy objectives consistent with charting 
and photogrammetric requirements are 10 meters 
absolute position (90%) and 30 arc seconds in 
relative attitude (90%) between consecutive 
photographs. The results of early flight trials 
(Sudbury, spring/75) of PHS hardware indicate 
that these performance objectives are within 
the capability of the system. 

At present, all PHS hardware is 
operational. CCRS is now concentrating on 
system software development which should be 
completed by early summer 1977. Flight trials 
of (a) the navigation system hardware/software, 
and (b) the fully integrated system are sched
uled for April and September of 1977 respectively. 

b) Lidar Hydrography Project 

In the past year a number of 
fl i ghts were flown usi ng the old CCRSprofiling 
lidar bathymeter. The data obtained on these 
flights have been used to construct a 6 mile 
long profi le of the bot tom of Kingston harbour. 
Thi s profile,in which thebathymeter penetrated 
up to 25 fee t o f water, corresponds almost 
exactly t o a profi le extracted from the pub
lished hydrographie chart of the area. 

The origi nal CCRS lidar 
bathymeter , which was a modi f ication of the 
fluorosensor, ha s now been retired as it is 
expected to have the Mark I I Ba thymeter ready 
for flight testing in t he l a te summer of 1977. 

The Mark II Bathymeter has been 
designed to demonstra te the perfor mance that 
will be required if an operational scanning 
system is built. The Mark II sensor is a 
profiling sensor designed to operate at 
altitudes up to 2500 meters in daylight. The 
sys tem under such conditions has a performance 
figure of o<d = 6 . (The optical attenuation 
coe fficient at the lidar wavelength to be used, 
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~, varies between 0.5 and 1.0 m-1 in typical 
coastal waters. The depth, d, is the ultimate 
depth to which the bathymeter can map.) 

Thus under typical conditions 
the system should be able to measure water 
depths between 6 and 12 meters. Under more 
favourable conditions depths of up to 30 meters 
will be charted. For example if the platform 
is operated at an alti tude of 150 m. a system 
performance figure of o<d • 9 may be possible. 

Progress on this project was 
slower than had been anticipated; however, a 
number of contracts have now been let for the 
construction of components of the Mark II sensor. 
A significant amount of work has also been done 
on the data processing techniques required to 
extract the water depths from the lidar returns. 

4.2.3.2 Identification of Oil Spills 
Chlorophyll and Water Pollution 

a) Laser Based Techniques 

The construction of the Mark III 
Remote Sensing Laser Fluorometer is almost 
complete now at Barringer Research Limited in 
Toronto. This new profiling sensor uses a 
pulsed laser emitting light in the UV to excite 
fluorescence. The fluorescence emission is 
measured in 16 spectral channels and there are 
two additional channels in which the fluores
cence lifetime can be measured. The sensor is 
designed to operate at altitudes of up to 2500 
feet under day or night conditions. The data 
is recorded either on a computer compatible 
magnetic tape or on ADAS. 

The instrument bas the potential 
to identify and classify oils into broadgroups 
Chlorophyll concentration in water and other 
quality parameters may also be measured. Other 
possible uses will include cropidentification, 
forest surveys, mapp ing the distribution of 
insectici des i n aerial spraying operations,and 
the i denti fication and mapping of selected 
geological anomalies. 

A l aboratory study to measure 
the f luor escenc e emiss i on spectra and fluores
cence lif e t imes of oil s has now been completed. 
The contracter bas compiled an a tlas of the 
fluorescence char acter i stics of the 40 samples. 
The study , which simul a ted the performance of 
t he Mark III fluorosensor, showed that the 
airborne sensor shoul d be able to classi fy 
oils into thr ee broad categories : crude , 
bunker , and light r efined produc ts. 

The old laser fluorosensor was also 
test flown a number of times . Perhaps most 
notable were the flights over the Thous and 



Islands Oil Spill in June 1976. CCRS was able 
to demonstrate a very quick reaction time toan 
environmental emergency. Sorne initial studies 
were also begun on the variation in amplitude 
and pulse width of the backscattered laser as 
it passes over different terrain surfaces. This 
information is necessary for an understanding 
of the fluorescence lifetime measurement as it 
will be made by the Mark III fluorosensor. 

b) Spectroscopie Based Techniques 

i. MSS 

An 11 channel Daedalus/MDA 
Multi-Spectral Scanner was deliveredlast spring 
Offering 10 channels in the visible and near 
infra-red,and an eleventh in the thermal infra
red, this MSS has its data recorded digitally 
in the air with optional correction for S-bend 
distortion. This in-flight geometric correction 
of the across track tangent law distortion was 
specially developed for CCRS, and is believed 
to be unique. 

Two further special features 
allow the spectral channels to be mixed to match 
Landsat passbands, and acquire histograms of 
the data in the 11 channels. 

The scanner is under test and 
evaluation and will be used in the coming year 
on special pilot projects. 

ii. MEIS 

A new generation two channel 
prototype "solid state" multi-spectral scanner 
developed by MDA limited, has just been deliv
ered to CCRS. This Multi-Spectral Electro
optical Imaging System (MEIS) consist of two 
identical units, each of which has a 512 
element silicon detector linear array in the 
focal plane of an imaging lens. The units are 
bore-sighted, and each has a different easily 
interchanged filter in front of the lens to 
define its spectral channel. In flight, the 
system will look vertically down with the 
arrays aligned across the line of flight. The 
datais digitized and recorded in the Daedalus 
MSS format for ease of data reduction. 

This system will be extensively 
tested both in the laboratory and from the air 
to evaluate this new concept, and it will be 
utilized on a few, special pilot projects. 

4.2.3.3 Mapping the Distribution and 
Thickness of Sea Ice and Fresh 
Water Ice 

Further sea ice identification 
from the air has been investigated with the 
CCRS 13.3 GHz scatterometer. 
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Data was acquired over first 
year sea-ice (floating and shore-fast) in the 
Bay of Chaleur in spring 1976. Analysis of 
this data has shown that it is possible to 
distinguish between new, young and first year 
ice on the basis of spatial detail and back
scatter amplitude at the incident angles more 
appropriate to a satellite borne radar. This 
complements the previous analysis of multi
year Arctic ice which showed it was possible 
to distinguish between the different Arctic ice 
categories on the basis of backscatter, to a 
much greater extent with cross-polarized data. 
In the case of the more recent first year ice 
results, it was found that the polarization 
was essentially inunaterial. 

It appears at this stage that an 
imaging radar for sea-ice classification should 
preferably have like and cross-polarized 
channels (but at minimum the cross-polarized 
channel) operating at the steeper incident 
angles appropriate to a satellite borne system. 

Further joint work with the 
Communications Research Centre furtherevaluated 
their X-band impulse radar on the CCRS experi
mental aircraft. Flights over the Ottawa River 
demonstrated its ability to measure fresh water 
ice thickness, to produce real tiine hard copy 
results in the air, and to record the data for 
further post flight processing. 

4.2.3.4 Mapping of Atmospheric Pollutants 

Delivery was taken of a new 
spectroscopie non-dispersive gas sensor of the 
"Gaspec" family developed by Barringer Research 
Limited. The incoming radiation to the sensor 
is detected in a dual beam manner. One arm of 
the sensor detects directly the incoming radi
ation and the other detects the radiation after 
spectral filtering by a cell containing a sample 
of the gas it is desired to quantify. 

The sensor is set up for CO 
monitoring, and has undergone initial flight 
trials to evaluate its performance. Sensor 
modeling will enable better assessment of 
future development needs to be made. 

4.2.4 Active Microwave Airborne Sensor 
Plans 

Substantial progress was real
ized during 1976 toward obtaining a highquality 
fine resolution multiband imaging radar for use 
aboard the CCRS CV-580 aircraft. The aircraft 
radar program is one element of the Microwave 
Surveillance Satellite initiative, for which 
approval in principle was granted by Cabinet 
early in 1977. The radar, belonging to the 
Environmental Research Institute of Michigan 



(ERIM) , may be leased and opera ted through 
the services of Intera and Innotech and employed 
in scientific and applications experiments for 
the benefit of several Canadian departments 
and other users. 

The radar operates at wavelengths 
of 25 cm and 3cm, with dual polarization 
available on both. The imagery will be the 
best now available for civilian purposes any
where in the world. It will provide Canada 
with a unique and critical data base for ap
proaching the evaluation of Seasat A results 
(an orbiting 25 cm imaging radar to be launched 
by the u.s. in May, 1978), and for placing in 
context the various imaging microwave require
ments of users. These results are expected to 
impact upon future sensor requirements for 
Canada, for both satellite and aircraft systems. 

4.2.5 Industrial Involvement in the 
Airborne Program 

The industrial involvement team, 
Innotech Aviation of Montreal and Intera Envi
ronmental Consultants of Calgary, have been 
actively participating in all aspects of the 
program. The aircraft and technical services 
contract, which runs to March 31, 1978, is in 
full operation with approximately 30 staff 
involved in airborne remote sensing operations. 
This year, due to budgetary restrictions, air
borne operations were limited to approximately 
700 hours of Falcon and DC-3 flying. However 
next year, with the introduction of the Convair 
580, it is expected that flying activities will 
rise to the 1000-1200 hours level. 

The Transfer Plan report was 
submitted March 1976 and has been the subject 
of considerable review. The main purpose and 
emphasis of the report has been the mechanism 
f or shifting the operational (or potentially 
operational) activities from CCRS to industry. 
To ensure the effectiveness of this program 
Innot ech/I nt era have been actively engaged in 
attending working group meetings and evaluating 
the pot entia l l ong term and immediate market 
for remote sens ing services. The next s i gnifi
cant step , more or les s in l ine wi t h the 
Transfer Plan report, is expected t o be an 
amendment to the curr ent contract which will 
see the establishment of a dedicated remote 
sensing company offering services to the 
national and international community. As a 
result of this, and in line with the original 
concepts of industrial involvement , CCRS will 
be concentrating its efforts in the areas of 
applications development projects , sensor and 
systems research and development, and major 
remote sensing develo!Xllent programs such as 
the Aerial Hydrography Program. 
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4.2.6 Airborne Facility Availability 
to Users 

The Data Acquisition Division 
has continued to make its facilities available 
to other agencies, both for their own projects 
and for joint projects involving CCRS. It is 
presently planned to broaden the scope of 
utilization of DAO facilities to include 
operational activities by proposing a new 
schedule of charges for the Airborne Cost 
Recovery Program. In 1977 it is expected to 
include operational use of the four DAO air
craft on a hourly lease basis. 
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4.3 

4.3.1 

DATA PROCESSING DIVISION 

INTRODUCTION 

The major change in 
Landsat activities for 1976.has been the 
development of the Portable Receiving Station 
which bas recently been moved to Shoe Cove, 
Newfoundland. We have continued to read out 
data from the LANDSAT I and LANDSAT II 
satellites for use in our Ice Reconnaissance, 
Forestries, and Agricultural programs. The 
Prince Albert station will continue to be our 
prime station for LANDSAT° coverage when Shoe 
Cove is operational, the latter being used to 
provide the 10 most easterly orbits that can
not be received by Prince Albert. 

The bulk image production 
function is to be moved from Ottawa to Prince 
Albert and Shoe Cove, leaving Ottawa toper
form digital precision processing and produc
tion of specialized products. 

4.3.2 PRINCE ALBERT SATELLITE 
STATION 

The 26 metre auto track
ing antenna at Prince Albert is capable of 
RBV, MSS and NOAA VHRR reception and record
ing. The CRT "Quicklook" camera system is 
capable of producing 70 mm film images of all 
of these sensor data. The quicklook products 
are generated routinely for distribution to 
users within a few days or a few hours by 
facsimile. The higher quality black and white 
photographie products are now reproduced and 
distributed from PASS using negatives supplied 
from the electron beam recorders (EBRs) at 
Ottawa. The Bank 6 LANDSAT datais used to 
prepare two sets of microfiche catalogues, 
one for each of the two LANDSATS. The Fiche 
are distributed daily to twenty agencies. 

The small four meter 
antenna which was introduced last year at PA 
bas proven successful for reception of NOAA 
VHRR data in both normal and backup formats, 
but suffers from a slight salt and pepper 
effect on the imagery when receiving LANDSAT 
data. The receiving margin is approximately 
1.5 db and cannot tolerate the lack of center
ing of the main beam under manual control. 
In mid 1977 we are taking delivery of a multi 
image processing system (MIPS) which will 
perform the bulk production of imagery, and 
CCTs and provide a computer fax capability. 

The MIPS equipment is 
being assembled by a Vancouver company for 
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installation at PASS during the summer of 1977. 
Consisting of a minicomputer based processing 
system, data formatter, and a high resolution 
laser beam film recorder, real time imaging 
of four bands simultaneously of the LANDSAT 
MSS onto 9 1/2" black and white film is possible. 
The data can be from the telemetry downlink 
or existing high density tape recorders. Com
puter Compatible Tapes in the standard system 
corrected format and facsimile data direct 
from computer core may be generated after 
satellite orbit, from the high density tape. 
The hardware and software of MIPS is being 
made as similar as possible to the PERGS (see 
Shoe Cove) equipment to facilitate maintenance 
and future upgrades at the two receiving sites. 

The Inland Wàters Director
ate of Environment Canada in cooperation with 
CCRS will install at the Prince Albert Station 
a data collection platform service to be 
operational in May or June of 1977. The 
system will be capable of receiving, decoding, 
processing, storing and distributing DCP data 
received from the GOES and LANDSAT satellites 
upon request. 

The receiving system and 
facility are being provided by CCRS at Prince 
Albert. The decoding, processing, stQring, 
and distribution system is being designed, 
fabricated and installed by SED Systems of 
Saskatchewan under contract with the Depart
ment of Supply and Services, Inland Waters 
Directorate of DOE. The system will stand 
alone from the present LANDSAT receiving 
system and will allow users to communicate 
with the system via dial-up telephone lines, 
or via telex. Modems will be required to 
connect telephone lines to the communication 
multiplexer. At present the four user 
communication channels are as follows:-

110 baud telephone dial up 

300 baud telephone dial up 

50 baud Telex dial up 

possibly higher data rates to be 
determined 

More information on the use 
of the system can be obtained from Dr. Robert 
Halliday, Inland Waters Directorate, Hull, 
Quebec, or Roy Irwin, Station Manager, Prince 
Albert Satellite Station, Prince Albert, 
Saskatchewan. 



4.3.3 SHOE COVE STATION 

The Portable Earth 
Resources Ground Station (PERGS) was assembled 
and tested for several months at a site on the 
Vancouver International Airport. During a six 
week 'operational' phase the LANDSAT and NOAA 
spacecraft were tracked and representative 
data including quicklook imagery, CCTs, and 
facsimile products were produced. Some soft
ware diagnostic routines and hardware modifi
cations were done at this time. 

The system was then moved 
in the autumn of 1976 to the Shoe Cove Satell
ite Receiving Station (SCSS) site near St. 
John's, Newfoundland. The last months of 
1976 were used in installing the antenna, 
trailer and associated equipment on the 
prepared mounts and hardsurfaced pads. Oper
ational reception of LANDSAT and NOAA data 
will begin in early 1977 and routine produc
tion of digital and image data will be start
ed in the second quarter of 1977. 

The system consists of a 
10 metre antenna and a trailer housing the 
reception, the processing electronics, and 
a small photographie laboratory. This system 
is capable of receiving LANDSAT Mss · and NOAA 
VHRR data and producing quicklook products, 
computer facsimile signals, CCTs, and high 
density tape recordings. The high density 
t ape r ecorder i s a digital modification of a 
video t ape recorder and can accomm.odate a bit 
rate of 7 1/2 megabits per second. Up to 30 
minutes of data can be held on these tapes 
but the fo rmat is unique and does not contain 
all of the calibration informat i on in the 
NASA HDDT fo rmat. The CCTs are produced in 
the format , described in our March report 
(CCRS Resear ch Report 75-3), for both the 
LANDSAT and NOAA VHRR da t a . Due to the small 
quantity of data received by t his station, 
this is the medium tha t we wi l l us e f or t r ans
ferring data from Shoe Cove to the Ottawa or 
Prince Albert facili t ies . Apar t f rom some of 
the peripherals the MIPS and PERGS systems 
have a high degree of commonality in hardwar e 
and software. If the laser beam recorder 
system works out successfully at Pr ince 
Albert, it is intended to buy a similar 
machine for Shoe Cove. 

4.3.4 DPD DATA HANDLING FACILITY 

The Sheffield Road data 
handling facility contains three systems, an 
airborne remote sensing data processing 
system; a dedicated LANDSAT processing system; 
and a large scale computer for routine comput
ing and image analysis . The Image Processing 
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System built in 1972 has produced all of our 
products to date. It is capable of handling 
the RBV data in analog fashion and will be 
upgraded to handle the LANDSAT C RBV data next 
year. The Digital MSS data can be converted 
into sequential 4 band images. These images 
can be automatically registered for colour 
products by a colour composite enlarger that 
uses pin registration of the spocket holes 
to achieve colour registration. The IPS 
system can also produce thematic products by 
converting enhanced computer compatible tapes 
to black and white spectral separates. A 
mosaic of Canada has been generated from the 
bulk MSS imagery. 

All products are annotated 
using the world reference system numbers and a 
computer retrieval system is used for search
ing for images by location, quality, cloud 
cover and time period. This, the information 
retrieval system, is run on the time-sharing 
computer, which contains a variety of periph
erals including a scanning microdensitometer 
and colour display. The latter have been 
developed into a flexible digital interpreta
tion facility. 

A continuous strip film 
recorder has been built for producing images 
from CCTs and from Airborne Infrared Line 
Scanners. This system can produce 900 pixel 
wide strips from LANDSAT, NOAA, radar and 
other sensors, having the advantage of avoiding 
the photographie colour composite procedures. 
It has been used extensively for the generation 
of colour coded thermographs from airborne 
sensors, f or day and night IR imaging from 
NOAA, f or daytime visual imagery from NOAA. 
Two additional units are to be built for 
attachment to the Image 100 and the Multi
spec t ral Anal yser and Display (MAD) Systems. 

4.3.5 PRECISION DIGI TAL CORRECTION 

At pre s ent , only the major 
systemat ic errors are removed f rom LANDSAT 
and airborne digital imagery processed by CCRS. 
Sorne higher accuracy corrections are available 
on special request ba s is , u s ing sof tware . In 
applica t ions such as agr icul t ur e i t ha s been 
found that precise r adiometric and geometric
ally registered images taken a t d i ffe r ent 
stagesin the growth cycle are needed to give 
good classification of the types of crops . 
Also, the images can be corrected to a partic
ular map projection so that they can be 
directly related to existing map information. 

CCRS is developing a general 
purpose digital image correction system (DICS) 
capable of performing radiometric sensor and 



scene dependent corrections, geometric recti
fication, temporal registration, 16-point two
dimensional resampling and spatial filter-
ing, on multi-channel digital imagery 8-bit 
data. The system consists of a DEC PDP-11/70 
minicomputer, a RAMTEK colour display unit and 
a special purpose micro-programmed high speed 
corrector subsystem developed by OVAAC8 Inter
national Inc. The correction process is per
formed in two passes: correction parameter 
acquisition pass and the image correction pass. 
A library of ground control points containing 
digital imagery and cartographie information 
will be necessary to support the precise 
geometric correction operation. 

4.3.6 AIR PROCESSING SYSTEM 

Present airborne data 
collection systems record remotely sensed 
analogue or digital data in several formats. 
The sensors can be grouped into navigation 
and time parameters; p•rof iling sensors; 
imaging sensors. 

The data processing 
system developed at CCRS for handling airborne 
data begins with the conversion of the high 
density aircraft magnetic tapes to standard 
computer compatible format magnetic tapes. 
These computer compatible tapes (CCTs) are 
then processed to extract data for each 
sensor. Data from several sensors can be 
time correlated and provided to the user as 
plots, listings, CCTs or film prints. 

The systems objective 
is to provide processed data to users of 
standard operational sensors and to provide 
easy access to data for experimentors and 
those engaged on sensor development projects. 

User data products and 
capabilities include temperature sliced 
colour coded pictures from IR scanners, 
11 channel multispectral scanner data on 
computer compatible tape, interactive 
enhancement and analysis of airborne imagery 
data on CCRS systems, and data for the geo
metric correction of airborne scanner data. 

4.3.7 COMPUTER OPERATIONS 

General usage of the Time
sharing System increased quite heavily 
during the year. Complaints came at an 
increasing pace from users remote to the 
main building who dial-in to the computer. 
However, this problem was solved late in the 
year when we were finally able to increase 
the number of ports from eight to fourteen. 
Further, the Alberta Remote Sensing Centre 
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was given a dedicated port at this time for 
DATAROUTE access. 

Unfortunately, the other 
problem area, tape drives, could not be 
addressed due to severe budgetary restric
tions. The problem is two-fold: too few 
drives, and their high rate of down time. We 
hope to partially alleviate this quite 
vicious problem early in 1977 with the 
acquisition of two (and hopefully five or 
six more in 1978) 'super' drives. 

Users with large amounts 
of data (i.e. a LANDSAT image) were directed 
more and more to private dise packs, and we 
can now handle most of the demand, having 
four spindles available at all times. Again 
due to budget eut-backs, we were forced to 
lay-off staff and eut back to two shifts at 
both the main computer centre, and on the 
Image 100. All information pertaining to 
computer-oriented services available including 
peripherals, media, timeslots, scheduling, etc. 
may be obtained by telephoning the Shift 
Supervisor on duty. 

We now have a computer 
utilization and accounting system so that any 
user, on request, may get a detailed account
ing of his usage of the Timesharing System. 

4.3.8 SATELLITE SURVEILLANCE 
TASK FORCE 

An interdepartmental task 
force was established in spring 1976 to study 
the surveillance needs of government depart
ments and to what extent these needs could be 
satisfied by satellites. The group recommend
ed that radar was a prime sensor for surveill
ance and that participation in SEASATA would 
provide the earliest opportunity for verify
ing performance of a satellite radar. 

Recently a related Cabinet 
submission was approved for an experimental 
program involving: 

1. Reception of SEASAT A data at Shoe Cove 
Satellite Station. 

2. Development of a digital processor for the 
radar signals. 

3. An experimental flying program using a 
rented radar system. 

4. Developing a side-looking airborne radar. 
5. Studying the effects of the ionosphere 

and sea-clutter on radar images. 
6. Conducting space-radar performance verifi

cation experirnents. 
7. Exploring the opportunities for inter

national co-operation in a radar satellite 



program. 

4.3.9 PRODUCT STATISTICS 

The product statistics 
for our operations are shown in Table 1. There 
has been a decline in sales of photo products 
caused partly by an increase in product prices. 
We have not yet introduced a charge for our 
computer tapes but are seeking authority to do 
so at this time. At the same time we are 
introducing a royalty on all our products to 
offset the reception fee charged by NASA. We 
are expecting to recover 35% of our fee in 
this manner. 
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T A B L E 1 

1974 1975 1976(to mid Oct.) 

B & W Products 70,000 52,000 30,000 

Colour Products 13,000 10,500 8.175 

Master Scenes 25,500 45,700 64,000 

Total Orbits Received 1,465 2,566 2,634 

ISIS FICHE Subscriptions 22 21 

Facsimile 246 500 300 

Dollar Volume $150,000 $140,000 $170,000 

CCT 430 559 377 

Tape- EBIR 319 249 

Backlog (Orbits) I 1,416 1,618 1,635 

II 560 600 
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4. 4.1 

REPORT OF THE APPLICATIONS 
DIVISION 

Introduction 

Facing ever increasing demands on 
the Division's personnel and facilities. planning 
during the past year has focussed on consolidation. 
Efforts have been directed toward the identifica
tion of prime areas of applications potential as 
a framework for future activities and resource 
allocations. Systematic consolidation of the 
Division' s image analysis facilities has been 
undertaken in order to accommodate increases 
in the volume and sophistication of demands 
and to more fully realize the potential capabilities 
of the equipment involved. Efforts to broaden 
and intensify contacts and interaction with users 
have continued this year, in recognition of the 
ultimate requirement for viable technology trans
fer. 

4. 4.2 Personnel 

Although the Division has seen little 
absolute growth in manpower. a number of per
sonnel changes have occurred during the past 
year. Dr. Ron Brown has joined the Methodology 
Section and Carolyn Goodfellow has filled the 
position in the Applications Development Section 
left vacant by Guy Rochon' s return to teaching 
at Laval University. 

The Division has been fortunate to 
acquire the services of several post -- doctoral 
fellows at various times during the past year: 
Dr. Morris Goldberg. Dr. Ravindra Kumar. 
Dr. P. M. Narendra. Dr. Suresh Jain, and 
Dr. Victor Odenyo. 

Ms. Gloria Leckie has recently joined 
the Division as Assistant Head of the Technical 
Information Service, replacing Brian Silcoff. 
who accepted a position at the National Library 
of Canada. Gloria will be working with Brian 
McGurrin in the consolidation of our Library 
resources and in the expansion of other user 
reference services. Growing interest in remote 
sensing applications among outside users has 
been reflected in increased requests for accommo -
dation by visiting scientists and secondees. 
The Division hopes to continue its policy of wel
coming such representatives from Canadian 
government agencies, universities and other 
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countries. however limitations of space and re
sources in the Division will necessitate careful 
planning and coordination of all visits in future. 

4. 4. 3 Facilities 

4. 4. 4. 1 Digital Analysis Equipment: utiliza
tion of the digital analysis equipment in the 
Division has continued at a high level. This 
sustained demand further emphasized the value 
of a program of system consolidation and close 
user liaison. 

In 1976 significant progress was 
achieved in the ongoing development of the CCRS 
Image Analysis System (CIAS). which includes 
the Image-100, and a PDS colour read-write 
microdensitometer. Both sub-systems contain 
dedicated minicomputers which are interconnected 
through a 44M word disk drive and an interpro
cessor communication link. The Image-100 includes 
a PDP 11/70 computer with 128K words of core. 
three terminals, two high speed tape drives. the 
Image-100, a printer/plotter. and a lineprinter. 
The PDS colour microdensitometer is a precision. 
fiat bed type scanning microdensitometer inter
faced to a PDP 11/ 40 minicomputer. The complete 
system will facilitate digital analysis of photo
graphie products. and will permit the production 
of precise colour photographs from digital output 
tapes. 

The Division supports. in addition to 
the CIAS, the Modular Interactive Classification 
Analyser (MICA) software system on the PDP-10/ 
KI time- sharing system. The MICA system, unlike 
the Image-100, offers the programming ease of a 
large computer. The preliminary investigation 
of techniques are thus most commonly carried 
out using the MICA system, while the Image-100 
is used primarily in direct support of applications 
research activities and demonstration programs. 

There are certain digital image analy 
sis applications in which the user may be more 
interested in enhancement than in classification. 
In recognition of this need, the Applications 
Division supports a software system called 
MADCON (formerly, MADUSE). The MADCON 
system permits the user to interactively pseudo
colour, density slice, ratio or enhance any band 
or combination of bands, or to carry out three 
dimensional classification. The results are 
immediately displayed on the Bendix Multispectral 



Analyser Display (MAD). Documentation for this, 
and other software system components is pro
vided in the form of "HELP" files, which can be 
accessed by the user. 

Any one wishing to use the Image-100, 
MADCON, or MICA system should submit a re
quest in writing to the Chief, Applications 
Division. The request should include a brief 
description of the objectives to be achieved, and 
methods to be used, the quantity of data to be 
analysed, as well as the qesired output products. 
At present, no charge is made for the use of these 
systems. 

4. 4. 3. 2 Visual Analysis Equipment: A wide 
range of visual analysis equipment is available 
within the Applications Division, including 
stereoscopes and light tables, a spot densitometer, 

' a density slicer and a colour additive viewer. 
A hard copy device and the capability to superim
pose map information have recently been added 
to the density slicer system. During 1976, a 
colour additive viewer and density slicer have 
been loaned to Newfoundland and Québec by 
CCRS. 

4.4.4 Applications Division Projects 

Scientists from the Applications 
Division have been involved in many research 
projects during 1976. Most of these projects 
involved joint effort with federal and provincial 
agencies, and Canadian industry. The projects 
fall into several general categories. 

4. 4. 4. 1 Agriculture, Land User: 

Evaluation of remote sensing 
techniques for speciality crop 
acreage rneasurement in Ontario 
and New Brunswick. 

The application of remote sensing 
to the determination of crop acre age, 
field sizes, rate of harvest, idle 
land, and woodlot distribution. 

Preparation of a manual for land 
use mapping with remote sensing. 
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Preparation of a manual for crop 
identification and mapping using 
remotely sensed data. 

The development of remote sensing 
techniques for agricultural resource 
mapping in semi-arid regions of 
Kenya. 

4. 4. 4. 2 Water Resources, Hydrology: 

4. 4. 4. 3 

An attempt to develop a quantitative 
LANDSAT water quality index 
using the chromaticity transformation. 

An investigation of the character
istics and utility of LANDSAT MSS 
High Gain Data with special 
emphasis on the study of water 
quality, bathymetry and atmospheric 
effects. 

Mapping of the spatial and temporal 
distribution of suspended sediment 
as a prelude to the Fundy Tidal 
Power Development. ' 

Investigation of digital analysis 
of MSS data for the detection and 
mapping of snow under a forest 
canopy. 

An experiment involving the 
applications of microwave scattero
metry techniques to sea ice study. 

The application of thermal infrared 
remote sensing to the mapping of 
sea ice. 

Establishment of operational tech
niques for the detection of chloro
phyll and turbidity in water. 

Study of SAR imagery of ice (with 
DFE, C- Core, ERIM) 

Geosciences: 

An evaluation of the use of LANDSAT 



data for the mapping of surficial 
geology in various regions of Canada. 

Case studies in the application of 
LANDSAT data to geologic mapping 
for minerai exploration. 

Soil moisture determination by 
thermal IR remote sensing. 

4. 4. 4. 4 Resource Evaluation and Monitoring: 

Monitoring the environmental impact 
of construction activities on the sw amp 
lands in the proximity of Mirabel 
Airport. 

Integration of geomorphic and 
hydrologie information from small 
scale aerial photography. 

An assessment of LANDSAT imagery 
for use in biophysical land classifi
cation in Saskatchewan. 

4. 4. 4. 5 Atmospheric Sciences: 

Investigations toward the provision 
of corrections for atmospheric 
effects on LANDSAT data. 

4. 4. 4. 6 Management Activities: 

Representing the interest of users 
of the IMAGE-100 in the planning 
of future software and hardware 
developments for this system. 

Design, organization and management 
of a CIDA-sponsored project to 
develop an operational remote sensing 
capability in Peru. 

Participation in the establishment 
and operation of the Newfoundland 
Remote Sensing Facility as a Winter 
Works Project. 

Management of a visiting scientist 
seminar series. 
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4. 4. 4. 7 Digital Analysis Methodology: 

4. 4. 4. 8 

Investigation of clustering methods 
and development of rapid clustering 
procedures. 

Design and implementation of a 
64 channel software package for 
digital imagery in CCRS-JSC 
universal format. 

Investigation of methods for 
radiometrically correcting LANDSA T 
data. 

Investigation of methods for geo
metrically correcting LANDSAT data. 

Colour transformation optimized 
for human perception (cooperation 
with DND). 

Research on feature selection 
techniques. 

Investigation of the geometric 
distortions in SEASAT L-band 
synthetic aperture radar imagery 
(SAR). 

Remote Sensing Systems Development: 

Development of the CCRS Image 
Analysis System (CIAS) Investigation 
of methods for optically analyzing 
synthetic aperture radar imagery. 
Implementation of a black and white 
microdensitometer. 

Development of an image analysis 
processor for fast Fourier transforms 
and maximum likelihood classification. 

Design and implementation of a 
reflectance spectroscopy facility. 

4. 4. 5 Technical lnf ormation Service 

The Technical Information Service 
provides a focal point for remote sensing in 



Canada, and serves as a specialized node in a 
national network of scientific and technical infor
mation services. Professional staff maintain a 
large collection of remote sensing and related 
literature and slides, and an extensive LANDSAT 
satellite imagery library, as well as selected 
NOAA and Skylab imagery. They prepare CCRS 
reports for publication, distribte them, prepare 
displays, exchange information with other remote 
sensing facilities in Canada and abroad, and 
handle many initial user contacts and requests. 

TIS attempts to provide an effective 
interface between information suppliers and 
information users through comprehensive acqui
sition of remote sensing publications, in English 
and French, and by cataloguing the subj ect 
content of these publications in machine-readable 
form so that they may be quickly located by the 
user. This has been accomplished by the funding 
and development of a remote sensing on-line 
retrieval system (RES ORS) which is equally 
accessible from all parts of Canada, and by 
providing reference and loan services to the 
Canadian remote sensing community. 

During the past year this service 
performed 4, 648 information se arches, supplied 
over one hundred thousand bibliographie 
references, and responded to 5,590 photocopy 
requests. During the same period RESORS 
staff acquired and indexed over 4, 000 technical 
papers. 

4. 4. 6 Publications and Presentations 

Ahern, F. J., Goodenough, D. G., Goldberg, M., 
Gray, L. , Ryerson, R. A. , and 
R. Vilbikaitis, 1976. "Simultaneous 
Microwave and Visual Wavelength 
Observations of Agricultural Targets", 
Aerospace Electronics Symposium, 
CASI. 

Ahern, F. J. , M. P. Fitzgerald, K. A. Marsh and 
C. R. Purton, 1976. "A Single Star 
Model for V1016 Cygni". 

Alfoldi, T. T. and Ryerson, R. A., May, 1976. 
"Satellite Imagery Interpretation: 
Suggestions for Laboratory Design", 
COSP AR Technical Manual Series, 
Manual No. 5. 
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Applications", Canada Centre for 
Remote Sensing, Ottawa. 

Brown, R. J., February, 1977. "Infrared Scanner 
Technology Applied to Building Heat 
Loss Determination", Remote Sensing 
Science and Technology Symposium. 

Bruce, W. D. , Spring 1976. "Signala from Space", 
GEOS, Information, E. M. R. 

Cihlar, J., 1976. "Remote Sensing of Soil 
Moisture", Presented at the Remote 
Sensing Workshop, McGill University, 
May 13-14, 1976, Montreal, Quebec. 

Cihlar, J. , 1976. "Techniques for Instrument
Aided Image Interpretation", Presented 
at the Fourth Alberta Remote Sensing 
Training Course, February 23-27, 
1976. 

Cihlar, J. , 1976. "Thermal Infrared Remote 
Sensing: A Bibliography". R'esearch 
Report 76-1, Canada Centre for Remote 
Sensing, 46 p. 
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Proceedings, Soil Moisture Workshop, 
Canadian Aeronautics and Space 
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Ontario. 

Dixon, R. G. , 1975. "Colour Additive Viewers 
Users' Manual". Unpublished Report, 
Canada Centre for Remote Sensing, 
18 p. 

Goldberg, M. and D. G. Goodenough, 1976. 
"Analysis of a Spatial Filter for 
LANDSAT Imagery", Proceedings of 
the SPSE Conference on Image Pro
cessing and Evaluation (Editor, 
R. Shaw) Waverly Press (in press) . 

