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ABSTRACT

There is an urgent need in Canada for
northern baseline data for resoulce
pol icy and planninq purposes'  To
evaluate the impact of airborne and
satell i te remote sersing for Northern
Inventories three areas were studied
in boreal, arctic and sub-arctic
environments. ERTS satell i te imagery
was found to be very effective for a
rapid napping of bio-physical units
and can provide an excellent basis
for j-ntegratlon of water and land-
based c lassi f lcations . An operational
systen for a rapid, broad brush in-
ventory is proposed for Canada, cost-
i  
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INTRODUCTION

Developnent pressures for Canada' s
last  f ront ier ,  the North,  are j -ncreas-
ing.  For a rat ional  p lanning and
management of  the resource base, re-
source pLanning and nanagement agencaes
at the provincial  and federal  levels
have found a serious lack of baseline
daLa that al lo! ' rs an integrated and
mult i  -d iscipl  inary approach, Hydro-
electr ic developnent projects,  arct ic
oi l -  and gas pipel ines require decis ions
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related to economic,  social  and ecolog-
ical desirabil ity for socj-ety and
adequate assessments of  impact.  i j io-
logical-physiographical  as wel l  as
socio-economic dala is required. The
main benef i t  of  Remote Sensing is in
the environmental  part  of  the require-
ment'S .

Classification systems for mapping and
descr ipt ion of  the earthts surface
evolved from single discipline oriented
systems into integrated onesi from
separate soi l  c lassi  f icat ions,  vegetat j -on
clas s i  f j -cat ions,  forest  inventor ies
and geonorphologj.cal syslens into ecoloq-
ically based ones such as the bio-
physical  land classi f icat ion sys tem.
This development in itself was. to a
large extent,  made possible by use of
convent j -onaI airphoto interpretat ion
techniques. Only by this nethod could
the di t ferent elements of  ecosystems
be ef fect ively integrated, related and
mapped.

The development of new remote sensors
has added new dimensions to the survey
of the environment. Multiband sensor
packaqes aboard aircxaft and satell i te
alfow us to measure or map "new" para-
meters such as surface temperatures,
th ickness of  ice,  a i r  pol lutants,  etc. ,
and !o better discriminale between
objects of  interest .  Repet i t ive remote
sensing adds time dinension to the
survey and the ERTS satell i te, which
orbits canada four times dal1y covering
6:-h n.r+ :+ larc+ awarl ,  lR . lawe

p lay a s igni f icant role in real iz ing
an environmenL inventory system that
wi l l  be t ru ly ecological ly based, inte-
grat ing land, vnater,  atmospher j -c and
biological phenomena as well as the
inLeract ion wi th 1 iv ing organisms
including man. rt is the intentj-on of
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of airborne and satell i te remote sensingi
for b iolog ica I -phy s iographical data
catherinq in the north. As low cost and



rapidi ty were considered cr i t ical  most
attention was given to the evaluation
ot E}{15 oata.

THE BASIS FOR NORTHERN RNSOURCE
INVENTORIES

In Canada, the development of a bio-
physical  c lassi f icat- ion system was
started in 1967, under the auspices
of the National committee on Forest
Land. The aim \4ras to differentiate
and classi fy rapidly at  a smal l  scale
ecotogical fy s igni f icant segmenls of
the land surface. (Lacate et  a l ,  1969)
ft was recognized frorn the start that
such a system should be ecological ly
based, mapping and descr ib ing land
surfaces in such a way that value
judgenents,  re lated to forestry,  wi ld-
l i fe,  waterfowl,  recreat ion,  agr icul  t -
ure (if applicable) could be nade with
1i t t1e addi t ional  ef for t .

The levels of  cfassi f icat ion proposed -
land regj"on, land dj"str ict ,  land
systen and land type, appear qulte
adequate and flexible for most resource
planning and management .requirements
as well as for impact Prediction.
Mapping scales suggested are as follows:

3,  de' ,cr ibe present status
4. al low for monitor ing of  changes

(natural or man-induced)
5.  map and descr ibe uni ts for  mult i -

d iscipl inary resource planning
and/or management

6.  be rapid and inexpensive

STUDY AREAS

To test  remote sensing and interpretat-
ion techniques under a wide range of
c l inat ic and physiographic condi t lons.
three large areas were selected for
detai led study. In addi t ion ERTS
j-mages for all of Canada were scruti-
n ized using the Browse Faci l i ty  of  che
canada centre for Remote sensing.

