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The use of LAITDSAT sate11íte and airborne remote-sensing ímagery

are evaluated ín a sub-arctic and norËhern boreal environment near

Churchill, llanitoba. Accuracy and cost-effectiveness of a number of
interpretation methods are compared; they include vísual and automated

(supervísed and unsupervised) techniques of LANDSAT data and air photo

interpretatíon. Classification results of the dífferent techníques are

compared by using the overlay capabilities of the Canada Geographic

Information Computer System. Conventional interpretatíon of aeríal-
photographs enabled classífication of about 50 dífferent land. types, arid

proved the best and rnost practical metho<l for comprehensive bio-physical
rnapping. Satellite-based method.s allowed the rnapping of about 1-0 groups

of land types, often, so broad that their practical value for resource

management. is limited. At present, visual satellit.e ínterpretations
are more cost-effectíve than automated approaches for bio-physical
mappíng in thís area. :
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Development pressures for Canadars lasË frontier, the Nort.h, are

increasing. For rational management of the resource base, planning and

management agencies at the provincial and federal levels have foun<l a

serious lack of baselíne data that al1ow an íntegrated or multi-
disciplinary approach (Romaíne, 1974). Ilydro-electríc development pro-
jects, arctic oil and gas pipelines and other developments requÍre
decisions and impacts assessments relatedto economic, social and ecglogícal
desírabílity for socíety. Biological-physiographícal and socío-economic

data are required.
Classification methods for mapping and description of the bio-

logical-physiographical characteristics of the earth's surface have

evolved from single discipline oriented systems into Íntegrated ones;

from separate soil and vegetatíon classificaËions, forest inventories
and geomorphological systems into ecological-ly-based ones such as the

bio-physíca1 land classification system (Lacate et a1, L969). This evolution
was made possible largely by use of conventional aírphoto inËerpretation
techniques, through which the elements of ecosystems could be effecÈ

ively íntegrated, related and mapped

Besídes the conventíonal aerial cameras and films the development

of ner,¡ sensors have provided a new and rapídly expanding technology:

remote sensÍng. Remote sensing denotes the aerospace practíces of
surveying the ultra-violet, visíble, infrared and mícrowave radiations
emitted and reflected from the surface of the earth (Gregory, L972).

New remote sensors have added new dimensíons to the survey of the

envíronment. Multiband sensor packages aboard aircraft and satellíte
al1ow us to measure or map tne\,rt parameters such as surface temperatures,

ice thickness, air pollutants, etc., and to discriminate better among

objects of interest. Repetitive remote sensing adds a time dimension.

The LAItrDSAT satellites, which orbit Canada four times daily and cover

each part at least every 18 days, can play a sígnificant role in
realizÍng an ecologically-based envÍronment inventory sysËem integrating
land, vrater, atmospheríc and bío1ogica1 phenomena.

INTRODUCTION



In Canada, development of a bío-physical classificatíon system

\^7as started in 1967 , under the auspices of the ltlational Committee on

Forest Land. The aím vras to differentiate and classify at a small

scale ecologically sÍgnificant segments of the land surface (Lacate et al,
7969). It vüas recognízed that this system should be ecologically based,

that mappíng and the description of land surfaces, and assessments,

related to forestry, wifdlífe, recreatfon, agriculture etc., could be

made rapi-dly and wíth little additional effort. The main levels of
this classifícation: land region, land district, land system and land

type, appear quite adequate and flexible for most resource plannJ-ng

and management requirements and for impact prediction. ìfapping scales

suggested are as follows i

Land Region 1:11000,000 - 1:31000,000

Land District 1:500,000 - 1:1,000,000

Land system 1:125,000 - 1:25,000

Land Type 1:10,000 - 1:20,000

The objective of this study is to compare and assess the useful-
ness of aírborne and satellite remote sensÍng for bi-ologícal-physíograph-

ical data gathering in northern areas. As low cost and rapidity are

consiclered critícal, most attention is concerned with the evaluation of
LÆIDSAT daËa. Different Ínterpretation methods are tested in an area,

near Churchill, Manitoba, where boreal and arctíc elements are present.



Air-photo interpretation has played a sígnificant role ín the
developrnent of envíronmental survey systems related to vegetation,
surficial geology, soi1s, foresÈry and agrículture. In the eatLy
1950s Hil1s recognized the value of aerial photographs for his forest
site (physiographic site) classification. IIe stressed landform and

surface geology as the integrating framework for vegetatíon, soíls,
1ocal climate and I site t . The value of landforms in delineating and

descríbing site condítions v/as supported by Gírnbarzevsky (1966) and

Lacatê (1966). stereoscopic viewing of aerial photographs provides
a three-dimensíonal image of Ëerrain features. Relief and slope are
imporÈant indicators of ecosystem parameters such as drainage, parent
material, soil formation and vegetation succession (Thie , rgTz). Good

perception of depth in a stereo model and quick analysis of shapes and

textures enables the human interpreter to separate readily signifícantly
differenÈ units. Following field descriptions of selected sample areas

results can be extrapolated to non-sampled sirnilar areas by means of
photo-interpretation. I^lith this approach, the total number of fíeld
investigations is considerably less than in conventional surveys. The

value of each field observation is much greater; therefore, both íts
choice and location, and its description ancl classificatíon are more

critícal (Vink, L964). Buringh (1960) and Goosen (1967) show rhar
careful analysis of individual element.s of the landscape (Iandform,
relief and s1ope, drainage conditions and system, vegetaËion and parent
material) permÍts ínferences related to soil conditions rn,ith a high
degree of confidence. Although made with lÍmited samplíng, the resulting
soí1 maps are accurate.

The manual of photo interpretation, AmerÍcan Societ.y of PhoÈo-

grammetry (1960) provides a realistic picture of the state of the art of
ph'oto interpretation ín the early 1960s, when most. work was carríed ou¡
with photographic sensors. The development of a ne$r range of sensors
besides the conventional aírborne camera, introduced a ne\d term

TITERATUR,E R,EVIEW



fremote sensing'. A wide range of sensors under development utílized

the visible and non-visible parts of the electromagnetic spectrum for

survey purposes (e.g. passive sensqrs- such as multi-spectral line

scanners, radiometers and active ones such as radar). I{acDowall and

Lapp (1973) described the Canadian sensor development program includíng:

multi-spectral scanners, infra-red systems, spectrometers for the near

IR, vísible and UV wavebands, televisíon systems, ímage intensifiers,
lasers, radars, mícrowave radars and radiometers. A new range of
potential apolication r{ras introduced in such areas as water-depth

measurements, ice-thickness, oil detection, heat detection arid moisture

measurements.