Goldberg, M. and Shlien, S. , 1976. "Computer 
Implementation of a Four-Dimensional 
Clustering Algorithm", C. C. R.S. 
External Technical Report, TR 76-2, 
(Joint ~uthor with M. Goldberg). 
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5.1 

5.1.1 

REPORT OF THE WORKING 
GROUP ON AGRICULTURE 

AIRBORNE REMOTE SENSING 

Twenty-one projects invol
ving 3679 nautical miles were completed by the 
Data Acquisition Division, CCRS over agricul
tural areas involving experimental programs on 
crop classification, crop conditions, yield 
detectants, crop loss assessment, rangelands 
productivity, and land use. Severa! addition
al projects were completed by commercial 
agencies where sufficient research had been 
completed to provide a basis for defining spe
cifications, particularly for the use of Infra
red photography (False color) to meet specific 
requirements in relation to a disease study on 
beans and to a pasture program. Inability to 
obtain high quality imagery in New Brunswick 
and parts of British Columbia (Dawson Creek) 
was a serious problem to the overall program 
due to a variety of reasons. The acquisition 
and development of high quality image-process
ing of thermal I.R. taken in the Lake Erie 
area of Ontario in connection with a land 
evaluation program for a specialized crop was 
of particular interest during 1976. Apre
liminary program was begun in support of the 
HCMM satellite. 

Most of the imagery obtained 
was 9x9 infra-red false-color, visual color, 
and thermal Line Scan taken at a range of 
altitudes from 2,500 to 36,000 ft. to provide 
a wide variety of scales for use in experi
mental, research and evaluation programs alone 
and in association with Landsat programs. 
Nearly half of the programs involved multi-
date imagery to meet imagery requirements for 
sequential and seasonal changes of vegetative 
conditions. 

5.1.2 SPACEBORNE REMOTE SENSING 

Development of methods 
for classifying crops and estimating crop 
conditions from satellite imagery was of prime 
interest under the Canadian-U.S. Spring Wheat 
Program (LACIE), under a CCRS-Provincial 
Program on Rangelands, and in a Special Crops 
Study i n New Brunswick. Using a biomass 
indice procedure a high relationship was ob
tained from Landsat data (July) and Crop 
Report i ng Yi elds (Harvest) for areas repre
s ented by the Spring Wheat Test Sites over a 
3-year period (r2 ~.95). The r esults indi cate 
less than 10% error may be expected 90% of the 
time i n studies sponsored by Canada Dept. of 
Agriculture and Dept. of Supply and Services 
(Gr egory Geoscience Consultants Ltd. Ottawa). 
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5.1.3 TECHNICAL DEVELOPMENTS 

Yield losses from Bacterial 
Blight of Field Beans in Southwestern Ontario 
were determined on a routine basis in 1976. 

Measurable levels of blight 
was detected by aerial/photography in 49 of 59 
fields in a test area of 15 sq. miles near 
Hensall, Ont. Corn aphid infestation has been 
detected on I.R. color film and methodology 
developed for estimating the amount of infesta
tion on a field basis. Photographically
enhanced and computer analyzed procedures de
termined levels of corn aphid infestation. 

Recent preliminary field 
studies using active nicrowave radiation 
support previous laboratory results indicating 
possibility of measuring soil moisture within 
the root zone independent of the physical and 
chemical components of the soil system. Pre
sently most microwave systems have measured 
moisture only in surface layers (mm's). 

Highly illuminated areas 
on aerial photography from the spectral reflec
tion of the atmosphere and the ground have 
seriously reduced the effectiveness of numeri
cally analysing aerial-based imagery by either 
manual or automatic density scanning procedures. 
Initial results of characterizing such uneven 
illumination and correcting selected aspects of 
the imagery have markedly reduced the undesirable 
illumination in the final image in recent 
study conducted by the National Research 
Council of Canada. 

5.1.4/5.1.5 

5.1.6/5.1.7 

APPLICATIONS AND BENEFIT 
ANALYSIS 
USER LIAISON AND TRAINING 

In 1975 a feasibility study 
on the application of remote sensing to opera
tional programs in rangeland management under 
a contract sponsored by Canada Dept. of 
Agriculture and Department of Supply and Services 
(Intera Environmental Consultants Ltd.). This 

wasfollowed by a proposa! (Intera Environmental 
Consultants Ltd.) sponsored by Canada Center 
for Remote Sensing and Department of Supply and 
Services for a pilot program in 1976. Four 
rangement agencies in Western Canada cooperated 
in this program to provide the necessary inter
mediary stage between experimental- f ea s i bi l i ty 
study programs and operat i onally oriented 
remote sensing programs. The pilot study was 
organized to enable each r espect ive agency to 
assess the operation i n r elation to t heir own 
informa tional r equirement s . The f our partici
pat i ng agenc ies wer e (1) t he Forest Land Us e 
Branch, Alberta Forest Service , Al t a . Dept. of 
Energy and Natural Resources (Edmonton); (2) t he 



Lands Division Alta. Dept. of Energy and Natural 
Resources (Lethbridge); (3) the Crown Lands 
Division, Man. Dept. of Agriculture; and (4) 
the Renewable Resources Division Man. Dept. of 
Renewable Resources and Transportation Services. 
Assistance in training and interpretation of 
the remote sensing imagery was provided depend
ing on the previous experience of the range 
managers with remote sensing. A documented 
report by Intera sunnnarized the results in
volved from all agencies, evaluated the appli
cation of remote sensing to their operational 
range management programs, and detailed recom
mendations on future operational work needed 
in this area. 

The emphasis in the inter
pretation of the False Color I.R. aerial 
photography (35mm, 70mm, and 188mm) and Landsat 
imagery (Color composite I.R.) was on the use 
of relatively simple and inexpensive methods 
that could be later utilized within range 
management agencies at current levels of 
funding and expertise for their operational 
programs. A range in scales and methods were 
used to obtain the various types of information 
needed (species identification, plant community 
associations, biomass productivity, general 
range condition. 

Indirect measures and 
structured keys have been developed for use 
with aerial photography and used for analyzing 
form type in agricultural land-use planning 
(R. Ryerson). Such data can be useful for 
producing economic data about agriculture, 
are inexpensive to collect and sufficient for 
many types of analyses. Potentially operational 
would be acquiring information in relation to 
level of production, extension, financial 
assistance, and land-use change programs. 

5.1.8 CONCLUSION AND FORECAST 

5.1.9 RECOMMENDATIONS RELATED TO: 

1) CACRS 

a) That full support be given to the fur
ther development of a multispectral 
data acquisition system with high 
spectral resolution that would be 
readily available to Canadian users. 

b) Because of the increase in variety of 
remote sensing data and lack of any 
good extension papers and/or demonstra
tion models, be it resolved that C.C.R.S. 
support the development of teaching 
modules for sale to High Schools , 
Community Colleges and Universities. 
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2) 

c) That C.C.R.S. promote the practical 
applications of remote sensing with 
special reference to: 

i) Preparation of a guide for potential 
users whose interest areas are appli
cation projects. These users would 
be researchers, extension personnel, 
agricultural producers and industry. 

ii) Offering of courses to special inter
est groups who are involved in appli
cation projects. For example, a 
course could be given to a specific 
group involved in crop identification 
and special reference could be made 
to those particular agencies involved 
with it. 

iii) Provision of funds for the development 
of a guide to agricultural applica
tions of remote sensing with a view 
to increasing the number of practical 
users. 

d) Because of i) the advantages to Canada 
of knowing about potential world food 
shortages; ii) the positive research 
results (to date) in crop identification 
by remote sensing; and iii) the lack of 
time available on the Image 100 at 
C.C.R.S., be it resolved that C.C.R.S. 
strongly support the purchase of a com
puterized classification instrument such 
as the Image 100 which would be contin
ually available for operational users. 
The purchase of this equipment would 
shorten the time required to implement 
current research into an operational crop 
forecasting system. 

Agriculture Working Group Activities: 

a) The Agriculture Working Group establish 
a subgroup on the applications of remote 
sensing for crop identification studies. 

b) Appreciation be expressed to V. Zsilinszky, 
Ontario Centre for Remote Sensing for 
hosting the Agric. Working Group in 
Toronto on November 4 and 5, 1976. 



5.1.10 APPENDIX 1. CURRENT PROJECTS 

5.1.10.1 1976 Completed Projects In Relation To Agriculture and Land-Use by CCRS 
* Other agencies 

Project No. Requesting Principal Geographie Alt. Camero Lens Film Date (s) Nautical 
Agency Investigation Area ASL Format (Inch) Flown Shipped Miles 

(ft) 

76 
-5 Ag.Can.(Kamloop) AL.Ven Ryswyk Lac du Bois, BC 35,200 9x9 6 2443 Sept 1 Sept 30 15 

9x9 6 2445 
IRLS 
PRT5 

-10 Sherbrooke Univ. F.J. Bonn Sherbrooke Que 2.500 70 3 2405 May 28 70 
11,000 70 3 2405 June 1 

70 3 2424 June 4 
70 3 2443 June 5 

IRLS June 10 
PRT5 

0\ 
w -18 

Irugi~rpk1 Mffll. S. Ringrose Lake Man/L Wpg 36,800 9x9 July 27 Aug 25 361 
70 Nov. 5 Nov 17 
70 
70 
70 

IRLS 
PRT5 

-19 Man Dept M R. Brown Brandon, Man 35,000 9x9 35 2443 July 20 Aug 25 378 
70 3.0 2405 
70 3 2405 
70 3 2424 
70 3 2425 

IRLS 
PRT5 

-21 Guelph Univ. R. Protz Lake Erul Ont 5,700 9x9 6 2443 Apr 9 
15,500 9x9 6 2445 Apr 30 May 25 430 

IRLS 
PRT5 

-23 Hamel, Ruel 4 G. Nijdam Richelieu River 10,000 9x9 6 2443 May 10 26 462 
9x9 6 2445 June 5 
IRLS 
PRT5 



-26 Ont Min of Agric J. Wiebe Niagara Ont. 6,000 9x9 3.5 2443 Apr 23 118 
15,000 9x9 6.0 2443 30 May 21 

IRLS May 13 
PRT5 

-29 Agr Can (Lethbridge) A. Johnston Stanely Alta 14,500 9x9 6 2443 Aug 22 Sept 22 14 
70 3 2424 
70 3 2405 

IRLS 
PRT5 

-55 Man Dept MREM N. O'Donwell The Pas, Man 35,000 9x9 3.5 2443 Aug 16 485 
70 3.0 2405 Sept 19 Oct 21 
70 3.0 2405 Sept 20/0ct 21 
70 3.0 2424 

IRLS 
PRT5 

-60 Laval Univ G.Ladouceur Eastern Township 2,600 9x9 6 2443 July 28 15 
9x9 3.5 2443 
IRLS 
PRT5 

0\ .... -69 Ag Can (Lethbridge) T.G. Sommerfeldt Claresholm Alta 
Raymond 13,200 9x9 6 2443 Sept 14 Oct 29 82 

9x9 6 2405 
IRLS 
PRT5 

-78 Alta Depa t of Env . D.F.Woolnough Vegreville 18,000 9x9 6 2443 Sept 16/0ct 20 15 
Alta 11,000 70 3 2445 

70 3 2405 
70 3 2405 
70 3 2424 

IRLS 
PRT5 

-31 Ag Can (Ste Foy) R. Paquin Quebec City- Mont. 15,500 9x9 6 2443 June 1 38 
9x9 6 2445 June 4 
IRLS June 5 
PRT5 

-34 Ag Can (Ottawa) P.K.Basu Picton Ont. 6.600 9x9 6 2443 July 5 July 16 24 
IRLS 
PRT5 



-45 Ont Bean Prod C. Broodwell Clin ton/Chatham 31,000 9x9 3.5 2443 Aug 17 Sept 16 18 
Ontario 9x9 6.0 2445 

IRLS 
PRT5 

-47 Alta Rem Sensing C. Bricker Lethbridge Alta 
Red Deer 21,000 9x9 3.5 2443 July 28 Sept 1 135 
Medium Hat 36,000 70 3.0 2445 July 22 1 
Calgary 70 3.0 2405 Sept 14 Nov 12 
Edmonton 70 3.0 2405 

70 3.0 2424 

-48 Alta Rem.S.Center C.Bricker Camrose alta 14,400 9x9 6 2443 Aug 21 Sept 14 65 
(Edmonton) 9x9 6 2445 Sept 14 Oct 9 

-52 Calgary Univ. D.Jacques Suffield Reserve 4.500 9x9 6 2443 Aug 21 Oct 4 98 
32,000 IRLS 

PRT5 

-95 PEI Dept of N. Hall P.E.I. 1,200 70 3 2443 Mar 3 186 
Ind and Com 2.400 70 3 2443 

70 3 2448 

a- 70 3 2448 
V, IRLS 

-96 N.S. Energy J.Frenah Nova Scotia 1,500 70 3 2443 510 
Corenchl 3,000 70 3 2443 

70 3 2448 
70 3 2448 

IRLS 

XX Ag, Can (Ottawa) P.Crown Test Sites (Spring 18,000 9x9 6 2443 July 15 160 
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Statistics, Ministry of Agriculture and 
Food, 1200 Bay Street, Toronto M7A 1B6 
(416-965-1064) September 75 - March 78. 

1. Dr. A.R. Mack, (Chairman), Soil Research 
Institute, Canada Department of Agriculture 14. 
Room 3010, K.W. Neatby Building, Ottawa, 

Dr. R.S. Rust, Economies Branch, Canada 
Department of Agriculture, Sir John Carling 
Bldg., Ottawa, Ontario KlA OC5, (613-994-
5571) March 74 - March 77. 

Ontario, KlA 0C6 (613-994-9657) March 75 
- March 78. 

2. Mr. P. Crown, (Secretary), Alberta Institute 15. 
of Pedology, University of Alberta, 
Edmonton Alberta, T6G 2E3 (403-432-4587) 
March 75 - March 78. 

3. Mr. E. Brach, Engineering Research Service, 16. 
Canada Department of Agriculture, Ottawa, 
Ontario, KlA OC6, (613-994-9561) March 75 
- March 78. 

4. Mr. John Buchan, Plant Industry Branch, 17. 
Saskatchewan Department of Agriculture, 
Administration Building, 3085 Albert St., 
Regina S4S OBl (306-527-1661) March 76 -
March 79. 

Dr. A.L. van Ryswyk, Research Station, 
Canada Department of Agriculture, P.O. Box 
940, Kamloops, British Columbia, V2C 5N5, 
(604-376-5565) September 73 - March 79. 

Dr. R. Ryerson, Canada Centre for Remote 
Sensing, Department of Energy, Mines and 
Resources, 717 Belfast Road, Ottawa, Ont., 
KlA OY7, (613-995-1212) March 75 - March 78 

Mr. A. McLeod, Research Coordinator, Sask. 
Wheat Pool, 2625 Victoria Avenue, Regina, 
Saskatchewan, S4P 2Y6 (306-596-4411) 
March 76 - March 79. 

18. Mr. J. McKinnon, Prairie Agri. Photo, 
Carman, Manitoba (204-745-3718) September 
75 - March 78. 

66 



19. Mr. C. Tarnocai, Department of Soil Science, 
University of Manitoba, Winnipeg, Manitoba 
(204-474-8153) R3T 2N2, March 74 - March 78 

20. Dr. V. Wallen, Chief, Crop Diseases Loss 
Section, Ottawa Research Station, Canada 
Agriculture, Ottawa, Ontario KlA OC6, 
(613-994-5555) March 75 - March 77. 

Honorary Lifetime Member 
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5.2 

5.2.1 

REPORT OF THE WORKING GROUP 
ON ATMOSPHERIC SCIENCES 

Training 

The Working Group on Atmospheric 
Sciences organized a Workshop on Atmos
pheric Effects of Remote Sensing in 
cooperation with the Atmospheric Environment 
Service Panel on Remote Sensing. The topics 
covered at the workshop varied from acoustic 
sensing problems to atmospheric effects on 
remote sensing systems operating in the 
visual, thermal infra-red and microwave 
systems. The total registration was about 
50 with representatives from the federal 
government, provincial governments, 
universities and industry. Interest in this 
aspect of remote sensing is obviously high 
and will increase as objective digital 
analysis of remote sensing becomes more 
widely used. The general feeling of the 
participants was that the workshop should 
be repeated every few years. 

5.2.2 Conclusion and Forecast 

Nineteen seventy-six was a year of 
inactivity for the Atmospheric Sciences 
Working Group. At the last meeting of 
CACRS it was decided to reorganize some of 
the CACRS working groups to better meet the 
changing applications of remote sensing 
within Canada. The Working Group on 
Atmospheric Sciences was singled out as one 
of the groups that needed significant 
changes in its terms of reference and was 
possibly to be divided into two parts, both 
subgroups of other working groups. The 
first subgroup, probably part of the Sensor 
Working Group, would concern itself with 
the Physics of Remote Sensing with emphasis 
on the effects of the atmosphere on air
borne and spaceborne remote sensing. 
Members of this subgroup would be atmos
pheric scientists specializing in either 
r emote sensing of atmospheric constituents 
or atmospheric effects on remote sensing. 
The second group would be made up of weather 
f orecasters and would be concerned with the 
applications of data from non-meteorological 
satell i t es to weather forecasting and the 
impac t of weather forecasting and surface 
meteor ology on opera tional systems utilizing 
r mo t e sens ing t echniques. It was suggested 
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that this second group would probably be a 
sub-group of an Ocean Management Working 
Group. Unfortunately, the committee set up 
by CACRS to carry out the re-organization 
has been unable to complete its task. 
Meetings of the Working Group on Atmospheric 
Sciences were postponed until clarification 
of its future role had been obtained. 

Appendix I 

MEMBERS OF WORKING GROUP 
ON ATMOSPHERIC SCIENCES 
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Prof. A.I. Carswell, Department of Physics, 
York University, 4700 Keele Street, Downsview, 
Ontario. 

Mr. W.L. Clink, Atmospheric Instruments Branch, 
Atmospheric Environment Service, 4905 Dufferin 
Street, Downsview, Ontario. 

Mr. John H. Davies, Manager, Barringer 
Research Ltd., 304 Carlingview Drive, Rexdale, 
Ontario. 

M. Michel Ferland, Service de la Météorologie, 
Direction générale des Eaux Ministère des 
Richesses Naturelles, 1640 Boulevard de 
l'Entente, Québec 6, P.Q. 

Prof. K.D. Rage, Department of Geography, 
University of Alberta, Edmonton, Alta. 

Mr. L. Shenfeld, Air Management Branch, 
Ontario Dept. of Energy & Resources Management, 
880 Bay Street, Toronto, Ontario. 

Dr. H.E. Turner, Air Quality & Inter 
Environmental Research Branch, Atmospheric 
Environment Service, 4905 Dufferin Street, 
Downsview, Ontario M3H 5T4. 

Prof. Charles Young, Dept. of Physics, 
University of New Brunswick, Fredericton, 
N.B. 

Dr. W.F.J. Evans, Atmospheric Processes 
Research Branch, Atmospheric Environment 
Service, 4905 Dufferin Street, Downsview, 
Ontario M3H 5T4. 



5.3 

5.3.1 

REPORT OF THE WORKING 
GROUP ON CARTOGRAPHY AND 
PHOTOGRAMMETRY 

AIRBORNE REMOTE SENSING 

In conjunction with the 
Canada Centre for Remote Sensing, the Canadian 
Hydrographie Service, and the University of 
New Brunswick work in progressing on the es
tablishment of camera orientation parametres 
derived from the inertial navigation system 
(LNT-51) for the purpose of photogrannnetric 
restitution of coastal photographs and the 
measurement of water depths. Correction of 
refraction for underwater points is carried 
out rigorously using the Analytical Plotter. 
The system was tested over the Sudbury test 
range and accuracy of ±0.5m in X and Y posi
tion and ±30 secs in pitch and azimuth was 
achieved. 

5.3.2 SPACEBORNE REMOTE SENSING
SPACE TRIANGULATION USING 
SATELLITE IMAGERY 

Studies at Laval Universi
ty's Dept. of Photogrannnetry (Mr. M.E.O. Ali 
& Dr. A.J. Brandenberger) on the combined 
aerial triangulation of SKYLAB photography 
and high altitude aerial photography were 
completed. High altitude(h:20km) aerial pho
tography blocks were adjusted into short SKY
LAB photography strips by means of a 3-dimen
sional block triangulations. Under favourable 
conditions an RMS error of ±20m is to be obtai
ned for X and Y. Such an accuracy is suffi
cient to provide ground control for planime
tric mapping at 1:250,000 and eventually up to 
and including 1:100,000. A study project for 
determining planimetric control from LANDSAT 
by utilizing several consecutive passes of the 
satellite is underway, also at Laval University. 

5.3.3 TECHNICAL DEVELOPMENTS 

A grid-modified polynomial 
transformation of satellite imagery has been 
developed by Dr. V. Kratky, NRC. Imagery 
produced by line scanners, and vidicon came
ras, radio-transmitted to the ground and photo
reproduced in computer controlled electron-
or laser-beam devices inevitalby results in 
geometric distortions of the images. These 
distortions can be corrected by a polynomial 
transformation. A modification of the analy
tical formulation increased solution efficien
cy and significantly reduced computation time 
and improved the accuracy of the solution(see 
Bibliography). 
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5.3.4 APPLICATION 

The Surveys and Mapping 
Branch, EMR continued its use of LANDSAT ima
gery for the provision of revision information 
for new roads and reservoirs. With the deve
lopment of a new aeronautical chart series at 
1:500,000 having shaded relief, use of the 
imagery for this purpose is expected to incre
ase. The imagery was also used successfully 
to position offshore hydrographie features(see 
Bibliography) for 1:50,000 mapping and to 
assist in hydrographie surveys of uncharted 
features along the coast of Labrador. 

The Manitoba Remote Sen
sing Centre reported the use of LANDSAT ima
gery to map a large forest fire area southwest 
of Island Lake where approximately five town
ships were burned in 1974. This mapping was 
done for a total cost $88.00 and covered a 
total area of 120,907 acres. In addition to 
this use, map revision for roads was also 
carried out. 

Mapping companies involved 
in providing cartographie and exploration ser
vices are using space imagery in a variety of 
ways. In the pre-planning of major construc
tion projects where vast territories are tra
versed, suitable routes and possible alterna
tives are readily defined on enlarged copies 
of LANDSAT imagery. Preliminary cost estima
tes for implementation and construction can be 
approximated and direct planning of initial 
work tasks can be set forth. Recent examples 
of such projects have been a 900km railroad 
location study in Morocco, a similar study of 
525km in Egypt and a 1,200km pipeline route in 
the Northwest Territories. 

Weather satellites are 
providing useful information for the coordina
ted movement of photographie and geophysical 
airborne operations. 

In areas of the globe 
lacking satisfactory map coverage, enlarged 
LANDSAT images provide a suitable base for 
placement of photographie and aeromagnetic 
flight lines. In conjunction with Doppler 
and other electronic navigation systems these 
"flight maps" have allowed completion of 
photographie and geophysical surveys in pre
viously unexplored areas, and the enlarged 
LANDSAT imagery has, on occasion, served as a 
base for the compilation of planimetric maps 
on which the aeromagnetic information is 
presented. 



5.3.5 CONCLUSION 

LANDSAT imagery is accep
ted in the cartographie community and is in 
routine use for the purposes described in 
Section 5.3.3. It is unlikely that there will 
be any major change in cartographie applica
tions from space imagery until a photogram
metric camera system is deployed in space. 
Future interest in this field centres on the 
large Format Camera to be developed for the 
Space Shuttle missions. 

5.3.6 RECOMMENDATIONS 

The Working Group formu
lated the following recommendations of its 
annual meeting. 

It is recommended that 
continued effort is exercised by CCRS to 
maintain the best possible geometric quality 
of their products. In view of the recent 
disclosure of systematic differential scale 
changes associated with the earth rotation 
effect at extreme geographic latitudes, a 
study should be initiated to analyse these 
potential errors and modify current correc
tion procedures. 

It is recommended that 
Canada, through CCRS, express an interest in 
the acquisition of photography over Canadian 
Territory from the large format cartographie 
camera being developed for the Space Shuttle 
miss i ons. 

5.3.7 

5. 3 .7.1 
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Director, 
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5.4 

5. 4.1 

REPORT OF THE WORKING GROUP 
ON DATA HANDLING AND SATELLITE 
TECHNOLOGY 

Introduction 

Two meetings of the full working group 
were held during 1976. ln addition to continu
ing its monitoring of developments in the high
density digital recording field, the group focused 
upon the problems expected with future systems 
such as LANDSAT-D. During 1977, the group 
will investigate the problems associated with 
data distribution for satellite radar data. It w as 
not possible to carry out the working group' s 
plans to sponsor a Workshop on Synthetic Aper
ture Radar during 1976. The working group will 
consider the desirability and feasibility of spon
soring such a workshop at a later time, probably 
the summer of 1979. 

5. 4. 2 Canadian Participation in Remote 
Sensing Satellite Programs 

During the past year, a Mission Con
cept Definition Study of an operational remote 
sensing satellite system was completed and a 
task force on surveillance satellites made recom
mendations to the government. Canada should 
continue planning an early technological develop
ment activity towards the long range objective 
of an operational Canadian Remote Sensing Satell
ite program. Failure to do so will leave Canada 
in a position of merely reacting to satellite 
program proposals from other countries. Canada 
should maintain the option of a Canadian remote 
sensing satellite program as her stake in this 
vital technology and as her contribution to 
co-operative world wide efforts which will re
quire several types of remote sensing satellite 
programs to cover all of the potential applications. 
ln keeping with stated government policy on the 
implementation of space programs and the 
encouragement of Canadian industrial capability 
in this field, a remote sensing satellite program 
which has substantial practical and economic 
benefits to many areas of Canadian activity, can 
be well ju s tüied in the future. 

One of the largest hurdles in bringing 
satellite remote sensing technology to operational 
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fruition for many applications is that of achieving 
frequent and regular coverage of specific areas. 
At this time, it does not appear that U. S. satellite 
program proposals address this problem other 
than by launching a larger number of satellites. 
Canadian work should continue to focus on satell
ite systems which provide wide swath width, 
optimum orbit geometry for efficient coverage and 
microwave sensing through cloud cover. 

The U. S. SEASAT program, which 
involves a satellite launch in 1978, will be a 
major step forward for microwave remote sensing 
and Canada should be ready to incorporate results 
of the SEASAT mission into plans for the future. 
Specific activity in the satellite related area 
should consider the following: 

a) the impact of the Space Shuttle on future 
remote sensing satellite design; 

b) the feasibility of deploying large 
antennas in space that operate 
at up to 10 GHz; 

c) initiation by 1978 of a preliminary 
system design project to obtain 
detailed feasibility and cost data. 

The sub-working group on Canadian 
Participation in Remote Sensing Satellite Programs 
will be addressing itself, in a general manner, 
to item (a) above and will aim to issue a report 
on the subject in late 1977. 

5. 4. 3 Use of Remote Sensing CCT Data 

In the working group's 1975 report, 
it recommended that a new CACRS working group 
be formed to concern itself with data formats and 
exchange of analysis techniques. CACRS in 
turn, recommended that the Working Group on 
Data Handling and Satellite Technology form this 
group as a sub-group of itself. This is now being 
done under the leadership of Mr. Fred Potts. 
Users of computer compatible tapes supplied by 
CCRS are now being canvassed to determine those 
with the most experience in dealing with remotely
sensed digital data on computer systems, other 
than those operated by CCRS. It is expected that 
the first meeting of this group will be held early 



in 1977. 

5. 4. 4 

1. 

2. 

5. 4. 5 

Recommendations 

In order for Canada to maintain ade
quate knowledge concerning all 
options, planning and technological 
development should continue tow ard 
the long range goal of a Canadian 
remote sensing satellite prograrn. 
This should include exarnination of the 
impact of the Space Shuttle on the 
design of remote sensing satellites, 
engineering studies on the feasibil
ity of deploying large, high fre
quency microwave antennas in space, 
and initiation of a system design study 
by 1978. 

In anticipation of LANDSAT-D and 
other high spectral and spatial resolu
tion satellites, increased funding 
for research in the areas of pattern 
recognition, and image analysis 
should be provided, especially 
through NRC grants to universities. 
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5.5 REPORT DE THE WQRKING GROUP ON FORESTRY, 
WILDLANDS and WILDLIFE 

During 1976, the previous chairman of the 
Forestry, Wildlands and Wildlife Group, Dr. 
Leo Sayn-Wittgenstein, resigned at the end of 
his term. Subsequently, Mr. Luc Jobin of the 
Laurentian Forest Research Centre was appoint
ed chairman, but due to commitments to other 
projects he was notable to keep the appoint
ment. No meetings of the group were held in 
1976 and no report was prepared but it is 
expected that the activity of the Working 
Group will resume as soon as a new chairman 
is appointed. 
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5.6 

5.6.1 

REPORT OF THE GEOGRAPHY 
WORKING GROUP 

Airborne Remote Sensing 

During 1976 seven airborne proj
ects designated as being of geographical in
terest were planned. All were for federal or 
provincial govemment agencies, except for one 
short flight requested by a tmiversity. In 
the end, however, only four of the missions 
were completed. None of the Geography Working 
Group members was associated with these 
projects, but as far as is known, they were 
completed with the usual efficiency. 

A decrease to only 7 projects 
from a total of 28 two years ago may appear to 
represent a drastic drop in interest in the 
airbome program. In part this has been 
brought about by the move towards cost 
recovery. At the same time, however, it is 
nota true reflection of the use of data 
recorded through the airborne program. In 
several cases known to members of the Working 
Group, photography recorded in previous years 
is being used in current projects. 

In last years report, members 
expressed concern about possible pricing 
policies that may be introduced during the 
transfer of the airborne program to industry. 
At the time of writing there is still no clear 
statement on this matter. Severa! members 
expressed concern that a person who initially 
requests airborne data has to pay proportion
ately a much larger cost than any subsequent 
user of the data. A more equitable arrange
ment would seem to be called for, or 
preferably the initial user should have some 
control over the availability of the data for 
a specified period of time. Members of the 
Working Group also felt that a certain portion 
of aircraft time should be devoted to applica
tions development with costs of flying being 
subsidized. As was stated last year "only a 
policy of research time dedicated to 
applications development seems consistent with 
the aims of C.C.R.S. While the group supports 
the ultimate aim of cost recovery in the 
airborne program, it wishes to stress the 
importance of a balanced development to• this 
end and stresses the importance of funded 
research and development so that real progress 
in introducing this technology to end users 
can be made". 
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Severa! members of the Working 
Group have encotmtered the thermal imagery 
produced by the Data Acquisition Division 
during the past year. Favourable connnents 
were made on its quality and the introduction 
of the colour enhanced imagery was seen as a 
positive aid to easier interpretation. 

The Working Group was pleased to 
hear of the progress made in using a balloon 
as a sensing platform. In spite of its 
comparative cheapness, members felt that one 
or more balloons plus camera systems should be 
made available on a renta! basis during the 
initial evaluation period. Although it is 
realized that the payload is limited, it was 
suggested that the possibility for economically 
obtaining multispectral data from such a 
platform should be considered. 

5. 6.2 Spaceborne Remote Sensing 

As last year, it was with regret 
that members noted that "C.C.R.S. still does 
not provide a simple statement of the LANDSAT 
program nor of the value and use of the image 
products". At C.A.C.R.S. last year, four 
working groups put forward a series of 
suggestions through which C.C.R.S. might 
"increase its efforts at marketing and 
acquainting the public with LANDSAT imagery". 
The preparation of the book "Eye in the Sky", 
written by D. Harper, is a step in the right 
direction, but cannot be considered as a 
substitute for a Technical Guide or publica
tion similar to the Information Bulletin 
produced by the Airbome Operations Section of 
C.C.R.S. At the Working Group meeting in 
December it was learned that two special
purpose manuals concerned with land use and 
with crop inventory are in preparation. The 
publication of these manuals should be of 
particular interest to the user co!DI!ltmity. It 
is hoped that other developments in this 
direction can be reported by C.C.R.S. at the 
time of the C.A.C.R.S. meeting. Although the 
problem of manpower at C.C.R.S. is appreciated, 
members of the Working Group feel that the 
preparation of suitable publications should 
receive high priority in present activities. 

Although earlier in the year 
there were complaints concerning the quality 
of black and white LANDSAT imagery, this 
problem appears to have been rectified. 
Particular mention was made of the excellent 
quality of some of the LANDSAT colour trans
parencies now being produced by N.A.P.L. 

An area of concern to Working 
Group members during 1976 was the fact that the 
IMAGE 100 was not available from May to 
September. It is understood that this was due 



to changes being implemented on the system. 
This five-month break is known to have caused 
inconvenience to several outside users and no 
doubt affected the work of others at C.C.R.S. 
The situation that occurred during 1976 
highlights a dichotomy that is still apparent 
in the development of remote sensing. One 
part of the remote-sensing community is 
concerned with rapidly developing the 
technology of remote sensing. The need for 
this is clearly recognized, but it should not 
be at the expense of the other part of the 
commtmity, namely users concerned with 
applications development. It is felt that at 
the present time the IMAGE 100 is being used 
to serve two masters, systems development and 
operational user, with more attention being 
given to the former. The result is dis
satisfaction on both sides. It appears to the 
Working Group that there is a need for a 
digital system in which the emphasis is on 
meeting the requirements of the user. If 
necessary, consideration should be given to 
developing a system that is dedicated to the 
user. Only in this way can the development of 
operational uses based on digital analysis be 
given adequate testing. 

As the number of IMAGE 100 users 
increases, the need to employ the system in 
the most efficient manner becomes more impor
tant. The establishment of a committee to 
review all applications for time on the IMAGE 
100 is seen as a valuable move. In addition, 
Working Group members feel that advice from 
scientists in the Applications Development 
Section should greatly aid the new user in a 
speedy transition through the inevitable 
learning period. 

Severa! members of the Working 
Group felt that advanced planning on costs 
of satellite data should be undertaken. As 
with the airborne program, price increases for 
all LANDSAT products and services should be 
announced at least a year and preferably 
longer in advance. The reasons for imposing 
the $200 charge per LANDSAT digital image 
during 1976 are realized, but such sudden 
increases do not assist attempts at long
range planning. Related to the $200 cost of 
LANDSAT digital images, it was pointed out 
that for a person concerned with monitoring 
of a comparatively small area, over several 
passes, the cost of tapes can become a major 
item. It was suggested that in such cases it 
should be made possible to have only the 
relevant area loaded on to the computer 
compatible tapes. The costs could then be 
prorated to the number of lines of data being 
used. 
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Technical Developments 

The Working Group itself is not 
directly concerned with the introduction of 
technical developments. Following on from last 
years recommendation, however, that LANDSAT 
imagery be geometrically corrected so that it 
can be readily related to existing maps, the 
Working Group was pleased to note that this 
service will be made available in 1977. 

5.(i .4 Àpplications and Benefit Analysis 

The number of geographers 
directly involved in developing applications 
for remote sensing is comparatively small. One 
of the major areas of interest,however, is the 
question of biophysical or ecological land 
classification. Several geographers are using 
both aerial photography (particularly small
scale colour infrared photography) and LANDSAT 
imagery in this type of study. The LANDSAT 
imagery is being œed on an experimental basis 
in both its visual and digital formats. 

A geographer is also undertaking 
a study of airbome and LANDSAT data for the 
inventory and monitoring of rangeland. Three 
range management agencies in the prairie 
provinces are involved in a pilot program 
which is designed to develop remote sensing as 
a fully operational tool for range management. 
INTERA,the company carrying out the study, has 
worked with each agency to plan an appropriate 
pilot program for a chosen study area, to 
carry out the necessary ground surveys in 
conjunction with acquisition of colour infra
red photography and LANDSAT imagery during 
the 1976 growing season, to provide in-house 
training in data interpretation and analysis, 
to assist in the interpretation of the data, 
and to evaluate the results of the pilot 
program. It is anticipated that at the 
conclusion of the program each range management 
agency will possess the expertise to carry on 
with remote sensing within their operational 
programs. 