Detai led study areas:

1) Playgreen Lake area. lvlanitoba:
an area with a boreal  c l imale,  exten-
sive peat deposi tsf  paleozoic and
precambrian bedrock, glaciaf t i l l ,  and
glacio-f luvial  deposi ts,  local ized
and discontinuous permafrost.

2)  The churchi l l  area, Manitoba:
an area character ized by a sub-arct ic
climate, extensive peat and glacial
t i l l  deposi ts and permafrost .

3)  The MacKenzie Del ta area'  N.W.T.:
an area with an arctic and sub-arctic
cl inate,  extensive (del  ta ic)  deposi ts,
continuous and discontinuous perma-
frost .

For each of the study areas a wide
range of remotely sensed inagery was
provided by the airborne program of
the Canada Cenlre for Remote SensJ"ng.
It included multi-band photography,
thermal scanning(8-I4 uin;  3-5 UIn) ,
at various altitudes varying between
5,000 -  35,000 feet A.G. l , .  recorded
at var ious t imes of  the year.  fn
addition SLAR radar imagery was avail-
abte for  parLs ot  both Manitoba sLudy
areas.

RESULTS

Playgreen Lake area: As extensive
f ietdwork and mapping for soi l  survey
and for s i te c lassi f icat ion and perma-
frost was carried out by Tarnocai and
Thie,  most of  the remoLe sensang rmagery
\,vas evaluateil for this purpose. It was
general ly found that colour infrared
images lv i th scales as smal1 as I :120 000

Land Region
Land Distr ict
Land Systen
Land Type

one of  the weaknesses oE Lhe system is
the fact that i"t is a Lo.nd oriented
classi f icat ion system and does not
conoidev the integpctt ion of  Land and
ltater.,, zoltai attempts this integration
using his landscape units in the
Manitoba pi lot  project .  Water as an
important resource in lhe North, frorn
a recreat ional .  f ishing and wi ld l i fe
point  of  v iew. A northern anventory
should pay proper attention to this
aspec! and j-ntegrate l-and and water
classi f icat ions into manageable uni ts.
While the bio-physical system. because
of i ts ecoloqical  basis recognizes
environmental changes and de scrj-bes
successaonr noTe at tent ion ta p?esent
eondi t ions and nan-caused ot  natuPdl
changes should be gi ,uen.

In brief an adequate inventory system
should :

1.  be ecological ly based
2. integrate water and land classl f ic-

atrons.

1:1 000 000-1:3 000 000
1: 500 000- l :1 000 000
1: 125 000-1:  250 000
1: l0 000-1:  20 000
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provlded excellent material for the
ciel ineat ion of  permafrost ,  soi ls and
vegetat ion types. Wl2 f i l ters wi th
CC 20B colour cornpensat ing f i l ters
were very effective in the large
organic axeas, Permafrost  can be
mapped within the 90-958 accuracy
range, Resul ts for  Permafrost  are
discussed in more detail in another
paper by Tarnocai and Thie in these
proceedings .

Repetit ive ERTS coverage was studied
for this area. l\bout fourteen ERTS
frames in bands 4,  5,  6 or 7 were
taken by the satelLite with less than
258 cloud cover between July 1972 and
January 1974. This material showed
positively the capabil it ies of ERTS
to monitor man-induced and natural
environmental  change. For ins Lance,
the progress of  the dredge digging
the 8-m.i1e channel ,  part  of  Manitoba's
Northern Hydro electric power develop-
ment scheme, could be measured (band
'1).  As r{e11, the exPanse of  the
dredge spi l l  mapped (band 4,5).  The
construct ion of  new roads. hYdro
transmission 1ines. salvage cuttrngs
before inundaLion could be mapped.
In this area which is Part of Lake
winnipeg, churchi l l  and Nelson Rivers
diversion scheme 

' 
water conditions

will change due to inundations. dams
and new channels.

On ERTS imagery,  based on shaPe and
ref lectence, lakes can be grouped in-
to units that have a strong PhYsio-
qraphlc and possibly l imnologic
rel-at j "onship.  (Fig.  1) .  In fact ,
thev Drovide an indicator for sub-
divislon of land units and exenplify
integration of land and water class-
i f icat ions.  Unique lakes, such as
Li t t le Limestane Lake, have a dist inct-
ly di f ferent "s ignature".  Wet land
types can be ident i f ied readi ly fxom
satet l i te:  open sedge fens, tamarack
fens, black spruce bogs, peatpfateaus,
etc.  The infrared bands al lowed
rnonitorinq of surface moisture con-
di t ions.  Winter inages are ef fect ive
for estimating tamarack stand densit-
ies in fens.  Also,  winter images
showed an interesting difference be-
tween pine and spruce stands, which
are diff icult to separate on summer
images (Fig.  2) .  Even on black and
white 1:60 000 photography /  th is is
ofLen not easy to do. Regenerat jon
.information in recent burn areas
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(10-20 years old) shows a 1evel  of
detail on both suruner and winter
images that is exPecled to be of
s j  gni  Ficance to forest  management
pract ices.