As a result of the development of new sensors, the ínterpretation
methodology is changing rapidly. Much of the timageryt generated by sen-

sors is no\^r stored in an analogue or digital fashion on maghetic tape.

Transforming these ínto visible irnages for human ínterpretation usually

reduces significanËly spectral informatíon and spatial resolutíon. Com-

puter interpretatíon of lmages should not enÇaí1 loss of informatíon
(Shlien , Lg73). Initial research in the fíeld of automatíc recognitíon

of terrain features by multi-spectral scanner data and Pattern recognítion

methods was performed at the University of Michigan, Iüillow Run laboratories
(presently called ERIM), and the Laboratory for the Application of Remote

Sensing (LARS) at Rurdue University. Their staff and research associates

have published papers discussing methodology (Swaín, Landgrebe, Ilacker etc.)
and applicaÈions (Krístoff, Baumgardner, Hoffer). They demonstrate that

automated classifúcation can be done successfully ín a number of sítuations.
Hov¡ever, these automated-pattern recognition techniques requi.re much

computation time. The abÍlity to map and measure the soíl-vegetation
complex is important Èo bio-physical mapping. Kristoff (L972) showed

that the use of multi-spectral sensing and automated ínterpretat.ion has

a pot.ential for soil mapping. Ilowever, soil series are conventionally

differentiated by surface and sub-surface properties, and so cannot

be expected in all cases to have observable surface dífferences.

Spectral- variations within series can be greater than between series of



bare soíls (I(ristoff and Zaehary, I972). Surface vegetation disturbed

or managed by man consíderably complicates the rnappíng of soils. Natural
vegetaLion, without severe influence of manrs actívítíes, can indícate
soí1 conditions in areas where relatively simple relationshíps exíst
between vegetation and soils. Care must be taken to check vegetation
boundaríes r¡here they do not coincide with relíef or drainage dífferences;
frequently boundary changes are introduces by o1d forest fíres (Thie,

L972). One of the problems, of.remote sensíng, ín Èhe study of the

soil-vegetation complex is the quant.ifícation and precise locatíon gf
ground observation site so that the data can be correlated with nulti-
spectral data acquired from aerospace platforms (BaumgardrLer, Lg72),

The introductíon of the airborne program of the Canada Centre for
Remote Sensing and the launch of the Earth Resources Technology Satellite
(ERTS, pre-sently called LAI\IDSAT) pushed the research and search for applí-
cation of remote sensíng in Canada rapidly ahead. l{uch of the work, at one

time carried out in the U.S.r'rrovr came withín reach of Canadían researchers.

These Canadian experimenters Ín remote sensing-assisted soil mapping and

terraín studíes (Beke, 7972; I'fílls, Ig72: Tarnocai, 1972; Thie et a1 , L974;

Boyclell, Ig74) used visual and automated meËhods of analysis.
Because of the vast land resource of Canada, large areas covered

by single satellite images and and its repeËít.ive sequences, make LANDSAT

satellites an ímportant resource data-gathering instrument. Each area

of Canada ís covered at least once every 18 days; because of overlap ín
satellite passes, southern areas are covered in tr^ro consecutíve days;

this incréases 5 to 6 consecutive days in northern latitudes. The multi-
spectral scanner (ÌfSS) on board the sat.ellítes measures radiation in 4

bands of the elecËro-magnetic spectrum, trqo of which are in the visíble
portion (bancls 4 ancl 5 respectively of the 400-500nm and 500-600nm r^rave-

length port.ions) and tr¿o of which are in ih" rr""r ínfrared portion (band

6 and 7 respectíve1y of the 700-800nn and 800-1100nm porÈíons). .Si*
sensors whích scan a swath of six lines in one svreep generate an image

in any one band. The spectral intensitíes are sampled 3200 tirnes along

each line and are digitized ín 64 levels. The MSS data transmitted by

both LAIIDSAT -1 and -2 satellites are receíved by the Prínce Albert
satell-ite station and recorded on,



magnetic tape. These tapes are used to produce photographic copies of
the MSS data and computer cornpatible tapes (CCT's). Each CCT contaíns
one LANDSAT frame composed of 2,400 lines, each with abouÈ 31200 picture
elements (píxe1s). Each pícture elemenL represents 77 m in Èhe north-souËh

and 58 m in the east-west directíon (C,oodenough et al, 1973)

DifferenË approaches to satellite Ínagery interpretatfon can be

used. Visual analysls of inagery for land classification was carried out
by Thíe et al (L974); Tarnocaí and Thie (L974) and Gimbarzevsky (L974)

based on conventional photo ínterpreËation techniques, buÈ usíng nulti-date
ímagery and the dífferenÈ capabilítíes of four satellíte bands. Conbinat,lons

of wínter and surnrner imagery interpretatíons appear Èo work well (Thie eÈ al,
Ig74). Visual ínterpretatíon ís aided by the use of special ínstruments
such as a colour addítíve viewer, by which the ínterpreter can colour-
conbíne four bands and change assignments of colours and brightness to
enhance surface features. Wlìen two frames taken of the same area on

different dates are placed in the viewer, change assessment ls possible;
however, geometric distortions cause coruplications. Analogue density
slicers allow enhancement of density variations wíthin a single band of
an ímage. Although they work fast. and are relatively low in cost, the value
of the information extracted sÈrongly depends on the qualíty of the original
transpareney and the proper calibration of the density slícer. Nielsen (I972)
describes the use of photographíc densíty s1-icing techniques usíng Agfacontour
film. Taylor Q974) dísplayed the information on magnetic tapes to provfde
optimum perception by the human eye using the multi-spectral- analyser dis-
play (I'IAD) at the Canada Centre for Renpte Sensing. In Ëhe uost conmon

colour-co¡nbination of LANDSAT the MSS bands 4 and 5, which are highly
correlatedr are displayed in blue and green respectívely, and band 3 is
displayed ín red. This result provides a picture which could be prínÈed

in red and blue-green. Rather than attemDting to combíne pÍctoríally
the ínformation frorn dífferent bands, Taylor extracts the informaÈíon con-
tained ín the varíous bands as statístically uncorrelated images. These

uncorrelated. irnages are then rnapped in three visual dímensions that are

crudely described as 'redfgreen, blue/yell-or¿t and tbrÍghtnessr.