5.6 .s User Liaison 

There are ·two aspects to user 
liaison. The first concerns the relationships 
between c.c.R.S. and the user community. In 
this area, the Working Group has noted a recent 
improvement in both the content and the timing 
of the Newsletter, although the transmission 
of information by this means could still be 
more efficient. There are no doubt a variety 
of reasons which cause delay during production 
of the Newsletter and the Working Group would 
like to encourage C.C.R.S. in its efforts to 
overcome these and provide an even better 
service. It is worth emphasizing that the 



Newsletter has an important value providing 
not only information to the remote-sensing 
specialist but also an impression of C.C.R.S. 
to many interested parties at present on the 
fringes of remote sensing. With regard to 
these fringes, however, it is suggested that 
they be tidied by an updating of the mailing 
list for the Newsletter, as many of the 
present recipients must already be beyond the 
fringe. 

A second aspect of liaison 
involves the Working Group and the user 
community. As the Working Group was without 
a chairman from April mtil the late fall, 
user liaison on a formal basis was limited 
during 1976. At the present time, however, a 
short technical session and an open meeting 
of the Working Group are being planned for 
the Canadian Association of Geographers Annual 
Meeting to take place in Regina during June, 
1977. From discussions at the Working Group 
meeting in December, it was felt that it is 
in the area of user liaison that the Group can 
make its most valid contributions, by acting 
as a catalyst for technical sessions at 
scientific meetings and by preparing or 
assisting in workshops. 

5.1.6 Training 

The Working Group was pleased to 
note a positive response toits recommenda
tion, combined with a similar recommendation 
from the Working Group in Geoscience, that 
"C.A.C.R. S. should establish an ad hoc inter
disciplinary committee to investigate t he 
need for a Canadian training centre for the 
anal ysis of remotely-sensed data, ••• " It is 
with interest t hat the Working Group waits to 
hear t he repor t from the committee that has 
been established to consider this quest i on. 

I t should be pointed out, however 
tha t C. A. C. R. S. is not the only organi zation 
that is currently concerned with t rai ni ng in 
remote sensing. The t opic i s also of 
interest to the Space Science Coordination 
Office of the National Research Council of 
Canada. In a latter to universities, the 
Director of the Office states that in a report 
entitled "Canadian Research Opportunities in 
Space", there is identified "a need for 
improved training in science for potential 
users of satellite remote sensing". The 
chairmen of departments of geography in 
Ontario universities are also interested in 
the extent of remote-sensing training at the 
graduate level. A report on this topic is 
at present being prepared for the group. With 
its responsibilities to the national program 
of remote sensing, it is hoped that C.A . C.R.S . 
can provide advice and direction on the whole 
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question of training in remote sensing. 

5.6. 7 Conclusions and Forecast 

It is still a fact that there are 
comparatively few people actively concerned 
with developing methodologies and procedures 
for using information from the newer types of 
remotely-sensed data in the various environ
mental disciplines. As is consistent with its 
mandate, it is realized that C.C.R.S. must 
continue to place its major emphasis in the 
area of technology development. There is a 
danger, however, that the technology will 
outstrip its application, unless an impetus is 
given to applications development. 

It is often suggested that 
potential users will turn to remotely-sensed 
data if a definite need is perceived. It is 
suggested, however, that this is unlikely to 
occur during times of economic restraints and 
unemployment. There will obviously be a 
certain reluctance to invest money in the 
development of new procedures, and probably 
the purchase of new equipment, when the final 
outcome of a particular investigation is 
uncertain. The threat of innovation and the 
possibility of new procedures inducing 
redundancyare very real considerations which 
also militate against a major interest in 
applications development at the present time. 
The Working Group feels that until a stimula
tion is given to applications development, 
the gap between it and technology development 
will continue to increase. 

5.6' .8 Recommendations 

As can be seen f r om t he previous 
sections, t here are a number of recommenda
tions t ha t can be made . At the request of 
the C.A.C . R. S. Planning Commi t t ee, however, 
these are bei ng limit ed to three. The 
Geogr aphy Wor king Group ident ifies the 
following r e commenda t ions as being of pr ime 
importance at the present time. 

5 .11. 8.1 It is recommended t hat costs of 
all remote sensing products and services be 
established as far in advance as possible . It 
is understood that for the airborne program, 
charges are at present being established one 
year in advance. Such a policy should also be 
applied in the LANDSAT program. Thus , at the 
start of the 1977-78 financial year , all cos t s 
of products and services for at least the 
1978-79 financial year should be made 
available to the user community. In cases 
where a program is to be continued over a two 
or three year period, it should be made 
possible for the investigator to negotiate 
firm prices for the duration of the project. 



5.8.8.2 During 1976, the IMAGE 100 was 
unavailable for almost half a year due to 
system developments and building modifica
tions to accommodate these. This emphasizes 
the dichotomy between systems development and 
operational use. It is recommended that a 
digital analysis system be made available at 
C.C.R.S. for which the first priority is the 
user concerned withthe development of opera
tional applications of LANDSAT data. 

5.6.8.3 As recommended in the last two 
C.A.C.R.S. Reports, the Geography Working 
Group feels that high priority should be 
given to disseminating information about 
LANDSAT and its applications through the 
publication of technical manuals and sampie 
studies. 

5.6.9 Appendix I 
Geography Working Group 
Membership (Dec. 1976) 

Dr. Philip Howarth (Chairman) 
Department of Geography 
McMaster University 
1280 Main Street West 
Hamilton, Ontario 
LBS 4Kl 

Dr. John Parry (Secretary) 
Department of Geography 
McGill University 
P.O. Box 6070, Station A 
Montreal, .Quebec 
H3C 3Gl 

Ms. Luce Charron 
Coordonnateur du programme d'inventaire des 

ressources 
Parcs Canada - "Historie Properties" 
Region de l'Atlantique 
Affaires indiennes et du Nord 
Rue Upper Water 
Halifax, N.E. 
Nova Scotia 
B3J 1S9 

Dr. Andrzej Kesik 
Department of Geography 
University of Waterloo 
Waterloo, Ontario 
N2L 3Gl 

Professer Janusz Klawe 
Department of Geography 
University of Alberta 
Edmonton, Alberta 
T6G 2H4 
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Professer Gerald McGrath 
Department of Geography 
Queen's University 
Kingston, Ontario 
K7L 3N6 

Dr. Thomas Peucker 
Department of Geography 
Simon Fraser University 
Burnaby, B.C. 
V5A 1S6 

Ms. Nancy Prout 
Environment Canada 
Lands Directorate 
Environmental Management 
7th Floor - Gulf Building 
P.O. Box 365 
Halifax, Nova Scotia 
B3J 2P8 

Ms. Mary Redmond 
Remote Sensing Co-ordinator 
Data Services Division 
ELUC Secretariat 
Department of the Environment 
839 Academy Close 
Victoria, B.C. 
V8V 1X4 

Ms. Diane Thompson 
Intera Environmental Consultants Ltd. 
603 - 7th Avenue Southwest 
Calgary, Alberta 
T2P 2T5 

Dr. Barry Wellar 
Ministry of State for Urban Affaira 
333 River Road 
Ottawa, Ontario 
KlA OP6 

Mr. Sid Witiuk 
Head, Research & Development Unit 
Spatial Systems Section 
Census Processing 
Statistics Canada 
Ottawa, Ontario 
KlA OT6 



5.7 REPORT OF THE WORKING GROUP 
ON GEOSCIENCE 

5. 7 .1. The previ.o•JG Wo~~:ing Group Chainnan, 
Dr. A. L. Gregory, retired in the spring of 
1976 after serving for 6 years. The appoint
ment of a new Chairman was delayed while it 
was determined whether or not the Working 
Group should continue to function in its pre
sent format or perhaps be combined with some 
other group. Some concem was expressed 
during the 'quiet' of 1976 chat the Working 
Group should be revived. As a result Dr. 
Morley called a meeting in February 1977 at 
which it was generally agreed chat a Geoscience 
Working Group is needed. An election was held 
which resulted in the appointment of V. R. 
Slaney as the new Chairman. The first official 
meeting of the group will be in May, after the 
CACRS Conference. 

Appendix I - List of Group Members 

(a) J.A.E. Allum, INCO, Toronto Dominion 
Centre, Toronto, Ontario. 

(b) D.T. Anderson, Department of Earth 
Sciences, University of Manitoba, 
Winnipeg, Manitoba. R3T 2N2 

(c) A.R. Barringer, Barringer Research Ltd., 
304 Carlingview Drive, Rexdale, Ontario. 

(d) A.J. Boydell, Resource Analysis Branch, 
Ministry of Environment, Parliament 
Buildings, Victoria, British Columbia. 
V8V 1X4 

(e ) W. Bruce , (Secretary), Applications 
Di vi sion, C.C.R.S., 2464 Sheffield Road, 
Ottawa , Ontario. KlA 0Y7 

(f) N. Haimila , Inst i tute of Sedimentary and 
Petroleum Ge ology , 3303 -33rd St . N.W., 
Calgary , Alberta . T2L 2A7 

(g) H.D. Moore , Gregor y Geoscience Ltd ., 1750 
Courtwood Drive, Ottawa, Ontario . 

(h) K. Northcote, Department of Mines and 
Petroleum Resources , Parliament 
Buildings, Victoria, British Columbia. 

( i ) W.A. Padgham, Resident Geologist, 
D.I. A. N.D. , Box 1500, Yellowknife, 

.W. T. 
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(j) S. Palabekiroglu, Ontario Centre for 
Remote Sensing, 801 Bay Street, Toronto, 
Ontario. M5S lZl 

(k) V.R. Slaney, (Chairman), G.S.C., 601 Booth 
Street, Ottawa, Ontario. KlA OE8 

(1) M.G. Tanguay, Department of Mineral 
Engineering, Ecole Polytechnique, 2500 
Marie-Guyard, Montreal, Quebec. H3C 3A7 

(m) N. Ursel, N.H. Ursel Associates Ltd., 
Suite 210, 2399 Cawthra Road, 
Mississauga, Ontario. 

(n) M.W. van de Poll, Department of Geology, 
University of New Brunswick, Fredericton, 
New Brunswick. E3B 5H3 

(o) D.G. Vanderveer, Surficial Geologist, 
Department Mines & Energy, 95 
Bonaventure Avenue, St. John's, 
Newfoundland. 

(p) S. Whitaker, Silverspoon Research and 
Consulting Ltd., Box 3044, Saskatoon, 
Saskatchewan. S7K 3S9 



5.8 

5.8.1 

REPORT OF THE WORKING GROUP 
ON HYDROLOGY 

Airborne Remote Sensing 

Airborne radiation thermometry 
(ARTS) surveys of the Great Lakes in the Saint 
Lawrence River continue to be undertaken on an 
operational basis by the Atmospheric Environ
ment Service. In extention of this, new work 
is being undertaken using satellite infrared 
data to obtain surface wa_ter temperatures of 
the Great Lakes. 

In Prince Edward Island available 
films stocks of low altitude false colour IR 
are being used to locate existing subsurface 
drainage systems as a part of land management 
use study. 

Aerial photography of dye plumes 
for the detection of the effects due to thermal 
pollution were undertaken in two areas - New 
Brunswick and Saskatchewan. In the New Bruns
wick study a balloon with a motorized camera 
was towed behind a boat along a tributary of 
the Saint John River. The Saskatchewan 
Research Council used vertical photographs to 
study the mixing length and dispersion rates 
by qualitative calculations from photographie 
density slicing and quantitatively from fluoro
metric samples taken from the river at the 
same time. The Saskatchewan Research Council, 
for the fifth year flew a small prairie water
shed for studies of the area of snowmelt in
volved with runoff. The University of Saskat
chewan again flew a short and long wave radio
meter from a helicopter during prairie snow
melt. 

Studies of the use of gannna radia
tion for determination of snow water content 
and soil moisture continue though activity was 
low during the year. The Atmospheric Environ
ment Service at their Woodbridge Experimental 
Site are using a small portable gamma spectro
meter mounted about one meter above the surface 
close to a large sensitive weighing lysimeter 
to take in-situ readings during snow free and 
snow covered conditions. This work should lead 
to a better quantitative understanding of 
airborne readings. 

The Environmental Radioactivity 
Section of National Health and Welfare operates 
a nation wide network of stations in cooperation 
with Department of Fisheries and Environment, 
provincial and private agencies to study the 
spatial and temporal variations of natural 
gamma radiation. The detectors are small 
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thermal luminescent dosimeters. They are 
placed atone meter above ground at the begin
ning of the observation period and collected 
afterward to be read in the laboratory. The 
readings can be used to determine the water 
equivalent of the snowcover or the soil moisture 
content. The advantages of this method are the 
cheapness and re-usability of the detectors 
which do not require a power supply. The flex
ibility and ease of field operations. The 
method is primarily useful for providing better 
ground truth for airborne gamma surveys. 

Severa! aerial survey contractors 
now have the capability to complete high sensi
tivity airborne gamma ray spectrometry. While 
this capability, developed for the minera! 
industry, could be adapted to measuring water 
equivalency of snow, no such commercial appli
cation has been reported. However, the Envi
ronmental Management Service Ontario Region 
and Inland Waters Headquarters are cooperating 
in a planned pilot study to fly the whole of 
the Lake Superior basin on contract. 

A series of research flights with 
the objectives of seeing what can be learned 
about the properties of snow on the ground from 
microwave data (SLAR) is being conducted over 
the experimental forest and farm at Fredericton 
in March 77. This study is related to the 
problem of determining snow under forest cover 
as mentioned elsewhere. This is particularly 
an exercise in multispectural analysis using 
CCRS facilities. The datais being picked up 
on return flights of aircraft from the C-CORE/ 
ERIM Sea-Ice Project off the Labrador Coast. 

The Quebec Water Quality Service 
has been conducting a summer experiment near 
Quebec City, co-jointly with the "Equipe télé
détection" lands and forests. It used a 70 
millimeter camera flown on a captive balloon 
platform to try to identify aquatic vegetation 
around Lake St-Augustine. The vegetation could 
then be directly linked with water quality in 
the lake. The results are still not complete. 

5.8.2 Spaceborne Remote Sensing 

The Canadian contribution to the 
WMO Snow Studies by Satellite Project was 
brought to a successful conclusion with the 
presentation of five reports at the Interna
tional Seminar held in Geneva in October. 
The Canadian studies were coordinated through 
the Task Force on Snow and Ice (H.L. Ferguson, 
Chairman) of the CACRS Working Group on Hydro
logy. Reports were prepared by scientists 
from AES, Inland Waters Directorate of EMS, 
B.C. Hydra and the Canada Centre for Remote 
Sensing. A number of provided agencies 
"ground truth" data for the projects. Basic 



imagery used in the analysis was N0AA/VHRR 
Imagery received by the AES Satellite Data 
Laboratory in Downsview, enhanced to facilitate 
snow cover analysis. This was supplemented by 
LANDSAT I and II data for the period February 
to April 1976. Snowcover analyses using con
ventional surface data only were compared to 
analyses based on surface, some airborne and 
satellite data. 

Report No. 1 - by D.A. Sherstone, 
summarizes the results of studies of 7 basins 
in the mountainous region of western Canada 
from May to 0ctober, 1975. Comparisons were 
made of analyses of N0AA visible and IR and 
LANDSAT imagery, independent analyses of N0AA 
data carried out by Mr. S. Schneider (N.E.S.S. 
Washington) and B.C. Hydro analyses on snowline 
flights (provided by Mr. U. Sporns). In gener
al lower values of percentage snow cover were 
obtained by the author than those from snowline 
flights. 

Report No. 2 - by U. Sporns, 
covers the Columbia River drainage above Mica 
Dam where the basin percentage snow cover is 
used as a direct input for similation models 
for hydroelectric power and reservoir operations. 
The report describes aircraft "snowline flights" 
carried out by B.C. Hydro and compares results 
with analyses of N0AA, visible and IR data pro
vided by N0AA/NESS, in 1975 and 1976. An 
attempt was made to analyse digital LANDSAT 
data but it was found that there was insuffi
cient cloud free data for operational purposes 
and data are not currently available soon 
enough for real time applications. At lower 
elevations coniferous tree cover is too dense 
to permit recognition of snow cover using N0AA 
Satellite Imagery. Difficulties are encountered 
in distinguishing between snowcover and bare 
limestone rock with N0AA visible imagery however 
this problem can often be resolved using N0AA 
daytime IR imagery. Because of the lack of 
ground truth information, it is not possible to 
say whether or not satellite data are of compa
rable accuracy to the aircraft data or how 
either method compares to true values. 

Report No. 3 - by R.J. Prins, 
covers the Lake-of-the-Woods Watershed where 
lake levels are regulated by an International 
Control Board. Analyses of N0AA-4 imagery, 
obtained from Washington. were carried out for 
the snowmelt season of 1975-1976. In many areas, 
because of fo rest cover the positioning of the 
snowline was interpolated from lakes and 
clearings and felt to be rather uncertain and 
subjective. No reservoir release decision has 
yet been made on the basis of satellite imagery 
analysis. However, the technique is sufficiently 
promising that analyses will be continued in 
1977. 
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Report No. 4 - by H.L. Ferguson 
and S. Lapezak, deals basically with the anal
yses of N0AA-4 imagery for the Saint John and 
Souris basins, obtained directly by the Atmos
pheric Environment Service in Toronto, for the 
period February to April, 1976, and supplemented 
by LANDSAT images received from Prince Albert, 
Saskatchewan with a time lag of a number of 
months. 

In the Saint John Basin while a 
relatively large amount of conventional surface 
snowcover datais collected, as compared to 
other areas in Canada, little of this informa
tion is currently available in real time and 
much of it takes the form of weekly to monthly 
observations. Analyses of basin snow cover 
using surface data alone are compared to results 
using both surface and satellite data. A snow 
survey aircraft flight was carried out on April 
15, 1976 and simultaneous images obtained by 
aircraft, N0AA-4 and LANDSAT-2 are compared. 
Problems of interpretation of N0AA imagery 
particularly in forested areas, and ground 
truth problems are discussed. Independent 
analysis of N0AA imagery carried out by N0AA/ 
NESS in Washington during 1975 and 1976 snow
melt season and transmitted via facsimile cir
cuit to the flood forecast center in Fredericton 
with a time lag of 1 to 2 days were used opera
tionally to check and adjust sub-basin snow 
cover values used in the SSARR model for predic
ting streamflow on the Saint John River. 

In 1976 analysis was carried out 
on 15 enhanced N0AA-4 images of the Souris 
Basin and reference was also made to 11 LANDSAT 
images. There is evidence that image brightness 
in a given area can be calibrated to yield a 
rough estimate of the snow depth in areas of 
shallow snowpack over flat grass-land with 
relatively uniform land use. The high-resolu
tion LANDSAT images were found to be useful in 
detecting snow in individual gullies which 
could not be resolved by the N0AA imagery. 
This is important since in this type of terrain 
significant snowmelt runoff may originate from 
snow accumula ted to many met ers depth in gullies 
as compared to the few centimeters in adjacent 
fields. 

Report No. 5 - by T. Alfoldi 
describes the analyses of computer compatible 
tapes of LANDSAT data using the General Elec
tric Image - 100 and the Bendix Aerospace 
Modular Interactive Classification Analyser 
(MICA) at the Canada Centre for Remote Sensing. 
Three images were analysed: the LANDSAT-II 
images of New Brunswick, including part of the 
Saint John Basin, for 21 February and 15 April; 
1976, and the LANDSAT-1 image of Baffin Island 
for 11 August, 1974. A scheme is proposed for 
developing operational procedures on the image 
100. 



For the past two years Gregory 
Geoscience Limited bas operated a subscription 
service that provides weekly small scale re
ports on the cover of snow, lake ice and sea 
ice in the Yukon and Northwest Territories. 
The snowline and ice cover on lakes is also 
forecast for two weeks in advance of the 
report data. The reports are based on LANDSAT, 
N0AA and daily meteorological data. Experience 
during the break-up to freeze-up season in 
both 1975 and 1976 show that forecasts have an 
average accuracy of better than plus or minus 
three days. Further improvements in fore
casting are planned especially for the transi
tion zone between forest and tundra. 

A new approach to quantitative 
geomorphology bas been developed by W. Good 
and E. Langham using discriminant analysis of 
factorial correspondence using selective LAND
SAT imagery in various parts of Canada. Fac
tors were developed from 21 parameters describ
ing lake shape. Research on the hydrological 
applications is still proceeding. 

The Quebec Underground Water 
Service bas been using LANDSAT imagery to try 
to recognize aquifers from the geological 
evidence. It is also planning to use captive 
balloon technology in hyrogeological work. 

A version of the principal compo
nents image enhancement program is available 
on the PDP 10 system and the Image 100, for 
all user s of the Bendix Multispectral Analyser 
Display at CCRS Sheffield Road. It bas been 
used f or water qual i ty studies in Lake St-Jean , 
r ecess i on of snowline on glaciers and in the 
Canadian Cordillera. 

B. C. Hydro is supporting a study 
to estima t e aerial pre c ipitation i n certain 
B.C . dr ainage bas i ns through ana lysis of 
clouds a s seen on N0AA Sa tellite imagery and 
tapes by rela t i ng cloud type classif ications 
and cloud t op t emperatures t o their average 
rainfall production over the basins. They 
are also suppor t ing a study f or measurement of 
snow cover to provide input t o r unof f s imula
tion models. This developed from a 1973/ 74 
study using ERTS data and will modify proce
dures to use N0AA data on larger basins t o 
define spectral signatures of snow under 
various conditions and to discrimina t e bet
ween snow and clouds or sun-glint. 

5.8.3 Technical Developments 

The highgain mode of the LANDSAT 
MSS provides a three time amplification of 
the detected radiance before digitization 
resulting in a three time increase in the 
radiometric resolution and range of the lower 
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third of the normal sensitivity range of bands 
4 and 5. This feature provides an expansion 
of the low-radiant data in these bands to 
better describe water features, shadowed areas 
and other "dark" abjects. As an example, a 
barely perceptable sediment or pollutant plume 
in a lake that nearly matches the background 
water in tone may be more easily defined on a 
"high gain" image, or, the snowline on the 
shadowed part of a mountain may be more defini
tively located using high gain data. 

The Quebec Hydrometrical Service 
has been operating a GE0S communication plat
form on an experimental basis since 1976 about 
20 miles south of Chicoutimi to test the relia
bility of hydrometric and meteorological ins
truments in cooperation with the Meteorological 
Service. So far water levels, relative humidity, 
precipitation intensity and a battery voltage 
check have been transmitted. Readings are 
recorded every 15 minutes and a transmission of 
12 readings is made every 3 hours. Datais 
received from Washington via Toronto on the 
meteorological communication system. 

5.8.4 Applications and Benefit Analysis 

Applications are covered in other 
sections and there have been no specific bene
fit analysis studies reported. 

5.8.5 User Liaison 

The main effort in user liaison 
was the holding of the 9th Hydrology Working 
Group Meeting in Charlottetown, PEI August 25-
26, 1976. This meeting was held primarily for 
exchange of information with local users of 
remote sensing and was attended by 10 observers 
who took an active part in discussion and made 
presentati ons on work underway in the Atlantic 
area. 

5.8.6 Trai ning 

A wo r kshop on Remote Sensing of 
So i l Mo i s t ure and Groundwa ter was held i n 
Tor ont o , November 8 -10, 1976 . It was organi
ze d by the Canadian Remote Sens i n g Society in 
cooperation wi th the Hydrol ogy Working Group 
of CACRS. Approximat ely 60 persans attended , 
representing the interests of agriculturalists 
and hydrologists primarily but also of those 
involved i n the development of remote sensing 
methods as well as t hose interested in the 
applicability of current technology to parti
cular field problems. The technical program 
was designed within rather br oad terms of 
reference and considered any indirect method 
of measurement to be an appropriate topic for 
discussion . The first technical session 
served to intr oduce the problem faced by the 



agriculturalists and hydrologists with respect 
to soil moisture and groundwater. The three 
sessions which followed considered the applica
tion of surface, airborne and space borne 
techniques respectively to the sollution of 
these problems. The final session was devoted 
primarily to an open discussion. A tour of the 
facilities of the Ontario Centre for Remote 
Sensing was arranged for the afternoon. 

The state-of-the-art with respect 
to operational aspects determining soil moisture 
and/or groundwater with airborne techniques does 
not appear to have progressed very far since the 
launch of LANDSAT in 1972. On the other hand, 
technology for new satellites, sensors, proces
sing equipment, etc. is progressing at an al
most unbelievable pace. The main applicability 
of remote sensing as noted from papers presented 
at this workshop still appears to be in classi
fication and inventory surveys. Interpretation 
of subsurface features, with the exception of 
conventional geophysics, is primarily accom
plished by inference from features or characte
ristics of the land surface or vegetation. 
Depth penetration remains in the realm of 
further research using longer wave-length elec
tromagnetic radiation. Measurement of soil 
moisture using radioactive means can be classi
fied as almost operational for the most part. 
Although the transfer of this technology to 
airborne status is still in the experimental 
stage. Sorne better promise for the measurement 
of soil moisture on an airborne basis appears 
to exist in the microwave frequencies. 

The proceedings of the Workshop 
may be obtained from Mr. P. Cobbett, Canadian 
Aeronautics and Space Institute, 406-77 
Metcalfe Street, Ottawa, Ontario KlP 5L6. 

5.8.7 Conclusion and Forecast 

In the field of hydrology there 
is a tendency to think of remote sensing as an 
end in itself rather than as a useful tool that 
must be used in combination with others. This 
tool has proven its practical value in research 
but considerable effort is still needed to get 
it widely used on a regular operational basis. 
At present it is closest to being operational 
in measuring snow cover and snow water content. 
Operational snowcover mapping for selected 
important drainage basins in Canada could be 
accomplished most efficiently by one central 
office, utilizing the best techniques, and 
developing expert knowledge and experience. 
Cooperation between the most knowledgeable 
agencies, CCRS, AES and IWD, would be required 
to prepare a suitable development program which 
could be implemented by an appropriate agency. 
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Near real time snowmelt datais 
being obtained largely from NOAA weather satel
lite data and is checked by more detailed LAND
SAT imagery. Results indicate that the major 
obstacles to overcome are forest cover and 
delays in receiving data. The greatest poten
tial for improvement appears to lie in automa
ted analysis and integration of data from 
improved microwave sensors. Developments in 
this direction also hold promise of an ability 
to measure snow water equivalent and possibly 
soil moisture though sensors with greater 
ground penetration will be needed for the 
latter and for groundwater. 

The need for real time informa
tion, particularly as related to flood fore
casting, requires continued attention to rapid 
processing and distribution of data. The spe
cialized skills and equipment required would 
indicate the need for close coordination of 
effort possibly at a centralized facility. 
Such a facility could also develop an ability 
to provide area precipitation and estimates 
of basin precipitation which is a year round 
requiremen t. 

5.8.8 Recommendations 

The Hydrology Working Group 
recommends that CCRS continue to strongly en
courage implementation of demonstration pro
jects and the development of these to an opera
tional status particularly by facilitating wide 
use and adaption of available technology. The 
following areas show most promise of success. 

i) The WMJ Snow Studies by Satellite Project 
has indicated a number of areas with 
strong potential for operational use. 

ii) Research should be encouraged into measu
rement of snow under forest cover. 

iii) Encouragement should be given to more 
effective applications of the use of 
existing gamma ray technology to measu
rement of snow water equivalent and the 
potential measurement of soil moisture. 

iv) Attention should be given to the applica
tion of pattern recognition techniques 
to estimating regional and basin precipi
tation from cloud cover. 

5.8.9 

5.8.9.1 
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Appendix I - List of Group 
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5.9 

5.9.1 

5.9.1.1 

REPORT OF THE WORKING 
GROUP ON ICE 

AIRBORNE REMOTE SENSING 

Passive Microwave 
Radiometer 

The 4.99, 13.4 and 37 GHz 
radiometers used in March-April 1976 at 
AIDJEX Big Bear were mounted on the Flextrack 
vehicle and surveyed the remaining sections 
of ground-truth test sites. Together with 
the surveys of April and October 1975 sequent
ial changes over melt-freezup seasons have 
been analyzed. 

5.9.1.2 Scatterometer and Infra
red 

In Spring 1976 the CCRS 
DC3 flew the scatterometer, IR linescanner 
and visual sensors over the sea ice off the 
coast of Labrador (off Cartwright) and 
Forteau Bay, Newfoundland. Extensive ground 
truthing from shore to the shorefast ice limit 
was carried out by C-CORE and Memorial Uni
versity. The same instrument package was 
flown over shorefast ice near the proposed 
nuclear power site at Bay of Chaleur, 
New Brunswi ck and over floating ice south of 
Prince Edward Island in Northumberland Strait. 

Colour IR was flown by 
the Int erna t i onal Ice Patrol for C-CORE, over 
icebergs at various heights for iceberg 
grounding and s ta tisti cal studies. 

5. 9.1.3 Radars 

The Ice Res earch Progr am 
of Defence Resear ch Establis hment, Ottawa , 
took a leading r ole i n Exercise BRI SK, a 
joint UK/Canadian operation to obt ain 
coordinated, near-simultaneous t op and bottom 
profiles of ice in the _Arc t ic Ocean. HMS 
Sovereign carried out a triangular cruise to 
the pole, with Dr. Peter Wadhams (Scott Polar 
Research Institute) in charge of profiling, 
while the MP and EU Argus flew most of the 
same track with SLAR, laser profiler and IRLS. 
DREO will analyze the SLAR and IRLS imagery, 
the profile analysis will be conducted by 
SPRI. 

The Communications 
Research Centre bas recently completed major 
modifications to the DND AN/APS-94D SLR system 
aboard an Argus aircraf t. The microwave 
sub-system has been made coherent, and new 
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signal processing sub-systems have been added 
to provide: 

1. a coherent MTI mode 
2. a doppler beam-sharpened FTI 

mode with improved azimuth resolution by 
factors of up to 20, using the existing AN/APS 
-94D on-board, real time display 

3. a fully synthetic aperture 
imaging mode using the on-board film display 
to record interferograms for subsequent 
optical processing on the ground. An associ
ated project at DND/DREO provides an optical 
processing system. 

These objectives have now been met and succes~ 
ful imagery obtained in all of the new modes. 
The resulting new radar is now a candidate 
for development in industry to meet Canadian 
requirements. 

In August 1976, detailed 
airborne ice thickness mapping surveys were 
carried out in the Yukon Territory using the 
University of British Columbia 840 MHz pulsed 
radar system. The three glaciers surveyed 
(Rusty, Trapridge and Hazard) are all known 
to be cold and excellent results were obtained. 
In addition, a r e connaissance traverse in the 
vicinity of the NW col of Mt. Logan was flown 
with the purpose of guiding the selection of 
a suitable ice coring sit e . Maximum thickness 
sounded was 450m. 

Bottom prof iling of ice
bergs and pressure r i dg es i s being attempted 
using the UBC 840 MHz a irborne r a dar system. 
Work i s being carr ied ou t in coopera tion with 
Innovat ive Vent ur es Ltd., Calgar y . I t is 
hoped to convert the system f r om photogr a phie 
to analogue magne t i c recording to allow 
subsequent ground-based digit i za t i on and 
computer processing . 

5.9 . 1.4 Aerial Photography 

The Imperial Oil dr i l ling 
program in the Beaufort Sea relied once again 
on a series of photo reconnaissance flights 
for knowledge and prediction of ice conditions 
in 1976. 

Glaciology Division , 
Fisheries and Environment Canada, utilized 
aerial photography in many of its studies. In 
particular, photogrammetric and interpretive 
techniques were used for stream velocities and 
breakup of ice at various Arctic Island 
locations and the Mackenzie River, for river 
crossings of the proposed Arctic Island pipe
line and for regional mass balance studies in 
the Queen Elizabeth Islands. 



5.9.2 SPACEBORNE REMOTE SENSING 

LANDSAT imagery has been 
used by Glaciology Division for a study of the 
surging Tweedsmuir Glacier. Imagery of the 
Beaufort Sea, Arctic Islands and east coast 
is being used by the Oil Industry to augment 
and improve historical ice data for these 
areas. 

LANDSAT and NOAA infra
red imagery has been utilized extensively 
at the Institute of Ocean Sciences in Victoria 
in studies of possible oil-spill trajectories 
associated with future petroleum developments 
in the Sverdrup Basin and Lancaster Sound in 
the Arctic Islands. 

5.9.3 TECHNICAL DEVELOPMENTS 

Preliminary discussions 
have taken place between the Transportation 
Development Agency of MOT, Canadian Coast 
Guard, AES/Ice Branch, CRC and Carleton 
University for the development of a "tactical" 
radar system for sensing sea ice thickness. 
This will probably be mounted on a ship-based 
helicopter, with calibration of the system 
for ice dielectric properties on an area basis 
being carried out by thickness observations 
at the ship as it moves along. 

The Atmospheric Environ
ment Service, Fisheries and Environment 
Canada, has completed a set of specifications 
for a SLAR system for ice reconnaissance 
purposes. A contract was let and completed 
for an Ice Reconnaissance Systems Definition 
Study. Implementation of the results of the 
study would produce a system to integrate all 
of the remote sensors (including SLAR) for 
map compilation on a uniform scale, and would 
also incorporate the data annotation outputs. 

An automatic data 
annotation system is being installed on the 
current ice reconnaissance aircraft and 
will be operational in the 1976/77 winter 
season. This will probably speed up the 
annotation on the large volume of camera, 
laser, IRLS and ART data. 

Development work on a 
passive microwave radiometer for measuring 
ice thickness, by SED Systems Ltd., termin
ated during the year. A committee is being 
organized to examine the next approach to the 
problem, but no further effort will be made 
to use UHF radiometry. 

5.9.4 APPLICATIONS AND BENEFIT 
ANALYSIS 

Atmospheric Environment 
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Service has used the laser profilometer, 
infrared line scanner and ART on an operational 
basis when conditions warranted their use. 
High quality satellite imagery from NOAA-VHRR 
(year round at Data Laboratory, Toronto) and 
LANDSAT (summer only at Ice Forecasting CentraU 
were copied by telephone facsimile in near 
real-time for input to the daily ice forecast 
charts and broadcast ice charts. Also ice 
information was broadcast direct from aircraft 
to ships as preliminary data extraction was 
being done during flights. 

5.9.5 TRAINI!NG 

The Specialist Workshop 
on Remote Sensing of Ice bas been delayed but 
a good response received from intending 
participants. 

Memorial University and 
C-CORE are holding a course on "Radar Systems 
for Remote Sensing" in January 1977. 

5.9.6 FORECASTS 

The next major milestone 
which needs to be achieved over the next two 
years is the development of an operational 
active microwave imaging system for our ice 
reconnaissance program. Canadian shipping 
interests are pursuing plans to build ships 
for operations in the Arctic Islands starting 
operation as soon as the summer-fall period 
of 1977. In order to support this industry 
initiative, Canada should be in the position 
to provide near real time accurate ice inform
ation to ships operating in ice infested water& 

5.9.7 RECOMMENDATIONS 

The Working Group on 
Ice recommends that: 

1. In view of the planned Canadian surveil
lance satellite program (including partici
pation in SEASAT-A) user familiarization 
experiments should begin immediately 
using aircraft-borne imaging radars and 
complimentary sensors. These experiments 
should put a heavy emphasis on the 
acquisition and analysis of ground-truth 
information together with the remotely 
sensed data. The program should include 
the rental of a system such as the ERIM 
dual frequency radar (such a project is 
underway) to do initial correlation between 
X and L-band imagery. It should also 
include the development of a multisensor 
aircraft system for experiments including 
verification of SEASAT-A data. This 
system should be capable of Arctic flights 
and should be specified in consultation 



with user groups such as the oil and gas 
industry (APOA and EPOA) the marine tran&
portation industry and government agencies. 