churchil l Area: Automated as well
as visual analysis techniques were
used to c lassl fy the area. rn approx-
imately l man day a relatively de-
tai led bio-physjcal  map was prepared
from satel l i te (Fig.  3) .  Level  of
detai l  is  such that maPping aL the
t:250 000 scale js mosL appropr iate '
About 50 percent of the l ines \a'ere
derived from suluner images and about
50 percent from winler sce!!es. The
resul t  was checked by an airPhoto
interpretat ion of  1:100 000 scale
inagery and only minor changes and
additions were made' most of which
could have been obtained from the
ERTS images. The use of colour
additive viewing equipment for temporal
analysis was attempted, but found to
be nore laborious and to provide less
information than an individual analysj's
of different \arinter and surnmer frames.
The visual  in lerpretat ion technique
worked well in the ti l l  areas, bedrock
control led areas and the Peat deposi ts
of the Hudson Bay lowfands' The im-
portance of winter images increased
in the northern boreal t i l l  areas where
open but continuous tree cover exlsts.
on winter scenes smal1 wel l  drained
sand deposi ts of  abouL 1km in dia-
meter could be napped based on vegetat-
ion (higher,  denser growth).

In three parts of  the Churchi l l  area,
automated classificatlon from computer
compatible satell i te tapes was tried
using the program developed by shlien
and coodenough (1973) at  the Canada
Centre for  Remote Senslng. Tapes were
radiometr ical ly corrected. Resul ts
show that major vegetat ion types can
be mapped successful ly.  In the sub-
arct ic part  of  lh is area there . is  a
relat ivety s imple relat ionship between
vegetat ion (or tack of  . i t )  and soj- ls
and drainage, whereby different land
systems and types could be classi f iedl
e.q.  f rost  heaved stone t ie ld;  wel l
dri ined peat polygons; saturated but
predoninately frozen sedge and tamarack
sedge fens; r ibbed fens, peatplateaus.
etc.  (Fig.  5) .  The resul ls are promis-
ing for  the lowlands area, however,
because of the fact that the satell i te
resofut ion is about 250'-250'  f t .  on



the ground, the c lassi f icat ion on a
pixel  by pixel  basis is too detai led
for land systen mapping. Data reduct-
ion into significant units becones
a necessi ty;  whi le Lhis can be done
by classi fy ing every 2ndr 3rd . . .or
Ioth pj-xef . it is expected that this
only wi l l  be real ly successful  i f
sone form of surface pattern recog:nat-
ion can be included. In the boreal
parts of  the Churchi l l  area, automated
classi-f ication cannot eliminate the
influence of old forest f ires arld
classi f icat ion accuracies ale low.
Also it is required that sunner and
winter spectral data is needed for
reasonable resul ts,  rn th is case,
visual  techniques proved to be faster,
less expensive and better adapted to
bio-physical-  land classi f icat ion.
In addi l ion,  whi le satel l i te maPs
provide delineation of unlls; the
description of these units wiIl have
to be based on photo interpretation
and ground truthing.

computer cfassi f icat ion of  the
Mackenzie Del ta Area, N.W. T.

The area around Richards Island was
selected for a study aimed at evaluat-
ing the usefulness of an aulomated
classj- f icat ion system for the arct j "c
environment.  This area was sefected
because i t  provlded a wide var iety
of  s i tes f rom terrestr ia l  and aquat ic
ecosystems and, noL the least ,  t ras
ground truthed during the 19'72 and
1973 f ietd seasons.

conputer compatible tapes of the data
taken by Lhe ERTS in July 3Ot 1972,
la'ere prepared by CCRS. These tapes
were then converted to meet the
requirements ot  the LARS system. The
stat ist ical  nul t ispectral  pat tern
analysis system (LARSYSAA) devel  oped
at LARS and described by Fu et a1,
(1969),  was used for the c lassi f icat-
10n.