Automated techniques are used to maximize the use of information
contained on magnetie tape. Each of the four spectral bands of LANDSAT

images is digitized in 64 levels, thus there is a possible total of
644 or about 16 rní1lion distinct observation vectors. Correlation between

bands reduces this number to less than 101000 and usually less than 5000;

whereas, only.a fraction occurs with any signíficant frequency (Shlien &

Goodenough, L974). Automated techniques for the interpretation of satellite
imagery are based on statistical patt.ern recognítion. The objective of any

automated classification scheme is to partiÈíon the 4- or n- dimensional
sPace ínto different regions corresponding to classes. Two rsell-established
decision rules are the Maxímum Likelihood Rule and the Minimum Distance Rule
(Shlien & Goodenough, 1973). The most accurate classification scheme, Èhe

Maximum Likelihood Decision Rule, requires considerable amount of computatíon
(Shlien & Smith, I974). Despite the sophisticated classification schemes,

many mÍs-classíficatíons occur unless racliometric errors in the image are
corrected. Errors are introduced because the MSS utilizes six sensors to
generat.e an image ín one band. These sensors are susceptible to drift
owing to their sensitivity Èo operating temperatures. Most. errors, however,

can be compensated (Shlíen & Goodenough Lg74, Strome & Vishnubhatla, JgT3).

There are basically two different approaches to automated classífi-
cation: supervised and unsupervised classifícation. rn the first, the
observer selects training areas repïesentative of the objects to be classified.
The st,atistics of this sample are calculàted, and those pixels which are
close to the sample are, by some statistical measure, classifíed as members

of the class (shlien and Goodenough, 1973). classes of inËerest must, of
couise, be spectrally separable. This cannot be ascertaínecl readily before-
hanci and therefore a useful classificatíon can be gene¡ated only by tríal and

error. I'Iith the unsupervisecl approach, the computer attempts Èo identify
'cl-usterst; for example, in the reflectance values of four LANDSAT bands,

the computer assigns the individuals pixels to the appropriat.e clusters
(Goldberg and Shlien, ir975)
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Cl-usters or groups of clusters may then coincide with classes that are of
interest to the user.

Spectral reflecËance or signaËure Ís not the onl-y source of in-
formation for classifying the earthts surface. Shape and relíef are im-
porûant elements in photo-interpreËation of ecosystems and provide a means

for inferring surface and subsurface condiËions (Thie, LgTz). Mul-ti-
spectral scanners do not províde relÍef informatíon, but spatial features
sti1l can be anaLyzed. For example in areas where sufficient rdater bodies
occur, shoreline confíguratíon can be used to indicate physiographic
conditóons (Thie et al, L974). It appears that in rhe visual photo Ínter-
pretative Process probably about 507. of. the rdecisíon nakln!t is based on

shape and rel-ief informatíon; therefore, it can be expected that compu¡er
analysís of spatial- features would help to Ímprove spectral classifications.
[üherever repetitive coverages are available temporal varíation .of specÈra]-

data can be used as r.input for the pattern recognition process and may improve
classification results (Kalensky, L974) .



The area is located in northern Manitoba between 58o and 59o N and

between 92o and 960 l^I, covering about 131065 sq. km. or about 5rL44 square

niles, Area B, (Fígure 1).
The cl-imate Ís marked by long severe winters, and very short cool

"r-,rr"t". The mean annual- temperature in Churchlll, the on1-y locaËion

for whích data are available, is -4.7oC; the mean minÍmum of the coldest

month about -27oC. The mean annual- precipitatíon is 353 mn, of whích about,

2/3 f.aLl-.s in the form of rain, the remaínder about L43 n¡n as snoÌ,ü. The

average number of degree-days (the accumulatíon of degrees of teurperature above

DESCRIPTION OF THE STUDY AREA

Fígure L: Loeation of the
uhere fieLdnork
area, couered by

study ayea in northern Mqnítoba. A is the area
ætd ai,r,botme sensing ?nere cavried out. B ís the
the 54L map-sheet uhey,e aLL net?nds oeve conrpaned,

Æ'a
,'oè



daíly mean of 5oc) is about 400 in the northern part of the area and

abouË 500 in the southern part (Economic AÈlas of Manitoba, 1960). As

Ëhe clímate of the Churchill area is somewhat modified and more humid

because of its proximíty Èo Hudson Bay, ínland areas may be colder and

dríer.
Relief varíes from aboul 260 m above sea l-evel- (ASL) in the souÈh-

western corner of the area to sea level near Hudson Bay. ïhe Seal Ri-ver,

North and South Knife Rivers and the Churchill River form the maín drainage
of the area. They follow the general relief trend ín the area and flow
inÈo Hudson Bay.

Two main physiographic regÍons meet in thís area: the Canadian

Shield and the Hudson Bay Lowland. The Shield covers rnost of the western
and northern parts of the area: ancíent crystalline rocks which control
relief are covered with thick layers of overburden províding for a gentl-y

undulating topography; few outcrops and relatively few lakes occur and these
mainly ín the northern part. The Hudson Bay Lowland is underlain by horizon-
tally-bedded Ordovician and Silurian limestones that are covered with thlck
mantles of glacial and marine deposíts (Coornbs , L954). The recent maríne

deposits along the coast, have resulted from post-glacíal emergence of the
1and. Numerous beaches, which parallel the present or pasÈ shorelines
demonstrate the magnít,ude of thís process. Marine deposíts and marine
rnodificatl-on of till and glacio-fluvial deposits are generally found belor^r

the 160 m contour.
' The area lies within the widespread discontinuous and contÍnuous

permafrost zones (Brown, 1967). At Churchill, ice was found in cracks of
bedrock at a bore depth of. 45 m (Johnston, 1930). The presence or absence

of permafrost determines the vegetation and soil type. Most of Èhe peren-
nially frozen soils are associaÈed with paÈterned-ground types such ês

polygons, circles, nets and sËripes, and with other permafrost landforms
sampled for this study during field work are descríbed in prelirninary
reports by Tarnocai (I973a, Lg74) and Mills (personal communicaÈion).