2. CACRS strongly support the immediate 
acquisition of SLAR systems for the 
Canadian operational ice reconnaissance 
program, as these are the only existing 
technology systems which can provide all
weather day/night ice observations over 
broad areas, on an economical basis. 
There is an urgent need to establish a 
year round data base for Arctic areas 
prior to the coumencement of extended
season industrial off-shore operations. 

3. To ensure access to the existing data base 
by all potential users, a Canadian data 
management system should be developed 
immediately. Moreover, the management 
of data should be made an integral part 
of the development of all new remote 
sensing systems. 

5.9.8 APPENDICES 

5.9.8.1 Appendix I - Current 
Projects 

Summary of current 
research on snow and ice in Canada - 1976 by 
R. Frederking, Associate Committee on Geo
technical Research, Technical Memorandum 
No. 118, National Research Council of Canada, 
May 1976. 

Glaciological Investi
gat i ons i n Canada-1976 by C.S.L. Ommanney, 
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Socie t y ) , February 1977. 
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5.10 REPORT OF THE WORKING GROUP ON 
LIMNOLOGY 

No meetings of this group were held in 1976 
and no report has been prepared. 
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5.11 REPORT OF THE 
OCEANOGRAPHIC WORKING 
GROUP 

During 1976 the 
oceanography working group, jointly with the 
ice working group, arranged a SEASAT workshop 
at St. John's, Newfoundland. This was hosted 
by Memorial University (Faculty of 
Engineering and Applied Science) for June 14 
to 16, 1976. The ninth meeting of the 
oceanography working group was held on the 
morning of June 16 to enable members to 
contribute suggestions to the experiment 
planning session of the workshop held in the 
afternoon. Although the business of the 
working group was dominated for 1976 by 
consideration of the U.S. SEASAT program and 
its implications for Canada, the interests 
of individual members cover a wider range. 
See for example section 7.2 for the report 
from the Patricia Bay Institute. 

5.11.1 SEASAT 

The Canadian oceano
graphic community has a strong interest in 
the capabilities for all weather sea surface 
measurements that will be tested in SEASAT A 
and that should then become operational in 
a full SEASAT system. The scale, accuracy 
and coverage of data that it will provide, 
however, are not such as to make SEASAT a 
major component of any currently ongoing 
oceanographic program in Canada. The 
emphasis of oceanographic programs may well 
change in the future to reflect needs for 
continental shelf surveillance, wave fore
casts and provision of other data services 
in which case SEASAT and even a future ' 
Canadian surveillance satellite will become 
extremely relevant. The emphasis of 
Canadian oceanographic participation should 
therefore be on a scientific evaluation of 
the data. 

Although the imaging 
radar on SEASAT will obviously provide 
important data on ice distribution, the 
accuracy of wave datais still uncertain. 
Defocussing effects occur for moving targets. 
Images of wind waves may be particularly 
susceptible to this since motions associated 
with them are more random and their wave
lengths approach the resolution limit of the 
SEASAT synthetic aperture radar (SAR). Swell 
patterns should be more visible and several 
demonstrations of his have been made with 
airborne data. Interna! wave patterns give 
rise to characteristic surface slick patterns 
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of varying surface roughness which should be 
easily visible to the SAR and have been seen 
on airborne imagery. Investigations of SAR 
capabilities are proceeding using a variety of 
airborne radar systems such as those belonging 
to NASA, ERIM or DND (Canada). 

Points brought out at the 
working group meeting relevant to Canadian 
participation in SEASAT and use of data are: 

1. The air-sea interaction group of the 
Bedford Institute of Oceanography maintain a 
tower approximately 10 km east of Halifax. 
This can be an important source of ground 
truth for airborne and later for satellite 
experiments. Wave rider buoys are also 
deployed at a number of points off the east 
coast. 

2. Station PAPA can provide wave and 
wind data at its station off the west coast 
of Canada and this has now been supplemented 
by NOAA buoys at several points in the Gulf 
of Alaska. 

3. The oil companies are prepared to 
provide data from drilling platforms, but 
more detailed negotiations will be needed for 
specific data sets. 

4. There is an interest among companies 
involved in offshore drilling on the frequency 
of occurrence and intensity of interna! wave 
patterns. These can cause considerable sub
surface currents and turbulence. A particular 
area of interest would be Flemish Pass. 

5. Airborne and orbiting radars should 
be able to pickup roughness patterns in 
coastal areas that are associated with move
ments and mixing of different water bodies. 
Coverage of coastal areas will yield 
relatively more data from the SAR than for 
areas offshore. Other sensors are restricted 
by their lower spatial resolution to the open 
ocean. 

6. The wave climate group of OAS is 
interested in wave data from SEASAT and can 
provide assistance in analysis of wave imagery 
or data. Analysis of GEOS-3 wave datais 
already underway in OAS. 

7. Altimeter data has application to 
tidal studies on both the east coast where 
tidal power generation in the Bay of Fundy 
is still under discussion, and the west coast 
where offshore tidal data has recently been 
collected from the tops of sea mounts. 

8. There are interests at Memorial 
University in iceberg tracking which can 



provide sea surface current information as 
well as being a topic for the ice working 
group. 

9. Oil spills detection, mapping and 
tracking is of priority interest for Canada 
and tests should be arranged of SEASAT's 
capability in this area. In particular it 
should be made possible for SEASAT to use 
accidental oil spills as targets of 
opportunity by allowing for quick response in 
the scheduling of radar imagery. 

10. All weather sea surface temperature 
mapping would be useful in a number of 
Canadian programs, but the accuracy (to about 
1°K) and low resolution (more than 100 x 100 
km) is a severe limitation. 

11. Other satellite oceanographic 
sensors will be of interest to Canada, 
particularly the Coastal Zone Colour Scanner 
which in clear, cloud-free areas should be 
able to map out surface chlorophyll 
distribution patterns. 

12. Further laboratory scale studies 
of radar/sea interactions are needed. 

5.11.2 Pre-SEASAT Experiments 
Using Airborne Radar 

To test possible 
applications of SAR imagery a number of 
useful target areas were identified. 

1. Bedford Institute air sea inter
action tower. 

This should provide a nearly 
continuous record of wind and wave data. 
Contact S.D. Smith, Bedford Institute for 
scheduling information. 

2. Coastal waters of Eastern Canada. 
This area is of great 

importance to Canada for shipping and fishing. 
It has been the subject of many studies 
including surface currents, water producti
vity, tides and waves. A network of wave
rider buoys is in operation. Contact is 
J.R. Wilson, OAS, Ottawa for details on these. 

3. Ocean Weather Station PAPA. 
A regular record of wind and 

wave information is kept for this site 
(145°w 50'N}, and the ship allows the 
possibility of additional ground truthing 
equipment and personnel being included for 
specific periods. 

4 . Inshore waters of B.C. 
Strong tidal interactions and 

mixing allow a study of internal waves, tide 
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lines and river plumes. Imagery is needed for 
this area. An experiment is being planned to 
use the laser Capillary wave slope measuring 
device constructed by D.R.E.P. to give ground 
truth during an Land X band radar over-flight. 

5. Flemish Pass. 
An area of interest for oil 

drilling operations for which internal or 
surface wave information is required. 

6. Arctic areas. 
Imagery of oceanographic 

interest may well be collected in open water 
areas during experiments designed to evaluate 
remote sensing of ice. It is important that 
such data be brought to the attention of the 
appropriate Arctic Oceanography groups. 

5.11.3 Possible SEASAT 
Experiments 

Final planning must await 
full approval and funding for Canadian 
participation in the SEASAT program, but 
experiments will probably centre on the areas 
listed above. The proposed airborne 
experiment in coastal waters of B.C. is of 
interest to the NOAA Seattle Laboratory as well 
as to OAS and DREP and could form the start of 
a series of experiments to continue through 
the SEASAT A experiment period. 

5 .11.4 Membership Changes 

M. Khalil (Rimouski, Que.) 
resigned from the working group. 

C. Gautier (Rimouski, Que.) 
has been invited to join. 

S.E.G. Wilson (Imperial 
Oil) has joined the working group and has been 
recognized by the APOA/EPOA as their official 
representative in CACRS. 

5.11.5 Recommendations 

1. That organization of the new "ocean 
management" working group allow for continued 
existence of the oceanography working group 
in its present form. 

2. That CCRS should ensure that radar 
imagery and associated ground truth be brought 
to the attention of all qualified and 
interested investigators. 

3. That Canadian industry should be 
encouraged to benefit from Canadian involve
ment in foreign satellite programs. 



5.11.6 Appendix I 

Oceanographic Working 
Group Membership List 

Dr. J.F.R. Gower (Chairman) 
Institute of Ocean Sciences, Patricia Bay 
Environment Canada 
512 - 1230 Government Street 
Victoria, B.C. V8W 1Y4 
(604) 656-2612 

Dr. John H. Allen 
Manager 
Oceans and Ocean Engineering Division 
Maclaren Atlantic Ltd. 
Suite 616 Cogswell Tower 
2000 Barrington Street 
Halifax, N.S. 
(902) 422-1304 

Dr. Jean Boulva 
Faculté des Sciences 
Université Laval 
Québec, Qu~bec 
(418) 656-5250 

Dr. K.L. Denman, 
Marine Ecology Laboratory 
Bedford Institute of Oceanography 
P.O. Box 1006 
Dartmouth, N.S. 
(902) 426-3255 

Mr. A.W. Fia 
Vice President 
Rocket and Space Division 
Bristol Aerospace Ltd. 
International Airport 
Winnipeg, Manitoba 
(204) 775-8331 

Dr. Catherine Gautier 
University of Quebec 
300, Avenue des Ursulines 
Rimouski, Québec G5L 3Al 

Dr. Mikio Miyake 
Institute of Ocean Sciences, Patricia Bay 
Environment Canada 
512 - 1230 Government Street 
Victoria, B.C. V8W 1Y4 
(604) 656-4811 

Dr. Ross Peters (Secretary) 
Group Leader, Ocean Engineering 
Faculty of Engineering and Appl ied Science 
Memorial University 
St. John's, Newfoundland 
(709) 753-1200 ext. 3805 
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Dr. Trevor Platt 
Marine Ecology Laboratory 
Bedord Institute of Oceanography 
P.O. Box 1006 
Dartmouth, N.S. 
(902) 426-3793 

Dr. K.P.B. Thomson 
Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario KlA OY7 
(613) 993-3350 

S.E.G. Wilson 
Production Research Division 
Imperia! Oil Ltd. 
339 - 50 Ave. SE 
Calgary, Alberta T2G 2B2 
(403) 259-0234 



5.12 

5.12.1 

REPORT ON THE WORKING GROUP ON 
REPRODUCT°ION AND MARKETING 

Airborne Remote Sensing 

Although statistics show that 
approximately 15% fewer line miles were flown 
this year than in the same operational period 
last year, there was a gain of 16. 7% in the total 
items produced. The increased use of twin RC 10 
cameras with colour and false colour film in 
lieu of the four 70 mm, single RC 10 camera 
sensor package, plus an increase in secondary 
orders,has resulted in a considerable increase 
in remote sensing colour production by NAPL/RC 
this year (see Appendix II). 

Delivery time of products to users 
was consistent with the previous year and in 
most instances was within the required time 
frame specified. 

Delivery of final flight line 
index maps by CCRS has been far behind schedule 
throughout the year. This caused serious delays 
at NAPL in the updating of the Coverage 
Catalogue system and in the microfilm program 
for remote sensing indexes. 

5.12.2 Spaceborne Remote Sensing 

ISIS has overcome initial produc
tion problems experienced and complaints are 
now reduced to a minimum. Production is lower 
than anticipated. Prices of photographi e 
products were raised in June, 1976 and total 
sales have since decreased each month,with the 
largest decrease attributed to Federa l and 
Provincial Governments. The private sector is 
still purchasi ng Landsat imager y and now 
r epresents 58% of the clients served. It i s 
an t i c i pated that the cost of a black and whi te 
contact print may soon be rai s ed to $5 .00 or 
$6 . 00 due t o increased production costs, and 
the royalty f ee bei ng considered by CCRS. CCRS 
wi l l start c harging for computer compatible 
t ape production when Trea s ury Boa r d approve s 
their submission . 

Discussion wi t h clients and 
attendance at conf erences r eveals a positive 
move to make more use of satellite imagery , as 
practical applications are being recognized . 
Thus, in spite of increased costs, an increase 
in sales and use of Landsat imagery is pre
dicted. Statistics indicate a substantial 
growth in the facsimile transmission service 
provided by ISIS. It is hoped that this growth 
will continue and that the service will become 
a major source of ISIS income. 

Gregory Geoscience has compiled a 
slide series of interesting Landsat images 
complete with a descriptive test of each image. 
When copyright action is complete, the package 
will be marketed to interested clients in a 
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variety of organizations and scientific 
disciplines. 

5.12.3 Surveys and Mapping 

Strict quality control of all 
production stages has resulted in repeatibility 
of standard colour on a regular basis. Adjust
ment to colour reproduction for specific reasons 
or image enhancement will only be undertaken at 
customer request. 

Microfilmed survey imagery and 
viewing equipment have been sent to Provincial 
Government centres at Calgary,Edmonton,Winnipeg 
and Amherst. A complete package will soon be 
set up in either Vancouver or Victoria. Each 
centre is costing Surveys and Mapping approxi
mately $14,000.00. 

Microfilming of 1976 aerial survey 
and airborne remote sensing imagery, plus all 
mosaics is in the preparation stage, and opera
tions will commence shortly. 

A proposal to riase the price of 
air photo products by approximately 12% is 
awaiting approval by the Minister. 

The Canada Mosaic Project was 
completed in July 1976. The National Air Photo 
Library is the agency responsible for the sale 
and distribution of Canada Mosaic products. 

5.12.4 Research and Development 

In February 1976, procedureswere 
altered in t he production of 70 mm EBIR film 
output. Up to that t i me, t h is output was a 
70 mm positive from which t he Reproduction 
Centre p r oduced colour mas ter negatives on 
Kodak Aerocolor Negative Film (2445). To 
p rovi d e ISIS wi th a f i r st generation, high 
qua l ity , 70 mm b lack and white producti on neg
ati ve , it was necessary for EBIR's to generate 
a negative image from which the Reproduction 
Centr e produced the co l our master negative on 
Kodak Ektachrome Aerogr aphic Reversal Film 
(2448) . 

Colour comparison t ests o f the two 
films proved that while colour rendition is 
similar, product quality was being sacr ificed. 
Using 2448 resulted in a decrease of col our 
fidility and balance and an increa se in con
trast , losing the subtle mid-tones that a r e 
necessary to agricultural and geological inter
preters and researchers. 

The Reproduction Centre will 
return to the original higher quality procedure 
using 2445 film when ISIS receives and operates 
the Laser Beam Image Recorder proposed for 
Prince Albert Satellite Station . 



5.12.5 Recommendations 

It is recommended that the market
ing activities of the individual agencies 
involved in Remote Sensing be examined in depth 
to determine those activities which could be 
combined to increase the overall marketing 
impact and perhaps lower marketing expenditures 
for all concerned. 

5.12.6 

5.12.6.1 

Appendices 

Appendix I 

REPRODUCTION CENTRE (NAPL) 
LANDSAT PRODUCTION COMPARISON 

Product 
1 Apr 74 
5 Jan 75 

customer Products 

Contact Prints - Black and White 34,072 
- Colour 5,710 

Contact Transparency - Black and White 9,217 
- Colour 3,534 

Duplicate Negatives - Black and White 385 
- Colour 81 

Enlargements - Black and White 685 
- Colour 276 

Total Customer Products 53,960 
Total Customer Revenue $154,386 

Production Products 

Continuous Printing 23,971 
Film Processing 43,158 
Master Negative - Black and White 66,227 

- Colour 12,774 
Total Production Products 146,130 
Total Production Revenue $195,814 

Landsat Mosaics 

Landsat Mosaic Dollar Value 

Total Products 200,090 

Total Dollar Value $350,200 

* Reproduction of Landsat Mosaics commenced 
in July, 1975. 
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1 Apr 75 
4 Jan 76 

18,077 
4,642 
7,810 
2,737 

285 
58 

798 
225 

34,632 
$110,704 

18,372 
60,313 
45,558 
10,845 

135,088 
$152,907 

892* 

$ 14,968* 

170,612 

$278,579 

Percent 1 Apr 76 Percent 
Difference 3 Jan 77 Difference 

-46.9 2,767 -84.7 
-18.7 4,218 - 9.1 
-15.3 39 -99.5 
-22.6 2,410 -11.9 
-26.0 215 -24.6 
-28.4 48 -17.2 
+16.5 30 -96.2 . 
-18.5 265 +17.8 
-35.8 9,992 -71.1 
-28.3 $50,534 -54.4 

-23.4 9,450 
-48.6 

+39.7 68,164 
+13.0 
-79.2 

-31.2 9,461 
+13.0 

-15.1 12,254 
-26.5 

- 7.5 99,329 
-21.9 $98,540 

-35.6 

2,222 

$37,285 

-14.9 111,543 -34.5 

-20.5 $186,359 -33.1 



5.12.6.2 Appendix II 

Programme/Products 

Total Items Produced 

Aerial Survey 
Airborne Remote Sensing 
Landsat 
Total 

Aerial Surve;t 

Black and White 
Colour 
Black and White Film Processing 
Colour Film Processing 
Diapositives 

Airborne Remote Sensing 

Black and White 
Colour 
Black and White Film Processing 
Colour Film Processing 

Landsat 

Black and White 
Colour 
Black and White Master Negatives 
Colour Master Negatives 
Film Processing 
Landsat Mosaic Reprints 

Revenue 

Product Dollar Value 
Le ss S & M 
Ne t Revenue 

Uni t S trength ** 

REPRODUCTION CENTRE (NAPL) 
PRODUCTION COMPARISONS 

1 Apr 74 
5 Jan 75 

638,989 
80,615 

200,173 
919,777 

419,995 
69,736 
55,683 
59,379 
32,202 

24,564 
17,607 
17,514 
20,932 

67,880 
10,114 
66,227 
12,774 
43,158 

$1,183,506 
257,180 
926,326 

75 

1 Apr 75 
4 Jan 76 

574,579 
67,867 

170,719 
813,165 

359,939 
73,873 
31,473 
78,737 
22,855 

17,780 
16,324 
14,924 
18,709 

45,346 
7,726 

45,558 
10,845 
60,613 

892* 

$1,310,660 
270,770 

1,039,890 

68 

Percent 1 Apr 76 
Difference 3 Jan 77 

-10 507,965 
-15.8 79,210 
-14.7 111,628 
-11.5 698,803 

-14.3 317,845 
+ 5.9 72,951 
-43.4 26,654 
+32.6 66,148 
-29 23,324 

-27.6 6,208 
- 7.3 34,056 
-14.8 13,069 
-10.6 25,847 

-33.2 12,501 
-23.6 6,976 
-31.2 9,461 
-15 .1 12,254 
+40 .4 68,214 

2,222 

~10. 7 $1,146 ,443 
...._ 5 . 3 276,011 
+12.2 870,432 

-9.3 61 

Percent 
Difference 

-11.6 
+16.7 
-34.6 
-14.1 

-11. 7 
- 1.2 
-28 
-16 
+ 2.1 

-65.1 
+108.6 

-12.4 
+38.2 

-72.4 
- 9.7 
-79.2 
+13 .0 
·'-12 . 5 

;-149.1 

-12.5 
+ 1.9 
-16.3 

-10.3 

* Repr oductio n o f Landsat Mosaics commenced in July 1975 ** As of last date in reported period 
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5.13 REPORT OF THE WORKING GROUP ON SENSORS 

No report has been received from the Working 
Group on Sensors for 1976. 
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6.1 

6.1.1 

REPORT OF THE ALBERTA 
REPRESENTATIVE 

Airborne Remote Sensing 

Fourteen flight requests sup
porting projects were submitted to the Canada 
Centre for Remote Sensing (CCRS); ten were 
completed and four cancelled. 

The program was coordinated 
between the Canada Centre for Remote Sensing 
and each requestor on a day to day basis to 
ensure where required, imagery and ground , ' truthing were simultaneous. The Center s 
staff provided advice and assistance in the 
selection of aircraft sensors, flight plan
ning, cost calculations, and handled the 
administrative details. 

The coordination of requests 
at the provincial level has proven to be ad
vantageous to requestors, the Alberta Center, 
and CCRS. 

6.1.2 Spaceborne Remote Sensing 

The Center provides a mail, 
telephone, or in-person Landsat order facil
ity to persons wishing to select satellite 
imagery. Scenes may be selected from a Land
sat catalogue, computerized catalogue updates: 
and Integrated Satellite Information Services 
ISISFICHE received daily of each satellite's 
Canadian coverage. The Center has also a 
terminal and dedicated line to CCRS's RESORS. 

The Center's Imagery Library 
contains Landsat Black and White contact 
prints of the province and repetitive scenes 
of selected areas in all wavebands and color 
composite renditions. Transparencies are 
being phased in as they provide a more inter
pretive product. 

There has been in the past year 
a great increase in the number of out-of
Alberta requests for Landsat and other data. 

6.1.3 Alberta Remote Sensing Center 

The Alberta Remote Sensing 
Center, Alberta Environment, has facilities 
available free of charge to anyone in the 
province - provincial government, federal 
government, educational institutions, private 
industry, and the interested private citizen . 

The Center's role is to assist 
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all provincial users in the acquisition, app
lication, and analysis of remote sensing in 
the survey and management of the Alberta env
ironment. The Center has specialized inter
pretation equipment - more has been added this 
past year, and offers staff assistance in its 
operation. A technical library and document 
retrieval system is available. 

The Alberta Remote Sensing 
Center is now located at: 

Oxbridge Place 
9820 - 106 Street 
Edmonton, Alberta 
TSK 2J6 
(403)427-2381 

The new location provides more space for the 
increased number of persons using the Center 
and has tailor-made facilities for the Center's 
additional equipment. 

6.1.4 Training 

The Alberta Remote Sensing 
Center in cooperation with the Faculty of 
Extension, University of Alberta, conducted 
the Fourth and Fifth Alberta Remote Sensing 
Courses. Each course has been oversubscribed 
with participants from the Atlantic to the 
Pacifie and the Yukon to Nevada. 

Instruction was provided by 
University of California scientists headed by 
Professor R.N. Colwell, CCRS scientists headed 
by E.A. Godby, and Canadian scientists from 
many agencies. 

The Canada Centre for Remote 
Sensing provided, as in past coursas, excel
lent support. It's contribution i3 very much 
appreciated. 

6.1.5 Special Projects 

Many agencies of the federal 
and provincial government, universities, and 
the private sector in Alberta have developed 
and employed remote sensing projects in var
ious fields. Technological advances in remote 
sensing techniques have been significant and 
of practical value to users. Information con
cerning projects carried out by Alberta agen
cies and scientists may be obtained from the 
Alberta Remote Sensing Center. 

6.1.6 Conclusions 

There has been a continued 
increase in the use of remote sensing in 
Alberta . 



6.1.7 Appendix I 

Alberta Advisory Committee 
on Remote Sensing 

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

M. C. Brown 
Department of Geography 
Tory Building 
University· of Alberta 
Edmonton, Alberta 

P. H. Crown 
Alberta Institute of Pedology 
Agriculture Building 
University of Alberta 
Edmonton, Alberta 

E. G. Hammond 
Operational Planning 
Alberta Transportation 
379 Transportation Building 
9630 - 106 Street 
Edmonton, Alberta 

C. L. Kirby 
Northern Forestry Research 
Center 
Canadian Forestry Service 
5320 - 122 Street 
Edmonton, Alberta 

J. J. Lowe 
Timber Management Branch 
Alberta Energy and 
Natural Resources 
109th Street & 99th Avenue 
Edmonton, Alberta 

W. McCoy 
Southern Alberta Institute 
of Technology 
1301 - 16th Avenue, N.W. 
Calgary, Alberta 

D. B. Patterson 
Land Conservation and 
Reclamation Division 
Alberta Environment 
9820 - 106 Street 
Edmonton, Alberta 

W. D. Wishart 
Recreation, Parks & Wildlife 
6909 - 106 Street 
Edmonton, Alberta 

99 



6.2 REPORT OF THE BRITISH COLUMBIA 
REPRESENTATIVE 

This report is again being sub
mitted by Mary Redmond of the Resource 
Analysis Branch, now part of the Environ
mental and Engineering Services of the B.C. 
Ministry of the Envirorunent. 

6.2.1 Airborne Remote Sensing 

Very few airborne projects were 
requested in British Columbia in 1976; four 
of five projects were flown involving 471 
nautical miles (the cancelled project was 
for 12 nautical miles). 

6.2.2 Spaceborne Remote Sensing 

There bas been renewed interest 
in satellite imagery this year, but this bas 
been offset by the unexpectedly large 
in creases in the cost of the tapes and black 
and white enlargements. There appears to be 
a market for images at a scale of 1:250,000 
but cost is a major deterent at present. 

6. 2 .4 Applications 

This year remote sensing bas 
been appli ed to a wide variety of tapies in 
British Columbia, some of which are listed 
briefly below. 

6 . 2 . 4 . 1 The LANDSAT mozaics have been 
used as presentation t ools instead of maps. 

6.2 . 4 . 2 Satellite imager y is being us e d 
as the frontis pi ec e f or a s o i ls report. 

6.2.4 . 3 LANDSAT i magery bas been us ed a t 
1:1,000,000 and 1 : 250,000 f or clima t e net
work planning, snowline mapping a nd smoke
plume distribution. 
6 . 2 . 4.4 Sorne mapping of surface t emper-
ature distribution has been do ne near 
Kelowna usin'g thermal scan information. 

6.2.4.5 There has been an evaluation of 
LANDSAT data for forest pest detection and 
damage appraisal surveys in British Colum
bia . 

6 .2.4.6 Work has been clone on developing 
a methodology for updating areas of logging 
and burns . Experiments have been clone in 
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classification using the Image 100 Principal 
Components Colour Enhancement, supervised and 
unsupervised classifications in the Williams 
Lake area. This bas been a joint federal -
provincial venture. 

6.2.4.7 Sorne similar experimenting bas 
been done by our branch in the classification 
of a few images in Northern British Columbia, 
but this work bas not been completed due to 
the volume of data generated to be handled, 
and our changing priorities. 

6.2.4.8 The Multi-Channel Spectrometer 
bas been used to attempt to map the organic 
matter and exchangeable cations in soil, and 
correlate this to spectral reflectance of 
samples on the ground and in the lab. 

6.2.4.9 Density slicing of multi
spectral photography has been tried to 
obtain the chemical soil conditions, but 
correlation between different images has not 
been possible. 

6.2.4.10 Successful work bas been done 
using an optical visual enhancement tech
nique (Colour Additive Viewer). This bas 
been used very successfully for mapping 
clearcut logging. Also, three levels of 
rangeland have been identified, as has a 
level corresponding to one classification 
level on the B.C. Biogeoclimatic map. 
Arboreal lichen bas been photointerpreted 
for variation in tidal marshland coIIUI1unities, 
and also work on the extra-visual detection 
of forest damage. 

6.2.4.11 Detailed mapping bas been done 
on the Meager Creek Slide using the 1975 
CCRS photography. 

6.2.4.12 Other information on work being 
clone in British Columbia is included in the 
Report o f the Ocean and Aquatic Sciences, 
Pacif ie Region. 

6. 2 .6 User Lia i son 

This bas been minimal a ga i n , but 
incr eased i n the l at ter part of the year 
because of an i ncr easing int e r es t i n satel
lite imager y expressed by other pr ov i ncial 
government minist r ies, especial ly For ests 
and Highways. 

6 . 2 . 8 Conclusion and Forecast 

With the growing interest in 
trying to utilize satellite data , it is 
recoIIUI1ended that each province should have 
one or more designated offices to hold a 



reasonably current computer printout of 
available images on fiche for that pro
vince's Fleming centres. These offices 
should be advertised in the CCRS News
letter. It could possibly be done in 
conjunction with the planned NAPL Centres. 

6.2.10 Miss C.M. Redmond 
Resource Analysis Branch 
Ministry of the Environment 
Parliament Buildings 
Victoria, B.C. 
V8V 1X4 

Telephone 604 - 387-6387 

Location 839 Academy Close 
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6.3 REPORT mœ THE MANITOBA 
PROVINCIAL REPRESENTATIVE 

AIROORNE REMOTE SENSING 

Du.ring 1976 there were 
nine requests subnitted through the Manitoba 
Remote Sensing Centre for Airborne Remote 
Sensing projects. This included six requests 
that were re-subnitted from the 1975 program. 
There was a high success rate this year with 
eight areas completed. The remaining request 
was cancelled early in the season. 

The Centre continued to 
operate its 70 mm Supplementary Aerial 
Photography Service. This year there were 
over 10,000 line miles nown for requesting 
agencies to assist in planning and operation
al functions. 

SPACEOORNE REMOTE SENSING 

The Isisfiche subscrip
tion was continued during the year as a 
readily available source of information on 
Landsat imagery. The number of requests for 
prints remained the same wi th government 
being the main purchaser. However, there was 
an increase by private agencies, especially 
the mining industry. 

USER LIAISON 

The Manitoba Remote 
Sensing Centre continued to maintain 
interpretation equipment, keep up-to--date 
files on aerial photography and satellite 
imagery coverage and provide assistance with 
remote sensing techniques for operational 
use. These services are offered free of 
charge to all Manitobans to encourage and 
assist in the development of remote sensing 
for specific needs. During 1976, over 1200 
people visited or made inquiries to the 
Centre. Their needs ranged from information 
that could be satisfied in a few minutes to 
assistance on projects that lasted several 
weeks. 

TRAINING 

Du.ring the year, training 
consisted of "in-bouse workshops" primarily 
for students from the University of Manitoba 
and the University of Winnipeg. There has 
been a great deal of interest shown by the 
geography students in remote sensing. Many 
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of the participants are regular visitors at 
the Centre to use the equipment available for 
project work. 

OONCLUSIOO AND FORECAST 

The services and 
facilities of the Manitoba Remote Sensing 
Centre continued to be used at about the same 
level as during 1975. There is still 
considerable interest in remote sensing 
methods and techniques for every--day 
operational use. However, the most common 
complaint is the lack of time to develop or to 
change over from the present working system. 
There is a very definite need for regional 
applications developrnent. 



6.4 

6.4.1 

REPORT OF THE NEW 
BRUNSWICK REPRESENTATIVE 

Airborne Remote Sensing 

Requests for four airborne 
remote sensing missions were submitted to 
CCRS; two operations were military projects, 
the third was concerned with snow melt and 
flood predictions and the fourth a test on an 
oil slick tracking buoy. 

New black and white aerial 
photo coverage of the province at a scale of 
1:20 000 is nearly completed. The flying has 
been done over the past three years and forms 
the basis of a new provincial forest inven
tory. 

6.4.2 Spaceborne Remote 
Sensing 

There is continuing inter
est in the LANDSAT images that are being ob
tained by the province, with enquiries from 
new users for information about matching the 
requests of repeat _users. 

Sorne of the projects 
started in the last couple of years are being 
maintained and are producing useful results. 
The attempt to identify areas with high tree 
mortality due to the spruce budworm attack 
has not been pursued due to a variety of cir
Clll11stances. The emphasis has been switched 
to identifying areas that are relatively non
susceptible to budworm damage. 

6.4.6 User Liaison 

User liaison is very in
formai: if a request for information can be 
answered, it is; if not, the enquirer is re
ferred to CCRS and to a specific contact 
Where possible. 

6.4.8 Conclusion and Forecast 

The use of conventional 
aerial photography remains high in the 
province. Interest in the use of some of the 
more advanced remote sensing products is 
beginning to broaden as more people are be
coming aware of the subject. 
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6.4.10.1 Appendix I - Current 
Projects 

A project to determine 
the amount and extent of forest fire fuel is 
being done in co-operation with the Forest 
Fire Research Institute. Color enhanced en
largements of segments of a LANDSAT image 
have been provided to the provincial forest 
protection group for ground truthing and 
assessment of usefulness. Results of the 
work within one frame appear promising. An 
offshoot of this project is the assessment 
of areas that are non-susceptible to spruce 
budworm attack to permit a closer control on 
the area that requires spraying. 

An infra-red thermography 
study of provincial government buildings is 
about to be started. The preliminary work 
has been completed successfully and the pro
je,:t is waiting to purchase the necessa!'y 
equipment. 



6.5 

6. 5. l 

REPORT OF THE PROVINCE OF 
NEWFOUNDLAND, 1976 

Airborne Remote Sensing 

The 1976 airborne remote sensing 
program was concerned with various projects 
of data gathering over land and sea. The 
Newfoundland Forest Service acquired l :12,500 
scale color aerial photography for a large 
section of the Island (Appendix IV-1). 
Black and white photography at a scale of 
1:30,000 was carried for the Provincia~ Crown 
Lands covering the area of the new national 
park and a portion of the Burin Peninsula 
(Appendix IV-2 and 3), and sele:ted 
communities were photographed with l :12,000 
scale black and white photography. The 
Newfoundland Wildlife Service conducted 
1:4,000 scale 70 mm color infrared photo
graphy over a small experimental area for 
caribou census (Appendix IV-4) . In selected 
areas aerial photography, thermal mapping, 
and radiometric and scatterometer data were 
obtained over sea ice and water by C-CORE 
(Appendix IV-5 and 6). 

6.5.2 Spaceborne Remote Sensing 

Memorial University has a standing 
subsc ript i on of LANDSATFICHE and selected 
NOAA imagery . 

The 1976 Newfoundland Remote 
Sensing Winter Works Project has_accumulated 
an extensi ve library of LANDSAT imagery of 
Newfoundland and Labrador , whi ch is ava i labl e 
for viewing at t he Prov i nc i al Crown Land s 
Office. A list of the LANDSAT imagery i s 
included in the repor t 11 Remo te Sensing i n 
Newfoundl and . ( 9) 

6.5.3 Technical Developments 

Studies have been carried out by 
C-CORE to determine color balance shifts of 
color i nfrared film resulting from exposure 
t hrough vari ous densjtjes of color 
compe nsa ting f ilters~ 1 J The color balance 
shift was worked out using a scanning micro
densi tometer and statistical analysis. 

6.5.4 App lication and Benefit Analysis 

A br i ef summary of the 1976 
projects carri ed out by var i ous agencies is 
given below. 
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(a) Agriculture 

(b) 

(c) 

The soil survey program to produce 
agriculture capability ma~s w~s co~tinued 
in 1976. The interpretation is being 
carried out on l :50,000 scale black and 
white aerial photographs. The field work 
has been completed for the Sandy Lake area 
(NTS l :250,000 scale). 

Forestry 

( i ) 

( i i ) 

Provincial - The Provincial Forest 
Management Inventory was continued 
in 1976 using l: 12,500 scale normal 
color aerial photographs. 

Federal - In connection with the 
Newfoundland Forest Inventory a bio
physical land classification_was 
carried out for Inventory Unit 14. 
Units were mapped at 11 land type 11 

level and maps having a scale of 
1 :12,000 were produced. 

Nfld. Provincial Lands Branch 

The Lands Branch, in co-operation with 
the Halifax Office of the Federal Land 
Directorate, has completed two coastal 
resources inventory and mapping pilot 
projects.(e and f) The published reports 
contain four color-printed resource maps: 
geology (relief and bathymetry, m~n~ral 
occurrence, bedrock geology, surf1cial 
geology, and bottom sediments)~ re~ewable 
resources (vegetation cover, w1ldlife 
habitat, and fishery activities); 
potential land use patterns (exi~ting land 
use, large land ho l dings, potential 
agricultural land, road system, hydre 
sys t em, navigational aids, shi pwrecks, 
and municipalities and planning are~s~; 
and coasta l systems with land capabi11ty 
ana lys i s (agri culture, f orest ry , 
recreation, ungul ates, compos ite high 
pr iority areas , shoreline class if i cation, 
and coasta l cla ss ificati on ). 