In th ls c lassi f icat ion 22 cfasses were
ident i - f ied on the basis of  the select-
ed tra- in ing c lasses. These 22 classes
include al l  the terrestr ia l  surfaces
(vegetated and unvegetated) and vtater

bodies.  They were ident i f ied accord-
in^ F^ +.air  cha^i- . r ' l  rac^^neac rn. l

spectral  indexes as fo l lows: vegetated
(classes I-5,  L2 and 14-19) i  unvegetated
(classes 13, 21 and 22):  and water

bodies (c l -asses 6-11 and 20).  Two

sets of printouts were then made.
on pr intout r  (Fig.  6)  the terrestr ia l
c lasses were pr inted outr  but  the
water bodies were identif ied with one
synbol :  on pr intout 2 (Fig.  7)  the
water bodies were symbolized and print-
ed out,  but  the terrestr ia l  c lasses
were combined under one symbol. The
ground truth data was then superimposed
on these pr intouts and, the vegetated
and water body classes were further
divided and other components were
ident i f ied (see Table l  and 2).

On Figure 6 the terresLr ia l  c lasses
are based on the surface cover,  i .e.
the di f ferent tundra vegetat ion Lypes
and unvegetated surfaces, Because
of the close relationship between
vegetation and the subsurface com-
panents of lhe ecosystem, the landforn,
parent material and soil can be inter-
preted by human interpreters us.ing the
ground Lruth data and other studies.
A very close correfation was found
between the ground truth data and
the classes identif ied by the computer.
crouping of  c lasses was necessary in
transi t ional  areas, e.g,  rnarqinal  wet-
lands along lake shores and other wet-
lands and unvegetated areas cover ing
a wide var iety of  s i tuat ions,

It was surprising to see that the
classi f icat ion of  water bodies (Fig.  7)
in the delta correlated so closely with
the ground truth data' These water
bodies are noted for the wide variety
of water lypes containing various
amounts oI  suspended sediment,  and
ranging from fresh water to sea water
in an everchanging fashlon. A few
lakes near the sea shore were c lass-
i f ied as sea water and this caused
some concern unti l i t was learned that,
due to the nature of  these lakes,
dj- f ferent waters ( f resh and sea water)
were strat i f ied and did not mix.  I f
lhe lake is a shal low one, i t  would
have the sarne signature as sea water
(personal corununication from N. snow.
F.R.B.) .  In addi t ion i t  was found
that the fre6h MacKenzie River water
did not mix homogeneously with the
sal ty water of  the Beaufort  Sea. In-
stead, bodies of  both waters remained
unmixed at  the interface: i .e.  isolated
bodies of fresh water were found in

; i la 
t " t " t  and vice versa (see Fiqure

Based on this study Lhe automated,
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computer c lassi f icat ion of  arct ic
ecosys Lems ( terresLr ia l  and aquat ic)
together with ground truth data and
interpretation can provide a great
deal of information which could be
extremely usefuf for inventories and
environnental monitoring or identi f i  -
cat ion of  areas af fected by pol lut ion,

-i^al ih6 r , 'n-e,9.  urr  r t / r r r -  que LU }JrHqrrrrc !uP

ture and sedimentation caused by con-
struct ion of  roads and pipel ines,

DISCUSSION

Airborne Remote Sensing: fnterpre tat-
ion of aerial phatographs has been a
corunon practice for mobt operational
invenLor ies,  e,9.  soi ls '  fandfolns,
forestry,  crops, land use, etc.  In
the f ietd of  l "and classi f icat ion the
photo j-nterpretati-ona1 inference tech-
niques and extrapolations from select-
ive f ie ld sampl ing has proven qui te
successful .  In the Manltoba bio-
physical  p i - lot  project  an area of
about 5,500 square mi les was maPPed
and described in less than I man-year
(zol ta i  et  aI  1970) '  The work was

done by the interpretatj.on of black
and white photographs at a scale of
about 1:63,000.

The irnportant information stored on
an image, and used for c lassi f lcat ion'
is ref ief ,  shape, lexture and tone
(or "s ignature") .  Rel j .et  and shape
especial ly contain valuable in. iorrnaLion
for inferrj-ng conditions which cannot
be "seen" directlyt tone and texture
help to di f ferent iate between objects.

Airborne renote sensing cannot signifi-
^ani lw add l - . )  1-hc rc l ief  informat ion;
only a smalt amount to shape infornat-
ion. The main value l ies in the fact
that  i t  can increase the contrast  of
surface features and rnay make certain
parameters visible which we cannot see
wlth our eyes or by conventional photo-
graphy. Dl f ferent studies have j"n-
dicated that 1:120,000 scale colour
infrared imagery can provide lhe
equivalent amount of informatj-on as
1:60.000 black and white (Thie,  1971) .
Thls smaller s!:ale can reduce mapplng
cost for interpretation, \,rhile the
nole synopt ic v iew (about 250 square
mi les) provides a super ior  base for
land system and direct  anafysis.