Soils in the area usually belong to the following orders: Brunisolic,
Cryosolic, Organic, Gleysolic or Regosolic. Well-draíned tílls and glacío-
fluvial- deposits usually have Degraded or orthic Dystríc Brunlsol-s.

t0



In the northern part where patterned-ground and frost-heaving features
become apparenË, these soils become turbic, especíally on the more ímper-
fectly drained sites. In fíner-textured tí1ls and in areas where the per-
maffost table remains within the I m control secËíon, Brunic or Gleyed

Turbíc Cryosols can be found. However, most Cryosols ín the area are

ín organic materials e.g. Fíbric or I'tesic Organo Cryosols on peat pla-
teaus and peat polygons. l.ion-frozen fen areas are usually Mesisols.
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To evaluate airborne and satellite remoËe sensíng for northern
land classification an area was chosen in that part of northern Manítoba,
where arctíc and boreal elements meet (rig. 1). churchill, the onry
centre of population in Ëhís area, served as a base for fíeld work. From

this base aircraft of the Canada Centre for Remote Sensíng covered the
area wíËh multi-band remote sensing imagery.

DESIGN OF INVESTIGATION

Acquisifion of Remofe Sensing lmogery

The area was flov¡n during the summers of L972 and 1973 with a

Falcon fan jet. An area of about 16,000 sq. km. vras covered from an

altítude of about 10r700 m above sea 1evel (ASL). Lower altitude coverage

at 11525 and 31050 n.ASl.was obtained for selected areas on 1 June 1973

anð, 22 July 1973. Part of the seal River Delta was flown on 22 August

I972. Detailed specífications of the flights, sensor packages and filrn-
filter combinations are provided in Appendix A. Since earlíer st,udíes have

shown the advantages of colour infrared filn used ín conjunctíon with
ye11ow filters in cont,rast with other film-filter combinaËions (Thie , lr972;
Tarnocaí, L972), this combination r^ras chosen for the super-wide-angle
survey camera to provide full coverage of the study area. The Kodak

Ekt,achrome Infrared Aero fílm type 2443 is a false colour-reversal fi1n.
The filrn is sensitive to the visible and near-infrared portíons of the
elecËromagnetic specÈrum respectively ranging from 400 to 700 nrn and from
700 to 900 nm. A yellow filter, such as the Kodak Wratten No. L2, ís
always used on the camera lens to absorb blue r.adiatíon to which all
three layers are sensítive. I.Ihen the film is processed, the green sensitive
layer is developed to a yellow-positive imagei the red sensítíve l-ayer is
developed to a magenta-posiËive image, and the infrared sensitive layer to
a cyan-positive image. Based on suggestions by l^IorsfoId (L972) who found
colour conpensating filters to improve interpretation quality colour
compensatory filters CC20M and CC20B were added to a I4I-12 fílter on some

of the 70urm Vinten cameras. These filters modify the colour
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balance of the film material. The CC20ì{ is a magenta filter with a peak

density of 0.20; ít introduces more yellow in the posítive t.ransparency

by absorbing green light. The CC20B filter, also with a peak density of
0,20, ís a blue filter; it provídes more reds ín the transparency by

absorbing red and green. Both shift the respectíve characteristic curves

of the film material towards the infrared curve. r¡Ihile the sensor package

varied somewhat on the different altítudes and dates, the followíng com-

binations r¿ere used:

- 1RC-10 camera, BSuutfocal length, 2443 coLor IR filn r¿ith
520 filter
4 Vinten 70 rnm cameras, 3" and 6" focal length wíth colcr IR,
color and panchromatic fi1m, combined \'üith fílters líke
L'112-CC20M, WL2-CC20B, HF, Iü12, I^I25 and 898.

- I RS-14 infrared scanner registering in the 8000-14000 nm range

In additíon, a flíght with side-looking radar was made by the Canadían

Arrned Forees }farít.ime Proving and Evaluating Unit at 2290 m above

grouncl level (AGL)

LANDSAT-I imagery was used in the form of transparencies, prínts
and enlargements; computer compatíble tapes (CCT's) were obtained f¡orn

the Canada Centre for Remote Sensing. For dígital analysis special use

was made of the following frames

14 Aug. 1973 E-1387-17021 -TAPE No. RSØ198 (old forrnaÈ)
27 JuL. 1973 E-1369-17022 -TAPE No. RSØ351 (old fornat);

RS294O (new format)
30 Oct. L972 E-1099-17025 -TAPE No. nsØØgf (ol-d fornat);

RS2863 (new format)

For vísua1 analysis of LANDSAT all avaílable frames Ëaken between

JuIy 7972 and July 1975 were used showing the area in most seasons.
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Field lnvesligotion

Fieldwork. , for a total of about four weeks, \,ras carríed out during
the 1971- and 1-972-field seasons using a light,Beaver aírcraf,t on floats.
This mode of transportatíon permiËted access to areas where lakes of
sufficient depth and síze occurred. About 25 landings \¡rere mad.e and at
each stop an average of 3 different sites were described and sampled



accordíng to bio-physical characterístics, including soil-, vegetation,
landform, relief and slope. The classification of soí1s and the chemícal

analysis of sampled profiles are described ín preliminary reports by

Tarnocai (L974) and G.F. Mills (personal communícatíon).

lqborqtory lnvestigotion

The objective ís to compare the effectiveness of different, remote

sensing techniques, visual interpretation of aírborne imagery and vísual
and automated (supervised, unsupervísed, temporal-) Ínterpretation of
LANDSAT satellite ímages. Therefore, it ís ímport.ant t,o proceed and

partition the work so that the experience gained by the ínterpreter on

oneaSpectofthestudywou1dnotsignificant1ybias1aterresu1ts
This procedure \ras, especially important since only one inÈerpreter

(the author) was involved; thus bias was reduced by working fron smal-l

scale, l-ow-resolution ímagery Ëowards the larger scale higher-resolution
imagery, i.e. from the first step of visual Ínterpretation of srnall scale

satellit.e imagery to detailed interpretation of aeríal photographs.