(d) Provincial Mineral Development Bra nc h 

As a routine work this Branch is 
conducting surficial deposits and bedrock 
mapping using aerial photographs and 
LANDSAT imagery. 

(e) Provincial Wildlife Service 

As a part of the provincial caribou census 
program the Avalon calving ground was 
inventoried in 1976 with sevent_y mm. 
l :4,000 scale colqr infrared photography 
to count animals.lb) Concurrently, a 



visual census was obtained. Results 
indicated that a 9 x 9 ins. format 
1 :3,500 scale col or infrared photography 
would be the most appropriate for this 
kind of work. 

(f) Nfld. Remote Sensing Winter Works Project 

Within the framework of this project 
several experiments were conducted using 
LANDSAT imagery. Forest fire damage was 
monitored in southern Labrador on nine 
LANDSAT images. Many old and recent 
burns were visible on the satellite 
imagery. The second project attempted to 
determine the minimum river width on 
various bands of imagery. Small rivers 
showed up causing dark areas, but the 
minimum width of these rivers could not 
be determined because there was no 
defined break between water and land. 
An attempt was made to develop an 
identification key for important natural 
and man-made features--shape, size, tone, 
texture, and important characteristics 
of these features were studied on 
imagery of the four spectral bands. 

(g) NORDCO 

This organization mapped the periodic 
changes Qf)the Labrador Icepack boundary 
in 1976. \h The usefulness of various 
remote sensing techniques in sea ice 
investigation was also investigated. 

(h) C-CORE 

In 1976 C-CORE conducted several major 
remote sensing projects.(j and k) 
Photographie studies were directed 
toward developing better utilization of 
color infrared film by using color 
compensating filters for ice 
reconnaissance. Thermal infrared 
studies have been carried out on data 
obtained over a test site and on data 
collected by the International Ice 
Patrol over the Grand Banks. Data from 
sequential flights has been plotted and 
contoured to obtain a quasi-synoptic 
thermal pattern of the Grand Banks. A 
microwave scatterometer was used to 
obtain radar data of the shorefast ice 
at Forteau and Cartwright. The collected 
datais being analysed jointly by C-CORE 
and CCRS to construct backscatter curves 
relating the surface snow and ice 
conditions at Forteau and Cartwright. 

• 
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(i) Engineering Department - MUN 

6.5.5 

This year's activities centered around 
research concerning analysis of SLAR data 
of icebergs. The geometric properties of 
SLAR imagery in relation to plotting 
icebergs were investigated in connection 
with the preparation of an iceberg (d) 
distribution map for the Saglek area. 
The identification of icebergs on SLAR 
pictures is being investigated using 
density contouring techniques and 
statistical analysis. The previously 
developed bird census technique was 
tested for the automatic count of greater 
snow geese and black ducks. 

User Liaison 

User liaison was well served by the 
Newfoundland Remote Sensing Winter Works 
Project. Unfortunately, no continuation of 
this project was provided either by the Federal 
or by the Provincial Government. However, an 
Ocean Information Center was established by 
NORDCO, C-CORE, and the Engineering Department 
of MUN. This center provides minimum service 
to remote sensing users through library 
facilities and collected LANDSAT and NOAA 
imagery. 

The Newfoundland Users Group of 
Remote Sensing met twice in 1976. On the 
first meeting the following tapies were 
discussed: 

(i) remote sensing winter work projects 
(ii) past activities 

(iii) future plans 
The second meeting was held in late April. 
D. Bajzak gave a summary of the proceedings 
of the 1976 CACRS meeting. An explanation of 
the functioning aspect of CACRS {its purposes 
and objectives in light of provincial 
participation) was given by T. Alfoldi of 
CCRS. The success of the winter works project 
was evaluated and the following resolutions 
were passed: 

(i) that representation be made to the 
appropriate parties to form an 
officially recognized Remote Sensing 
Provincial Committee; 

(ii) that a letter of representation be 
drawn up and forwarded to the 
Provincial Resources Ministers 
requesting that a Provincial 
Coordinating Remote Sensing Unit be 
established. 

Actions were taken on both of these 
resolutions by the Users Group but with no 
apparent results from higher levels of 
government. 



6.5.6 Training 

A short course was conducted in 
Newfoundland in 1976. The Provincial Forest 
Service in cooperation with the Federal Forest 
Management Institute and Newfoundland Forest 
Research Center organized a one-week course in 
land and vegetation interpretation. A five day 
field trip across Newfoundland followed the 
classroom instructions. 

The regular Remote Sensing course 
offered by the Engineering Department of MUN 
is becoming more attractive every year. The 
yearly enrollment is on the upswing. 

6.5.7 Conclusions and Forecast 

With the introduction of the 200 
miles ocean management limits Canada will 
exercise control over an extensive area of 
ocean. This will greatly enhance the nation's 
ocean oriented activities. The required in
formation for this work will have to be provided, 
in part,by remote sensing. In connection with 
resource development off Labrador, extensive 
data gathering must be conducted with remote 
sensing providing a significant proportion of 
the data. To meet these -tasks an excellent 
start has been made in Newfoundland with the 
establishment of a Satellite Receiving Station 
in Shoe Cove designed to start receiving LANDSAT 
and NOAA imagery in early 1977. This station 
will also have a significant role in receiving 
SEASAT data. C-CORE has re·cogni zed the import
ance of remote sensing in resource development, 
therefore they have developed an ambitious 
program for 1977 (Appendix I). Memorial 
University is well equipped with a remote 
sensing data analysis lab which is used for 
both teaching and research. The instruments 
in this lab ~re continuously upgraded and 
supported with various computers. In spite 
of this progress the lack of a Provincial 
coordinating body and a Provincial information 
center is hindering the optimum use of remote 
sensing in Newfoundland. 

6.5.8 Recorrmendations 

The following recommendations are 
submitted to CACRS from Newfoundland: 

(a) In light of the importance of ocean 
management and resource development in 
the ocean surrounding Newfoundland the 
Federal Government should support major 
research and development projects designed 
ta provide information systems meeting 
user requirements in the fishery, offshore 
petroleum and shipping industries. 
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(b) Because of the importance of the Provin
cial Remote Sensing Infonnation Centers 
the Federal Government should help to 
set up such a center in Newfoundland. 

(c) In 1976 little information was received 
from the CACRS working groups. These 
groups should be reorganized or their 
work made more effective and their 
conmunication with users groups improved. 

6.5.9 

6. 5. 9. l 

Appendices 

Appendix I - Current Projects 

Most of the projects discussed in 
section 6.5.4 are continuous long term works. 
In addition to these the C-CORE is proposing 
the following projects for 1977: 

l. "SAR 77 11 

Synthetic aperature radar project sponsored 
jointly by Department of Supply and Ser
vices (Scientific Authority, Department 
of Environment), Defence Research Estab
lishment, Ottawa, U.S. Office of Naval 
Research and C-CORE. 

2. Remote Sensing Balloon 

Programme to test suitability of helium 
balloon as a remote sensing platform. 
Balloon provided by Canada Centre for 
Remote Sensing plus technician. C-CORE 
to caver film processing and field costs. 

3. Ground Based Photographie Remote Sensing 

C-CORE programme to test N9 camera and 
other photographie instrumentation 
systems for use in ground based remote 
sensing studies. 

4. Sea Surface Thermal Contouring 

The data reduction of airborne radiation 
thermometer information and the application 
of error correction and contour mapping 
applications. 

5. Ship In Ice 

Reduction of remotely sensed data from 
Ship In Ice helicopter and ground truth 
programmes. 

6. Satellite Photography Analysis 

The analysis of LANDSAT and NOAA satellite 
data using image analysis equipment at 
MUN. 

7. Photographie Studies 

A continuing study on Colour Infrared Film 



Type 2443 to determine possible methods 
of ice classification. 

8. Thermal Infrared Analysis 
A continuing study using data recorded 
over the 1976 field sites. Comparison 
of various interpretation methods. 

9. Scatterometer Analysis 
A continuing study using data collected 
over sea ice and water during the 1976 
field season. 

10. Image Analysis Progr~lllTie 
A continuing study to facilitate maximum 
use of image analysis equipment at MUN. 

11. Helicopter Camera Mount 
Design of a helicopter camera mount and 
PRT 5 mount for use in remote sensing 
projects. 

12. Feasibility Study for Light Aircraft SLAR 
System 
An investigation into the design and use 
of a SLAR system for light aircraft to 
be used as a research tool by C-CORE. 

13. Feas i bi l ity Study for Li ght Ai rcraft 
Camera System 
An investigation into the use and modif
ication of a light aircraft to carry 
a 9" x 9" metric camera for use as a 
research tool. 

14. Laboratory Studies of Sea Ice 
A prograrrme to attempt to duplicate in 
the lab conditions encountered in the 
field. This progra111Tie also includes 
the reduction of all remote sensing 
ground truth data. The aim of the 
progra1m1e is to improve ground truthing 
techniques. 

15. Remote Sensing Using Sounding Rockets 
An unsolicited proposal to DSS will be 
submitted in April outlining a programme 
to undertake various remote sensing 
studies using a Black Brant VI rocket. 

16. Iceberg Deteri ora t ion Ra tes 
Using data from Project 4 a programme 
will be undertaken to computer map the 
data and determine iceberg deterioration 
rates from International Ice Patrol data. 
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6.5.9.3 Appendix III - List of Group Leaders 

The following is a list of members 
of the "Users Group" who are responsible for 
information dissemination concerning their own 
field of activities in Newfoundland: 

(a} Dr. A.A. Bruneau, MUN. Provincial 
representative. 

(b} Dr. D. Bajzak, MUN. Users Group Leader, 
alternate Provincial representative, 
interpretation techniques and technical 
developments. 

(c} Mr. K. Beanlands, Provincial Government. 
Lands. 



(d) Mr. J. Bouzane, Federal Government, 
Federal Forestry. 

(e) Mr. B. Delaney, Provincial Government, 
Provincial Forestry. 

(f) Dr. R.T. Dempster, MUN. Glaciology, Member 
of CACRS working group. 

(g) Mr. C. Langford, NORDCO, projects. 

(h) Dr. J. MacPherson, MUN, Geography. 

(i) Mr. E. Mercer, Provincial Government, 
Wildlife. 

(j) Dr. R. Peters, MUN, Oceanography, member 
of CACRS working group. 

(k) Mr. D. Sudom, Provincial Government, 
agriculture. 

(1) Mr. D. Vanderveer, Provincial Government, 
Geology, Member of CACRS working group. 

{m) Mr. H. Whelan, Provincial Government, 
mapping. 

(n) Mr. R. Worsfold, C-CORE, projects. 

108 



6.5.9.4 Appendix IV - Airborne Imagery - 1976. 

Legend. 

Area photographed ,------
\ 

Location of airborne sensing 

Systems used 

0 

1:12,500 scale color negative photography 
1:30,000 scale black and white photography 
l :12,500 scale black and white photography in 

selected co1T1Tiunities 
1 :4,000 scale 70 mm col or infrared photography 
Daeda 1 us PRT5, RC-10, and scatterometer data 
Daedalus and scatterometer data 
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6.6 

6.6.1 

REPORT OF THE NOVA 
SCOTIA COMMI'ITEE ON 
REMOTE SENSING 

General Activities 

This year there bas been 
more diversified interest in RS with a 
healthy outlook toward applications in map
ping, suspended sediment studies, spruce 
budworm infestation studies, and land use. 
Most of these studies have made use of 
regular aerial photography but Landsat imagery 
has been the key to one or two programs. The 
accent on aerial photography can be seen in 
the yearly statistics of the Maritime Air 
Photo Library - 69,000 B & W prints, 42,000 
Colour prints, 1,500 B & W enlargements and 
1,500 Colour enlargements. 

6.6.2 Regional Remote Sensing 
Center 

The original proposa! 
submitted to the Council of Maritime Premiers 
in July 1975 never gathered much support and 
consequently died a natural death. An 
alternate proposa!, combining the interests 
of the Maritime Resource Management Service 
(MRMS) and the Nova Scotia Land Survey 
Institute (NSLSI) has been brought forward 
and appears to have a better chance of success. 

The proposa! calls for 
the establishment of a photo interpretation -
remote sensing program for students at NSLSI 
which would be managed by a remote sensing 
profess i onal on a day-to-day bas is. Thi s 
pro f ess ional would also actas a resource 
persan in RS and would endeavour to encourage 
t he growth of RS during the non-school per i ods 
of the year . Phys i cally all resources would 
be l ocated a t NSLSI but f unding would be pro
vided by MRMS and NSLS I wi t h direction and 
assis tance being provided by CCRS and t he 
NS RS Committee . 

6.6.3 Ai r borne Remote Sens i ng 

Two agencies have been 
engaged in aerial photography this past year: 
N.S. Dept of Lands and Forests and MRMS. 
Lands and Forests had Queens and Lunenburg 
counties covered in true colour at a scale of 
1:10,000 and all counties except Halifax, 
liants and part of Colchester covered in colour 
infra-red at a scale of 1:5,000. MRMS only 
accounted for~ 50 line miles (half B & W and 
half Colour) covering a variety of projects in 
several areas. 
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6.6.4 Spaceborne Remote Sensing 

Several people in the 
province, representing the Canadian Wildlife 
Service, Geological Survey of Canada and the 
N.S. Dept of Environment have participated in 
collecting ground truth information for the 
evaluation of "High Gain" data from Landsat II 
(orbit #9 only). Although this evaluation will 
be made by CCRS many researchers in the area 
are interested in the results. 

6.6.5 Applications 

The N.S. Dept of Lands and 
Forests bas recently made use of Colour I.R. 
film at a scale of 1 mile/inch to assess the 
Spruce Budworm infestation in the Cape Breton 
highlands. Four defoliation classes were 
identified, along with species type, nature of 
the terrain etc. The cost of the study which 
covered 478,000 acres was only $15,608 (3.3~ an 
acre) but indicated that 60% of the trees in 
the region will die in the next two years if no 
spraying takes place. 

6.6.6 Recommendations 

CCRS should establish a 
computer bas ed f i le similar to RESORS to con
tain a list of people experienced in RS inter
pretat i on and data handling and a list of 
private firms engaged in RS interpretation. 
Finally we would like CCRS to consider having 
one of the next Canadian Symposiums on Remote 
Sensing in t he Mar i time Area. 

6.6.7 List of Members 
Il 

Mr. Tom Al foldi 
Canada Centre fo r Remote Sens i ng 
717 Belfast Rd 
Ottawa, Ontario 
KlA OY7 

Mr s. Lynn Baechler 
NS Dept of Environmen t 
PO Box 2107 
Halifax, NS 
B3J 3B7 

Mr . Ed Bailey 
NS Dept of Lands & Forests 
PO Box 68 
Truro, NS 
B2N 5B8 

Mr. George Dargie 
Dept of Regional Economie Expansion 
4th Floor Centennial Bldg 
1645 Granville St 
Halifax, NS 
B3J 1V7 



Mr. Jim Chisholm 
Maritime Resource Management Service 
PO Box 310 
Amherst, NS 
B4H 3Z5 

Mr. Al Daykin 
Atlantic Air Survey Ltd 
PO Box 187 
Dartmouth, NS 
B2Y 3Y3 

Mr. Graham Doyle 
Canadian British Consultants 
PO Box 1269N 
Halifax, NS 
B3K 5H4 

Mr. T.W. Hennigar 
Inland Waters Directorate 
PO Box 365 
Halifax, NS 
B3J 2P8 

• Mr. Duncan Kepp ie 
NS Dept of Mines 
PO 1087 
Halifax, NS 
B3J 2Xl 

Dr. Desmond Lord 
Environmental Protection Service 
5151 George St 
Halifax, NS 
B3J 1M5 

Mr. Mike S. Manett 
Community Planning Division 
NS Dept of Municipal Affairs 
PO Box 216 
Halifax, NS 
B3J 2M4 

Miss Nancy A. Prout 
Lands Directorate 
PO Box 365 
Halifax, NS 
B3J 2P8 

Mr. Paul E. Vandall Jr. 
Bedford Institute of Oceanography 
PO Box 1006 
Dart-outh, NS 
B2Y 4A2 

Mr. John F. Wightman 
PO Box 10 
Lawrencetown 
Annapolis County, NS 
BOF lMO 

Neale Lefler 
Maritime Resource Management Service 
P.O. Box 310 
Amherst, NS 
B4H 3Z5 
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6.7 REPORT FROM THE 
PROVINCE OF ONTARIO 

The following report is based on the 
replies received to a questionnaire, with the 
exception of information on the activities of 
the Ontario Centre for Remote Sensing (OCRS). 
Twelve replies were received to the date of 
writing of this report, out of thirty-three 
agencies contacted. Of these twelve, three 
were government offices, three wereeducational 
institutions, and six were private consulting 
companies. 

6.7.1 Airborne Remote Sensing 

The Route and Site Selection Division 
of Ontario Hydro reported the use of 1:50,000-
scale aerial photography from NAPL and 
1:120,000-scale colour coverage from CCRS, in 
addition to standard provincial photography 
and photography taken by Hydro itself. 

The Remote Sensing Section of the 
Ministry of Transportation and Communications 
reported using aerial photography from bath 
the federal and provincial governments and 
from private companies, but was unable to 
state the volume used of each type. The 
Ministry requested i mage acqui sition services 
from private companies. 

The Water Resources Branch of t he 
Mini stry of the Environment reported t he use 
of provincial photography and colour and 
f a lse-colour photography , and estimated a 
total of 300 i mages. This Mini stry requested 
two air bor ne sensing mi ssions of CCRS dur i ng 
1976 , one t o provide coverage of the Pi ckering 
Thermal Generating St a t ion and Toronto 
Harbour , and the other to pr ovide coverage of 
a portion of the Lake Huron coastline . 

With regard to thermal sensing , the 
Ministry of Transportation and Communications 
reported that its applicability was under 
study, while the Ministry of the Environment 
reported that thermal scanning had been used 
on both of their requested flight missions . 

In 1976, the Ontario Centre for 
Remote Sensing (OCRS) made use of a small 
volume of aerial photography from NAPL, a much 
larger volume of standard provincial photo
graphy, and flew approximately 200 heurs of 
supplementary aerial photography missions . 
The OCRS requested three thermal scanning 
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missions in 1976, two of which were completed. 

Two universities replying to the 
questionnaire (Toronto and Western) did not 
report the use of aerial imagery. SirSandford 
Fleming College in Lindsay, Ontario reported 
using fairly large quantities of aerial photo
graphy in the teaching of photo interpretation 
and forestry technical courses. Approximately 
1000 - 1500 provincial aerial photographs were 
used, 200-300 photographs from NAPL and 200-
300 from private companies. In addition, the 
College bas received various examples of 
imagery from the OCRS, and from the Forest 
Management Institute. 

The private companies who replied to 
the questionnaire reported extensive use of 
airborne sensing. Acres Consulting Services 
Ltd. reported using approximately 300 aerial 
photographs, both black and white and colour. 
Barringer Research used photographs from NAPL 
for mosaic purposes, and carried out its own 
airborne sensing program of several thousand 
contract survey miles, in Canada and the United 
States, using its aerogeochemical prospecting • 
technique, AIRTRACE. Beak Consultants Ltd. 
reported using a relatively small volume of 
aerial photography from federal sources, and 
were involved in subcontracting aerial flights 
to other firms. Robinson, Merritt and DeVries 
of Toronto reported using mainly aerial photo
graphs from private companies and standard 
provincial photographs, with about 20% of the 
total volume used coming from federal sources. 
Ecologistics Ltd. of Kitchener used primarily 
photography from Ontario Hydro, and small 
amounts from other sources. The largest 
reported user of aerial photographs was 
Ecoplans Ltd. of Waterloo, which used 2,000 
prints from NAPL, 2,000 f rom a private company 
and 200 standard provinc i a l photographs. This 
company appears to have i ts own large-scale 
a i rborne operati on as wel l. 

None of the private compani es reported 
using t hermal i magery. 

6 . 7. 2 Spaceborne Remote Sensing 

With regard to the use of s at el li te 
imagery, the Route and Site Selec t ion Divis i on 
of Ontario Hydr a and the Remote Sensing Section 
of the Ministry of Transportation and Commun
ications reported limited use , while t he 
Ministry of the Environment repor ted none . 

The OCRS made extensive use of Landsa t 
imagery during 1976, purchasing coverage wi t h 
a total cost of nearly $10,000 , i ncluding a l l 
Canadian coverage on microfiche . The Centre 
rarely obtains satellite imagery for the 
specific purpose of a single study , but r ather 



attempts to include all usable coverage of the 
province in its library, in both print and 
transparency format. Landsat imagery is one 
of the data sources for a large proportion of 
the Centre's commissioned projects and 
research work. 

Sir Sandford Fleming College report
ed the use of approximately 100 blackandwhite 
Landsat prints and 20 colour prints for teach
ing purposes. Some transparencies were also 
used. 

The six private consulting companies 
which replied reported limited use of satel
lite imagery. Acres Consulting Services Ltd. 
reported the use of coloùr composites as well 
as black and white prints. 

6.7.3 Technical Developments 

The Water Resources Branch of the 
Ministry of the Environment reported begin
ning to develop a system of automated computer 
reduction of waterborne thermal plume data, 
through the use of computer-compatible tapes 
of thermal scanner data. 

The OCRS developed a number of new 
interpretation techniques in 1976, including 
the interpretation of aerial thermal scanning 
imagery for building heat loss and the use of 
analogue electronic analysis in studies of 
forest regeneration success and wildlife 
habitat. The Centre's electronic image anal
yzer was extended in 1976 to include a storage 
capacity of 600 images. With regard to the 
Centre's small-format aerial photography oper
ation, a number of developments have beenmade, 
including the design of a camera mount to 
accommodate four Hasselblad cameras atone 
time. 

The Department of Civil Engineering 
of the University of Toronto carried out 
research on the thermal properties of soil and 
vegetation using the AGA Thermovision Camera. 

The Faculty of Engineering Science 
of the University of Western Ontario reported 
extensive involvement in the development of 
remote sensing techniques such as lidar and 
correlation spectroscopy, for the detection 
of air pollutants. 

Among the private consulting compan
ies, only Barringer Research Ltd. reported 
technical developments in remote sensing. The 
instruments this company has developed are as 
follows: 

- an airborne geochemical prospect
ing system (AIRTRACE) 
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6.7.4 

- a correlation interferometer and 
two electro-optical trace gas 
detectors (GASPEC and COSPEC) 

- a laser fluorosensor, which will 
be particularly applicable to 
studies of water quality 

Applications and Benefits 

In 1976, the Route and SiteSelection 
Division of Ontario Hydro employed various 
types of aerial photography as an aid to 
studies of physiography, topography, valley 
morphology, forest vegetation, and land use. 
Landsat imagery was consulted in the inventory 
of general land use patterns and geological
drainage features. In addition, the Division 
commissioned the OCRS to map wetlands and 
disturbance to vegetative cover in Northern 
Ontario, a project undertaken with Landsat 
imagery verified by aerial photography. The 
benefits of remote sensing use recognized by 
Ontario Hydro are the time/cost efficiency 
with respect to regional inventories, the 
repetitive coverage, and the possible applic
ation of automated analysis methods. 

The Ministry of Transportation and 
Communications applied the interpretation of 
aerial photography to the planning, design, 
construction and maintenance phases of its 
programs. This is a well-established technique, 
with proven benefit to the Ministry. 

The Water Resources Branch of the 
Ministry of the Environment obtained contract 
photography over Pickering G.S. and Toronto 
Harbour, and over a portion of the Lake Huron 
shoreline, including black and white, and true 
and infrared colour coverage. The objectives 
of the photography were to map sediment plumes, 
detect near-shore aquatic plant growth, and 
revise basemaps of certain study areas. In 
addition, CCRS conducted thermal scanning of 
these areas for the analysis of spring tribu
tary plumes and the detection of thermal 
influences on nearshore coastal processes. 
The benefits of remote sensing use in near
shore lake studies were reported to be effic
iency, completeness of the data provided, and 
economy. 

The OCRS undertook an extensive and 
varied program of remote sensing application 
in 1976. The following are highlights: 

- the mapping of cutovers, burns 
and wetlands by electronic 
analysis of Landsat imagery, 
for a large portion of the 
province 



- continuation of the development 
of a methodology for the detection 
of building heat loss by means of 
aerial thermography 

- forest regeneration success 
surveys and fuel mapping from 
satellite imagery 

- continuation of the development 
of an aerial forest sampling 
methodology 

The OCRS did not conduct any formal 
analyses of benefit/cost ratio in 1976, but 
affirms the practical value of the use of 
remote sensing imagery for studies related to 
resource exploitation and management. 

Acres Consulting Services Ltd. 
applied aerial photography to ice reconnais
sance, environmental impact studies and water 
resource studies. Landsat imagery was applied 
to a river basin study in Thailand. 

Barringer Research Ltd. continued to 
apply remote sensing technology to the evalua
tion of air quality and mineral and geothermal 
exploration. 

Ecologistics Ltd. of Kitchener bas 
applied the interpretation of aerial photo
graphy to natural resources inventory for plan
ning and environmental assessments. This 
company found that the use of remotely-sensed 
data significantly reduced the amount of field 
survey necessary in preliminary studies, and 
was particularly valuable in providing inform
ation required after the end of the field 
season. 

Robinson, Merritt and DeVries of 
Toronto reported using the interpretation of 
aerial photography for flood studies, investi
gations of property damage, terrain analysis 
and forest assessment. The company used satel
lite imagery in one study, to gain an overview 
of an area outside Canada. 

Ecoplans Ltd. of Waterloo applied 
the interpretation of aerial photography to 
the analysis of terrain and vegetation. 

Beak Consultants Ltd. used aerial 
photography in vegetation and landform typing, 
wildlife habitat evaluation and the assessment 
of land use. Satellite imagery was used in 
assessing the environmental impact of develop
ment, in broad-scale land use inventories, 
and in the assessment of siltation and erosion 
The use of remotely-sensed data was reported 
to be essential in saving time and money. 
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6.7.S User Liaison 

The OCRS continued to offer a source 
of remote sensing imagery, literature and 
expertise to individuals from government, 
industry and the public, within and beyond the 
province. In the summer of 1976, the Centre 
conducted a tour of several of the regional 
offices of the Ontario Government · in order to 
present the practical value of remote sensing 
techniques to resource managers at the opera
tional level. The Centre also continued its 
practice of giving guided tours and present
ations to a wide variety of groups, on request. 

6.7.6 Training 

The OCRS was involved in three formal 
training courses in 1976: 

- a photo interpretation course 
for the Forest Inventory Section 
of the Government of Saskatchewan 

- a photo interpretation course 
for the Ontario Ministry of 
Natural Resources 

- participation in a photo inter
pretation course given by the 
Ministry of Transportation and 
Communications 

In addition, members of the OCRS 
staff participated in the First Canadian 
Symposium on Thermography and Energy Conserva
tion (Toronto and Montreal, December, 1976) 
and in the Seminar on the Remote Sensing of 
Soil Moisture and Groundwater (Toronto, 
November, 1976). 

The University of Toronto hosted and 
participated in the Remote Sensing Short Course 
given by the Ontario Association of Remote 
Sensing in May, 1976. A sourse bas also been 
developed within the Faculty of Forestry, 
entitled, "Forestry Applications of Aerial 
Photography and Remote Sensing". 

Sir Sandford Fleming College made 
plans to upgrade remote sensing-related courses 
for technicians and technologists. 

Within the group of private companie~ 
Acres Consulting Services Ltd. reported having 
conducted a photo interpretation course for 
its staff with respect to vegetation, landforms 
and land use, wildlife habitats, and engineer
ing parameters. 



Robinson, Merritt and DeVries took 
part in a seminar course in land use planning 
at the University of Guelph. Barringer 
Research Ltd. reported being more active in 
1976 with regard to attending symposia and 
conferences. 

6.7.7 Conclusion and Forecast 

The Ministry of Transportation and 
Communications and the Ministry of the Envir
onment both expressed confidence in the future 
of remote sensing use in their fields, 
although the Ministry of the Environment reply 
noted that economic restraints stand in the 
way of extensive remote .sensing use in water 
resources management. 

The Ontario Centre for Remote 
Sensing continues to perform a large volume of 
work in practical applications, and foresees 
a widening of the user community. It is the 
belief of the Centre that, while economic 
restraint works against the trial of new 
methods, it may also work against dogmatic 
maintenance of traditional procedures, if the 
benefit/cost effectiveness of remote sensing 
can be convincingly demonstrated. Within its 
own activities, the Centre expects best to 
demonstrate the efficiency of remote sensing 
through a major project that bas received 
approval to begin in 1977/78, the completion 
of the surficial geology mapping of Ontario 
and the preparation of a physiographic des
cription of Northern Ontario. 

Among private consulting firms, 
Acres Consulting Services Ltd. expects a 3% 
increase in remote sensing activity in the 
near future, and expects that the nature of 
the applications will diversify. 

Robinson, Merritt and DeVries 
anticipate the continuing use of conventional 
photography, with the application of other 
imageries, such as thermal infrared and 
Landsat, particularly to monitoring programs. 

The comments of the other consulting 
firms which reported point out areas within 
the provincial and federal remote sensing 
programs which need improvement. They are 
included in the next section of this report. 

6.7.8 Recommendations 

The desire most often expressed was 
for more published information on practical 
applications, on both provincial and national 
levels. The recommendations of all the report
ing agencies have been summarized in this 
section. 
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(a) A national list of user-oriented applica
tions should be prepared, preferably inclu
ding comparisons with traditional methods, 
with respect to time and costs. 

(b) A program should be initiated to "sell" 
remote sensing to the executive level of 
resource management agencies across the 
country. 

(c) CCRS should provide subsidies to ISIS to 
prevent a continuing increase in the cost 
of imagery. 

(d) The NAPL catalogue kit, including both 
contemporary and historical coverage, 
should be provided to all provincial 
centres. 

(e) CCRS should send representatives to prov
incial governments to encourage the estab
lishment of provincial centres. 

(f) The Applications Division of CCRS should 
compile information on international 
remote sensing application, for distribu
tion to the provinces. 

(g) The Remote Sensing Science and Technology 
Conference should be scheduled either 
together with, or farther apart f~om, the 
general Canadian Symposium, to permit 
greater attendance. 

With specific reference to the 
Ontario remote sensing program, the following 
recommendation was made: 

National Research Council grants 
should be supplemented by grants from the 
provincial government, to enable private 
industry to undertake research and development 
programs (e.g., 1/3 federal government invest
ment, 1/3 provincial government, 1/3 private 
company). 

6.7.9 1976 Publications 

Lawrence, G.R. Ontario Centre for Remote 
Sensing airborne thermal sensing program 
for the detection of building heat loss. 
Presented to the First Canadian Symposium 
on Thermography and Energy Conservation, 
December, 1976. 

Ross, D.I., R.M. Chatterjee and N.D. Herzog. 
Evaluation of airborne thermal IR mapping 
of cooling water discharges from genera
ting stations. Presented at the 19th 
Conference on Great Lakes Research, 
University of Guelph, May, 1976. 



Ross, D.I. and J.D. Kinkead. Selected 
aspects of operational thermal IR mapping 
of cooling water discharges from genera
ting stations, BNPD Site - Lake Huron. 
Ontario Ministry of the Environment 
Report, November, 1976. 

Zsilinszky, V.G. Think operational remote 
sensing! Opening address to the Seminar 
on the Remote Sensing of Soil Moisture 
and Groundwater. Toronto, November, 1976. 

Barringer Research Ltd. reported, but did not 
itemize, numerous technical papers presented 
at international conferences in 1976. 
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6.8 

6.8.1 

REPORT ON THE PRINCE 
EDWARD ISLAND REMOTE 
SENSING COMMITTEE 

Spaceborne Remote Sensing 

For some time, complete 
implementation of numerous resource 
oriented programs of the P. E. I. 
Department of Agriculture and Forestry 
(Technical Services Branch and Forestry 
Branch) have been hampered and/or 
delayed by the lack of reliable current 
land use data. Although airborne 
remotely sensed imagery was considered, 
the province-wide application of pro
gram implementation and subsequent 
cost of conventional imagery on a time 
scale made it unfeasible. Groundtruth 
data collection, again on a continuous 
updating scheme, was also out of the 
question. However, use of satellite 
imagery and the Image 100 System was 
given serious consideration. Dr. 
Ryerson (CCRS) was contacted, and 
visited Prince Edward Island in July, 
1976. At that time, we discussed our 
needs, and he strongly advised us to 
at least try the Image 100 System. 
Following more formal discussions, 
project objectives were defined as 
follows: 

- to determine acreages of idle land, 
potatoes, corn, and other inter
tilled crops 

to determine the rate of potato 
harvest through the fall (using time 
sequence of LANDSAT) to aid in 
decision of time available to esta
blish fall cover crops 

- to determine pattern of field sizes 
for all crops (part of a hedgerow 
program) 

- to define the extent of fall plough
ing versus spring ploughing 

- define surface drainage conditions 
which cause delays in seeding and 
problems in soil trafficability 

- to assist in a forest species invent
ory; i.e., alder, white spruce, etc., 
to provide estimates of wood fuel 
if Prince Edward Island goes to wood 
burning electrical generation. 
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The program gained approval 
of both the government of Prince Edward 
Island and CCRS, and training/test 
areas were selected. A total of six (6) 
were chosen, but groundtruth operations 
were carried out on only five (5) due 
to a time limitation. Each area was 
about one square mile (640 ac.) in size. 
All groundtruth data was categorized, 
coded, and put on orthophoto maps 
(1:5,000 scale). However, groundtruth 
operations were completed out too late 
to provide image analysis for harvest
ing rates in 1976. Nonetheless, field 
size measurements are being made and 
land use analysis datais expected 
before the spring of 1977. 

I~ is anticipated that this 
will be an on-going program which will 
provide us with ever current land use 
information, providing we supply CCRS 
with valid groundtruth data. Needless 
to say, if successful, this system will 
be considerably cheaper and less time
consuming than alternate methods. To 
date, we have had numerous requests for 
updated land use information, which we 
hope to be able to supply early in 1977. 
As . for our own Branch, most of the 
suggested types of information will be 
used in our land management program, 
which is designed to assist farmers in 
adopting economic soil conservation 
practices. 



6.9 RAPPORT DU QUEBEC 

6.9.1 Coordination provinciale 

Le centre de coordination pro
vinciale du Québec, au service de la Cartogra
phie du ministère des Terres et Forêts, compte 
maintenant une équipe de quatre personnes. Une 
sténo-dactylo et deux professionnels se sont 
joints en août 1976 au "coordonnateur provin
cial en télédétection". Un des professionnels 
s'occupe de la documentation et de l'informa
tion technique et scientifique. L'autre a com
me principale responsabilité de mettre sur pied 
un laboratoire de traitement et d'interpréta- -
tion des données. 

6.9.1.1 Documentation et information 

Le centre a mis l'accent sur 
l'accessibilité à l'usager québécois des docu
ments et de la littérature sur la télédétec
tion. Il possède un terminal permettant d'in
terroger les fichiers RESORS et IISS du C.C.T. 
On y trouve aussi une collection d'images Land
sat et un abonnement à ISISFICHE, en plus d'une 
visionneuse permettant de consulter ces micro
fiches. 