Multiband photography can be valuabfe
for land and water c lassi f icat ion
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systems. I t  would enable the s imult-
aneous use of  water penetrat ion f i lm
(colour or blue green) and land

vegetat ion f i lm f i l ter  conbinat ions
(colour;  colour IR with di f ferent
f i  l ters )  .

Mult ispectral  scanners on board air-
craft may be of some use ln the future.
At presentf computer handling and
interpretat ion of  data is qui te cost ly,
so that instruments of this nature
appear to be of  l i t t le operat ional
interest ,  Single channel  or  dual
channel  scanners especial ly in the
thermal infrared of the spectrum, how-
ever seem advantageous to .include in
a sensor package. It allo\ts napprng
of tenperatures to about 0.5oC dur ing
the day and night.  Repet i t jve f l ights
with such instrumenls can be used to
descr ibe and measure the temperature
regime of land types over time (frost
pockets,  exposure inf luence) and help
approximate nj .crocl imate over larg e
areas at  low cos t .

The value of side looking radar inagery
for land cLassi f icat ion purposes is
st i l l  somewhat uncertain.  xxper ience
wj-th this naterial in this sludy showed
'I i  l - f  l  a 

^r^hi  
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systens; cul tural  features such as
farm fields and buildj-ngsf transmj,ssj-on
l ines,  e lc.  could be mapped with success.
A number of  new sensors are being devel-
oped, t ike the HIss radar (holgraphic
Ice surveying system) and soil moisture
meter.  r f  both systems are successful
they wi f t  be able to add inportant
quantj-tative data. The Laser fluoro-
sensors present ly under developnent,
can be used for bathymeLric surveys
in shal low \ ,vaLer areas, f ish t racking,
oi l  s l icks and dyes on viater.  Also
LIDAR; opt jcal  probing of  the atmosphere
with a high-power laser source calr add
signi f icant ly to a l imnological  or
atmospher ic survey, (MacDowal l ,  Lapp
r97 3) .
Satel l i te Remote sens ang

The satel l i tes that  should be considered
for the use in the north are the earth
observat ion satel l i tes l ike ERTS and
i ts successors and some of the weather
satet l i tes l ike NoAA. Both can be
received direct ly by the Canadian
Receiv ing stat ion in Pr ince Al-bert ,
Saskatchewan. The characler i  stac
diJJerence between the Lwo types occurs



is  j .n scale,  resolut ion and frequency
of orbi t .  ERTS resolut ion is about
90 melers,  and there is an 18 day
interval between coverages. NOAA with
a 900 metex resolut ion covers a1l  of
Canada twice daily (day and night t ime) .

The resolution and scale of ERTS is
quite suited for mapping aL the Land
Region, Distrj-ct and Land system mapp-
. ing of  the bio-physical  c lassi f icat ions.
In fact, the major problem encountered
in the study axeas was to reduce the
amount of  data in s igni f icanl  larger
comp.Lexes. RepeaLed imaging of  the
same area throughout the growing
season, winter and over a number of
years w111, hel-p assess and deflne the
dynarnics of our environment. This
is an aspect which has been missing
even in most ecoloqically based surveys
though vegetation succession may have
been descr ibed. Seasonal  i  maging
wi l l  help in relat ing phenological
phenomena, disease development,  moi s t -
ure stress symptoms, snow-nelt and
ice movements to other physiographic
paxameters l ike landforms, soi l ,
re l ief ,  exposure,  water,  etc.  Wlnter
irnages proved to be of particular
importance for the delineation of land
system; snow cover and fort sun angles
enhance relief and land form informat-
1on, Also snow cover provides com-
posi te s ignatures of  vegetat ion types
thaL are based on Lree heighL, stand
density and conp(,slt ion, sunner
images tend to show the predominant
j"nfluence of stand composition. An-
other easy application is the monitor-
ing of the fteezing of water bodies
^hd r i \ rar  evst  cms Flvan in mid-r , r inter
part  of  nor lhern r ivers,  l ike the
Churchi l l  River,  and norLhern lakes,
l ike south Indian, show open waLer
1eads. These may be signi f icant f ron
the vr i ld l - i f  e and certainly,  Tish poinL
of v iew.