Automat.edrclassification was carried out only after the vísual analysis
was completed. The order of interpretative work vras as follows:

1. Study of airborne remote-sensing daÈa for five representat,íve,

but relaÈÍvely small areas, vras undertaken to compare the

usefulness of the different filrn-filter combínatíons aÈ hígh and

low altitudes. This part was considered inportant because it
was t.hought that whatever type of classífícation was used,

basic familiarizati-.or- rvíth vegetation, landforrn, soíls and

drainage etc. would be an essential fírst step for an under-

standing of the land types (ecosystem). This knowledge would

not bias results for a conparison of methods sínce thís step is
a basíc requirement. for any type of classíficaÈion whether

vísual or automated.

2. Satellíte images for different dates \^rere vísually analyzed

wíth and without aids such as colour-additive viewers, analogue

densíty slicíng devices and agfacountour film techniques.

Based on the unaided analysis, land systeûts were outlined on
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1:11000,000 scale ímagery and typed according to conventional

air photo interpretaËion technlques. Results f¡Iere mapped at

scales of 1:250,000 and l:500,000 (Map I, Appendix C)'

Three representative areas (Plate 1) were selected: (A) The

Seal River area, with bedroik-controlled, frost-heaved tíll

and forest Ëundra; (B) The Mack Lake area wíth bedrock-

controlled, deep till areas and a veneer of organíc material,

covered with sub-arcÈic forests; (C) The Lovett Lake area'

one example of the poorly drained, Peat-covered lowlands r¡íth

peat potygons, sedge fens and numerous srnall lakes. For each

of rhese areas enlarged colour images were produced (Plate 2

ArB) usíng comPuter compatible tapes displayed through Ëhe

Mu1-tíspectral Analyser Display (MAD) at the ccRS (Goodenough

et al, Lg74). 'Hard' copy images were produced by the CCRS

using the Electron Beam Image Recorder (EBIB) ' Resulting
t dígítal blow ups t h¡ere interpreted and typed usíng convenÈional

phoÈo interpretaiLon techniques (Plate 2A and Appendix D) '

A supervised, automated classification using MAD, and the

MICA classification package developed by shlien, Goodenough,

Smith and oËhers at the CCRS was carríed out on LANDSAT irnagery'

Tape data were radíometricaltry corrected and the Maximum

Likelíhood Decision rule was used (Shlíen & Goodenough 1-973) '

Training of the computer was done by means of a softvlare cursor

and ground-control data. Training data were selected from the

most representative conditíons across the whole image. A full-

ímage classíficatíon for a sunmer frame (1387-17021) was carríed

out on a pixel by pixel basis using a lo-class trainíng set

(Appendíx E; Plate 28). The three areas described under item

3 were treated with three different types of training data to

assess the impact the number of classes would have on the class-

ificaËion results. ResulËs r^iere processed vía the EBIR and

photographically enlarged to 1:250,000. Success of the classificatíon

r^ras measured in both quantítative and qualítatíve \¡Iays. Thís automated

work was carried out after items 2 and 3 since resulÈs could ínfluence

the location of boundaríes and typíng estimates of these tasks'

3.

4.
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5. An unsupervised, clustering approach (Gordberg and shlien,
1975) was used on Èhe three representative areas. ïhe results
of this approach r^7ere compared with the results of supervised.
classificatio4 to learn whether more spectralry separabre
classes could be added to the crasses arready generated via
the supervised approach. This aspect was carried out after
itern 4, since the results could influence the ser_ection of
traíning area.

6' A detailed photo interpretation and classification of a
complete L:2501000 scale topographic map (54L) was carríed out
usíng black and white aeriar photography. The resultíng bío-
physícal map I¡las used as a base against which al-l former steps
r¡rere compared (AppendÍx F).

The legend, used for photo interpretation, r¡¡as símílar for all 6
items' AppendÍx B provides a detaiLed listing of all classes of the legend.
Land types are bríefly described by their characteristic conrponents. A
síurple alpha-numerícal system was used for annotation.

To allow easy comparison of the resulting interpretatíons, alr
resulÈing maps and associated classÍfications were stored ín.the canada
Geographic rnformation System (cGrs) of the Lands Dírectorate, Department
of Environment, ottav¡a. This system \^¡as desígned to read., store, ana¡yze,
manípurate and compare maps. using this system, all naps are overlaid on
the detailed photo interpretati-on nrap (step 6, Appendix F). New classi_
fícations for each land system of each overlay r"rere generated using Ëhe
deËailed base' These results ürere compared with the oríginal classifica-
tíon of units



A

PLate 2 A, B: The SeaL Riuer Test az,ea fz,om conrputer conrpatible tape. (RSøL7B Aug. L4, L973 - L3B7
L702L) magnifíed to about L:250,000 scaLe and dispLayed on MAD. The Left image is a
eolouv'conbirmtion of channels 4, 5 and 6, the z,ight image is the resuLt of a supez.-
uised automated elassification. py6sf,-heaued stonefields (a) az'e deuoid of üegeta.-
tion. Some other Land tgpes ín this aï,ea are: PeatpoLAgons (b)' tønarack sed.ge ín
dz,ainage ctnnneLs (c) and patterned fens azth some poLygons (d). F
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The bio-physical classification system developed by the National

Comrnittee on Forest land and descríbed by Lacate et al (L969) has 4 levels

in íts classification hierarchy . Land. t,egíon, the fírst level, is defined

as an area of land characterized by a distinctive regional climate as

expressed by vegetation. The second level, the LcrLd distríet, is basically

a sub-division of the land region based primaríly on the separation of

major physiographic and/or geologic patterns that characterize the

region as a whole. Land sAstem, the thírd level, is defíned as land

areas throughout which there is a similar recurring pattern of land-

forms, soils and vegeÈation. The fourth level, tand tApe, could also

be called a land ecosyst.em. It has a faírly homogeneous combinaÈíon of

soil and chronosequence of vegetation.