6.9.1.2 Démonstrations de moyens 

Au cours de 1976, on a procé
dé à une serie de démonstrations d'équipements 
de saisie ou de traitement des données. Un 
équidensitomètre et un synthétiseur multispec
tral du C.C.T. ont été placés en démonstration 
au service de la Cartographie du M.T.F. pour 
une période de 6 mois. Le ballon captif du 
C.C.T. a suscité beaucoup d'intérêt. Outre une 
démonstration sur l'île d'Orléans en juillet, 
le ballon a donné des résultats très intéres
sants au cours de 4 missions au Québec, parti
culièrement au cours d'une expérience relative 
à l 'écoulement et au mélange des eaux de la 
Chamouchouane , au Lac St-Jean. 

Une série de zones test, dési
gnées par divers or ganismes gouvernementaux in
téressés à la télédé tection et représentants 
plusieurs thèmes différents, ont été photogra
phiées à l'aide d'une chambre à objectifs mul
tiples (multispectrale) , en vue d'une é tude ul
térieure sur le synthétiseur multispect r al com
patible à cette chambre . On n'a pas encore de 
conclusion sur la validité de ce système (I 2S), 
le synthétiseur n'ayant pas encore été dispo
nible à Québec . 
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6.9.1.4 Bulletin d'information 

Le centre québécois de coordi
nation de la télédétection s'est doté d'un orga
ne de liaison avec les usagers de la télédétec
tion de la province, par la publication d'un 
bulletin d'information: LA TELEDETECTION AU 
QUEBEC. Ce bulletin paratt depuis octobre 1976 
à une fréquence approximativement mensuelle. 

6.9.2 

6.9.2.1 

L'Association québécoise de 
télédétection 

Activités en 1976 

Fondée en novembre 1975, l'A.
Q.T. compte maintenant plus d'une centaine de 
membres regroupés en trois sections: "Adminis
tration publique", "Recherche et enseignement" 
et Secteur privé". 

Les activités principales en 
1976 se sont concentrées surtout sur la struc
turation et la consolidation de cette nouvelle 
association à caractère scientifique. Ainsi, 
au point de vue juridique, a-t-on procédé à 
l'incorporation de cet organisme en une asso
ciation à but non lucratif. 

Malgré ces préoccupations, et 
outre sa participation à l'organisation du 4e 
Symposium canadien sur la télédétection, l'A.
Q.T. a organisé conjointement avec l'Université 
Laval, et avec la collaboration du C.C.T., un 
cours intensif de trois jours sur la télédétec
tion. Quarante personnes ont suivi ce cours 
donné en novembre dernier. Dans la même semai
ne, consécutivement, l'A.Q.T. a également tenu 
son premier symposium à Québec. 

6.9.2.2 Programme de 1977 

Il est prévu que cette phase 
d'organisation débouche en 1977 sur une série 
d'actions importantes: 

organisation d'un congrès québécois sur la 
télédétection, à Montréal, les 3 et 4 novembre 
prochain. Ce congrès vise à faire un tour d'ho
rizon des possibilités réelles, tant techniques, 
administratives qu'économiques, d'intégrer ef
ficacement et rapidement la télédétection à la 
gestion des ressources naturelles du Québec. 

lancement d'un bulletin d'information et de 
liaison paraissant à tous les deux mois. 

organisation d'une série de cours intensifs 
sur différents aspects de la télédétec tion et 
ce, dans diverses villes du Québec. 

lancement possible d'une revue scientifique 
portant sur la télédétec tion. 

organisation et coordination de projets pilo
tes visant à développer de nouvelles applica
tions e t à les transfére r auprès des responsa
bles de la ges t ion des ressources naturelles. 



6.9.3 4e symposium canadien sur la 
télédétection 

Le quatrième Symposium cana
dien sur la télédétection se tiendra à Québec, 
les 16, 17 et 18 mai 1977. Le ministère des 
Terres et Forêts (M.T.F.) s'occupe de l'organi
sation locale <le cette réunion, avec la parti
cipation de l'Association québécoise de télé
détection (A.Q.T.). Le Comité d'organisation 
locale, présidé par Hervé Audet (M.T.F.), com
porte cinq responsabilités distinctes, confiées 
aux personnes suivantes: Hospitalité - Marcel 
Simard (M.T.F.); Exposition commerciale - Clau
de Jobin (A.Q.T.); Planification technique -
André Grenon (M.T.F.); Publicité locale - Ro
bert Talbot (M.T.F.); Bilinguisme et traduc
tion - Benoit Drolet (M.T.F.). Le président 
s'était entouré de quatre conseillers d'expé
rience pour démarrer l'organisation. 

6.9.4. Vocabulaire anglais-français 
de la télédétection 

Un comité spécial formé de 
représentants de la Régie de la langue françai
se, du ministère des Terres et Forêts, de 
l'Université Laval, de la Société de développe
ment de la Baie James et du Centre canadien de 
télédétection travaille sur l'élaboration d'un 
dictionnaire anglais-français de la télédétec
tion. La visée immédiate du comité est de pro
duire un premier document pour le 4e Symposium 
canadien sur la télédétection, en vue d'assis
ter la traduction des communications. 

Le travail de ce comité pour
ra déboucher ultérieurement sur la préparation 
d'un lexique anglais-français de la télédétec
tion. 

6.9.5 Remarques 

Le centre québécois de coor
dination de la télédétection a entretenu en 
1976 de très bonnes relations avec divers in
terlocuteurs du C.C.T. ou de la P.N.A. et a 
obtenu de ces organismes, de façon générale, 
une collaboration très positive. Il y a eu 
cependant quelques points moins heureux. Com
me il serait trop long d'énumérer tous les 
points positifs, on ne s'arrête que sur les au
tres. 

6.9.5.1. Imagerie Landsat 

Dans sa campagne de promotion 
de la télédétection par satellite, le coordon
nateur provincial en télédétection a maintes 
fois mentionné, parmi les avantages que repré
sente cette technique, la disponibilité rapide 
de l'imagerie Landsat. Or, dans les faits, on 
a parfois rencontré des délais inconcevables. 

On ne peut recevoir une image nouvelle avant 
2 mois et il a fallu attendre, dans un cas en 
particulier, jusqu'à 4 mois avant d'obtenir de 
l'imagerie d'années antirieures. 

Des usagers très importants 
perdent ainsi confiance en cette technique. 
C'est pourquoi on présente la recommandation 
6.9.6.1. 

6.9.5.2 Mosalque Landsat 

Des erreurs de toponymie ap
paraissant sur les feuillets au 1:1 000 000 de 
la mosa!que Landsat de la P.N.A. ont été signa
lées par la Commission de géographie du Québec 
au Comité permanent canadien des noms géogra
phiques. Il s'agit de toponymes apparaissant 
sur la partie québécoise de la mosafque. 

6.9.5.2 Information en français 

Le rôle du centre québécois 
de coordination de la télédétection serait gran
dement facilité si on palliait à la rareté de 
l'information émanant du Centre canadien de té
lédétection en langue française. Il y a aussi 
un problème concernant la qualité des traduc
tions. Il serait souhaitable qu'une partie de 
l'information soit de version originale françai
se. Pour l'immédiat, voir la recommandation 
6.9.6.3. 

6.9.6 Recommandations 

6.9.6.1 Que le Centre canadien de té
lédétection expose très clairement sa politique 
de priorités concernant la fabrication des ima
ges Landsat. Qu'il fasse aussi connaitre, de 
façon réaliste et honnête, les délais auxquels 
l'usager doit s'attendre lorsqu'il commande soit 
une image nouvelle, soit une image déjà catalo
guée. Cette information pourrait être contenue 
dans un bulletin d'information à jour, expli
quant en même temps les techniques actuelles de 
fabrication d'une image, les techniques de re
production ainsi que la procédure exacte qu'on 
doit suivre pour demander la fabrication d'une 
image nouvelle ou commander une reproduction. 

6.9.6.2 Que le Centre canadien de té-
lédétection entre dans un fichier informatisé, 
au fur et à mesure de leur progression, l'état 
d'exécution de missions de télédétection aerien
ne, de sorte que les centres provinciaux de 
coordination, en interrogeant ce fichier par 
terminal (à la façon du système RESORS ou du 
système IISS), puissent être rapidement infor
més des circonstances d'exécution. On pourra 
ajouter à ce fichier les programmes d'estimation 
des coûts. 

6.9.6.3 Que le Centre canadien de 
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télédétection constate la marge considérable 
séparant la réalité de ses intentions louables 
vis-à-vis la traduction de certains documents 
d'information qu'il publie (cas type: voir 
CACRS 1975 report, no 9.3.8.). Que cette mar
ge soit réduite à des proportions décentes. 
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6.9 REPORT OF THE PROVINCE OF QUEBEC 

6.9.1 Provincial Coordination 

The Quebec provincial coordinating centre 
of the Mapping Service, Department of Lands 
and Forests, now has four members on its staff. 
ln August 1976, the provincial remote sensing 
coordinator was joined by a shorthand typist 
and two professional members. One of the 
latter is in charge of documentation and 
technical and scientific information and the 
other is primarily responsible for setting up 
a laboratory to process and interpret data. 

6.9.1.1. Documentation and Information 

The Centre emphasizes accessibility of 
documents and literature on remote sensing to 
Quebec users. It has a terminal which is 
capable of interrogating C.A.C.R.S. RESORS 
and IISS files. There is also a collection 
of LANDSAT images and a subscription to 
ISISFICHE in addition to a viewer for consult
ing microfiches. 

6.9.1.2. Demonstration of Equipment 

During 1976, the Centre held a series of 
demonstrations of data capture and data proc
essing equipment. The CCRS multispectrum 
synthesizer and data slicer were demonstrated 
at the Mapping Service of the Department of 
Lands and Forests over a period of six months. 
There was considerable interest in a CCRS cap
tive balloon. A demonstration was given on 
the Ile d'Orleans in July. In addition, the 
balloon produced extremely interesting 
results during four missions in Quebec, mainly 
during an experiment involving the flow and 
mingling of the Chamouchouane waters at Lake 
St. Jean. 

A series of test zones selected by various 
government agencies interested in remote 
sensing and representing various different 
areas of concern, were photographed by means 
of a multilens (multispectral) chamber for 
later study on a multispectral synthesizer 
compatible with this chamber. No conclusions 
have yet been drawn as to the validity of this 
r2s system since the synthesizer is not yet 
available in Quebec. 

6.9.1.4. Information Bulletin 

The Quebec remote sensing coordinating 
centre puts out an information bulletin en
titled LA TELEDETECTION AU QUEBEC, (Remote 
sensing in Quebec) as a means of reaching 
remote sensing users in the province. The 
bulletin has been published on a more or less 
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monthly basis since October 1976. 

6.9.2 The Quebec Remote Sensing Association 

6.9.2.1 Operations in 1976 

A.Q.T. (Association québécoise de 
télédétection - Quebec remote sensing 
association) was founded in November 1975 and 
now has over one hundred members divided among 
its three sections - "Public Administration"; 

"Research and Education" and "Private Sector". 

In 1976, the main concerns of the assoc
iation involved setting up and consolidating 
its structure. It was incorporated as a 
non-profit organization. 

Despite these concerns and preoccupations, 
the A.Q.T. took part in the organization of 
the 4th Canadian Symposium on Remote Sensing 
and organized an intensive three-day course 
on remote sensing with Laval Vniversity and 
the cooperation of the CCRS. Forty people 
attended the course which was given last 
November. Following this, during the same 
week, the A.Q.T. also held its first sympos
ium in Quebec. 

6.9.2.2. 1977 Programme 

In this phase of the organization, a 
series of important operations are planned 
for 1977: 

the organization of a Quebec congress on 
remote sensing to be held in Montreal on 
November 3 and 4, 1977. The purpose of 
the congress will be to study the actual 
technical, administrative and economic 
possibilities of effectively and rapidly 
integrating remote sensing in the manage
ment of natural resources in Quebec. 

put out a bimonthly information bulletin 
to serve as a link between the association 
and remote sensing users. 

organize a series of intensive courses on 
different aspects of remote sensing in 
different cities in Quebec. 

possibly put out a scientific journal on 
remote sensing. 

organize and coordinate pilot projects to 
develop new applications and refer them to 
the heads of natural resource management. 

6.9.3 4th Canadian Symposium on Remote Sensing 

The 4th Canadian Symposium on Remote 
Sensing will be heldin Quebec on May 16,17 and 
18, 1977. The Department of Lands and Forests 



(D.L.F.) is in charge of local organization 
with the participation of the Quebec remote 
sensing association (A.Q.T.). The local organ
ising committee, chaired by Hervé Audet 
(D.L.F.) includes five distinct areas of res
ponsibility, headed by the following persans: 
Hospitality - Marcel Simard (D.L.F.); 
Commercial Exhibit - Claude Jobin (A.Q.T.); 
Technical Planning - Andre Grenon (D.L.F.); 
Local Publicity - Robert Talbot (D.L.F.); 
Bilingualism and Translation - Benoit Drolet 
(D.L.F.). The Chairman was assisted by four 
experienced advisers in setting up the 
organization. 

6.9.4. English-French Remote Sensing Vocabulary 

A special committee, made up of represent
atives from the Régie de la langue française, 
the Department of Lands and Forests, Laval 
University, the James Bay Development 
Corporation and the Canada Centre for Remote 
Sensing, is working on an English-French 
remote sensing dictionary. The committee's 
immediate objective is to produce an initial 
document for the 4th Canadian Symposium on 
Remote Sensing to help in translating the 
papers. 

The committee's activities may ultimately 
lead to the preparation of an English-French 
glossary on remote sensing. 

6.9.5. Comments 

In 1976, the Quebec remote sensing co
ordinating centre maintained excellent 
relations with various representatives from 
C.C.R.S. or N.A.P.L. and in general obtained 
excellent cooperation from these organiz
ations. There were some weak points, 
however. As it will take too long to list 
all the positive aspects, we shall concentrate 
on the not-so-positive . 

6.9.5.1 Landsat Imagery 

In his promotion campaign for remote 
sensing by satellite, the provincial remote 
sensing coordina tor repeatedly mentioned the 
rapid availability of Landsat imagery as one 
of the many advantages of this technique. 
Actually, however, there have occasionally 
been inconceivable delays. It takes two 
months to receive a new image and in one 
particular case , four roonths elapsed 
before the imagery of previous years could 
be obtained . 

As a result, major users lose confidence 
in this t chnique . We are therefore present
ing the r ecommendation discussed in 6.9.6 .1. 
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6.9.5.2 Landsat Mosaic 

Toponymie errors on the 1:1,000,000 
N.A.P.L. Landsat mosaic charts have been pointed 
out by the Quebec Geography Commission to the 
Canadian Standing Committee for Geographic -N~~es. 
The place names involved are on the Quebec 
portion of the mosaic. 

6.9.5.2 Information in French 

If the scarcity of information in French 
from the Canada Centre for Remote Sensing were 
corrected, the role of the Quebec remote sens
ing coordinating centre would be considerably 
facilitated. The calibre of the translations 
is another problem. It would be advisable to 
have some of the information written directly 
in French. For the moment, see recommendation 
6.9.6.3. 

6.9.6 Recommendations 

6.9.6.1 That the Canada Cer.tre for Remote 
Sensing very clearly outline its policy on 
priorities concerning the production of 
Landsat images. Also that it give the user a 
fair and realistic idea of the time required 
to obtain a new image or an image that has 
already been catalogued. This information 
could be contained in an up-to-date inform
ation bulletin which at the same time would 
explain the current techniques for producing 
an image, techniques for reproduction as 
well as the exact procedure that should be 
followed to request the production of a new 
image or to order a reproduction. 

6.9.6.2 That the Canada Centre for Remote 
Sensing enter the state of implementation of 
air remote sensing missions in a computerized 
file as the missions progress so that the 
provincial coordinating centres may be 
rapidly informed of the circumstances of im
plementation on interrogating the file 
through a computer terminal (as in the case 
of the RES0RS or IISS system). The file could 
also contain cost-estimate programs. 

6.9.6.3 That the Canada Centre for Remote 
Sensing make note of the considerable dis
crepancy between its praiseworthy intentions 
with regard to the translation of some of 
the information documents it publishes and 
the reality (example: see CACRS 1975 report, 
no. 9.3.8). That this discrepancy be 
reduced to reasonable proportions. 



7.1 REPORT OF THE AES PANEL ON 
REMOTE SENSING 

The major emphasis of the AES 
remote sensing program is in the applica
tion of proven remote sensing technology 
in support of AES research and development 
programs. Most of the projects listed 
below fall into this category. 

7.1.1 Atmospheric Research Directorate 

(a) Development continues on Regional 
modelling with boundary information 
supplied by large scale models and by 
the latest hourly and asynoptic data 
such as vertical temperature profiles 
from satellites. 

(b) An automated real-time radar-echo 
prediction procedure (O-3 hours) was 
run for 6 months in the summer of 
1976 by McGill University under 
contract for MSRB. The evaluation of 
the forecasts are currently being 
carried out by McGill and the Quebec 
Region. 

(c) A data processing facility is being 
developed for a variety of meteorolo
gical satellite data processing 
functions such as: geometric and 
radiometric correction, image registra
tion, image enhancement, applications 
research and archival of satellite data. 

(d) A program is underway to produce abso
lute thermal radiation flux maps of 
the earth's surface. These maps 
would incorporate a correction for 
atmospheric effects. The results 
have a broad range of applications, 
including east and west commercial 
fishery, effluent detection and 
monitoring in areas such as the Great 
Lakes, small area modelling, hydrolog
ical energy balance modelling. 

(e) Investigations are being carried out 
into the effects the earth's atmos
phere has on outgoing radiation, the 
objective being to make corrections 
to satellite derived measurements for 
these effects, particularly, water 
vapour and aerosols. 
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(f} 

(g) 

The application of satellite derived 
measurements to several problems is 
being,attempted. Among them: hydro
logical energy balance studies, 
climatic change, snow and ice cover 
mapping. 

The Satellite Data Laboratory of the 
Aerospace Meteorology Division con
tinues to acquire direct weather 
satellite data from U.S. meteorological 
spacecraft. Visual and thermal Infra
red data from the Very High Resolution 
Radiometer (VHRR) system of the NOAA 
series of weather satellites is 
acquired by "S" Band receiving equip
ment direct from the orbiting space
craft and digitized for computer 
processing and the output of imagery 
for operational and research uses. 
Processed data suitable for national 
facsimile circuit transmission is 
distributed to major weather centres 
in near real-time to produce high 
quality photographie imagery at each 
of the centres equipped to receive it. 
Datais sent out from both day and 
nighttime orbits approximately every 
twelve hours. Special ice and other 
types of full resolution and enhanced 
satellite imagery is distributed by 
dialed broadband telephone circuits to 
specific users such as the Ice Forecast 
Centre in Ottawa. 

Meteorologiêal Infra-red and visual 
imagery from the GOES series of geo
stationary weather satellites is 
directly acquired from the WEFAX 
transmission system. Early in 1977 : 
"GOES-tap" data, acquired .from the 
Visual Infra-red Spin Scan Radiometer 
(VISSR) of the GOES spacecraft and 
centrally processed and sectorized by 
U.S. Data Utilization Station for land
line distribution, will be available 
in the laboratory from a landline 
drop on the "GOES-tap" trunk circuit 
at Buffalo. This will make available 
sequential satellite coverage at 
approximately half hour intervals in 
both visual and infra-red modes day 
and night for storm tracking applica
tions and research in support of 
forecasting system developments. 



h. Weather radar data were archived on 
film and magnetic tape on a 5-day per 
week program. Hardware/software 
development continued. The resolution 
in height and time of the recorded data 
was about doubled. Raindrop distribu
tion data were collected throughout the 
rainy season. The variation in 
reflectivity, rainfall rate and drop 
distributions, their interrelationships 
and the effects of droplet growth are 
being studied. Coincident airborne 
drop distribution spectrometer datais 
also being used. 

i. Measurements of the continental sferics 
activity were made by a VLF analyser 
and its relationship with thunderstorm 
activity was studied. Good correla
tions were observed for all seasons 
except winter. Potential gradient, air 
earth current density and polar conduc
tivities were measured as the data 
source. Studies to investigate the 
biological effects of atmospheric ions 
were undertaken in cooperation with the 
University of Toronto and McGill. 

j. Experimental studies of the stratosphere 
are continuing in the Atmospheric 
Processes Research Branch, in order to 
assess the effects that anthropogenic 
pollutants such as freons, SST's, and 
nitrogen fertilizers have on the ozone 
layer. 

Results of the STRAT0PR0BE II balloon 
flights which were flown from Yorkton, 
Saskatchewan in August, 1975 have been 
analyzed. The vertical profiles of 
nitric oxide, nitrogen dioxide, and 
nitric acid were found to be much the 
same as the profiles measured during 
STRAT0PR0BE I from Churchill in July, 
1974. Measurements of freon and Nz0 
were obtained from the stratospheric air 
samples taken during the 1975 campaign. 
The measured values of nitrogen 
compounds from STRAT0PR0BE I and II and 
the freon measurements of STRAT0PR0BE II 
are in good agreement with the nitrogen 
and chlorine photochemistry schemes 
assumed in stratospheric pollution 
models . 

In 1976, two flights of STRAT0PR0BE III 
were flown from Yorkton in August. The 
payload configuration was similar to 
that of the chlorine configuration of 
1975. Changes were the replacement of 
the GASPEC by the scanning N0z spectro
meter and the addition of a UV flux meter 
to measure the absolute solar flux 

124 

between 190 nm and 210 nm. Remote sensing 
measurements of Cl0 and Hel may have been 
achieved. 

Ground based measurements of N0z and total 
ozone were carried out at Yorkton during 
the STRAT0PR0BE III operation. The N02 
measurements were made with a spectropho
tometer which is basically the same as the 
N0z balloon spectrophotometer. The ground 
ozone measurements were made with a Dobson 
spectrophotometer which was stationed at 
Yorkton for the balloon campaign. 

k. Daily surface-based measurements of total 
atmospheric ozone, made with the Dobson 
ozone spectrophotometer, continue at 
Churchill, Edmonton, Goose, Resolute and 
Toronto. The vertical ozone profile from 
the earth's surface to about 30 km is 
measured by balloon sonde each Wednesday. 

0bservational testing and development of 
the new ozone network spectrophotometer is 
continuing. The new instrument is being 
compared with the Dobson instrument and the 
performance of the new instrument is being 
evaluated. A contract has been awarded for 
the development of a commercial version of 
the new instrument. 

l. The National Atmospheric Radiation Centre 
(NARC) calibrated 116 radiometers during 
this period. An intercomparison of 
working standard radiometers was held at 
Mt. Kobau, B.C., during August. A special 
series of measurements of solar radiation 
on inclined surfaces was commenced in 
November at the Meteorological Research 
Station, Woodbridge, at the request of the 
Division of Building Research, National 
Research Council. A new ventilacion device 
for pyranometers bas been designed and 
constructed. The device is now under test 
and should prevent the accumulation of dew, 
rain, and snow on pyranometers. A new type 
Voltz sunphotometer has been constructed 
and preliminary testing gave satisfactory 
performance during calibration at Boulder, 
Colorado. 

m. The Hydrometeorology and Environmental 
Impact Research Division reported the 
results of the WM0 Snow Studies by 
Satellite Project on the Saint John and 
Souris Basins. Basic imagery used in the 
analysis was N0AA/VHRR imagery received by 
the AES Satellite Data Laboratory in 
Downsview, enhanced to facilitate snow 
cover analysis. This was supplemented by 
LANDSAT I and II data for the period 
February to April, 1976. Snow cover 
analyses using conventional surface data 



only were compared to analyses based on 
both surface and satellite data. 

The division has, for the past number of 
years, carried on a program to detemine 
the perfomance of various precipitation 
gauges for the measurement of snowfall 
and snow samplers for the measurement of 
snowpack. The gauges used in the study 
are: M.S.C. Nipher shielded snow gauge, 
Fischer and Porter Recording Precipita
tion Gauge, Universal Recording 
Precipitation Gauge, and the Tretykov 
Precipitation Gauge. Results indicate 
that the M.S.C. Nipher Shielded Snow 
Gauge gives superior perfomance. 

Field studies were continued and a 
number of reports were written in 
support of the Working Group on 
Precipitation, Evaporation and Soil 
Moisture of the WMO (CIMO). In November 
the Working Group on Hydrology of the 
Canadian Advisory Connnittee on Remote 
Sensing (CACRS) and the Canadian Remote 
Sensing Society sponsored a Workshop on 
Soil Moisture and Groundwater. 

A contract to study the energy balance 
of areas partly covered by snow was let 
to the University of Toronto. 

n. The division is involved in two hydro
meteorological modelling projects. The 
purpose of the Large-Scale Water-Balance 
Project is to produce national maps which 
provide improved estimates of mean 
precipitation, evapotranspiration and 
runoff. 

The WMO Saint John Basin WWW Project 
examines the present and potential 
applications of the World Weather Watch 
to operational hydrology. A computer 
program for determining daily areal 
precipitation by sub-basin has been 
developed for use with the SSARR stream
flow forecast model. A progress report 
on the multi-agency international 
project was prepared for the meeting of 
the WMO Commission for Hydrology in 
Ottawa in July. 

o. Work has continued in the development of 
a Laser Radar (Lidar) for atmospheric 
dispersion studies. Ground based 
remote sensing of pollutants is 
continuing with the participation of 
teams in the Alberta Oil Sand Environ
mental Research Project and in the 
Sudbury INCÔ Plume Dispersion Study. 
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A methodology has been developed to 
extend the range of operation and 
stabilize the baseline drift of 
commercial COSPECs. The use of this 
methodology has allowed the detection 
of the INCO plumes as far as 400 km 
(over Toronto). Further developments 
include the application of these 
instruments in joint ground and airborne 
based surveys. 

7.1.2 Central Services Directorate 

(a) The Atmospheric Environment Service 
conducts programs of ice observing and 
ice forecasting and provides data and 
advisory services to support Canada's 
national and international interests. 
The complete ice program, which has 
been developed primarily in support of 
marine navigation, is now one of the most 
extensive and complex in the world. 

Data gathering is mostly by reconnaissance 
aircraft, equipped with laser profilom
eter, infrared scanner, camera array, 
brute force radar, airborne radiation 
thermometry, special navigation aids, 
and special communications facilities. 
Areas of operations cover the Laurentian 
Great Lakes, St. Lawrence River, and 
coastal areas from Gulf of St. Lawrence 
across the Arctic to the- Beaufort Sea. 
Data collected include ice extent, type 
(age), floe sizes, ice topographie 
features, water openings, snow cover, 
state of ice deterioration. Satellite 
data from orbiting weather satellites 
and LANDSAT imagery are incorporated 
into forecast and climatological outputs. 
Fifteen to twenty years of ice data for 
Canadian waters is now available. High
lights in 1976 include participation by 
the Branch in the Beaufort Sea Project 
to support initial offshore drilling, 
ice climatological studies of various 
areas, and development of SLAR specifi
cations for an all weather ice 
reconnaissance system. 

(b) Just prior to 1970 the Lakes and Marine 
Applications Section of the Atmospheric 
Environment Service developed an oper
ational methodology for measuring sur
face water temperatures from an aircraft 
using infrared thermometry. The Airborne 
Radiation Thermometer (ART) technique 
has since been refined to the point that 
accuracies are now deemed to be within 
1 degree celsius in the absolute and 
better than one half degree relative. 



The objective of an on-going program is 
to complete one survey per month on each 
of the Great Lakes during the ice-free 
season. The ART data are used to 
estimate monthly mean surface water 
temperatures of, and monthly evaporation 
from, the Great Lakes in support of a 
lake level prediction program. The data 
are also used in studies of Great Lakes 
basin climatology and air/water inter
action processes and as aids in fore
casting the weather of the Great Lakes 
and ice freeze-up on the St. Lawrence 
River. 
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7.2 REPORT OF INSTITUTE OF 
OCEAN SCIENCES -
PATRICIA BAY 

During 1976 the remote 
sensing section was involved in satellite 
oceanography (infrared sea surface temperature 
and radar wave height measurements), airborne 
observations of coastal B.C. waters using the 
MIDAS Marine Inertial Data Acquisition System, 
a detailed water colour analysis using the 256 
channel spectrometer and imagery and photo
graphy in support of other programs. 

7.2.1 Airborne Oceanography 

The Midas system has now 
been developed to the stage where aircraft 
track recovery is accurate to better than 10 
meters at all times and the positions of 
targets and ocean features sighted by the 
operator can be measured to the same accuracy. 
The system bas been used to map surface 
currents in Haro Strait using floating targets 
deployed _by launches. Interactions of water 
bodies at tide lines can be followed by 
recording both tide line and target positions. 
The system bas also been used in an ocean 
dumping exercise off Point Grey and to follow 
the development of the Fraser River plume. 
Instruments have now been added to record the 
wind velocity at the aircrafts flying height. 
This is to be used to support tests of drift 
models for oil spills in Juan de Fuca Strait. 

An examination of the 
effects of different vertical distributions of 
chlorophyll on water colour and fluorescent 
line height was carried out in Saanich Inlet 
using the 256 channel spectrometer. Previous 
measurements here and elsewhere show that 
chlorophyll concentrations can be estimated 
and mapped from the air, but that data tends 
to show only concentrations near the surface. 
Since layers of high chlorophyll concentration 
are often present at various depths, the 
resulting maps can be misleading. Preliminary 
analysis shows that it should be possible to 
deduce information on the vertical distribu
tion of chlorophyll from an aircraft using 
bath colour and fluorescence data from the 
spectroscopy. 

The spectrometer was also 
used in Ottawa for water colour measurements 
by the Canada Centre for Remote Sensing and 
for measurements of soil spectra by the 
Geological Survey of Canada. 
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7.2.2 Satellite Oceanography 

The usefulness of infrared 
sea surface temperature measurements has been 
demonstrated in many parts of the world as well 
as by our own analysis of NOAA VHRR data for 
the B.C. coastal waters. We have encouraged 
the construction of a permanent west coast 
satellite receiving station in Vancouver and 
are developing a minicomputer image enhancement 
facility to process the data to our own 
requirements. 

An application of visible 
satellite data was dramatically demonstrated 
by a frame from the temporary station operated 
for a month in April/May 1976 in Vancouver. 
This showed vortex streaks developing in the 
atmosphere behind the Aleutian Islands in a way 
that could be used to test fluid mechanical 
theories of interest to oceanography. 

GEOS-3 radar altimeter 
~ata continued to arrive during the year, but 
in small volume and with numerous complications 
that are hampering U.S. and Canadian analysis 
projects. It appears that waveheights (H 1/3) 
should be measurable to .5 meters along the 
satellite track, and future satellite systems 
such as SEASAT where a set of 3 satellites will 
~ive fuller ocean coverage, should considerably 
improve reporting of ocean wave conditions and 
could also be used in weather forecasting. 
Since sea surface elevation is also measured . ' a proJect to analyse ocean tide heights is also 
planned. 

Planning for prototype 
SEASAT A project continues with J.F.R. Gower 
on the NASA team for the synthetic aperture 
radar experiment and on the Canadian Committee 
for SEASAT A participation. 

7.2.3 Imagery and Photography in 
Support of Oceanographic 
Programs at Patricia Bay 

To support the programme 
of current measurements in Haro Strait being 
carried out by the Coastal Oceanography 
section, surface current measurements were made 
with the MIDAS system (described above), 3 
thermal scanning flights were arranged over the 
area and oblique photographs of a small but 
critical area off San Juan Island were recorded 
at 10 minute intervals during daylight hours 
continuously for 2½ months. 

The thermal scanning 
flights were made by Intera Environmental 
Consultants using a Cessna 206 aircraft flying 
at an altitude of 16000 ft. The imagery showed 
fronts between water bodies of different 



temperatures, with evidence of upwelling, and 
of surface stratification as revealed by ship 
wakes. Such imagery could be recorded 
repeatedly day or night, but cloud free 
conditions are required. 

The oblique photography 
was taken by an unattended super 8 time lapse 
camera attached to a tree near the top of 
Mt. Dallas on San Juan Island. Fronts 
associated with the incoming tide pass close 
to the foot of the mountain and could be seen 
on the film on 57 days out of 73. Front 
velocities could be deduced on 24 occasions 
and timing was accurate to about 10 minutes. 

7.2.4 Remote Sensing of Ice 

Interest of the Arctic 
Marine group has shifted from the Beaufort 
Sea to the Arctic Islands where exploration 
and pipeline routes are planned. The work 
involves strain (deformation) and dynamics 
measurements using a continuous series of 
NOAA VHRR imagery with addition of selected 
frames from Landsat 1 and 2. 

7.2.5 Buoy Location and Data 
Collection Systems 

Dr. J. Garrett is manager 
of the Canadian contribution to the FGGE 
(First GARP Global experiment) Buoy Project, 
and chairman of the international participant 
committee. The Canadian contribution will 
consist of 100 buoys measuring atmospheric 
pressure and surface water temperature with 
the ARGOS system on TIROS N doing the tracking 
and data relay. The FGGE Buoy project will 
deploy a total of 300 buoys south of 20° south 
l atitude by Jan. 1979 to test the effect of 
the additional data input on world weather 
predi ctions. 

Other related work 
includes devel opment of a thermistor chain 
sensor for buoys to relay vertical temperature 
structur e and an experiment with a direct 
readout sys tem f or the Ra ndom Access Measure
ment System on Ni mbus 6 to allow self
contained sa t elli t e positioning opera tions to 
be conducted on a l ocal s cal e. 

7.2.6 Aerial Hydr ography 

OAS is continuing t o 
support this project with 1 man year seconded 
to CCRS for the stereo photographie , shallow 
water survey program . Current technical 
difficulties involve vibration levels at the 
INS/survey camera module, and disagreement s 
between orientation data produced by the INS, 
and that derived from photogranunetry by 
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Dr. Masry at UNB. OAS has not been able to 
contribute to development of lidar bathymetry, 
but this is recognized as having high poten
tial for aerial hydrography. Funds have been 
requested for 1978 to support later phases of 
the CCRS project. 



7.3 

7.3.1 

SPECIALTY CENTRE REPORT OF THE 
FOREST MANAGEMENT INSTITUTE 

Introduction 

During the year a virtually frozen 
budget and the secondment of two senior offi
cers to Southeast Asia curtailed some of the 
activities of the Remote Sensing, Appraisal 
and Integrated Resource Classification Pro
grams of the Institute. These three programs, 
however, all of which are involved in remote 
sensing activities, made considerable progress 
during the year. 

The report which follows departs 
somewhat from previous reporting format whereby 
this year the three FMI programs are described 
under separate headings. A description of the 
broad objectives of each program is presented, 
followed by selected highlights of achieve
ments during 1976. 

7.3.2 The Remote Sensing Program 

The main objective is to carry 
out research and develop procedures for the 
use of all remote sensing techniques, and 
recently with emphasis on satellite remote 
sensing, for the collection of such data. 
These techniques will be used for the manage
ment and conservation of the forest resource 
and for the rapid appraisal and monitoring of 
critical situations such as forest fires, 
insect damage, and pollution damage. In the 
broadest sense, Canada needs the program pri
marily to develop and apply methods of standar
dizing nationally, the operational acquisition 
of qualitative and quantitative information 
concerning the forest ecosystem. The recent 
rapid development of remote sensing techniques, 
particularly those utilizing high-altitude 
airborne and satellite-borne sensors, is mak
ing possible the acquisition of such informa
tion for the entire country. Such information 
can be presented as automatically interpreted 
images , maps or statistics. 

The Forest Management Institute 
is building a versatile, relatively inexpen
sive and yet relatively complete, digital 
interpretation system around a minicomputer . 
Most digital image interpretation systems for 
remotely sensed data are, today, implemented 
on large, expensive, general purpose computers 
and/or special purpose hard-wired classifiers. 
Because these systems are often situated at 
remote distances from the user, may be 
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available only during off-hours, are usually 
expensive to use and may not incorporate all 
the features desired, there is a necessity for 
an alternative. This alternative system should 
be local, available during normal working hours, 
and relatively inexpensive to use, install, and 
main tain. 