It is obvious that rapid and more
gradual changes occurring on the sur-
face of the earth can be monitored
fxom satel l i te in a gross way, This
incfudes natural phenomena like forest
f i res ( t requency of  occurrence, areas
burned, habi tat  destroyed) ,  regener-
at ion - in disturbance areas, t luctuat-
ions jn surface moisture (saturat ion
of weLlands, f looding, etc) ,  changes
j"n waterbodies ( freezing, thawing,
f luctuat ion in water levels and size,
turbiditv and suspended sediments ) .

r t  ic  p1.no^l-Fd thal-  srrch informat ion
wil l be very valuable in approxinating
the dynarnic aspects of  the ecological
bui ld ing blocks.

Monitoring of man-j-nduced changes
could add signi f icantty to sensi t iv i ty
r : l - ihd< ^f  " lFnd l - r 'ncqrr  to such
changes. Satel l i te has sho\^h examples
of So2 damage, shorel ine erosion and
increased turbidi ty as resul t  of  ar t i f i -
cal ly higher water levels in lakes,
iha aTFa-i  nF lnddiFo a. t . iv i t ies on
waterbodies, road construction and
drainage; dredge spi l ls ;  urban expan-
sion and other land use changres.

A combinat ion of  NOAA and CRTS satel-
I iLe mon-i tor ing is special . Iy atLract-
ive for fast change high contrast
phenomena f  . ike snov' ,mef t ,  ice reconnais-
sance and surface temperature patterns.
The daily coveraqe by NoAA complements
the less f requent high resolut ion ERTS.
The NoAA irnagery may also be of much
value for def in ing the bio-phys- ica1
land xegions. These regions are de-
fj-ned by a distinctive regional climate
as expressed by vegetat ion.  The temp-
erature informat ion and the extremely
smal l  scale of  th is saLel .L i te r iay add
regional  c l inat ic parameters.

l,and water interface: The synoptic
vj-ew from salell i te has shown clearly
the relationships thal exist between
physiography and l tater s ignatures.
A very strong relat ion is apparent
between lake and shoreline shape,
water reffectance and the surrounding
land areas. This information can be
analysed in a v isual  way, in which

-rA c i  dh^ l - , , .asrrdPes, srzc,  PaLLsr r t .  arrs rr lJrrqeqre

can be mapped or in an automated way
that al lows a c lassi f icat ion based

c l  i  ah I  snF^l-r ; r ' l  d i f  f  erences .
Based on spectral  ref lectance of
water bodies,  land systems that appear
to be uni forrn phys i  09 raphical  ly  could
be subdiv lded, In total ,  ERTS wi l l
anahlF r  ' r r t r r rF i rvanf.)rv team to
integrate land and L'ater c lassi f icat-
ions into a meaningful  system.

LAND CLASSIFICATION

As we mentioned before the ERTS scale
and resoLut ion is qui te sui table for
r6-^hh: i  cc^n^a +\ /^a 

^F 
errrwarze Th ic

sLudy sholved that especia.Lly in arcLic
and sub-arct ic areas, satel l i te can
be a very ef fect ive mapping tool .
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Most land systems at  a I :250 000 scale
(even at  a L | ) -25 000 scale) can be
readi ly drawn from satel l i !e lmages.
This is also the case for l-arge
(olganic) wetland areas in the boreal
zone, vegetat lon in both cases is a
good indication of ecosystems and
relat ively few disturbances ( f i res)
that distract  f rom these have occurred'
In the boreal  zone, wi th i ts forest
cover, an often broken Precambrian
physiography and its complex fire
history. mapping from ERTS cannot be
as easi ly achieved. Land systems
delineation by means of visual tech-
niques is more cotnplicated and results
less accurate. conbination of winter
and suru[er images have to be used to
increase accuracy in most cases. No
siqnificant work \t ith autoRated
cl issi f icat ion has been done yet.  r t
is too early to say that these could
irnprove classi f icat ion considerably.
Tha land-water relat ions discussed
before showed qui te conspicuouslY an
parts of  boreal  zone and could_be
successful fy used as a source tor
land-water deli"neation. The satel l i  te
can recognize s igni f icant pattexns
occurr ing in the distr ibut ion of
parent materiats if they are expressed
by vegetatr-on.