The study area \¡Ias mapped using these four levels (Appendix F);

land regions and districts. Ritchie (1959, 1960, L962) studied and mapped

Èhis region for prevalent categories of vegeteÈíon. He prepared also a

landform map (Ritchíe, 1962) at the 1:1,000,000 scale, which was later
modífíed by Tarnocai (1974). Both sources and fieldwork by the author

have provided part of the ínformation in the following sections.

lond Regions snd lond Districfs

Using LANDSAT imagery, the area was sub-divided into Ër¡o land

regions and fíve land districts (Plate 3). Although the boundary of the

land regions is actually based on a physiographíc divide, Ëhe difference
in the first place is climatic. This climatic dífference is expressed ín

the distribution of vegetation and permafrost occurrence. LAND REGTON (L)

has continuous and wídespread disconËinuous permafrost (Brown, L967), a
prevalent forest-tundra type of vegetation (Ritchie, L962) and an arctic
climate. LAND.REGÛ)N (2) ís marked by widespread discontinuous permafrost,

open confferous forest and a north boreal and arctic clímate.

The following is a description of each of the five land distrícts
of this map-sheet

DESCRIPTION OF BIO-PHYSICAI UNITS
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PLate 3: Land districts in the
area outlined in heauy
Backqround is an imaqe
cornputer tape RS0L9B ).
distrícts; broken, the

C'LturchiLL map-sheet (54L), The squqre
Lines nepnesenl;s the 54L sheet.
taken L4 Aug. L973 (L387-L702L-band 7-
Continu.ous Lines deLineate the Landttz,ansition' zones.



Mack Lake Distríct, 24. This distríct is controlled by Precam-

brian bedrock; it is overlain by a thick overburden of tíll which provides

a gently undulating topography. Outcrops may occur near the shorelines

of lakes or in river beds. Marine deposits may overlay Èhe till; former

marine beaches are found in the northeastern fringe of thûs dístrict.
More than 957" of the surface material is peat Èhrough whieh till or beach

ridges sporadically dome up. Peat plateaus form the dominant landforms;

they are covered by an open black spruce (Pieea mariana), Sphngnun, líchen,
feathermoss veget;tion with scattered low shrubs such as alder (ALnus sp.)
and willow (uiLLoa sp. ). Permafrost occurs in the peat plateaus; the

soils are usually Fibric or Mesic Organo Cryosols. Less than l-02 of this
district is covered by non-f.rozen saturated sedge fens, that form 'leads'
between peat p1aËeaus. They may have various.mixtures of tamarack (Lav,iæ

Laricirn) and dwarf birch (Betula gLandtLlosa); tlne associated soils are

Mesisols.

0n1y about 202 of the area i.s covered by thick layers of peat, usually
associated r¿ith peat plateaus (Organo Cryosols) and fens (Mesisols). The

topography is more undulating and the associated ¡¡ell-to-inperfectly drained

tills, with a coarse sandy loam texture, cover about 607" of. the area. Glacio-
fluvíal deposits, whích may have been subject to wave action, and beaches

cover less than 57" of the area. Well-drained síÈes on till have no real
patterned-ground phenomena alÈhough permafrost exists. In wet-to-moist
areas and in former d-rainage e/ays, frost heaving o'f stones and rocks in
the ti11 has resulted in rock and stone fields. On the well-drained siËes

black spruce forms semi-open stands which are occasionally mixed with
Ëamarack; ground cover consists of lichens, feathermoss and ericaeeous

shrubs. Locally, fire may have introduced jack pine (Pinus banksiana),
white birch (Betula papyr.ifez.a), trembling aspen (PopuLus tremuLoidps)

on well- and imperfectly-drained sites. Soils of these sites are

usually Dystric or Eutric Brunisols either Degraded, Orthid or Gleyed.

Knife Rivers District. 28. Til1 is the dominanÈ surface materíal.
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of stony ti1l over Precambrian bedrock, again partly overlain by peat

deposits. Sporadic outcrops occur more frequently here than ín the rest
of the map-sheet area, with the exception of the vicinity of the Churchill
toumsite. I^Iater-modif ied glacio-fluvial- deposits, ti1l rídges and beaches

occur throughout the area and demonstrate the impact of marine influence
throughout most of the district.. Continuous and widespread díscontínuous
permafrosÈ occur in this district and patterned-gròund features occur in
peatland (i.e. peat polygons) and in till areas (unsorted circles). Peat

polygons have a lichen-heath type of vegetation and Gleysolic Turbic or

Gleysolic Static Cryosols and Organo Cryosols. Careæ-Etiophoru)n-Seinpus

fen areas occur intermixed with peat polygon areas. Till covers 3O-4OZ

of the area. I^Iell-drained till and sandy glacío-fluvial deposits and

beaches ridges have not necessarily been subject to strong cryoturbation
and soí1s are often Orthic Dystric Erunisols. However, intermixed Turbíc
Dystric Brunisols or Turbic Degraded Dystric Brunisols occur. On poorly-
drained till sites, former drainage courses and lake edges, strong frosÈ

heaving has resulted in exÈensive rock and stone fields. On imperfecÈly-
drained till areas Brunic Turbic Cryosols occur; beaches and eskers Ëhat

elere exposed to wind erosion have Orthic and/or Turbic Regosols.

Seal River Dístrict, 1.{. Thís area has relatívely thin layers
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largest of the map-area. Organic deposits overlay marine sediments and

til1 in 997" of. the area. Occasional glacio-fluvial deposits can be found,

usually associated with the river systems. Vegetation on these glacio-
fluvial deposits is dominated by white spruce (Picea gLauca) and lichens;
soils are usually Degraded Cystric Brunisols. About 35-4OZ of the peat,

areas have peat polygons, often associat.ed wíth patterned saturated sedge

fens (3OZ). The former consist of a lichen-heath-tundra vegetation and

associated Organo Cryosolic soils; the latter by Careæ-Eríophonum vegetation
and Mesisolic soils. The drainage system is poorly developed; internal
drainage is usually by coneentrated seepage. In these drainage courses,

the vegetation ís tamarack-sedge and occasionally scatLered black spruce.