The system at present consists of 
a minicomputer, magnetic tape drive, a 100 
megabyte dise drive, a user's terminal, a digi
tizing table and a colour television display. 
Future expansion calls for the acquisition of 
an image digitizing device and a hard-copy 
colour output device. 

Software development is proceeding 
in the areas of input prograrns, preprocessing 
programs, classification prograrns, post-process
ing programs and output programs. One post
processing program, which is crucial for forest 
thematic mapping, and which involves the removal 
of all regions on a classified picture which 
are less than a specified area, has been devel
oped and the results were published (Forest 
Management Institute Report FMR-X-90 - Davis/ 
Peet). 

During the 1976 field season, 
field spectroradiometric data was collected to 
account for temporal variations in reflectance 
patterns of the same tree stands. The analysis 
of these data awaits the return of Mr. Kalensky 
who has been in Indonesia since August, 1976, 
as a result of obtaining a Research Award from 
the International Development Research Centre. 
Based in Jakarta, Mr. Kalensky is assigned to 
BAKOSURTANAL, the Indonesian Mapping Agency, 
where he is applying his work in thematic map
ping from Landsat digital data, to land use 
mapping of selected Indonesian test sites on 
the islands of Lombok and Bali. Mr. Kalensky 
returns to the FMI in August, 1977. 

In September, 1976, a contract was 
signed by DSS and the Treasury Board authoriz
ing Computing Devices Company (a division of 
Control Data Canada, Ltd.) to commence work on 
this project. The work, officially begun on 
October 1, 1976, is based on an unsolicited 
proposa! originally submitted by the company 
in December, 1974. FMI was designated as Scien
tific Authority to monitor the progress and 
assure the success of this project. 

The proposa! involves research and 
development work leading towards an operational 
system for extracting resource and environmental 
data from digital remote sensing (scanner) data. 
The initial emphasis is on Landsat data but the 
results will equally apply to remote sensing 
data collected from aircraft. The proposa!, to 
be completed over a 24-month period, involves 



two elements, namely equipment development, 
and research into methods of classifying and 
presenting resource and environmental data as 
interpreted images, maps and statistics. When 
the work is completed, an efficient and versa
tile image analysis system will be available, 
providing assured access for elements of DFE, 
particularly the Lands, Wildlife and Inland 
Waters Directorates of EMS. 

7.3.3 The Forest Appraisal Prograrn 

The main objectives of the pro
gram involve development research into systems 
and methods for collecting, processing and 
presenting forest and related resource infor
mation. Work has concentrated on the use of 
large-scale air photos for accurate tree mea
surements and on the use of digitizers and 
computers to process the measurements rapidly 
and to produce the required forest resource 
statistics. The Program is also concerned 
with the development of computer-based data 
storage and retrieval systems for integrating, 
condensing and presenting various kinds of 
resource information in a readily usable form. 
The development of large-scale photography has 
reached the point where it is being tested and 
demonstrated as an operational system; the 
computer-based storage, retrieval and mapping 
is a new undertaking. 

Recent developrnents in the large
scale photography system include the very 
successful field testing of the system in col
laboration with the Alberta Forest Service. 
As a result, the Inventory Division of the 
Forest Service will likely incorporate the 
system as a routine component of its inventory 
procedures. One interesting result was that 
tree heights, photogrammetrically measured on 
the photographs, were more accurate than those 
obtained with conventional tree measuring 
devices normally used on the ground. The two 
methods compared with the actual tree heights 
of the subsequently felled trees. In the past 
the system has been tested in the tropics; in 
Guatemala in 1968 and in Surinam in 1973. A 
third test of a modified system will be under
taken in Costa Rica in early 1977. The use of 
large-scale photographs for the rneasurernent of 
tropical trees and the selection of the best 
photo specifications for the task were reported 
upon and published during the year (Forest 
Management Institute Report FMR-X-86 - Aldred). 

Developments in computer-based 
geographic data storage, retrieval and mapping 
systems are helping to solve the data handling 
and presentation problems . The feasibility of 
using existing systems has been exarnined and 
some conclusions reached. For example, the 
large systems , presently available, were found 
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to be too expensive and cumbersome to use. On 
the other hand, the smaller systems were gener
ally found to be too narrowly defined to fully 
meet our needs without some additional develop
ment and modification. Efforts are underway to 
complete the development of a small system and 
build around it an in-house cornputer-based map
ping system adequate for our requirements. 

Related work concerned with the 
presentation of resource datais underway to 
identify the advantages and limitations of 
orthophoto maps. Black and white orthophoto
graphs, scales 1:5,000, 1:10,000 and 1:20,000, 
have been produced of the Gatineau Park but 
further work is required to assess the useful
ness in the presentation of line data and 
resource descriptions (Kalensky and Leblanc, 
1975, 1976). Both colour and stereo orthophoto
graphs are also being explored as a means of 
enhancing the usefulness and clarity ofresource 
data presentations. 

7.3.4 Integrated Resource Classification 
Program 

As part of its research and devel
opment prograrn during the past decades, the 
Forest Management Institute has conducted num
erous studies dealing with the appraisal of 
forest resources in various parts of Canada. 
These studies are usually initiated at the 
request of government agencies requiring basic 
information on forest resources in selected 
areas in order to plan and control anticipated 
forest activities, or to assess the environ
mental impact of potential development in the 
North (e.g. pipelines frorn the Arctic to south
ern Canada). From a systematic analysis of 
aerial photographs and ground irforrnation col
lected during the field inspections, some 300 
maps have been compiled covering an area of 
over 100,000 square miles at scales of 1:15,840, 
1:63,360 and 1:125,000, mainly in the Yukon and 
the Mackenzie District of the Northwest Terri
tories. This work, in addition to supplying 
the requesting agency with the information they 
needed, provides FMI researchers with an oppor
tunity to develop and test survey methods based 
on an intensive application of remote sensing 
technology and photo interpretation techniques. 

The approach presently used at FMI 
for the classification and survey of primary 
natural resources in national parks is essen
tially the hierarchical classification system 
proposed by the National sub-Cornmittee on Bio
physical Classification (Lacate, 1969), and the 
surveys are often referred as "bio-physical" 
or "integrated survey of biophysical resources". 
This method is based on a systematic stratifi
cation of the land surface and delineation of 
ecologically significant segments of the 



landscape composed of a pattern of landforms, 
vegetation and open water bodies. Since dis
tribution and growth of natural vegetation are 
closely associated with the physiography of 
the area, the land features are mapped first 
to provide a physical base, relatively indepen
dent of successional or man-introduced changes, 
for the evaluation of biological and water 
resources. The hierarchical structure of this 
classification method, where the work proceeds 
from the recognition of general landscape pat
terns toward the classification of specific 
components of this pattern, has several advan
tages. lt allows the most effective use of 
remote sensing technology, reduces or elimin
ates unnecessary and costly duplications and 
has a built-in provision for subsequent, more 
intensive investigations in selected areas. 

Severa! scales, ranging from 
1:5,000 to 1:100,000 are used for resource 
data presentation and compilation of resource 
maps and overlays. The St. Lawrence Islands 
and Georgian Bay Islands National Parks, for 
example, are mapped at scales of 1:10,000 and 
1:5,000, L'Anse aux Meadows at the scale of 
1:10,000, Kejimkujik and Fundy National Parks 
at the scale of 1:12,500, Pukaskwa and Prince 
Albert National Parks at the scale of 1:25,000 
and 1:50,000, while South Nahanni National 
Park at the scale of 1:50,000 and 1:100,000. 
During 1976 base-maps have been completed for 
Nahanni National Park, and mapping for both 
St. Lawrence Islands and Georgian Bay Islands 
National Parks are virtually completed. 

7.3.5 Training 

During the year, research staff 
at the FMI were involved in workshops on Inte
grated resource surveys in Halifax, N.S., 
Cornwall, Ont., and Winnipeg, Manitoba, and 
prepared or contributed to training seminars 
in St. John's, Nfld., Halifax, N.S., Vancouver, 
B.C., Calgary, Alta., and Whitehorse, Y.T. 

7.3.6 Recommendations 

- that CCRS look into the feasibility of pro
ducing CCT's for selected portions of full 
Landsat scenes. 

- that the working group meetings, normally 
held between the annual CACRS meetings, be 
consolidated in a manner analogous to that 
now proposed for reporting purposes. 
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7.4 

7.4.1 

SPECIALTY CENTRE REPORT OF THE 
LANDS DIRECTORATE, DEPAR1MENT OF 
FISHERIES AND ENVIRONMENT. 

Introduction 

Remote sensing continued to play 
an important role in the activities of the 
Lands Directorate in 1976. The evaluation of 
airborne and satellite techniques for ecolo
gically-based land classification, land use 
mapping and land use monitoring form the major 
objective of these programs. The development 
of applications for operational land resource 
surveys and provision of advice and training 
to federal and provincial authorities is also 
being pursued. 

The Land Classification, Integrated 
Surveys and Remote Sensing Division stabilized 
as a cohesive working group during the year. 
A remote sensing ecologist, Mr. Clay Rubec, 
has been added to our staff to actas a liaison 
between CCRS and Lands Directorate activities. 

7.4.2 Ecological (Biophysical) 
Land Classification 

Airborne remote sensing remains 
essential to operational ecological land 
classification programs in Canada. The value 
of visual and automated satellite interpreta
tion techniques for operational purposes is 
directly tied to the level of mapping detail 
required and ecological as well as physio
graphic complexity inherent in study areas. 
Limited success in biophysical mapping has 
been attained through studies in the Churchill, 
Manitoba area by J. Thie of Lands Directorate 
and by Dr. P.J. Howarth (under contract, 
McMaster University) for Melville Island, 
N.W.T. 

A further study has been initiated 
to evaluate remote sensing for operational 
mapping in the Caribou Range (unsolicited 
proposa!, Dr. J.S. Rowe, Department of 
Northern Studies, University of Saskatchewan, 
Saskatoon). The physiographical more complex 
boreal forest and lowlands of Northwestern 
Ontario near Kenora (Experimental Lakes Area) 
is also being exami.ned. Further research will 
concentrate on the use of satellite imagery 
for mapping and description of environmental 
phenomenon for ecological land classification. 

The formation of the Canada Connnittee 
on Ecological (Biophysical) Land Classification 
in 1976 was accomplished through the coopera
tion of DFE, CDA, EMR and DINA and provincial 
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departments. The Committee seeks to further 
develop methods and systems for ecological 
land classification and to provide technical 
cooperation to federal and provincial agencies. 
The Land Classification, Integrated Surveys 
and Remote Sensing Division of Lands Directora
te provides the secretariat and present chair
person for the Committee. 

Preliminary ecological Land use and 
recreation potential mapping as part of the 
Northern Land Use Information Series continues 
for mid-Arctic regions. Five CCELC working 
groups, land/water integration studies and an 
Urban Biophysical Workshop comprised related 
activities during the year. 

7.4.3 Land Use Mapping and Monitoring 

During 1976, the Resources Mapping 
Division of Lands Directorate has utilized 
aerial photography for rural-urban land use 
change studies. Land use conversion statistics 
for 71 Canadian cities have been compiled with 
publication slated for early 1977. A land use 
case study for Ottawa-Hull using the Canada 
Geographic Information System (CGIS) was 
published. 

The use of computer processing tech
niques for analysis of satellite data for CLI 
applications has been examined by Dr. J. Schubert 
on contract. Three automated techniques, 
including the Image 100 and MAD systems at CCRS 
and a LAND ANALYSIS program implemented at DFE, 
are compared in terms of accuracy, limitations 
and costs. The Resources Mapping Division 
continues to examine possible applications of 
such automated remote sensing interpretation 
to develop a Canada Land Use Monitoring Program 
(CLUMP) in urban and key agriculttral areas. 

Special attention is being given to 
land-use mapping within an ecological framework. 
The concept of land use systems as equivalents 
to the ecological land system will be tested. 

7.4.4 Lands Directorate Regional Offices 

Remote sensing imagery have been 
effective tools with Lands Directorate 
scientists in Vancouver, Burlington, Quebec 
City and Halifax. 

The Lands Directorate, Halifax, has 
utilized satellite and airborne imagery for 
biophysical studies in Labrador and coastal 
resources inventory experiments. A paper by 
T.T. Alfoldi at CCRS under contract to Lands 
Directorate is currently in preparation. In 
Vancouver, Lands Directorate staff continue to 
utilize airborne and satellite imagery for 



coastal zone inventory, Fraser River delta 
studies, and development impact studies. 
However, no specific remote sensing research 
has yet been initiated. 

The Lands Directorate in Quebec 
has been actively engaged for several years 
in biophysical surveys of the Lac-St-Jean 
region and the James Bay Hydroelectric 
Development. In Burlington, Lands Directorate 
scientists have frequently utilized imagery 
for land use studies in the Saugeen Basin, 
Trent Waterways and Experimental Lakes Area. 
Through cooperative programs, wetland ecology 
and automated wetland classification are 
also being investigated. 

7.4.5 Conclusions 

The year, 1976, has been an active 
one for Lands Directorate staff. Despite 
majordepartmental restructuring near the end 
of the year, it is evident that effective 
working groups in Ottawa and the regions will 
be maintained. The cooperation of remote 
sensing agencies such as CCRS has been most 
appreciated during this year. Lands Directo
rate trusts that cooperative programswill 
continue to prosper. 

7.4.6 

7.4.6.1 

Appendices 

Appendix I List of Lands Directo
rate Staff involved in Remote 
Sensing. 

Ottawa-Hull: 

Mr. J. Thie - Land Ecologist; biophysical 
classification. 

Mr. D.M. Gierman- Geographer; urban-rural land 
use change. 

Mr. T.W. Pierce - Forester; forestry and 
recreation land classifica
tion. 

Dr. D.M. Welch - Fluvial geomorphologist; 
land/water integration. 

Mr. E. Wiken - Ecologist; land classifi-
cation, pedology and 
biology. 

Mr. G. Ironside - Biologist; dynamic phenome
non, wildlife. 

Mr. C. Rubec - Ecologist; remote sensing, 
land classifica tion. 
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Atlantic Region: 

Dr. G.E. Beanlands - Coastal zone classification 

Mr. N. Lopoukine 

Ms. N. Prout 

Quebec Region: 

Mr. J. L. Belair 

Ontario Region: 

- Forester; biophysical 
surveys. 

- Geographer; coastal zone 
classification. 

- Pedologist; biophysical 
classification. 

Mr. G.M. Wickware - Geographer; biophysical 
land surveys. 

7.4.6.2 Appendix II - 1976 Publications. 
Reports and Papers related to 
Remote Sensing Applications. 
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8.1 

8.1.1 

REPORT OF THE ONTARIO ASSOCIATION 
OF REMOTE SENSING 

INTRODUCTION 

In Ontario, since the early sixties, 
it had been the practice of a nucleus of 
Photo Interpreters from various disciplines 
to get together and discuss items of common 
interest. During the early seventies, the 
number of persons involved with remote sensing 
had increased substantially and the rudiments 
of our organization was in being. This 
organization, called the "ONTARIO ASSOCIATION 
OF REMOTE SENSING" (OARS}, was formally con
stituted in July 1973 in order to accomnodate 
the interests of the many people so involved. 

8.1.2. 

8.1.2. 

FUNCTIONS AND RESPONSIBILITIES 

1. Objectives 

Briefly, some of the OARS objectives 
are: 

a) to develop the understanding 
and use of remote sensing in the Province of 
Ontario, 

b) to encourage the open and free 
exchange of information between the users of 
remote sensing in Ontario, and 

c) to comprehend and promote the 
understanding of remote sensing at national 
and international levels by interacting with 
other similar associations and agencies. 

8.1.2. 2. Activities 

The major activities of the OARS 
are at present managed by 3 committees: 

a) MEMBERSHIP AND INFORMATION 
COMMITTEE 

This committee is responsible for 
developing the understanding and use of remote 
sensing by recruiting new members and by 
disseminating information relating to remote 
sensing and OARS activities. 

b) EDUCATION COMMITTEE 

The main responsibility of this 
coDlllittee is to organize and conduct formal 
courses in order to develop and promote the 
use of remote sensing. The first Remote 
Sensing 3-Day Short Course was held in May 
1976 with 38 registered participants. The 
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second Short Course on Remote Sensing 
Applications to Environment, Agriculture and 
Forestry will be held on April 25-28, 1977. 

c) PROGRAM COMMITTEE 

To encourage the open exchange of 
information on remote sensing matters is the 
main responsibility of this committee. On the 
basis of the interests and the requirements of 
the membership, the committee organizes bi
monthly lectures on various remote sensing 
themes. 

8.1.2. 3. Publications 

The Association publishes a quarterly 
newsletter which focusses on items of special 
interest to the membership. 

8.1.2. 4. Liaison 

Through its officers and various 
committees, the Association maintains liaison 
with various government agencies, associations 
and educational institutions at Provincial, 
National and International levels. 

8.1.3. MEMBERSHIP 

Membership in the OARS is open to 
individuals with an interest in the practice 
of Remote Sensing. Students are encouraged 
to join the Association at a nominal fee. 

At present there are about 250 mem
bers on record. These members represent vari
ous professions, disciplines and organizations 
in Ontario: 

a. Disciplines: Engineering, 
Geology, 
Pedology, 
Forestry, 
Agriculture, 
Biology, 
Geography, 
Instrumentation, and 
Education. 

b. Organizations: Government agencies, 
Crown corporations, 
Private consultants, 
Universities, 

8.1.4. 

Community Colleges, and 
other educational 
institutions. 

THE OARS AND CCRS 

The Association appreciates the 
interest shown by the Canadian Advisory 
Committee on Remote Sensing and the invitatiœm 
to this annual meeting. 



Individually, members of our 
Association have received very satisfactory 
service from the C.C.R.S. We believe that 
continual interest and support from the Centre, 
especially in the case of Dr. Morley and bis 
senior staff, will be of great benefit to our 
members and will aid in fulfilling the objec
tives of our Association. 

8.1.5. LIST OF OFFICERS FOR 1977 

President: Mr. B . .- Sen Mathur 
Remote Sensing Section 
Ministry_of Transportation __ 
and Comm.tmications 
Downsview, Ontario 

Vice President: Dr. David K. Erb 

Secretary
Treasurer: 

Dept. of Geography 
University of Waterloo 
Waterloo, Ontario 

Mr. Lawton Tam 
Remote Sensing Section 
Ministry of Transportation 
and Communications 
Downsview, Ontario 

Past President: Mr. Ernest D. Scullion 
Northway Survey Corp. Ltd. 
Toronto, Ontario 

Councéllors: Dr. Brestislav Boucek 
Natural Resources Division 
Sir Sanford Flemming College 
Lindsay, Ontario 

Mr. Lykle de Vries 
Robinson, Merritt & de Vries 
Ltd. 
Toronto,· Ontario 

Mr. John D. M. Phillips 
Cartographie Services Ltd. 
Unionville, Ontario . 

Mr. John F. Gartner 
Gartner Lee Associates Ltd. 
Willowdale, Ontario 

Mrs. Ivanka Wile 
Water Resources Branch 
Ministry of the Environment 
Rexdale, Ontario 

Mr. Thomas T. Alfoldi 
Applications Division 
Canada Centre for Remote 
Sensing 
Ottawa, Ontario 
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Mr. S. J. Glenn Bird 
Bird and Hale Ltd. 
Toronto, Ontario 

Prof. Stanley H. Collins 
School of Engineering 
University of Guelph 
Guelph, Ontario 

Dr. Phillip J. Howarth 
Dept. of Geography 
McMaster University 
Hamilton, Ontario 

Dr. Simsek Palabekiroglu 
Ontario Centre for Remote 
Sensing 
Ministry of Natural Resources 
Toronto, Ontario 

Comm.ittee Chairman: 

Membership and 
Information: 

Mr. Ernest D. Scullion 
Northway Survey Corp. Ltd. 
Toronto, Ontario 

Education: 

Program: 

Appendix I: 

Dr. Jaroslav Vlcek 
Faculty of Forestry and 
Landscape Architecture 
University of Toronto 
Toronto, Ontario 

Mr. S. J. Glenn Bird 
Bird and Hale Ltd. 
Toronto, Ontario 

Proposal For Establishing An 
"Engineering Applications" 
Working Croup 

A) RECOMMENDATION 

Since the early stages of develop
ment, remote sensing has demonstrated obvious 
potential for Engineering Applications. Over 
the years, a lengthy list of such applications 
have been developed and established by the 
engineering communities throughout the world. 
Sorne of the major examples are: 

- Transportation Engineering: In the planning, 
design,construction and maintenance of vari
ous transportation modes. 

- Geotechnical Engineering: Geotechnical 
information concerning engineering soils 
and materials is a cornmon practice for site 
selection (of various engineering projects). 

- Design of Bridges and Culverts: Provision 
of the design data through the analysis of 
drainage, watershed and soil conditions. 



Environmental Studies: Many major engi
neering projects are using remote sensing 
to monitor and predict the effects of con
struction and engineering practices on the 
environmen t. 

Today, in Canada, remote sensing is 
used by government agencies and consulting 
engineers in many engineering projects, and 
research is being conducted continually to 
further its applications. Depending on the 
activities of an organization, remote sensing 
can be used extensively in many phases of its 
operations. As an example, the Ministry of 
Transportation and CoDllllunications, Ontario, 
has the responsibility to plan, design, con
struct and maintain such varied transportation 
facilities as highways, railways, transit 
systems, airstrips, etc. Remote sensing has 
already had many proven benefits and the 
Ministry employs a group of 20 Engineering 
personnel at the Head Office and Regional 
level to provide this service. Also, several 
consulting Engineers rely extensively on air
photos and other types of imagery in the 
delivery of their services to their clients. 

At present, at least in one pro
vince, Ontario, there is an Association to 
meet the need for a vehicle for the dissemi
nation and exchange of information and for a 
forum to discuss matters of mutual interest. 
However, such an association serves a variety 
of persons possessing different backgrounds 
and interests, some of which are represented 
by established "working groups" at the national 
level, such as the CACRS working groups. 

Regarding the "engineering appli
cations" of remote sensing, it appears that 
the applications and development in Ontario, 
at least, can be improved. So far, the avail
ability of information to an individual 
depends on his persona! contacts. Develop
mental activities are based on very specific 
and localized needs. Dissemination of infor
mation, in this case by the OARS, can only be 
limited because of geographical boundaries 
and because other disciplines have to be 
served as well. Moreover, the mechanism has 
been informa! and is dependent on volunteered 
information. Consequently, it is possible 
that similar applications, procedures or 
developments in engineering are being carried 
out by various parties without any of them 
knowing what the others are doing. The same 
condition may exist in other provinces. 

The establishment of a working 
group for "Engineering Applications" will 
improve the dissemination of information and 
coordination of efforts in this area. Speci
fically , it will serve to: 
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1. consider, evaluate and describe the state
of-the-art of engineering application of 
remote sensing, 

2. identify parameters relevant to engineering 
applications in Canada, 

3. identify on-going programs, 

4. identify and recoDU11end areas of potential 
engineering applications (and perhaps set 
priorities), 

S. coordinate research and development 
activities, 

6. encourage and facilitate contact between 
users and development groups. 

* This proposa! has been made specifically by 
the Ontario Ministry of Transportation and 
Conununications. 



8.2. 

8. 2.1. 

REPORT FROM THE COMMITTEE TO 
INVESTIGATE THE NEED FOR THE 
ESTABLISHMENT OF A TRAINING 
CENTRE IN REMOTE SENSING IN 
CANADA 

Introduction 

Almost every year, the Canadian 
Advisory Co1Illllittee on Remote Sensing (CACRS) 
annual report carries appeals, from one or 
more working groups, for increased support of 
education in remote sensing (2,3,4,5,9,10). 
On the final day (April 1st) of the 1976 CACRS 
meeting, it was agreed to form an ad hoc com
mittee to consider the need for a training 
centre in remote sensing. 

8.2.2. CACRS Proposa! 

The proposa! adopted after a 
short discussion reads: · 

CACRS should establish an ad hoc inter
disciplinary committee to investigate the 
need for a Canadian training centre for the 
analysis of remotely-sensed data versus the 
presently available training facilities. 
The committee would investigate the level 
of demand for such a centre and present the 
results of its work, including recommenda
tions for implementation, to a future 
meeting of CACRS. 

8.2.3. Committee Members 

A co1Illllittee of CACRS members was 
appointed at the meeting, and ·are listed in 
Appendix 1. 

8.2.4. Scope of the Investigation 

Early in the first meeting of 
the committee, it was decided that rather 
than consider the pros and cons for a single 
training centre, an attempt should be made to: 

(1) Assess the present status of remote 
sensing in Canada. 

(2) Try to recognize deficiencies. 
(3) Propose corrective action. 

8.2.5. Forms of Education 

The committee considered the 
various ways in which a persan develops 
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expertise in remote sensing technology. These 
were seen to fall into 2 broad groupings. 

(1) Unstructured studies, which include 
literature studies, attendance at sym
posia, visits to laboratories, to 
universities, to government institutions 
and on the job training. 

(2) Structured studies, which, excluding 
courses at high schools, consist of: 

(2.1) Courses at universities or colleges 
of advanced technology. Such 
studies are characterized by an 
extended learning period (usually 
several months), theoretical 
aspects are emphasized, studies 
are widely based with emphasis on 
the 'general case' and on multiple 
solutions. 

(2.2) Short courses offer a shorter 
learning period in which theore
tical considerations are, of 
necessity, more restricted, and 
emphasis is placed on practical 
aspects. Such courses tend to be 
'mission oriented'. 

The committee considers that both forms of 
structured study are essential. 

In the near term, short courses 
provide a mechanism for the rapid transfer of 
technology (7) which helps to turn established 
scientists into specialists in remote sensing. 
Such courses encourage the maintenance of pro
fessional standards and offer a mechanism by 
which specific regional problems can be solved. 
(6). 

Over the long term, the univer
sities and colleges of advanced technology 
will deserve much more of our attention because 
they will provide our next generation of scien
tists, hopefully armed with sufficient theore
tical knowledge for them to carry out useful 
research in their several disciplines. 

8.2.6. Structured Courses 

The committee attempted to assess 
the value of the structured courses given in 
Canadian universities and cqlleges and to oh
tain a factual base to work on. 

(1) A listing of university and college 
courses on remote sensing or courses 
with a remote sensing component was 
compiled using university and college 
calendars, persona! enquiries and other . 
published sources (1,8). The final 
listing is presented as Appendix 2. 



(2) The committee also wrote to all region
al remote sensing centres where such 
exist, and to regional representatives 
where there are no centres, asking for 
opinions and information on the status 
of education and educational needs in 
remote sensing, both in the particular 
region and in Canada as a whole. 

A. Short Courses 

As regional representatives 
point out, their short courses are considered 
to be very worthwhile since they are almost 
always over-subscribed and have received very 
positive feedback from attendees. The com
mittee generally agrees with the regional 
opinions although it notes that such courses 
are not evenly distributed throughout the 
country. The coverage is locally inadequate 
particularly in the eastern Canada and, 
possibly, in British Columbia. Secondly it 
is noted that while some of the courses are 
given on a regular basis, many of them are 
not, and no attempt is made to coordinate 
courses curricula. A list of short courses 
given in Canada between 1975 and 1977 is 
attached to this as Appendix 3. 

B. University and College Courses 

The size of the listing of 
courses given in Canadian universities and 
colleges (Appendix 2) was a surprise to the 
committee. Many of the courses listed are 
concerned with airphotos alone, and in many 
others, the remote sensing components are very 
minor. 

The general feeling of the 
committee is that the size of the listing 
does not reflect the real status of remote 
sensing courses in Canada. The regional 
representatives,too, were unanimous in sug
gesting that university courses are inade
quate. 

Few universities have more 
than one or two interested teachers, facili
ties in terms of equipment and materials 
are mostly inadequate; exper ience of the 
teachers is often limited and variable; there 
are no Canadian 'centres of excellence'. It 
must be emphasized again that this is the 
opinion of the committee, supported by that 
of regional representatives, and cannot be 
supported in quantitative terms. 

8. 2. 7. Upgrading University and 
College Courses 

An interesting feature of 
higher education institutions and one perhaps 
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little appreciated by non-academics, is the 
very high degree of independence enjoyed by 
these institutions. Without the assistance of 
large amounts of ready capital, it would be 
extremely difficult to influence universities 
and colleges to introduce new courses or to 
expand existing ones. The committee has no 
funds to command, and so must look to other 
ways of encouraging rèmote sensing techniques. 
Clearly the best approach will be to encourage 
changes from within the teaching centres. 

8.2.8. Training Overseas Students 

The committee considered the 
need for providing training in remote sensing 
methods to students from overseas. 

It was noted that both CIDA and 
IDRC pay for a small number (20-50/year) of 
overseas students to undertake remote sensing 
courses in both Canadian and foreign training 
centres. 

Every year mare bilateral and 
multilateral agreements are reached which 
include training components. 

At an international level, there 
is a movement towards the establishment of an 
international network of educational and re
search institutes in remote sensing (11). 

Notwithstanding these arguments, 
the committee feels that improvement to the 
present teaching situation in Canada should 
first of all attempt to satisfy the needs of 
Canadians students rather than encourage the 
establishment of facilities specifically for 
foreign students. 

8.2.9. A National Training and 
'Research Centre 

The committee also feels that 
however desirable it might be to establish 
a national or international (I.T.C. - type) 
centre specializing in teaching and research 
into remote sensing, such a centre would 
be impractical at the present time, both on 
political grounds - decentralization being a 
key word in Federal Government thinking - and 
financial grounds, in that education being a 
Provincial responsibility, it is difficult for 
a province to support a national or inter
national educational institution. There 
remains the possibility of independent finan
ing which has not been explored by the committee. 

8.2.10. Recommendation 

The committee, therefore, 
recommends that a new Working Group on 



Education be created by CACRS to include repre
sentatives from universities, colleges and re
gional centres. 

The functions of this committee 
might be: 

(1) To create a forum of opinion concerning 
the need for improvements in the 
teaching of remote sensing 

(2) To consider the conanon elements of a 
cirriculum. 

(3) To encourage debate on the need for a 
national centre for the analysis of 
remotely sensed data. 

(4) To establish more effective communica
tion between aid granting agencies in 
the Federal Government (MOSST for 
national programmes, CIDA and IDRC 
for international ones) and in Pro
vincial Governments and the univer
sities and colleges of Canada. 

A number of university and 
college teachers have indicated their interest 
in strengthening the teaching of remote 
sensing. Their names have been forwarded to 
the chairman of CACRS for consideration as 
members of the proposed· new Working Group. 
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List of Conanittee Members 

H. Audet •.•....•••• Ministry of Lands and 
Forests, Québec City. 

I.e. Brown .••..•... Inland Waters Directorate, 
Ottawa. 

A. Gregory ....•..•. Gregory Geoscience Ltd., 
Ottawa. 

A. Mack •..........• Soil Research Institute, 
Ottawa. 

L. Sayn-Wittgenstein 
......•.•..• Forest Manag~ment Institute, 

Ottawa. 

V.R. Slaney ........ Geological Survey of Canada, 
(Chairman) Ottawa. 
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Newfoundl and 

New Brunswick 

Nova Scotia 
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Manitoba 

Saskatchewan 

Alberta 

British Columbia 

Statistical Summary of Remote Sensing Courses 
in Canadian Universities and Colleges 

Number of Courses Listed 

Under Graduate Graduate 
Universities & Colleges 

with Remote Sensing 
Courses Partial Full Partial Full 

1 1 3 5 0 

1 1 4 0 3 

4 3 2 0 0 

12 9 22 1 12 

26 33 34 2 12 

3 5 10 0 1 

2 1 2 0 0 

4 6 6 2 1 

5 8 8 0 2 

Active Provincial 
Remote Sensing Centres 
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No. of 
Course Course Students 

Department Des cri pti on Course Title Lecturer Length Level 1976 Notes 

Newfoundland 

Memorial University, Geography GEO 3220 Air Photo Interpretation R.D. Worsfold Term U' grad. 
St . Johns . Engineering ENG 8421 Remote Sensing 

ENG 9104 Random Signal Processing Gradua te 

ENG 9105 Di gita 1 Fi lteri ng 

ENG 9112 Ocean Accoustics 

ENG 9001 Ocean ~ngineerin9 Con-
cepts 

ENG 9091 Advanced Statistical 
Analysis 

Forestry FOR 2021 lntroducti on to Forestry Term U'grad. includes A/Pl. 
Il i nterpretati on 

Biology 4210 Remote Sensing 

.... 
New Brunswick ~ 

N 

U. of New Brunswick, Forestry FOR 3302 Introd. ·to Photo-Interp. F.S. 01 iver Term U'grad. 
Fredericton. and Remote Sensin9 

FOR 3322 Photo-lnterp. for Forest W.H. Hil born 
Engi neer 

FOR 3312 Topography and Photo- W.H. Hil born 
Interp. for Engineer 

FOR 4302 Photo-Interp. and F.S. Oliver 
Remote Sensing 

FOR 6300 Photo-lnterp. and Oliver & Term Gradua te 
Remote Sensing Hf lbom 

FOR 6310 Problems 1n Photo-Inter- W.H. Hilbom Term Graduate 
pretation & Remote Sens-
ing 

Survey Eng . 6521 Remote Sens i ng Dereny1 

4342 Remote Sensing U'grad. 



No. of 
Course Course Students 

Depntment Des cri pti on Course Title Lecturer Length Level 1976 Notes 

tlova Scot i a 

Acadi a u .. Geology 221/222 Air Photo lnterpretation Year U'grad . for geology, 
archeo logy, 

Wolfville. agriculture, 
i ncl udes remote 
sensing alter-
nate years. 

271 Geomorpho 1 ogy includes analy-
sis of airphotos 

Dalhousie U., Geology 242b Geomorphology D.J.W. Pipes Tenn U'grad. air photos & 

Halifax. 
H.B.S. Cooke Landsat for 

landform analy-
sis. 

Nova Scotia Technical Mining Eng. 414 Engineering Geology H.G. Sherwood 

College, Halifax. 

Non Scotia Land Introd. to Photointerp. J. Wightman 

.... Survey Institute, and Remote Sensing 
l" 
\,,.) Lawrencetüwn. 

Quebec 

u. of Sherbrooke, Geography 2233 Têlêdêtecti on I J.-Marie Dubois Term U'grad. A/Photos 

2333 Têlêdl!tection II J.-Marie Dubois A/Photos 

3733 Tl!lêdl!tection III F. Bonn Infrared 

Bishop's U., Geography 110b Techniques in Geographic Hilmo Term U'grad. A/Photos 

Lennoxvi lle. Analysis 

221A Methods in Historical Ross A/Photos 

Geography 

Concord! a U., Geography 301A Maps and Presentation Tenn U'grad. includes A/ 

Montre a 1. 
of Statistical Data 

photos 

Geology N352 Photogeology 

N216 General Geology Lab. 
includes A/ 
photos 

441A Geomorpho 1 ogy 
1ncludes A/ 
photos 

Ci vil Eng. Techniques of Air 
Photo Interpretation 

N431 Geology M.P. Duplessis Year U'grad. 1ncludes A/ 
photos 



No. of 
Course 

Department Description Course Title Lecturer Course Students 
Length Level 1976 Notes 

Quebec ( Cont.) 