I t  shauld be made cleat tht t t  uhiLe
satel l i te imagetg can assist  in mapping
of eigntf 'eant ly di f ferent and sgsLens'
Lhe de6e!?'pLto" oI  Lhe !a 'd s!stens
| 'LLL ha,se to be based an a descr ipt ion
of lana +24Pes ,ecas!s 'ens).  Fat
,Le a<aLyi ' i  s  aqct dei  r"pLioa of  these
bui .Lding bLoeks: ai"photo interp t 'e tat  - -
ion is bseent ia l  and cannot be xepLaced'

COST CONSIDERATION

In Table 3. the approximate cost of
northern surveys are identif ied based
on work done by zol ta i .  (19?1) /  Jurdant
(1974) and Lhe auLhors.  1t  is  c lear
that most of  the monies (804) required
are absorbed by the field program. How-
ever,  i f  costs are lowered by a reduct-
ion in f ietdwork,  lower quat i !y infor-
mat ion resul ts.  Cost is based on the
fact  that  for  mosL of  Canada's north,
1:68 000 scale black and white photo-
qraphy is avai lable.  Therefore,  the
6osi  ieLated to addiLional  a i rborne
remoLe sensing becomes operat ionaL.
Al though selected or conlPlete reTly ing
of many areas may be desirable for de-
tai led convent ional  surveys. Cost
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surveys using conventional black and
white imagery, selected aj-rborne sens-
ing and photo interpretation can pxo-
duce inventory data for about 5 to 2l-
dollars per square rnite' depending
upon anount of f leld work- The cost
for the ERTS based syslem is in the
order of  3-6 doLlars per square mi le
(9-18 mi l l ion dol lars for  canada's

north).  The informat ion provided wi l I
be better than the Low cost conventional
type of survey' partly because a number
oi dynamic phenomena can be described
from ERTS.

Apri1,  1974, in Toronto'  the "WorkshoP
on Northern Basel ine Data Needs" def ined
Canada's urgent need fot  a rapid broad
brush type of  survey. The use of
satell j-te remote sensing in combination
\^7!th selective airborne sensingt would
be a powerful rapid and 1ow cost method
for this pu.rpose. Consider Manitoba
for example where an area of about
164,000 square mi les cou-Ld be surveyed
in approximately 3-4 years time for
about $500'000 dol lars.

AN OPERATIONAL SYSTEM

SateLLi te imagery ean prouide a baeic
opetat ianaL tooL for a rapid lesoufce
in!entorg in combinat ion ui th er ist ing
blaek anh uhi te phatogrdphy and supported
by seLeeted aiYbotne eensang.

Based on e*per iences ui th s. l teLLi te
data a6 iL luetr( t ted in th is pape" the
foLLouing proeedure i8 euggested:

1.  The foPmation of  a team comPosed
of one ecoLogist '  one PedoLogist-
geonot,phoLogist  arLd one LinnoLagist .
i f  the ecoLoqist  Lacks a uLldl i fe
bLckgt:ound'  a ui ld l i fe bio logi  s t
na?/ haue to be added ta the tean.

2.  Ecist ing ed.teLLi te data should be
used to del ineate (P?el in inarA)
Land distx iets and bxoad Land
syetems (1:25A 000 scaLe).  Use
shouLd be nade of  reqet i t iue
imagerg clnd enhancement techniquee.

3.  Based on sateLl i te dd.td anaLAsig
(2),  aveas should be seLected foz '
a i rbo?ne sensing, photo' inte"p?et-
af Ion ond f  e ld aork.

4.  Baaed an f ieLd uotk,  selected areas
(Land types) shouLd be desct ibed,



Eased an IenpatulL sql te l l i te dql tq '
d7namic phenomena €hould be in-
cLuded.

5.  Resul ts ertrapalated ueing satel-
Li te dhe"e poseible.

6.  FinaL nqps ta be PtePared on ERTS
moaiacs,

7.  fatal  cost  . tb out 15-30k pet 5 '000
7quaPe mi le s .

8,  A detai led su?ueA can be caz'r ied
out s imu/. taneousLy in high pt : i .ot ' -
i tu aneqs, Haueoe! i t  wiLL haue
to be nai 'n lg ba6ed on ai?Photo
interpretat lon uhe?eba st tongLa
reducing the role of  ERT5 (r 'e '
Lat iuelA speaki .ng )  ,

g.  Conl t i 'nuoue updat ing of  condi t ions
ueing ERIS'  4s ueLL aa mon' i to" ing
effebt af  monqgement and Planning
deci  s i 'ons '

Points 1 -  6 could be con?leted dn a
per i ,od of  3 -  4 Aeq?s; B uouLd "e-quire s igni f ieqnt more t ine'  70 -  20
i .aos uhi le s ehould be done con-
i inuousl-g in az'eae of  rapi 'd change.
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'' ttaterlal sott
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lgg and flo6tlns Flsvlel P1a1n cleysol

uarEh (2)
(re!)