In areas where r.rater is richer ín nutrients, willow, alder and dwarf birch

Lofthouse-Lovett Lakes District. 18. This land district is the



may occur. Peat plaÈeaus and polygonal-peat plateaus* are tound in the

nort.heastern and southern fringes of the district in transiÈion zones

near districts 2A and lC (Plate 3). Their formatíon seems partly due to
improved drainage condítíons as a result of gentle slopes. Polygonal
peat plateaus occur as a transition stage gradíng tor¿ards normal peat

plateaus; in both soils are similar, i.e. Organo Cryosols. , The plateaus

have a lichen-heath type of vegetation in the cenÈre, ãnd a peat-plateau
type of vegetation of black spruce, líchen, Sphagnum spp. wítln occasional
t.amarack along the edges. Contínuous shrubs and r¿hite spruce forest may

be found along the bett.er-developed d.rainage channels.

consists of extensive marine flats, alluvíal deposits, numerous beach

ridges parallel to the shoreline and thin layers of relatively recent
organíc deposits. Occasional bedroek outcrops (Churchill area) and

glacio-fluvíal deposits are found. About 507" of. this zone has thin
layers of organic material with veget,ation such as sedges or sedge-tamarack

somewhat patterned. Another 207" is dominated by tamarack-sedge vegetation
mixed occasionally with black spruce. Mesisols are characteristic of
these fens whil-e Organo Cryosols are associated with urineroËrophic palsas

of the area. MudflaEs and salt marshes cover about 5-LO7" of the area.
About I0Z of. the district has peat plateaus and palsas with vegetation
dominated by black spruce, lichen, Ledun spp,, Sp?ngnun spp, and erica-
ceous shrubs. Soils are usually Organo Cryosols. Beaches on rnrater-worked

ti11 deposiÈs cover 5-L0Z of the area. They have a lichen heath-type of
vegetation and Degraded, Orthic or Gleyed Dystríc Brunisols. Ithite
sPruce forest occupies loca1 glacio-fluvial deposits and near the estuaries
of the Knife and Churchill rivers. On the younger alluvial sites, marsh,

shrub and occasional scrub forest of tamarack and black spruce occur.

Coastal District, lC. This narror^r strip along Ëhe coastline
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*Definitions of peat plateaus, polygonal peat
p1aÈeaus and some other landforms as used in
in the classífication legend, Appendix B.

plateaus, polygonal
this study are descríbed



Airborne Remote Sensing
To test the value of different filrn-filter combinations (P1ate

4), infrared scanning and radar, fíve areas chosen for detaÍled study

represent most terraín types: 1) the Long Lake area (59o ..25rN - 95o

.25t1Ã), 2) rhe seal River area (A) (59oll, 95o .25'l,l), 3) rhe seal River

area (B) (58o . 48'N, 95o .40'I4I) , 4 ) rhe Lof thouse Lake area (58o .30'N,
gsow) and 5) rhe Alston Creek area (58o .25'N, 94o .10'I^l)

Plate 4 shows an example of the multi-band sensor coverage for
the Long Lake area on two 9ífferent dates. The strongest response in
the infrared is on the 22 JuLy imagery (Plate 4 A & B). 1 June imagery

(Plate 4 C & F) is too early in the growing season to get such a response

resultíng ín fewer red and magenta colours. Of the different July filrn-
filter cornbinations the I^[2-CC2OB filter (?late 4, B) gives the best

ínfrared content - an imporËant feature where, because of bare surfaces

of glacial till, stone fields and severe cl-imate, vegetaLíon cover is
very sparse. The stone fields especially ate prominenË (Plate 4 n, a);
whereas, on simultaneously taken colour ímagery (PlaÈe 4 E, a) they are

not so clear.
The CC20M combínation (22 JuLy, P1àte 4, a) has a bluish overtone

in thís till area; vrater penetration is bet.ter, but infrared content ís
not as good. In areas where thicker and denser ground cover exists, the

results wiÈh the CC20B filter becomes reddish on the July ímagery, (Plates

5, A, D). The 20 M filter, whích modifies the,incomíng green radiation,
shows more detaí1 in vegeËation; for example, on Plate 5E (arrow), black
spruce appears bluish against the reddísh shrubs; on the 208 image (Pl-ate

5D, arrow) both are reddish. In most test areas the VIL2-}OB filt.er, r¿hich

only modifies the green and the red, shows black spruce as reddísh. Thíå

increase in vegetation discrimination makes the July CC20M results superior
in subarctic forest and peat polygon areas (Plate 5, A, B & C). The Alston
Creek area with sparsely wooded peat plateaus (Plateau 6) shows the same

effect. Areas which are \,ret and areas where melting is taking place

RESUITS AND AsÉESSMENT
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PLate 4: Airborvte rruLtí-bqnd eouenage of the Long Lake area. T¡o
fLí.ghts took pLaee at an altitude of 3050 m. ASL. A, B, D, E
and H 22 JuLg L973. C, F, G and I on L Jtme L973. (A) - CP
2B74IR-366 ís taken uith a 2443 fiLm uith CC20M fiLter; (B) '
CPZB72rR.366 is taken uith a CC20B fiLter; (D) - Bn 28Z3-866
ui.th a 2405 film uith a W2 fiLtez, ( tRed Bandt ) and (e) C22875-
366 a eoLouy photo. (H) and (I) ane thernaL seanning ímages
taken sirru.LtaneousLy uith the 70 ¡run Vi,nten eqnera. imagezg. G

is a part of the 9tt æ 9't smaLL seaLe eoLor infrared photo taken
from L0.700 m. ASL. (RSPA-30665IR).
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70 rnn Vinten imagery of the Long Iøke
and SeaL Riuer dyed.s, ALL ímages qre
taken on 22 JuLg LSZS fron 5,500 m ASL.
(A) and (D) uith the use of a CC20B
fi.Lter and (B) and (E) uith a CCZIM
fíLten; (C) í.s a norrnaL coLorp ímage.
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(Plate 6 A, a) are most conspícuous on the CC20M results; burns show

up best on CC20B. Peat polygons ín the Long Lake, Seal Ríver and Loft-
house Lake areas show well on both filrn-filter combinations (Plate 5).
Ice wedge depressions, filled with water, are slightly more pronounced

on the 208 ímage, but overall appearance of t.he CC20M ís much better.
The high-altitude color infrared results (l:120,000) of the RC-10

camera wíth a 520 nm fílter show strong vignetting in spite of Èhe anti-
vignettíng filter. The material is, however, clearly superior to Èhe

existíng black and whít,e photography of a scale of about 1:100,000. It
provides more vegetation detail and better separation beËween mineral and

organíc soíls. Furthermore, peaL polygons can be seen on the sna1l scale

color IR, whereas, they must be inferred from tone and site on the high-
altitude black and white photography. In the Seal Ríver area (B), peat

polygons especially those with wide Ëroughs and filled wíth \¡rater or
sphagnum mosses can be distinguished on the surall scale colour infrared
photo. About 20-257. of the peat polygons ean be positívely identified;
another 40-457" can be accurately inferred. In the Alston Lake area where