McGill U , Geography 183-635 lnterpretation Methods- J. Parry Year Gradua te 
Montreal. Air Photos and lmagery 

183-201 AB lntrod. to Cartography DrU111T10nd Year U'grad. includes A/ 
and Air Photo lnterp. Photos 

183-308 A Air Photo lnterpretation J.T. Parry Tenn U'grad. 
and Remote Sensing 

183-633 Remo te Sens i ng J.B. 81rd Year Graduate 
8.J. Garnes 
T.L. Hills 
T. Lloyd 

Sensor Technology J. Lewis 

Geology 186-535 Photogeology Elson Tenn Graduate 

McGill u.-Faculty of Soil Sei ence 372-420 A Soi 1 Survey Millette Tenn U'grad. includes A/ 
photos 

Agric. & Food Science 
Ste. Anne de Bellevue 

U. of Montn!al, Geography 1442 Initiation l la Photo- Tenn U'grad. 

.... Hontn!al. graphie Aêri enne 

"' "' 
2010 Têlêdêtecti on 

altemate years 

2120 Photo-Interprêtation en P. Gangloff 
Gêographie Physique 

6520 Tê 1 êdêtecti on Tenn Graduate 

Geology 3300 Photogêologie P. David Tenn U'grad. 

Ecole Polytechnique 7.506 Photogêologie Appliquêe J. Bêrard Tenn U'grad. 

U. de Montn!al, M. Tanguay 

Hontrêal. 

U. of Laval, Forestry 14274 Photo-Interp . Eco. R. Hêroux Tenn U'grad. 

Quêbec . gêomorphologique 

For. et Geodes1e Teledetection 1 B. Bernier U. grad. 418-656-2327 

Physique Physical Principals of H. Arsenault Graduate 418-656-2650 

Remo te Sens i ng 

Genie Electrique Hardware Image Proces- M. Fournier 418-656-3556 

sing 

Geography GGR10566 Analyse de Photos J. Bernier Tel'ffl U'grad. 
Aêriennes P. Clibbon 

G. Tremblay 

·- -------------·---·--



No. of 
Course Course Students 

Department Description Course Title Lecturer Length Level 1976 Notes 

Quebec ( Cont. l 

U. of Laval, Photograrrmêtrie PGM11369 Ph. Int. du Terre G. Ladouceur 
Quêbec. Rêcrêatif, de l'eau 

et de la Faune 
PGH11367 Photo-Int. du Ter- G. Ladouceur 

ritoi re Forestier 
PGH13228 Photo-Interp. du G. Ladouceur 

Territoire Urbain 
PGM14297 Introd .. a la Têlêdê- G. Ladouceur 

tection et Photo-Interp. 
PGM60615 Resources Remote Sensing 

and Photointerp. 
Numeri cal Treatment of Tenn Graduate 
Remote Sensing Oata 
Remote Sensing Applica-
tions in Limnography 
Forest Resources Image 
lnterp. & Cartography 
Remote Sensing Oata Tenn Graduate 

1-" Acquisition Technologies 
~ Remote Sensors V, 

Resources Rem. Sensing 
Project Planning 

U. du Quêbec Géographie Photo-interprétation II C. HcNicol-Robert Tenn U'.grad. 
a Montrêaj 

U. du Quêbec Géographie Principals of Remote G.H. Lemieux Tenn U' grad. 
l Chicoutimi Sensing 

John Abbott College Forest Management Photo-Interpretation Tenn 
(CEGEP), Ste. Anne 
de Bellevue. 

Vanier College Geography 320-110-75 Haps and Happing R.G. Adamson Tenn A/Photos men-
(CEGEP), Montreal. P.H. Frost tioned. 

Ontario 

Broek U., Geography 200 Cartography and Remote Year U'grad. 
St . Catherines. Sensing 

Geology 282 Photogeo l ogy i ne 1 udes Remo te 
Sensing from air 
craft & satellite 

Carleton u .• Geography 202 Air Photo Interpretation H.F. Fox Tenn U'grad. 90 includes photo-
Ottawa. grammetry & air 

photos 

Geology 111 Geology, the Envi ronment P.A. Hill Tenn U'grad. 60 A/Photos 
and Han I and II included 



No. of 
Course Course Students 

Oepar tment Des cr i pti on Course Title Lecturer Length Level 1976 Notes 

Ontario (Cont.) 

U. of Guelph, 232 Terra i n Measurements Term U'grad. includes photo-
Guelph. grarrmetry, quan-

titative photo 
interp . & Remote 
Sensing. 

Eng ineeri ng 36 1 Photo Interpretation for soils, land 
use, urban plan-
ning rural deve-
lopment . 

Soil Sci ence Resources Field Camp includes A/Photo 
Geology 250 Remote Sensing Term 

Integrated Aerial Survey Vlcek, Year Graduate includes Remote 
G. Gracie, Sensing 
Gun, 
O.J. Erb, 
S. Collins 

Lakehead U. , Geography 2210/11 Topographie Mapping Term U'grad. includes A/Photo 
Thunder Bay and Remote Sensing & Remote Sensing ,.. for geography 

~ 2350/51 Geography of the Land A/Photos for "' Surface Landforms 
Geology 21 41 Structural Geology A/ Photos for 

Landforms 

Forestry 2065 Photograrmietry and Photo 
lnterpretation 

H. Westbroek Term U'grad. 

4165 Remote Sensing & Photo-
grarrmetry-Appl ication to 
Fores t Prob 1 ems 

2565 As 2065 H. Wes tbroek Term for Forest 
Oi plorna 

Laurent i an u . • Geography 3031/3036 Ai r Photo Interpretation Term U'grad. 
Sudbury. 

3032/3037 Remote Sensing of the application to 
Envi ronment geograph fca 1 

research. 

McMaster U., 
Hami 1 ton . 

Engineeri ng Geology for Engineers Term U'grad. includes A/Photo 

Geography 3V3 Remote Sensing I phys1ca1 prin-
cipal emphasis 
on photographi c 
system 

4V3 Remote Sens ing Il A1rbome and 
Space systems 
data manipula-
tian and analys, 



No. of 
Course Course Students 

Department Description Course T1tle Lecturer Length Level 1976 Notes 

Ontario (Cont.) 

Remote Sensing and its Term U'grad./ 
Geographical Applications Graduate 

6V3 Introduction to Remote Term Graduate 
Sensing 
Integrated Aerial Surveys Year Graduate 

U. of Ottawa, Geography 2103 Landforms, Map Reading H. French Term U'grad . 33 last year (75) 
& Photo-lnterpretation 23 s1Jnmer (76) 

4101 Remote Sensing of the P. Johnson 
Physical Environment 

4503 Photo-Interpêtation et H. Gagnon 11 
Inventaire des Resources 

2503 Formes de Relief, Lee- H. Gagnon Graduate 26 days 
tures de Cartes et 46 nights 
Photo-Interprétation 

5516 Têlêdêtection de L' Term Graduate 
Environment 

Queen' s U., Geography 110 Man's Physical Environ- McCaughey Year U' grad. 163 includes A/Photo 
ment Rutherford 

1--' 
-"' 

Gilbert 
...... 216 Soils and their Signi- Rutherford Term U'grad. 61 includes A/Photo 

fi cance to Man 
242 Photogrammetry and McGarath 27 

Photo Interpretation 
340 Cartographie Design and Castner 24 includes A/Photo 

Map Production 
Geology 111 El emen ta ry Geo l ogy W. A. Gorman in cl udes A/PL. 

333 Terrain Evaluation l andform studi es 
with A/Photos. 

Royal Mil1tary Ci vil Eng. 357 Introduction Geotechnics W.A. Gorman Term U'grad. 25 includ~s A/Photo 
College, Kingston. of l andforms. 

361 Photogrammetry Maj. Parent Term U'grad. 16 includes A/Photo 
& Remote Sensing 
systems for high-
way engineering . 

u. of Toronto, Geography 271E Methods of Envlronment J.C. Munday Term U'grad. 
Toronto Analysis C. Houston 
Erindale College 373E Remote Sensing of J.C. Munday Term U'grad./ instruments & 
( 828-5285) Envi ronment · Graduate methods 

U. of Toronto, Forestry 202 Photo Interpretation J. Vlcek Term U'grad. 
Faculty of Forestry. 468 Forestry Applications of J. Vlcek 

Air Photography and 
Remote Sensing 



No. of 
Course Course Students 

Oepartment Description Course Title Lecturer Length Level 1976 Notes 

Ontario ( Cont.) 

U. of Toronto , Geography 207S Air Photo lnterpretation Or. Vandereyk Tena U'grad. 1st year course 
St. George Campus 308F Elements of Photogram- Or. Vandereyk 3rd year course 

metry & Remote Sensing 

U. of Toronto, Geography Remote Sensing of the Tenn U'grad. Introduction to 

Scarborough College •• Envi ronment theory analys1s 
and 1 nterpreta-
tion. 

U. of Toronto 1420 Integrated Aer1al Surveys J. Vlcek Year Graduate 
Graduate Studies G. Gracie 

R.C. Gun 
S. Collins 
P. Howarth 
D.J. Erb 

Geotechni cal Engi neer1 ng Air Photo Interpretation J. Vltek Term Graduate 

Geography Remote Sensing Applica- J. Munday 
tions 

Trent U., Geography 210a Survey & Remote Sensing W.J. Copeland Tenn U'grad. 
1-' Peterborough. s:-
0D includes Air 

U. of Waterloo, Earth Science 342 Geomorphology Tenn U'grad. 

Waterloo . Photos. 

Geography 275 Introduction ta Air Pho-
tas Analyses & Remote 
Sensing 

375 Air Photo Interpretation 
& Remote Sens1ng 1 

470 Air Photo lnterpretation 
& Remote Sensing II 

471 Air Photo Interpretation 
& Remote Sensing III 
Techniques: Air Photos Term Graduate 
Interp. & Remote Sensing, 
Computer Mapping, Model 
Building & Statistical 
Methods 

602 Air Photo InterprP.tation 1ncludes stereo-
& Remo te Sens i ng I photos & map 

production 

bU3 Air Photo Interpretation Tenn Graduate Thenna l I. R. , 
and Remo te Sens ing II Radar Mult1band 

Photography, 
Sate 11 ites. 

604 Integrated Aerial Surveys J. Vlcek 
G. Gracie 
R.C. Gun 
S. Collins 
P. Howarth 
O.J. Erb 



No. of 
Course Course Students 

Department Description Course Title Lecturer Length Level 1976 Notes 

~ ( Cont.) 

U. of Western Ont., Geography 243b Remote Sensing Luckman Term U'grad. 
London. 

u. of Windsor, Geography 301b Air Photography Inter- Trenhaile Term U'grad. 15-20 
Windsor. pretation & Photogram- est. 

metry 
426b Glacial Geology II Gravenor Term U'grad. 15-20 includes air 

est. photos. 
Geology 412b Engineering Geology Hudec Term U'grad. A/Photos for 

si te eval uation 
462b Geophys i CS l l Dave Simons Term U'grad. 10-15 Radiometric & 

thermal tech-
niques ( 3 weeks 
only). 

Wilfrid Laurier U., Geography 204/254-3 Field Techniques and Term U'grad. air photos 
Waterloo . Research Methods in Honour included. 

Physical Geography 
100-44 Introduction to Geology Term U'grad. air photos 

>- included. 
~ York U., Centre for Experimental 518.3 Physical Principals of Term Graduate \,:) 

Toronto. Space Science (CRESS) Remote Sensing 
Remote Sensing of 
Earth Resources 

522.3 Data Analysis includes Rf!fnOte 
Sensing Data. 

Algonquin College, Civil Technology Photogrammetry Term Intro. to air 
Ottawa photos and a/ph. 

interpretation. 

Cambrfan College, Civil Engineering 211-5 Civil Projects Term includes air 
Sudbury. photos. 

Humber College, Air Survey Techniques Term 
Toronto. 330.054 Air Photo Interp. I A/Photos for S1 • 

Evaluation. 
330.055 Air Photo Interp. Il A/Photos for S1• 

Evaluation. 

Northem College, Photo Interpretation Term Air Photos for 
Ha i leybury, Kirk- highway construc-
land Lake, Porcupine. tian & forestry 

SU-2-51 Air Photo Interpretation Technician 
Course. 

--- ------ --- . 



No. of 
Course Course Students 

Oepartment Description Course Title Lecturer Length Level 1976 Notes 

Ontario (Cont.) 

lcyerson Polytechnic, Civil Technology CVL164 Photo Interpretation Tenn Introduction 
lnstitute, Toronto. Rerrote Sensing Applica-

tions 

CVL160 Soil Science Tenn air photos 
included. 

Remote Sensing Systems & 
Techniques 

Geodetic Sciences GDS208 Air Photo I nterpretati on for land use 
I & engineering. 

GD308 Air Photo 1 nterpretat 1 on for hi ghways , 
II flooding, pollu-

tion. 

Sir Sandford Forest Technology 475-322 Photo In te rp re ta t ion Tenn lntrod. to Air 
Fleming College & 323 Photos & Remote 

Sensing. 

477-522 Photo lnterpretat1on II for forestry & 
wil dl i fe probl ems 

1-' 477-622 Remote Sensing for fores t ry 
\JI 
0 

Manitoba 

Brandon U., Geography 260 Manitoba-A Practical Tenn U'grad. 
Brandon . Geography 

390 Air Photo lnterp. Introduction 

490 Remote Sensing of the u. V. A/Photos. 
Environment Thermal IR, 

Radar. 

U. of Winnipeg, Geography 2303 Aerial Photography Tenn U' grad. 1ncludes some 

Winnipeg. 
remote sensing. 

3304 Remote Sensing 

4302 Remote Sensing 

4304 Advanced Remote Sensing 1ncludes speakers 
from Mani toba, 
Remote Sensing 
Committee. 

Earth Science 7.462 Photogeology and 
Remote Sensing 



No. of 
Cot:rse Course Students 

Department Descr1pt1on Course T1tle Lecturer Length Level 1976 Notes 

~ ( Cont.) 

u. of Manitoba, Landscape Arch1tecture 31-610 Terrain Analysis Term U'grad. 1ncludes remote 
Winnipeg. sensing. 

Geography 53-242 Introductory Cartography Year U'grad. 1ncludes air 
and Map Interpretation photo i nterp. 

53-454 Remote Sensing and its Term U'grad./ 
Geographic Applications Graduate 

Earth Science 7.353 Applied Geomorphology Term U'grad. incl udes air 
& Pleistocene Geology photos. 

7.349 Glacial Geology and Term U'grad. includes air 
Geomorphology Honours photos. 

7.462 Photogeology & Remote Term U'grad. 
Sensing 

7.735 Remote Sensing in the 
Earth and Planetary 
Sciences 

Saskatchewan 

1-' U. of Regina, Geology 207 Maps and Air Photo Term U'grad. 
V, Regina. Interpretation 1-' 

U. of Saskatchewan, Civil Engineering 333A Air Photo Interpretation E. K. Saues Term U'grad. 
Saskatoon . 580A Remo te Sens i ng 

Alberta 

u. of Alberta, Geography 501 Remote Sensing and Tenn U'grad. introduction for 
Edmonton . Photointerpretation physical & cul-

tural geography. 
Geology 380 Geomorpho 1 ogy includes air 

photos. 
390 Engineering Earth air photos. 

Sciences 
391 Engineering Geology air photos. 
592 Photogeology and Remote Tenn Graduate 

Sensing 
Civil Engineering 684 Engineering Geology & air photos for 

.Terrain Analysis engineers. 

U. of Calgary, Geography 307 Elements of Physiography Term U'grad. includes air 
Calgary. photos. 

333 Air Photo Interpretation introduction. 
433 Remote Sensing in air photos and 

Geography radar. 



No. of 
Course Course Students 

Oepartment Descri ption Course Ti t 1 e Lecturer Length Level 1976 Notes 

Alberta (Cont .) 

U. of Calgary, Geology 441 Structural Geology Tenn U'grad. air photos 
Calgary. included. 

473 Geomorpho 1 ogy includes air 
photos. 

571 Applied Geology Tenn Graduate includes air 
photos. 

Environmental Design 655 Terrain Analysis Tenn U'grad. remote sensing 
applied to ter-
rain. 

U. of Lethbrldge, Geography 2030 Interpretation of Aerial Tenn U'grad. air photos, Slar, 
Lethbridge. Photographs Thermal I.R. for 

physical & socia1 
sciences. 

N. Alberta Inst. Intro. to Remote Sensing C. Bricker Tenn 
of Technology 

British Columbl ·a 

.... U. of B.C., Civil Engineering 576 Civil Engineering Uses Tenn U'grad. large scale air V, 
t,J Vancouver. of Aerial Photographs photos. 

Fores try 442 Photo Interpretation Tenn U'grad./ 
of Forest Lands Graduate 

443 Remote Sensing in 
Forestry 

542 Advanced Studies in Tenn U' grad. photo interp. & 
Forest Photogranmetry cl assi f1cation. 

543 Selection Topics in P.A. Murtha Tenn U'grad. weekly seminar. 
Remote Sensing 

Geography 101 Introduction to Physical inc1udes air 
Geography photos. 

370 Air Photograph Analys1s 1ncludes remote 
sensing. 

470 Remote Sensing in Geo- for 1 and inven-
graphical Engineering tory & resource 

mapping. 

Soil Science 417 Interpretation & Use of 
Soil Survcy Information 

Simon Fraser U., Geography 250 Cartography I Tenn U'grad. includes air 
Bumaby. photos. 

351 Ca rtog raphy I I photograph1 c 
methods & map 
making. 

U. of Victoria, Geography 322 Air Photo Interpretation c.w. Howatson Tenn U'grad. 
Victoria. 423 Advanced Cartography 1ncludes afr 

photos. 



1-' 
V, ..,., 

g. (Cont.) 

e.c. lnst1tute of 
Technology, 
Bumaby. 

Capilano College, 
Vancouver. 

Course 
Oepartment Description 

Fores try 45-106 

45-206 

Geography 221 

No. of 
Course Students 

Course Tltle lecturer length Level 1976 Notes 

Photo lnterpretatlon & Term 
Mappi ng I 
Photo Interpretation & Term 
Mapping II 

Air Photo lnterpretat1on Term U.V., A/photos, 
Thermal I.R., 
multispectral. 



February 25-March 01. 1975 

March 07-08.1975 

February 1975 

May 03-05 1 1976 

May 12-30. 1975 

1975 

December 10-12.1975 

January 28-March .31. 1976 

February 23 to 27. 1976 

February 1976 

March 29-April 02. 1976 

June 14-16. 1976 

1976 

1976 

1976 

January 10-13. 1977 

February 1977 

1977 

October 02-04, 1975 

November 08-10, 1976 

November 08-10, 1976 

APPENDIX 3 

Training Courses on Rerote Sensing Held in Canada. 1975-1977 

Rerote Sensing Training Course 

Geological Applications of Remote Sens1ng 

Third Alberta Remote Sensing Course 

Short Course in Remote Sensing 

UN/IJNESCO-CIDA 
Short Course on Rerote Sensing 

Remote Sensing for Agriculture and Forestry 

Familiarization Prograrrme in Remote Sens1ng 

Remote Sensing for Agriculture and Forestry 
(10 evenings) 

Fourth Alberta Remote Sensing Training Course 

Supplementary Aerial Photography 
(for Ontario Govemment personnel) 

Concepts of Environmental Management 

Seasat Wcrkshop 

Remote Sensing for Agriculture and Forestry 

Atmospheric Effects of Remote Sensing -
a Workshop 

Photointerpretation for Forest Inventory 

Radar Systems for Remote Sensing 

Fifth Alberta Remote Sensing Course 

Remote Sensing in Resource Management 
(for Ontario Govemment personnel) 

Photointerpretation and Remote Sensing -
a Workshop 

Remote Sensing of Soil Moisture and Groundwater 

Remote Sensing 
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University of Manitoba. 
Winnipeg. 

University of New Brunswick. 

University of Alberta. 
Eœnonton. 

Ontario Association of Retnote Sens1ng. 
University of Toronto. 

University of Guelph. 

University of Alberta, 
Eœnonton. 

University of Manitoba. 
Winnipeg. 

University of Alberta, 
Edmonton. 

University of Alberta, 
Eœnonton. 

Ontario Centre for Remote Sensing. 

Intera-Environmental Consultants Ltd •• 
Calgary. 

Memorial University. 
St. Johns. 

University of Alberta. 
Edmonton. 

Atmospheric Sciences Working Group. 
Toronto. 

Ontario Centre for Remote Sensing. 

C-Core, Memorial University, 
St. Johns. 

University of Alberta, 
Edmonton. 

Ontario Centre for Remote Sensing. 

Nova Scotia Land Survey Institute. 
lawrencetown. 

Canadian Remote Sensing Society. 
Toronto. 

University of Laval and 
L'Assoc. Quêbêc de Têlfdft. 



9.0 REPORT OF THE ACTION TAKEN BY CCRS 
AS A RESULT OF THE 1975 CACRS 
RECOMMENDATIONS 

The following is a summary describing some of 
the action taken by CCRS to respond to the 
recommendations presented at the last CACRS 
meeting. The numbers cross-reference to the 
1975 CACRS report. 

3.2.1.1 While Canada has not yet developed 
Remote Sensing Experiments which would be 
carried out using the Space Shuttle, the pos
sibility for bilateral or multilateral 
programs exists. Possiblé co-operation with 
the USA is obviously enhanced by Canada's 
contribution of the Remote Manipulator System 
(RMS) to the Space Shuttle. 

The possibility of co-operative Earth 
Observation work with Europe is being furthered 
in two ways: 

a. CCRS and the European Space Agency 
have an agreement to exchange in
formation, promote co-operative 
projects and exchange personnel; 

b. Canada is exploring the possibility 
of upgrading its relationship with 
ESA which might supersede (1) above. 

The most immediate interest for Canada 
vis-à-vis ESA in the field of remote sensing 
is the coming definition study for a 
European Resources satellite. Sensors whi ch 
i mage in the visible, IR and Microwave por
tions of the spectrum are proposed for that 
satellite. 

3 .3.1.2.a Work is actively underway on the 
development of a production facil i ty for t he 
rout i ne generation of di gi tally corrected 
computer compatible tapes. Thi s f acility 
will t ake raw satellite data and perf orm ap
propria t e r a di ome tric correction . From a 
set ot s tored ground control po i nts each 
image will be geometr i cally corr ec t ed t o be 
within a one-hal f p i xel er r or limit. Phas e I 
of this production facility will be operat
ional in mid 1977. 

During 1976 a production operation was 
estab l ished to take Daedalus airborne infra
red sensed data and convertit to a computer 
compatible tape. This, in turn , can be 
routinely converted to temperature values 
and a themogram image generated, in which 
specific colour s r epresent specific 
temper atures . 
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3.2.1.2.b CCRS has actively promoted the 
use of computer compatible tapes and has 
established imagery and non-imagery CCT 
standards for airborne sensed data, for 
Image 100 and for VHRR visual and infra 
red data obtained from NOAA satellites on the 
PERGS system. It is continuing to play an 
active role in making suggestions for the 
further development of the JSC CCT format 
standard. 

3.2.1.3 This independent development of 
remote sensing expertise is encouraged, 
within the organization's existing financial 
and manpower resources. 

3.2.2.1 a. More aircraft would be required 
to provide this service. 

b. Crews work on established fre
quencies with ships. Two 
transceivers are available on 
request and are . used 
extensively. 

c. This is done whenever possible, 
but notice of aircraft charges 
will be late this year due to 
negotiations concerning the 
Transfer Plan. 

d. This has been possible through 
1976/77 but has never been 
requested. 

e. Always in effect. 

3.2.2.2 A computer print-out consolidation 
of all projects is provided in the 1976 report. 

3.2.2.3 Provi s i on for the scatterometer has 
been made on the Convair 580 aircraft and 
the present aircraft schedule indicates the 
system will be i nstalled and checked out 
before January 1978 . Also, efforts are being 
made t o have a multi-channel SAR i nstall ed on 
the Convair. 

3.2 . 2.4 CCRS can arrange f or s uch data now, 
at the user ' s expense . Specific proj ec t 
proposals have not been s ubmit t ed. 

As an alternate we have purchased four 
70 MM cameras with 1.5" lenses . This will 
provide scales of 1:280,000 when flown at a 
30 000 foot altitude. (This is essentially 
th; same scale as would be given by a 3" lens 
at a 70,000 foot altitude.) 

3.2.3.1 EMR has been designated as the lead 
agency in the Microwave Surveillance Satellite 
Initiative, which includes support for Seasat-A 



and an airborne synthetic aperture radar cap
ability. (See the pertinent sections for a 
more complete summary of these developments 
e.g. paragraph 4.2 of report.) 

3.2.3.2 A study was conducted during 1976 
by the GTA group to determine data commun
ication needs of CCRS, including the need for 
distributed data processing. Sample data 
keyed to a 1:250,000 UTM map projection can 
be made available for evaluation. 

3.2.4.1 Data from ADAS including the 
flight parameters are now being processed 
by the Data Processing Division and the 
software for this task has been updated to an 
operational status. 

3.2.5.1 a. CCRS has always done so 

b. CCRS does so on request 

c. Funding is very limited for 
this; however, CCRS will con
sider outstanding research 
proposals from universities. 

d. CCRS does not have the funding 
nor man.date to supply equip
ment to universities. 

3.2.5.2 An ad hoc committee to study this 
subject was set up under the chairmanship of 
Mr. Roy Slaney and a report was presented at 
the 1976 CACRS meeting (see 8.2). 

3.3.2.1 CCRS is continuing to seek methods 
of implementing this recommendation. 

3.3.3.3. A draft document has been prepared 
for review by CACRS. 

3.3.3.5 Atmosperic correction work is con-
tinuing at CCRS. Sorne of these techniques 
are now available to users of CCRS image 
analysis facilities. 

3.3.5.1 This sub-working group of the Data 
Handling Working Group is being formed under 
the leadership of F. Potts. 

3.3.5.2 Dr. W. Bruce of the Applications 
Division has been working full time on in
ternational projects for more than a year. 
CCRS has also been heavily involved in the 
planning for a Regional Centre in Upper 
Volta serving all of West Africa. 
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10.0. PARTICIPANTS IN CACRS MEETING 

Ms. Lyn Arsenault 
for Chairman 
Working Group on Ice 

M. Hervé Audet 
Provincial Representative 
of Québec 

Dr. Denes Bajzak 
for Provincial Representative 
of Newfoundland 

Mr. Ralph C. Baker 
Chief 
Data Acquisition Divi~ion 
CCRS 

Mr. Robert Bone 
Chief Administrative Officer 
CCRS 

Mr. Cal D Bricker 
Provincial Representative 
of Alberta 

Mr. Leon Bronstein 
Data Acquisition Division 
CCRS 

Dr. Ira C. Brown 
Chairman 
W.G. on Hydrology 

Mr. Brian Bullock 
Intera Environmental Consultants Ltd. 

Mr. Arthur B. Collins 
Data Processing Division 
CCRS 

Mr. D. Neville Davis 
A/Chief 
Data Processing Division 
CCRS 

Mr. Donald Daw 
National Aeronautical Establishment 
National Research Council 

Dr. J. Neil de Villiers 
Data Acquisition Division 
CCRS 
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Mr. Donald Fisher 
Integrated Satellite Information Services Ltd. 

Ms. Betty Fleming 
for Chairman 
W.G. on Cartography and Photogrammetry 

Mr. Ernest Gardiner 
Innotech Aviation Ltd. 

Mr. E. A. Godby 
Associate Director-General 
CCRS 

Dr. James R. Gower 
Chairman 
W.G. on Oceanography 

Mr. Keith Greenaway 
Dept. of Indian and Northern Affairs 

Mr. Jean-Claude Henein 
Chief 
Program Planning and Evaluation Unit 
CCRS 

Ms. Valerie Hood 
European Space Agency 

Dr. Philip A. Howarth 
Chairman 
W.G. on Geography 

Mr. Arthur M. Kelly 
Program Planning Unit 
CCRS 

Ms. Donna Kemp 
Secretary 

Dr. Jaan Kruus 
DFE Co-ordinator 
for Remote Sensing 

Dr. Philip A. Lapp 
Chairman 
W.G. on Sensors 

Dr. John MacDonald 
MacDonald, Dettwiler and Associates Ltd. 

Ms. Frances Macdonnell 
Personnel Adrninistrator 
CCRS 

Dr. Alec R. Mack 
Chairrnan 
W.G. on Agriculture 

Mr. Sen Mathur 
Ontario Asso ciat i on of Remote Sensing 



Mr. Ernest J. McLaren 
Data Acquisition Division 
CCRS 

Mr. Don McLarty 
President 
Canadian Association of Aerial Surveyors 

Dr. Archie K. McQuillan 
Program Planning and Evaluation Unit 
CCRS 

Dr. L.W. Morley 
Director-General 
CCRS 

Mr. Graeme Morrissey 
Chairman 
W.G. on Atmospheric Sciences 

Dr. Fred Peet 
Forest Management Institute 
DFE 

Mr. John Plevin 
European Space Agency 

Dr. Keith Raney 
Surveillance Satellite Project 
CCRS 

Mr. Guy Rochon 
Association quêbecoise de têlêdêtection 

Dr. Edryd Shaw 
Project Manager 
Surveillance Satellite Project 
CCRS 

Mr. V. Roy Slaney 
Chairman 
Working Group on Geoscience 

Mr. Burtt Smith 
Provincial Representative 
of New Brunswick 

Dr. W. Murray Strome 
Chief 
Applications Division 
CCRS 

Mr. Jean Thie 
Canada Lands Di rectorate 
DFE 

Dr. Keith P.B. Thomson 
Applications Divsion 
CCRS 

Mr. Victor Zsilinszky 
Provincial Representative 
of Ontario 
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11.0 

ADAS 

AES 

AIDJEX 

AQT 

ARTS 

CAAS 

CACRS 

CASI 

CCIW 

C-CORE 

CCRS 

CCT 

CDA 

CFASU 

CFS 

CIAS 

CIDA 

CNES 

CRC 

CRESS 

CRT 

CSFR 

DAD 

DFE 

DICS 

DINA 

DND 

DOC 

DOT 

TABLE OF ACRONYMS 
USED IN THIS REPORT 

Airborne Data Acquisition System 

Atmospheric Environment Service, 
DFE 

Arctic Ice Dynamics Joint 
Experiment (U.S. - Canada) 

Association québecoise de 
télédétection 

Airborne radiation Thermometry 
Survey 

Canadian Association of Aerial 
Surveyors 

The Canadian Advisory Committee 
on Remote Sensing 

Canadian Aeronautics and Space 
Institute 

Canada Centre for Inland Waters 

Centre for Cold Ocean Research 
Engineering, Newfoundland 

Canada Centre for Remote Sensing 

Computer Compatible Tape 

Canada Department of Agriculture 

Canadian Forces Airborne 
Sensing Unit 

Canadian Forestry Service 

CCRS Image Analysis System 

Canadian International 
Development Agency 

Centre national d'études spatiales 

Communication Research Centre, 
Department of Communications 

Centre for Research in Experimental 
Space Science (York University) 

Cathode Ray Tube 

Colour Strip Film Recorder 

Data Acquisition Division, CCRS 

Department of Fisheries and the 
Environment 

Digital Image Correction System 

Department of Indian and 
Northern Affairs 

Department of National Defence 

Department of Communications 

Department of Transport 
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DRE 

DSS 

Defense Research Establishment (DND) 

Department of Supply and Services 

EBR Electron Bearn Recorder 

EDC Eros Data Centre (US) 

EMR Department of Enery,Mines & Resources 

EPS Environmental Protection Service, DFE 

ERIM Environmental Research Institute of 
Michigan 

ERTS Earth Resources Technology Satellite 
(U.S.) (Name changed to LANDSAT Jan/75) 

ESA 

FAO 

FAX 

European Space Agency 

Food and Agriculture Organization (UN) 

Facsimile 

FGGE First CARP Global Experiment 

FMI Forest Management Institute (DFE) 

GEOS Geodetic Satellite (NASA) 

GOES Geostationary Operational Environmental 
Satellites (2/5) SMS - Synchronoms 
Meteorological Satellite 

GRAMS Ground Reproduction and Monitoring 
System (CCRS) 

GSC 

GTA 

Geological Survey of Canada, EMR 

Government Telecommunications Agency/OOC 

HCMM Heat Capacity Mapping Mission 
(Proposed Satellite - U.S.) 

HDDT High Density Digital Tape 

IACRS Interagency Committee on Remote Sensing 

IISS Image Inventory Search and Summary 

IMAGE Interactive Multispectral Image 
-100 Analysis System (CCRS) 

INS Inertial Navigation System 

IRLS Infrared Line Scanner 

ISIS Integrated Satellite Imaging Systems Ltd. 

ISISFICHE Daily LANDSAT coverage of Canada 

IWD 

JPL 

JSC 

produced on microfilm by ISIS 

Inland Waters Directorate, DFE 

Jet Propulsion Laboratories, California 

Johnson Space Center, NASA (U.S.) 

LACIE Large Area Crop Inventory Experiment(U.S .) 

LANDSAT U.S. Remote-Sensing Satellites 
(formerly ERTS) 

LRPA Long-range patrol aircraft (DND) 

MAD Bendix Multispectral Analyzer Display 

MADCON Software for digital processing with MAD 

MADUSE Former name for MADCON 



MARISAT 

MEIS 

MICA 

MIPS 

MOSST 

MRMS 

MSD 

MSS 

MTF 

MUN 

NAPL(RC) 

NASA 

NATO 

NIMBUS 

NOAA 

NORDCO 

NRC 

NSLSI 

OARS 

OAS 

OCRS 

PASS 

PERGS 

PHS 

RBV 

RESORS 

SAR 

scss 

SEASAT 

SLAR 

Maritime Cornm. Satellite 
(COMSAT General) 

Multispectral Electro-optical 
Imaging System 

Modular Interactive Classification 
Analyser software for digital 
processing 

Multi Image Processing System 

Ministry of State for Science 
and Technology 

Maritime Resource Management Service 

Marine Sciences Directorate, DFE 

Multispectral scanner on LANDSAT 

Ministère des Terres et Forêts 

Memorial University of Newfoundland 

National Air Photo Library 
(Reprodu~tion Centre), EMR 

National Aeronautics and Space 
Administration (U.S.) 

North Atlantic Treaty Organization 

Weather and Earth Atmosphere 
Satellites (U.S.) 

National Oceanographic and Atmos
pheric Administration (U.S.). Also 
a series of environmental satellites 
operated for that administration 

Newfoundland Oceans Research and 
Development Corporation 

National Research Council 

Nova Scotia Land Survey Institute 

Ontario Association for Remote 
Sensing 

Ocean and Aquatic Sciences, DFE 

Ontario Centre for Remote Sensing 

Prince Albert Satellite Station 

Portable Earth Resources Ground 
Station (Shoe Cove, NFLD) 

Photo Hydrography System 

Return Bearn Vidicon, a camera 
system on LANDSAT 

Remote Sensing On-Line Retrieval 
System, a document retrieval 
system at CCRS 

Synthetic Aperture Radar 

Shoe Cove Satellite Station 

Ocean parameter observing satellite 
due for launch in 1978 

Side-Looking Airborne Radar 
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SMD Scanning Microdensitometer 

SMMR. Scanning Multifrequency Microwave 
Radiometer 

SMS Small Meteorological Satellite (U.S.) 

SRC Saskatchewan Research Council 

TIROS-N U.S. meteorological satellite 

TIS Technical Information Service (CCRS) 

UTIAS University of Toronto Institute for 
Aerospace Studies 

UTM Universal Transverse Mercator System 

VHRR Very High Resolution Radiometer 
(AES instrument) 

VIR Visible and Infrared Radiometer 

VISSR Visual Infrared Spin Scan Radiometer 
(a sensor on the GOES Satellite) 

WEFAX Weather facsimile 

WMO World Meterorological Organization 
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