!3lSI, x111ow6 and f1uv1.al llaln Gleyror

s,slsh (3) DenBe ggg and
vlllo!'

' rluvtal Plaln A1luv161, osnd Cley!ol
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t6,  17
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othe! .@U net-
land8 r1on8 lake
shor€u rnd peatlsnds

C@p!.er ol
irl.llol,l and
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trlne llaln and

Send, clay snd cleysol anil
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I l5
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Gleyaol, Organo

cryosol

l{ 6,7,6,

LL, 20
rlv.r ch! lclar
l..k.B, lagoon. tod
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TAE]I,E I Description of classes for Figure 1.

TABLE 2 Description of cLasses for Figure 2.

!e!eri$!3-9:.-glg-

0 tackeDtie eater - llch 1d
s!6peniled sedlEeat8

I lo Sb!11@ eatet - doD.lEaDtlv 6hauot'
faLes, b.YE s lasooDB

4 Yery BhaUoe t'ate! and 6aDilbara

J 1L

u
20 ItetlaDils - E!!she6 alil Pe.tland3

r ,2,3,4,5,
r.2, 13, 14, 15,
16, 17, 18, 19,
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TABLE 3 COST ANALYSIS NORTHERI.I RESOURCE INVENTORY

TOOLS

Base maps
Aerial photographs
Airborne sensing
ERTS inagery

METHOD

Fieldwork
Photo-interpretation

REPORT

Maps
na c^r i  

-+i  ^n

Cost per l0 000 square mi les

Conventional Survey ERTS base Survey

1
0-40

1

40-140
10 -15

k

kt_0-20

1k
0-5 k

1k

20-40 k
2-10 k

8-10 k

Totaf  cost  for  Canadars North
per square nile

$62-217 k

$18-61 ni l l - ion

$32-65 k

$9-18 mi l l ion
$3-5
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Figure 1

A lake interpretation frcm RIS (1424-17082t 20 Septenber f973) tn tie pla] gEeen
Iake studlr area. fhe delineation ls based on stprelijre configu.ration, water
distrib.rtion and Hater refleqtance. The continuous lines identlfy najor
physiographic regions. Broken lines delineat€ dlfferent wat€r signatures ttEt
aFpea-r to have relatlons with physlographic sub-units, vqflile nDSt of tlte reddish
calours are rclated to sr.rspended sedtrFnt levels I fe\^' of ttlese near E are shallctr'
liaters.

2LO



I

.:x*-

47
J

Figtlre 2
A series of ffifs photographs in the Pla)€reen Lake area. Picture (a) (ERIS bard 7;
July 28, 1973) shctu/s t}Ie cbaffIel that is bejnq dledqed to connect tl,ro lakes (1).
fnage (b) shotr1s bard 5 of the safie date, the extent of dnedge spoil (2) cn the fand
can be delileated; note tbat on irage (d) Septenber 2Ot 1973, the a.rea co\,rered has
increased (7). kound 6 clearirgs are visible along a channel wtrere flooding nay tlke
place. The clearing for the so ca11ed tr,ia nrile clnmel is also visible on this jrage.
Photo (S) taken on J.(tr)e 2It 1973, sho&s the starc of a turbidity p}.rre at the ncuth
of tlLis future charnel (16) : man-caused or natr.rral? Phcto (c) taken APrit 8, 1973.
shcr.rs tie spring nelt of slotti water has accurulated i-n many of t-l€ few vietlards (da-rk
areas e.g. 3) . Direction of drainage is cleaxly visilcle ' Plpto (e) (c1' t8 Decqrber
1973) shcrrs ttte value of winter inages; jack pine is (8) significantly different from
spruce donLinat€d cover tyIES (dark green e.g. 10), afso TanErack densities (9) cqIE out
vlet1. this @tour cqposite of bands 5' 6, 7 provides good separation bet\aeen hardiDods
(14) ard conifers. T\,,elve ard 13 stpvr regeneration trEtterns in burned over areas; 15
gives tle location of recently buitt hydro trans[ission 1ines.
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Figure 4

Three areas are identified on a band 7 lrnage of ERIS. The areas are classified
using the nnrltispectral analyser display at CCRS: Red are frost heaved stone
fields and tiII areasr dark blue is water, light blue are predorninantly peat
polygone areasi pink identifies patterned fen tlnpe wetlands; green rreans spruce
on peat (AC) and on peat and sand (B).
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Flgure 5

computer c lassi f icat ion of  the terrest-
rial environment of the Richards rsland
area.
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Figure 6

computer classification of the aquatic
envlronment of the Richards fsland area.
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