palsas and peat plateaus are abund.ant, areas with melting permafrost

stand out clearly on the 9'r x 9" colour IR (Plate 6, E, I). ' One Vínten
camera in the high-altitude sensor package carried. 2443 filrn with a CC20B

filter; although no vignetting occured, the results are not better than

the 9" x 9t' material.
Infraned scanning in the thermal range (B-14 p) was carried ouË

using a Reconovax scannef at 3050 and 10,400 m altitudes ASL. Sinul-
taneous ground control was lacking to calibrate the temperatures. The

main prupose was to test rvhether high- and low-altitude thermal scanning

would assist in drawing boundaries for soil and ecosystem areas.
Plates 4, 6 and 7 show examples of high-altitude and low-altitude

scan' black and v¡hite photography, and colour photography. It is belÍeved
Ëhat the 10,700 m altítude scan is of no real value for the delineation
of boundaries though it appears to provide interesting ínformat.ion for
lake classification. The 3,050 m scan is of considerably greaËer

va1ue. It demonstrates that surface Ëemperature ís rnainly a function of
the drainage condition of Ëhe area, and is only slíghtly modified by vegeËation.

a'
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PLate 6: MuLtib_orz^d 
-coue?a.ge of the ALston ct eek area,. .ALL images a?e taken

fnom 3,050 n ASL 22 JuLy L973, eæeept (E) uhich is tq.í<en L Jtrte,
fnom L0,700 n ASL. (A) shoas a colZuz, infnaned. f¿m'""tlt hlLz-CCz¡MfiLter_ (,C_?zsZ4IR_535); (B) the z,esuLt'uì,th" a WLi_icz,òa- ¡tttno(cpzBzzrR_s3s);(c) is a z.ed_band, ímage (azaso_isij-ála (D) anoz.maL coLoou, photo. (F) is a thenriaL sean (S_L4 u).

The difference between rvet and dry areas is quÍÈe distínct. The till/rock-
wetland ínterface ís easier to delineate on Èhe r June scan (when mof.sËure
is plenÈiful after snowmelÈ) than on the 22 July scan. rt is difficult
Ëo separate well-drained peaÈ polygons from till areas as they appear as
I^/arm or vrarmer than tí11.

A srrip of radar iuragery flown during 1972 (8N2157, 22gg m AGL)
proved of litt1e value in this area (plate g). Because of the exËreme
flatness of the terrain, radar failed to enhance physiographíc differences.
Vegetation and drainage condítions $rere considerably rnore dÍfficult,
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2:9

PLate ?: Thernal seanníng in the SeaL Ríuez, aa,ea. (A)
L Jtme LSZS fron 5050 ASL; B ds the sqne qrea.
C uas taken on L June fron L0.200 m. Note the
(-q)-,_peat polygons- (b)" snou bwtks" fen az,eas
dLffenent. tones of the La'Res (g).

is fuken on
on the 22 JuLy.
stone fie\ds(F) cr¿d the



if not impossible, to interpreL than on conventional black and white
ímagery

Multi-band coverages such as those used in this study generate a

large amount of material for interpreËation. rt is time consumíng to
interpret all data for a large study area. The best solution is to cover
the entire area with a high-altitude sensor to carry out operational
interpretation and to fly selected areas with low-level, multi-band packages.

This procedure reduces the cost and the interpretatíon effort. The selection
of the prirnary sensor for a study area is essential for Èhe production of
satisfactory maps. trn the bio-physical type of survey, most elements of
the ecosystem are mapped, studied and interrelated. Thus, it is difficult
to select a sensor and a spectral band to provide optimum discrimination
for most elements such as r^rater, vegetation, soil, landform, relíef, drainage
etc. Photographic sensors, ineluding black and white photography, appear

best suited for bio-physical urapping as they cover the vísíble and near-
infrared parts of the electromagnetic spectrum, and besídes provide ímportant
relief informaiÈon. The results of thís studyr as well as earlier studies
by Tarnocai (7972) and Thie (L972) in the boreal zorLe, show that colour
infrared generally provides the best imagery for ínÈerpretatíon. Colour
compensating filters ilray be added to modify the characterístic curves of the
colour infrared film material. Results of the present study suggest thaÈ

colour compensating film rnay be desirable to add to the normal W-12 filter.
In areas where lítt1e reflection is expected in the infrared portion of the
spectrum, such as in t.he Arctic, a blue filter, cc20B, can accentuate
vegetation. In subarctic and boreal forest.ed areas the shift of the charac-
teristic curves towards the infrared should be minimized or avoided. A

magenta coloured compensating filter may be considered or none should

be used with a W12 filter.
The use of line scanners for bio-physical surveys has lirnitations.

Basically they measure a narro\Â/ section of the electro-magnetic specËrum.

One can almost design a scanner to measure the spectral characteristic of
the parameter of interest. However, as it ís necessary to register a multitude
of parameters' multi-channel scanners rvould be required. To maximíze the
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result of Èhis multí-band data, computer analysis is required. Unfortunately,

however, scanners do not provide the relief infornation so essential for

delineating land types.

Results of this study indícate that vrhen bío-physical surveys in
northern areas are carríed out by the photo-interpretaÈion method, they

benefít sígnificantly fron the use of colour infrared photography. The

most essentíal element is a 2443 film in a 23 x 23 crn survey camera operated

at high altiÈude. Selected parts of the area under survey may be covered

at low altitude (about 3,050 m AGL) by a survey camera with at least Ëwo

additional 70 nn cameras. One of the cameras should have a colour fihn to
províde satisfactory r^rater penetration, and a colour infrared filn wíth a

W12 filter supported by a colour-compensating filter. The selecËion of

a colour-compensating filter should be based on the type of vegetaËÍon

likely to be photographed. For areas with sparse vegeÈation, a CC-B filter
ís recommended; for areas with heavy vegetation, a CC-M filter or even no

CC filter is recomnended. Additional film-filter combinations can be used,

but they do not appear as useful for differentiation of the 1-and-vegetatíon

complex. Thermal-scan supporÈ for the low-altiËude flights is desirable,
preferably with simultaneous groundconirol and the support of a radiometer

(e.g. PRT - 5).
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